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Introduction and Summary 
W. D. Shuts 

The Analytical Chemistry Division of Oak Ridge 
National Laboratory is a large and diversified 
analytical chemical organisation. As such, it serves a 
muftnudc of fawctions for a cbcntctc that resides both 
within and oatsidc of the Laboratory. These 
functions fall into the fof kmmg fonr general catego­
ries: 

I . Basse <nnlya>al Research. Dinhipmint. and 
Imptennwmtinn f RDJkl). The Divisionmaintaim 
an RDJkl program to conccptualue. investigate, 
develop. assess, improve, and implement ad­
vanced technology for chemical and physico-
chemical measurements. Emphasis is on problems 
and needs identified with laboratory and ERDA 
prograim. bin attention is also given to needs in 
the analytical sciences themselves. Tbb program 
comprises medium- to long-term projects and is 
supported primarily by ERDA. The program 
constituted approxmtatcty \lr, of the FY 1976 

I mtaauva. The Division carries ant a wide 
variety of analytical work that typically involves 
research and or development ptas the Mutation 
of analytical RAD results or special analytical 
capabilities to expedite programmatic interests. 
The effort in this category comes from Division, 
laboratory, and ERDA programs and from 
"Work-for-Othm" agreements. Emphasis here is 
on short- to medium-term projects, depending on 
the programs themselves. Tms type of activity 
awwnted for approximately 25rf of the Divi­
sion's budget in FY 1*76. 

3. Analytical Service and Asuunanc*. The Division 
performs chemical and physiocbemical analyses 
and tests of virtually all types on both routine and 
nonroutmc bases. Development of methodology 
is an inherent part of fins activity because of the 

variety of analytical problems that arise in a 
mwkiprogram institution kke ORNL. In general, 
this work is short-term in nature and largely 
comes from other divisions and programs within 
the Laboratory: however, a significant faction 
originates outside of ORNL. Outside work of an 
analytical service-assistance nature often involves 
the use of Division talent and or facilities that are 
particumrly strong, unusual, or even unique. This 
effort accounted for approximately SS*r of the 
budget during FY 1976. 

4. Conmlution, Conaborauon, and Special Proj­
ects, flto work b distmguished from the analyti­
cal scrv icewssBUnce function mentioned above by 
the nature of interaction between this Division 
and its clientele. Typically, work that falh in thb 
category is of a developmental nature or requires 
specral attention and or expertise and hence 
constitutes a collaborative effort between the 
"customer" and Division personnel. Interactions 
range from performing highly sophisticated 
analytical measurements, for or with a customer, 
to instructing others in the use of analytical 
equipment plus the interpretation of data, and to 
participating as analytical members of technical 
task forces. Activ Mies range from special measure­
ments or tests to program development and to the 
design and fabricaiion of analytical instrumenta­
tion for others. This work involves dose interac­
tion with the staffs of other divisions at O R M 
and with non-ORNI. people. Support for this 
activity comprised approximately Vr of the FY 
Wft budget. 

The Analytical Chemistry Division » organised 
into four major sections, each of which may carry out 
any type of work falling in the four categories 
mentioned above. Chapters I through4of this report 
describe progress and accomplishments made within 



the four divisional sections during the period 
December I. 1975. through November 30. 1976. 
Some of these are highlighted in the following 
paragraphs. 

Advanced Mt lh i i i l i g j Section (Chap. IK Spec­
troscopy has continued to be prominent in the 
Analytical Insirumc.iation Group activities- J. P. 
Young has been the analytical member of a team that 
has been studying resonance ionization spectroscopy 
under G. S. Hurst's leadership in the Health Physics 
Division. Much progress has been made n this 
supersensitive technique for detecting atomic vapors: 
as Utile as a few atoms of cesium have been detected 
at present. "One-atom detection' is one goal of the 
work: however, we are interested in various analyti­
cal applications of this laser-based technique. We 
have developed a project in laser-excited opt^Tcous-
tic spectromury and have acquired equipment and 
initiated cxpenmeets in this area. During this 
reporting period the Tektronics rapid-scan spec­
trometry |RSS) system was acquired for a host of 
studies that involve imiltispcciral data accumulation. 
Interfacing and programming for the RSS system 
have been accomplished. Significant progress has 
aho been made in our studies of high-powered 
microwave excitation sources, however, the sensitiv­
ity of the system is not as great as we had hoped. One 
objective of this work is to provide an etcment-
sefcetive detector for bujuid chromatography (I.CK m 
keeping with our general interest m unproved 
chromatographic detectors. We have completed 
studies of an electrochemical I X detector and have 
continued to use and improve our dielectric-constant 
detector. Particularly exciting have been the studies 
of an arc-excited optical-emission defector for gas 
chromatographic use. which has proved to have 
cxccncnt sensitivity as well a* good sekctrviiy m 
many situations. Its use in a .iskmal programs is 
already under way. 

The "fundamental-parameters" approach to .way 
fluorescence analysis has been shown to be feasible 
for certain types of samples and has bxn put to use 
within the Division. Significant improvements in our 
electron spectrometer system have been made, and 
we have begun to construct a new electrostatic 
spcctromctc . The development of a posmon-
sensitive detector system is an inherent part of this 
project. 

The demand for (he rather specialized kinds of 
measurements that are made in this section has 
increased. This is particularly true in ;hr case of 
scanning electron microscopy, neutron activation 
analysis, low-level gamma spectrometry. and delayed 

neutron counting. I he last technique has undergone 
a renaissance because of i i \ utility in the National 
I ramum Resources Evaluation Program. 1 1 1 -Nl> 
is responsible for the ntidw.-stcrn portm «»» the 
I nitcd Slates m this massive effort. 

Our rev arch in transuranium-dcmcni chemistry 
and analysis, in pattern recognition techniques, in the 
apputation of microelectronics circuitry, and in 
methodology for determining species leg., sulfate 
and organoarscnicals) has contained. 1 he mcorp«»ni-
tion of a recently announced commercial calcuUnK-
controllcr module into our microelectronics research 
program » under considcraiion. 

Maw aad Emwsion Specuumttry Sccuoa (Chap 
2\. During this reporting period we completed 
construction of the two-stage mass spectrometer 
system for the International Atomic Energy Agency. 
The instrument has been installed in the Scibcrsdort 
Analytical laboratory near Vienna and has met all 
specifications I his instrument phis the "resin-head 
technique- that was developed at ORNI earlier will 
be used for safeguards analyses by IAEA H 
McKown is on fcav c of absence from the section for a 
two-year assignment at the Seibersdorf laboratory 
Hock with the resin-head technique has continued 
and can now he used to determine fission product 
zirconium and to study :**Pu at levels below that 
accessible by conventional counting techniques. 

W. H. Christie and IX H. Smith have continued to 
study and use the ion microprobe mass anah/er 
( IMMA) with rcai success. They are participating in 
the National Bureau of Standards mtcrtaboratory 
program aimed at quantifying I M M A data. Results 
to date MMhcatc that better results are obtained 
through the use of empirical sensitivity (actors than 
with the CAR IS MA computer program. Christie 
and Smith have aho collaborated doscty w ith others 
at ORNI. in answering mtpnflaM questions about 
the relationship between surface composition (treat­
ment I and tritium permeation and about thermocou­
ple failure in reactor-burst experiments 

The MS-50 GC-MS and its companion I>S-50 
computer system have been placed in operation 
during ibis reporting period. We have constructed 
and installed a special gas inlet system for ibis 
utiratwgh-resoluiion organic mass spectrometer, and 
have continued to team more about the total system 
capabilities. We also acquired and placed m 
operation a Du Pont 4MB GC-MS system at ORNI.. 
This instrument incorporates a Perkin-F.lmer 3920 
CiC unit comparable lo the GC units that are used m 
much of our organic analysis work. The Du Pont 
system is intended lo provide routine GC-MS 



iiriormaiioa lor firm structural tdcntilica'.ion pur­
poses i«» the stalls ol several ORNI dtvrstorv Several 
members of the I )i\ ision have studied .arii-us aspects 
irf H K ' R -iperations trom the organic chetntsiry 
point ot view to improve understanding of fuel 
prcpatatwHt procedures and to determine the 
potential release ol hazardous compounds An 
extensive compilation of I he mass spectra of 
mtrosamincs was completed and published during 
ibis period 

Wc have acquired and begun to evaluate an 
mductivdy coupled otasina cxcNalton source tor 
emission spectrometry I he H K of rdaim-lrcc fitai 
lor spark-source mass %pcctroinct.-> tSSMSj is abo 
under stud>. Our "dn-sptke* icchmt|ue for conduct­
ing isotopc-ddution <ll>? SSMS analyses has been 
used dlcvm civ. and IDSSMS procedures for several 
new dements have hern d-rvdoped. A second 
computer-based photoplatc reader system has been 
put into operaiion lo expedite the heavy SSMS 
workload I his section performed analyses lor IN 
O R M divisions and reported a total of more than 
KOJOOO results during I his period 

Aunbarul Services Stcumi tCnap. Jf. A major 
accomphshmeM ir. this section dunnf this period has 
heen the Hwpk mentation ol a cnowutcr-based data 
management system iDMS). I his system wa* 
designed by Analytical vTtcmtstrv Division and 
Computer Sciences Division personnel lo improve 
the cost dlccfivcncs* m time-costs data management 
and the dticiency and accuracy with which we 
process and report analytical data The l>MS is 
desumed to operate va the ORXI DFC system 10 
computer We have acquired and installed lermmaK 
lo the Df C-10 m the (ienera! Analyses laboratory 
and m the Fmironmcntal and Radiochemical 
Analyses laboratory lime and cost dau are already 
hemg processed by the DMS m a trial has*. Many 
subprogram* have been nrmen lo perform analytical 
computations and to handle the tottl problem of 
processing analytical results 

I he Molten-Sail Reactor Fvprnment at O R M 
was iemunated in m-d-l»7ft We nerc able to dose 
out the experimentation lor nlnch we were 
responsible loop momfonng and m-unc monitor* 
my research m an orderly fashion Other work m 
the Reactor Protects ('-roup has progressed. The 
organic maw spectromeinc study of fuel preparation 
procedures has been mentioned. We have aho 
continued to study and opmni/e methods for 
measunnf defective furl particles and to improve 
methods for heavy-metal assay. F. F. Dyer has 
continued his gamma-sprctromctric studies of the 

fission product dtstnbut un in fuel elements from the 
Peach Bottom Reactor. 

The Analytical Services Section abo carried out a 
wide variety of auHses in support of various ORNL 
programs during tins report period. These are 
summarized m Chap. S. New procedures and 
cqinpmcnt were used to meet lampk loads. The 
-cction acquired a new Perkin-Ehner model 2*8 
demental analy«cr. a P-E model 3929B gaschromat-
<^rapn.aP-Emodd4«Oaionncabiorptton-ystcm.a 
bund scmtdbHran counter, and an automatic 
sampler for the graphite furnace atanuc abv-rpuou 
system. Addmonany. we rdocaied most of the km-
level alpha analysis work into a remotely situated 
nboratory and have made final pans to move the 
ND-3300 spectrometer there to facdnaie muhiple 
detector operatsan. Tins move win be possible 
because a new NI>MM» system wwl-oonbeavanabhr 
for gamma spectrontctric work. XemumhticaJ 
techmcai sen ices of various types are abo provided 
by this stcimn. for example, die synthesis-
prcparation of spread research uimpuuadj. the 
rlcamug of mercury, and the leiimg of nurlrir 
coatings. The demand for these k*st tests has 
increased snmdirintly. pnmanly because we have the 
onh testing laboratory opahfc of conductmg an of 
the recently updated specified tests. Dumnj the 
present reporting period we unproved lacunars for 
pufiwinmg the des-gn baus accuJcnt test and atr 
•rradations 

K B ntfmni Analyst* i in ia fOup.4 | . The wort 
of the Bio-Orgamc Analy sis Section has continued to 
be programmatic m nature, with notable growth m 
the area of synthetic fueb lechnotogv. MJuhiconmo-
nent methodology continues to be a prime concern 
because of its obvious benefit to an of the section's 
programs. Methods for rmh rtndezr aromatic hydro­
carbons. p!tcnobcv and poly glycols have been 
developed and or improved snmtfcantty. Scpara-
iions studies hav e also continued, and -trming results 
have heen obtatnei* through the use ol Sephadex l.H-
3>gd. ThtslailcrscparatioHsencineoflenavahnbk 
prcparativc-scalc tccbns-|ur that nay be of real 
benefit to new programs m winch cbaracterwed 
research maienab are prepared for others. Studio of 
techniques for analy/ing orgamr matenab m 
aqueous discharges from energy -retoied technologies 
have abo continued. 

The traditional posture of this section has been one 
•hat reflects a keen interest m heahh (and environ­
mental) programs and the role that chemistry can 
pby. Accordingly, the section has worked dmdv 
with various members of the Rtotofy Division, the 

is 



Environmental Sciences Division, and the Industrial 
Hypenc Department. Especially noteworthy has 
been the collaboration with J. L. Epkr in the Biology 
Division, in which cur ch.-mical fractionation-
charactcrizatton techniques and h :i muiagenicity 
scrcening (the A.^es test) have been used for rapid 
examination of fossil-derived ma4<riab. We have 
studied in some detail the sampling and analyse of 
airborne organic materials present in the work 
environment around certain nuclear fuel preparation 
facilities at ORNL. Au important finding is that total 
particulate matter (taken on glass-fiber filters) is no*, 
an accurate means for collecting and detecting 
potynuckar aromatic hydrocarbons less than four 
rings in size. In a joint venture with the Environmen­
tal Sciences Division, we designed, built, tested, and 
now operate a microcosm for exposing vegetation to 
synthetic gaseous effluents resembling those from 
coat conversion processes. 

The development of unique or specialized instru­
mentation has been a necessary function of this 
section for some time. During this period a smoke 
exposure machine, model I I (SEM-II). was designed 
and constructed for the Council of Tobacco 
Research, and a monitoring system was devised 
specifically for use with the SEM-II (to protect 
against excessive dosage to experimental animalsduc 
to machine malfunction). Work of this nature and 
quality has led to an increasing number of requests 

for assistance in designing and monitoring large-scale 
animal exposure experiments condjctcd by contrac­
tors at other institutions. 

This section has continued to perform many types 
of chemical analyses on tobacco jnokes and smoke 
condensates in support of National Cancer institute 
programs, and to conduct numerous special projects 
on request. 

Chapters S and b contain information that reflect* 
upon the Division as a unit. Changes in the quality 
assurance and safety programs are mentioned in 
Chap. S. along with a tabulation of analyses 
rendered. Pubbcations. oral presentations, profes­
sional activities of the staff, educational programs, 
seminars, etc.. are cited in Chap. 6. In general, the 
levels of these activities are comparable to those ot 
the preceding year. Approximately 100 articles and 
reports ha\c been published, ".nd approximately 100 
talks have been given during this reporting period. 
One shift in emphasis is worthy of mention here. We 
have become iiicrcasingry involved in workshop? and 
topical meetings of various types, and hence we have 
contributed significantly to a large number ot 
proceedings. Accordingly, this tvpe of publication 
has been listed separately. Educational programs, via 
faculty and student guests plus in-house training, 
have also cor.tinucd at levels comparable to previous 
years. 



1. Advanced Methodology 
W. S. Lye*. Head 

The Analytical Instrumentation Group has enjoyed a most successful year as 
reflected by the continuing progress of both established programs and fledgnag 
projects of a year ago. The interfacing of our rapid-scan spectrometer to die computer 
for fast data acquisition and processing is completed: the result b a powerful new 
capability ia mukiwavekngth aaalysis that wiU be applied to a variety of optical 
excitation systems. Data couectioa with the optoacoustic spectrometer has abo begun. 
Although the system response is not yet optimized, we have verified expected 
improvements by use of laser excitation rather than overarc-souree systems. This 
instrument setup will provide the Division with an analytical initiative not previously 
available in any form. Last year a high-power microwave device was acquired to 
generate plasmas for the possible direct excitation of liquids; thbdiflkuh objective has 
been achieved. Several bqtud systems are now being investigated with the intent of 
eventually coupling thb unit to the rapid-scan spectrometer for multielement analysis. 
Our cooperative program with the Health Physics Division on resonance ionization 
spectroscopy has yielded data that strongly suggest the realization of one-atom 
detection. Possible analytical applications are being explored. 

More seasoned projects in pattern recognition, atomic spectroscopy, liquid 
chromatography, transuranium analysis, and integrated-circuii instrumentation hold 
our continuing interest because of their projected use in solving a range of existing 
problems. Specific tasks in the areas of coal liquefaction and gasification have been 
identified, and some of these are under study. The main objective of our 
instrumentation effort remains the same lo maintain a research program that offers 
significant potential benefit to ERDA programs. 

Work continues in improving and applying multielement analytical techniques. A 
general method for matrix correction of quantitative x-ray fluorescence (XRF) 
analysu data from alloys and similar samples was developed and successfully applied. 
We arc making substantial changes in the electron spectroscopy for chemical analysis 
(ESCA) machine; these should result in much improved sensitivity and instrument 
stability. The x-ray diffranior. system b also being upgraded. These changes are in 
response \ > an increased demand for physicochcmical methods of analysis. 

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

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

I 
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ANALYTICAL INSTRUMENTATION 

H. H. Ross. Group Leader 

Array dt tutor far mulriwavclcngth spcetroscopjr-
In terms of the amount of information obtained 
during a single observation, spectroscopic technique* 
can be divided into single- and mukiwavcleagfh 
detection modes. MukiwavelcngUt detection has 
been recognized for quae some time as the means for 
significantly improving the capabilities of analytical 
spectroscopy. Recently, semiconductor array de­
tector sys&ms have becvxne available at moderate 
cost. These devices have the potential of providing a 
muttiwavelcngtb capability with the advantages of 
photographic plate and phototube array with few. if 
any. of their disadvantages. The objective of this 
program is to provide an advanced spectroscopic 
capability using semiconductor array detectors. 

Previous work dealt with the screening of various 
solid-state devices.1 This evaluation indicated that 
the entire area of semiconductor array detectors is 
undergoing extremely rapid technological change 
and that any program requiring development of the 
optical and electronic systems necessary to use these 
devices would not be viable until advances in the 
semiconductor industry begin to plateau. Thus, work 
was redirected toward applications development 
using a commercially available silicon vidicon-bascd 
rapid-scan spectrometer (RSS). 

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

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

I. V. Talmi and V. F-. Nortcll. "MuMickmcni Spcctriwcopy." 
Anal Chrm lh\. Amu. /Vr* Rrp. S,n JO. 197.1. OR NI -5100. 
p 2 

lions that facilitate operation of the RSS and 
processing of the spectral data The writing uf 
assembly language progra^ts required to implement 
FOCRSS is under way. 

The first application of this system will mvohe 
multiwavcieugth liquid-chromatographic detection. 
Assembly of the detector ceR. radiant-energy source, 
and optical system required to iUuminaic the en­
trance sht of the RSS is complete. Demonstration of 
the unique capability that this mode of liquid-
cbromatographic detection can provide will begin 
shortly. Subsequent studies will involve muhi-
mmpumnt analyses based upon molecular fluo­
rescence and various types of atomic spectroscopy. 
</.. X. Khui) 

ITi manure ionization iptrfruuupy. The study of 
resonance ionization spectroscopy IRIS) has con­
tinued in collaboration with C. S. Hurst"s group. 
Health Physics Division, and a description of the 
basic principles of RtS has been given.'' In the RIS 
technique, atoms in a vapor are excited to ionization 
by absorption of precisely tuned energy sources of 
sufficient power so that the ionization is a saturated 
phenomenon. The electrons thus formed are detected 
by standard counting techniques. In previous work.' 
a proton plus a tuned laser beam were allowed to 
interact with helium atoms to cause ionization; 
present work involves the interaction of atomic 
vapors with tuned laser light. RIS signals have been 
obtained by several different route* from cesium 
vapor at room temperature or above. Photoioniza-
tion has occurred either by 2-photon absorption or by 
two l-photon absorptions through the lp level. In the 
latter case, light from two different lasers was re­
quired, and the lasers had to be fired in both space 
and time coincidence. Photoionization has also 
occurred by single-photon absorption directly to an 
upper Rydberg state, followed by perhaps some type 
of collixioaal or associative ionization. Such ioniza­
tion has been demonstrated by successively tuning 
through the \2p to 2\p levels. Approximately I04 to 
I0" atoms of cesium has been detected by each of tlw 
above three techniques in a parallel-plate detector 
operated within the pressure range of several microns 
to an atmosphere of argon. A concentration of the 
order of 5 x IC*' atoms cc has been detected by the 

2 I R Miwlkr. "Application* nf larpr-Scak Integrated 
Circuits." Anal. Chrm. Ih\ Annu Fn*. Rrp. Vm. JO. 197.1. 
ORNI.-5IIJ0. p. 2. 

J. J. P. Young. "Resonsiice kmi/almn Spectroscopy." Anal. 
Chrm Ihv. Annu. Hrrif. Krp. >nv. JO. 197J. OR > I-MOO. 
p .11. 



3 

two first-named tcchuqucs in a proportional counter 
under an atmosphere of SO to 200 torr of argon-
incihaiie counting gas. Inaproponional counter, it b 
possible to detect a jwgk ciectroa: thus die HIS 
technique should be able to identify and dtkrwmw 
single atoms. This b oar foal. It b probable that we 
have detected a single atom of IMMIMI by RtS w the 
proportional counter. Lithium photoioniaison in­
vokes a three-step photon absorption through the Ip 
and 3«/states Problems of chcnwsirv.cttbcr ground-
state or excited-stale, have as yet prevented a defini­
tive proof of few-atom detection for this dement. 
Signals arc observed for short periods of time, up to 
10 min with a fresh sample, and then disappear. 
Perhaps the MS process b a destructive process: or 
more fckch. the pokmcruation of CH* in the 
counting gas. caused by continually occurring cosmic 
events in the counter, yields products which react 
with lithium vapor. Besides the problems of chem­
istry, there b a continuing problem of sufficient 
tunabtlity and power of the laser-excitation sources 
zad. in the case of dual lasers, the previously men-
ti»ncd requirement of space and time coincidence 
(within 300 nscc). In general, the laser parametcrsarc 
under reasonable control for the atomic species we 
wish to study, soan investigation of the varied chemi­
cal reactions of the vapor can be made. \J. P. Ytmng) 

Optoacoustk spectroscopy. In January 1976a new 
program was initiated to investigate the analytical 
applications of optoacoustic spectroscopy (OAS). 
the newly rediscovered technique for acoustic detec­
tion of optical absorption. 

The OAS phenomenon can be explained in the 
following simplified fashion. Light energy absorbed 
by matter b recmiltcd in the form of either light 
(fluorescenceorphosphorcscence)or heat (radiation-
less decay). It b the latter of those two options upon 
which OAS b based. The emitted thermal energy-
yields a p s pressure increase wlien the sample b situ­
ated in an enclosed cell. Because the intensity of the 
original light source b modulated, the resultant 
pressure increase b periodic with the same modu­
lation frequency: that b. a sound wave b generated. 
Quantitative determination of the sample absorbance 
b then accomplished via a sensitive microphone in 
the OAS cell. The amplitude of the acoustic signal b 
proportional to 

H»)h»Plw)F[»). 

where /[») b the intensity of the light source at fre­
quency », A» a the energy of the light photons. P[m) 
b the probability that a photon of frequency » b 

absorbed, and f\m) b the fraction of absorbed 
photons that are converted into darrunl energy. 

The advantages of this technique arc threefold: 
(I) absorption spectra can be obtained for samples 
such as powders, opaque sohdv turbij liquids, and 
living tbsue (m vivo): convelicn»l spectroscopy 
would be anpossibk with such materials, enwer due 
to scattering or opacity: (2) OAS also provides a 
sensitivity advantage over conventional spectroscopy 
in that the observed signal b directly proportional to 
the amount of input light: (3) OAS can yield excacd-
sute radiationkss decay information absent from 
conventional spectroscopy. Until now. only radiative 
pbotopbysiral processes have been weB characterised 
experimentally. It should be possible to study the 
"dark" processes as well. 

At the outset of dus project, we decided that the 
optimum approach to developing a useful spec­
trometer (or OAS would be to use a tunable bscr'or 
excitation. Such a light sourer would provide high 
input intensity (and hence satisfactory OAS signal-
to-noise ratio) and also hbjb-rcsohnion capability. 
The laser selected for use was a flash4smc^umpcd 
tunable dye laser. That system, a Chromatix CMX-4. 
provides up to 200 mW of average power over the 
720- to 430-um wavelength tange and up to 12 mW 
over 365 to 265 nm. Because this fewer b pubed. the 
modulation requirement of OAS b automatically 
met. The laser arrived very recently: installation and 
checkout procedures have begun. 

While awaiting the arrival of the laser, preliminary 
OAS experiments were completed. An OAS cell was 
designed and used for the observation of the OAS 
phenomenon for several solid samples. The cell was 
constructed from a windowed Pyre* cylinder Titled 
with a 90 s prism for light input and a brass micro­
phone adapter. The cell was designed with eventual 
laser excitation in mind. The unobstructed cell op­
tical path minimizes background levels. Thus far. a 
continuous (dc) filament lamp has served for OAS 
excitation. Due to the low-output power available, 
the light from that source has not been dispersed, and 
only "white-light" observations have been possible. 
Modulation of the input light wasaccomplbhed with 
a mechanical chopper designed and constructed for 
thb project. 

For signal detection and treatment, a tuned ampli­
rier has been designed and is under construction. In 
breadboarded form its performance b slightly better 
than a phase-sensitive lock-in amplifier previously 
tested. For example, for a white-light input of 25 n W 
the breadboard-tuned amplifier yielded a signal-to-
noise ratio of 40. whereas a commercial lock-in 
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aavMier with a comparable M t constant yiebJed a 
sigaal-to-aoise ratio of 11. However, bscr-gcaeratcd 
OAS signals «ril be more sawtooth m nature las 
opposed to saw wave*, aad the above cuaaviriion of 
laaei vs phase-sensitive detection scheme? any aot 
be vaad. These data win therefore be itdrtcrnuntd. 
C _ ^ « taa#> ^afnfaWaW' gftaTtftuammm âMTVr a*V •M^aaTaaaatat. ^aStra** iMaPaal 

satisfactorily cumphnd. we are aow m a position to 
ase the acw dye laser for OAS ahaost iaaaniuuK. 
Unconventional absorption spectroscopy of a amki-
tade off aawricsof O H M . iaierest wal be p-nsiMeaad 
arc planned. Sorbed asoaolaycis oa sarfaccs caa be 
jnvnttgated: das caa faemtate particwLte. aerosol, 
aad catalyst studies currently andcr way. Aa ea-
i iruaawaul awaitnr {or certain trice cases aad a 
wavcieagih-sperific ndioamcr ar; both poiiiblc 
developments of das OAS stady. iR. H. Shtw) 

copy. The adaptation of a bajb-powered nacro-
wave fcaerator (2.45 GHz. 23 kW) as aa excitation 
soarce for emission spectroscopy is aot yet coaadeic. 
tboajrii most of die original cxpcnnaental prubknis 
have been solved. The parchasc aad iastaUatioa of a 
forward-reverse power meter has made it possible to 
optimize coupling betweew aateaaa aad the positiow 
aad geometry of the quart/ plasma lobe for the best 
impedance match. The plasma lobe has been through 
a series of 11 modifications to maximize die de-
meatal sensitivity aad avoid deterioration of the 
optical window. In oar present configuration, the 
liquid sample is convened to a wet aerosol in a 
pneumatic generator aad injected into a kyw-prcssarc 
(60 cm Hg) argon plasma just downstream from the 
microwave antenna. Introduction of the sample in 
this manner somewhat reduces the absolute detection 
sensitivity but avoids die changing impedance, power 
transfer, and emission sensitivity observed when the 
sample b injected upstream and passes dirough the 
antenna. 

Our present sensitivities lie in the range of 30 to 
I fif of solute per milliliter of sample, using a flow 
rate of 0.58 ml min into the aerosol generator and 
0.13 ml min into the plasma. Wcarc in the processor 
detennmingetefnemalsensitivitiesandevaluating the 
common-ion effect in multielement analysis. The 
effect of absolute pressure in the plasma tube and 
microwave power has been tabulated. The use of 
I k W of input power has been adopted as standard 
for sensitivity measurements, although sensitivity 
increases with increasing power. 

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

have been accuuanated front 250 to «00 am oa 
all of these plasmas aad etrmtMal haes aad hand 
structures identified with a \ n toward tam pos­
sible analytical appatatioa with real-sample systems. 
\J. £'. Swam. J. L. KimHker) 

ll1liiiiiiarcaeieca>rforgasibiuaaiiigiipbj Two 
general types of hfht sources have beca proposed as 
nwhirlrmeat detectors for gas duromitography: the 
nacrowavc discharge* aad the braum arc.' The 
former has very good sensitivity aad %pccificny (see 
discassioa of die una 'specificity' below), bat m-
voHcs rcfativek expensive and complex equipment 
aad is iuantimtJ jubject to wjadow-coatiag prob­
lems aad variations of d * sue and mteasity distn-
button pattern of die hawiaoas discharge. The latter, 
in the form pahhihed.' cacoaatcred fairly serious 
•iadnw-coating problems, required die use of wide 
shu with die attendant spectral interference prob­
lems, and showed widely varying specificities. 

It appeared that the window-coating problem 
tuahJ br ehmiaated by making certain changes marc 
chamber design and that a discharge of exedtent 
subany- could be obtained at very attic trouble or 
expense by usiag appropriate electrode materialsand 
a newly available tow-cost (S225) cuncM-rcgutaicd 
power supply. 

Ordinarily, die specificity of aa optaal emission 
detector is not entirely under the control of the 
operator. Good specificity exists if the element 
sought produces an intense signal at the wavelength 
observed and if other species that do not contain that 
dement, but which may he duted from the gas 
chromaf ograph at any time dariag dar run. do not 
produce optical emission at the same wavelength. 
Any such emission (eg., bands due to C-. CH. V . 
NO. S H . CO. etc.) would constitute a false positive 
signal, thus lessening the specificity of die detector for 
the sought element in that sample mixture. It ap­
peared obvious diat any simple method of correcting 
the specific clement signal for the underlying spectral 
background would greatly enhance the specificity of 
the detector. 

Arc ihwnfnt design. The arc chamber used for the 
present detector is shown schematically in Fig. I . I . 
The chamber body is made of 6-mm-OD Pyrcx 
tubing, with a l-m.-diam silica window cemented to 

4 M O Fajm. O. Y HWM. M H. Sayfc*. J. P. JwJok. C. H 
(ben. V K. Wagner, and J. P. V«ww,-Rwrnc»of Hel2'S»l »mg 
Resonance loni/alNHi Saeetrmcnpv" Hi\%, Hrv. IMH. 35. 11)4 
ltW75». 

i M McCofnwek.SCTong.»(rfW J ) Cook.^»»K(*rm 
yi. 1470 (l«>5). 
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this fiance with cpoxy adhesive. The electrodes, 
consisting of commercially available 0 OfjO-m.-dam 
W 2^ ThC); wefchng rods, arc sheathed mgbssaud 
held in place by Silastic rubber sleeves. Thedectrode 
gap is 4 to 6 mm. The observation window remains 
dean became it is located considerably upstream 
from the fas inlet and arc. The inlet lube bconnected 
lo the fas chromatograph outlet with a No. S Pyrc.x 
O-ring nance fitting or other appropriate coupling. 
The inlet tube and the upstream arm of the arc 
chamber are heated, when necessary, by a heating 
cord, or by an appropriately designed oven. The 
extension hading lo the window b not heated. 

The carrier gas entering the chamber b normally 
hetown at atmospheric pressure. The potential across 
the gkw discharge between the above-mentioned 
electrodes in thb atmosphere b -400 V. To produce 
a stable discharge, the power supply should be 
current controlled and have an open-circuit voltage 
of ~*00 V. These requirements are met by certain 
hollow-cathode power supplies. However. 600 V b 
not sufficient to ignite the discharge: thb must be 
done by a weak external silent discharge produced by 
a Testa coil (leak tester) with the power supply pro-

lor ex-

i have been s 
of a 

|0-SvmA)| 
I vohagcof H M V U M S R I 

the discharge if iprwrhid by a: 
hut transient, chai 
ample, by the passage of a solvent | 
detector. 

if it b to V usable with various types of i 
profiles; that b. it should enable me 
choose the wanltngth at which he 
background. After icinning the spectral 
interest, the operator can thus select a wa 
near the signal hue at which tk 
b the same as it b beneath the < 
ratasavaaaJne wasa Jarrcn-Ash Mark V©.5-m Ebcrt 
mowuchromator.widi an exit-beam deflecting mirror 
and side exit port. The easiest way to effect such a 
background correction appeared to be to split the exit 
beam by cutting use deflecting mirror m half hori­
zontally. The upper half of the beam nam continued 
to the normal (fixed) exit sht. while die lower half was 
deflected ~ W toasccoad(mo*;ri>le)cxilsM mourned 
on the side exit port. Each channel had its own 
ptoutomuhiplieTandanw^ier.tlie background signal 
was subtracted from the (hue + background) signal. 
and the corrected line intensity was fed to a strip-
chart recorder. Operation of the background cor­
rector was checked by sunuhaneously directing the 
light from an incandescent lamp and a low-pressure 
mercury lamp into the monochronutorand adjusting 
the latter to pass a minor mercury hue through the 
normal exit slit: the side exit sht was displaced from 
thb wavelength by a few angstrom units. The ob­
served intensity of the mercury line remained the 
same regardless of whether the incandescent lamp 
was on or off. dins indicating that the background 
correction was effective. 

Prcntnmary measurements were made by attach­
ing the helium arc chamber to the outlet of a Tracer 
MT-220 gas chromatograph containing a 6-ft x ' j-m. 
column of 4 ^ OV-I0I on Chromosorb GHP. The 
helium flow rate was 90 to 110 cc mm. Entrance and 
exit slit* were 50 to 100 pm. The detection limits 

f> R S Unman and A Dynafco. -tmt Own: « . »5 <I«M> 
7 Hotknt-cMhnaV pemtt *opaH. mnaVI SSI--4BJ. Gtor/t W' 

tiatc* tmtl'o. Inc. Franfclm Sqaare. * e * Yofk 
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shown in Table I.I were measured by injecting an 
appropriate amount of the compound hsied and 
comparing its peak height to the pcak-to-pcak none 
of the chromatographic baseline. The detection limit 
given »the qaamity Hirnjpondiwg to signal nobc s 

2. The abovc-dcK.in>ed background corrector was 
not yet available when these detection limits were 
measwred. It b safe lo auumi. however, that in some 
cases, detection bmits can be lowered by using wider 
shts and correcting for background, or by achieving 
better resohnion of chromatographic peaks. 

Other elements have been detected at comparable 
levels, out bnnts of detection have not yet been mens* 
•red (eg.. Si at 251.6 and 2H. I nm. As at 2 S J am. 
Co at 345 J nm, M « l l ) at 403.1 nm.Niat 341.5 am. 
and V( | | | | a t 4 3 7 * nm). 

Initial testing of die background corrector to maxi­
mize specificity of dement detection b reported m 
Chap.4. (C. FeUmm. D. A. Buistom. It. A. Jenkins) 

Detectors. During the past year, a simple gcncral-
purpose electrochemical detector having both a small 
internal volume and high electrolytic efficiency was 
developed for liquid chromatography. Electrochem­
ical detectors are becoming increasingly important in 
liquid chromatography because they are selective for 
dectroactive substances and they exhibit inherently 
great sensitivity. Selectivity can be further enhanced 
by adjustment of the potential at the working elec­
trode. For example, an electrical signal of I nA from 
the detector, which b easily measurable, corresponds 
to a flow of aporoxirnatdy 10 femtocquivaknts sec 
of ckctroactivc material. The working electrode of 
the new detector consists of a vitreous carbon tube. 

tmtwmmm tk 

t V n n t 

•tlMEM 
4rttvlh-a hma 

•tlMEM 
* • 
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725" 45 »"* 
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•*S4« 45 . . - < 
20*2 4 5 ••••',5 
i * 7 i 
213* 4 4 « I 
5r» II" 1 * 
* * 2 12 0 14 
425 4 14 IM»24 
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I mm in inside diameter and 5 cm long, packed with 
carbon microspheres: 45- to 75-»m nMcimphcrcs 
were prepared far ns by the Metab and Ceramics 
Division by a technique used for preparation of 
nacksar reactor fneb bnohmg carbonwatuu of 
spherical cation exchange resin beads at coMroUed 
tcmperainre in an men atmosphere.' The nwcro-
sphercs are held in t he tube by porous Teflon frits and 
Teflon Swagdok fbtings. At the mart end. the cdl b 
connected to standard' i»-in. Teflon liquid-chroma-
tography(LC) tubing, and the outlet end P> connecled 
to a ' ;-m.-ID reservoir, which b huge enough to 
allow insertion of pblinum auxiliary S.C.E. refer­
ence electrodes. The assembled detector has an active 
volume of 20 to 25 »l . An ORNL coulometric titra-
tor. modd Q-4010. was used to control the poleMial 
of the working electrode and to measure and inte­
grate the current flow. Electrolytic efficiency of the 
detector b SO to 100% depending on the solute con­
centration, conductivity, and flow rale: essentially 
lOCf efficiency can be achieved under conditions 
normally used. Primary advantages of the detector 
indudc ( I ) high electrolytic efficiency at low con­
centrations- limit of detection b at the nano­
gram level, flow rale dependence b small, and quanti­
tative analysb by coubmcthc integration of peak 
areas b possible;(2) versatility becausematenabof 
construction arc solely Teflon and nontorous 
carbon, the detector b useful in all media, both 

». T*f*of»wiw»M«—»*«cyCTmiilwa»iifMI«i<ltyJ P. 
DefKcsc aiNl H V. Malmm*. amir Wo. M. FACX5 UNCIM*. 
iHimmpota. M M M . November 1973. 



aqueous and u t p w . over a wide potcntnl range and 
m both oisJaiMu and rcdnctwn modes; (3) a snail 
mtcrual viMumc compatible w«h hqcb-dhcKUcv I.C 
separations. *'t t e n d to «se tins detector m a chro­
matographic system under dcvctopmeni lor the sepa­
ration and determination oi phenohc compounds. 
Because id rdativdy low molar absorptniiKs. the 
scuMlr.ii} of conventional ukravNuei I.C detectors 
for HKauhcs is poor. A paper desenhing this work 
has heen puhiuhed.' 

•*e prcvMwsh reported that the duicctric constant 
may provmc the basis tor a universal LC detector and 
aho proposed an efcetronk system that offered a 
samtmu to the energy dtssqntnn problem en­
countered M high dickctric-conjtant solvents."" Both 
of these suppositions have been shown to be vabd. 
The detector has been characterued.and its potential 
usefulness as an LC monitor has been ascertained. 

General operating cnaractcristKs of the detector 
were deiemuned with sohents of dielectric constant 
ranging from IJ* (bcxancl to 7* (water): the oper­
ating frequency varied from4J»toO.X3 MH/ respec-
trvetv. Noise was mdepcndcnt of dKfcxtric constant, 
averaging 4> He ImtsK and b hunted by residual tem­
perature changes within the detector cell. Drift as 
measured with bcxanc was 3.511.» JVH/ nun: quali­
tative observations w ith other solvents indicate that it 
was freuuency independent. A small dependence of 
the freuuency shift upon solvent flow rale was ob­
served, but when considered in terms of the precision 
of modern LC" pumps, it was an mstgntficaRt factor. 
Initial tests of the detector in actual chromato­
graphic appheatnms employed ktw-diekxtric-con-
slant solvents. Separations of o-dicMorobcn/cne 
from nitrobenzene on sdica were monitored: excel­
lent precision and wncarity were observed. Because 
the dipole-dipolc interactions between solvent and 
solute with low dielectric constants are relatively 
small, the dielectric constants of the individual com­
ponents are additive on a volume-fraction basis. One 
can therefore express a detection limit applicable to 
these systems in terms of a change in dielectric con­
stant. Analysis of response data for naphthalene dis­
solved in benrenc. using three times the rms noise 
level to define the detection limit, yielded a value of 
O.O00H* for the detection limit. 

V. G. W. Wcfcrr. R. I.. UTMI>. ami V. J. \ttmtry. fntprntn •>/ 
Cmhmtitnl mti Cammed I rmirnn IxmM Uht* Ami Rrtmt. 
OftM-5291 (Why 

» . G. GOMMCM **i IX A. Thomav -A Sum*. Gmcral-
Pwpmc Ekcirw-CkeiMcal Detector fur In)mri ChromMtif-
isffcy." Mrinmnd w> Aimltiitvl Ijititn. 

Previous desmns el d*kcinc-constant detectors 
have been moperaMe wnh lugfc-dictcctnc-cousaai 
solvents. " tw^rc 1.2 slsowsa separation of chJoro-
form from l-duorobutanc with permanently bunded 
octadecyi sdane fODSI using a 40 to mV; (v v) 
isopropanol-waier mixture as chant. The solvent 
peak corresponds to a negative frequency shift and is 
the result of waaer being displaced irom DJC sta­
tionary phase by the less polar solutes: the so hue 
peaks are positive freuuency shifts. Clearly, the 
present instrument can be used win nigh-diclccthc-
conatant solvents. 

I meanly and rcproducibdiiy of the detector-
cluomaiographic system in highdnhmn ion Hint 
SOHCMS were CXCCHCM. Analysis of data ibr peak 
height vs solute volume for me separation shown in 
l-m. 1.2 yielded detection bunts of 0.04 ml of chloro­
form and 0.05 jtl of 1-cJnorobutauc.Duc to the huge 
dipole-dipole interaction m high-die leciric-constant 
solvents, these detection limns, expressed as a quan­
tity of solute, cannot be converted to a change in di-
dectric constant, which is the fundamental nunne r of 
rcportmg detection bmits for this detector. 

rbis development cf fort has demonstrated that the 
dielectric constant can be the basts of a universal 
I.C monitor. Recent refinements in the electronic sys­
tem have improved 'be detection limil by a factor of 
2 from those measured during initial evaluation and 
make litis detector concept competitive with other 
universal monitors. The instrument is being used on 
a routine bast* in the cbaracterimlion of fossd-
derived oils: see Chap. 4. |/.. V. Khti. G. Ooithtem. 
P A. Thames) 

"Stihtlrn steeT inalyiyr for LMFBR fuel pro­
gram. The LMFBR fuel recycle program is gener­
ating a large number of samples that require an 
analysis for stainless steel by our General Analytical 
Laboratories. TIK samples arc si/cd portions of acut-
fuef-rod assembly. In the current studies, alumina is 
used to simubte the spent fud in the rods. A nonde­
structive procedure for determining the stainless 
steel content of these cut-fud-rod assemblies was 
developed: it inv ones observing the frequency shift of 
an oscillator upon insertion of the sample into the 
core of the frequency-determining inductor of the 
oscillator. Samples with iron contents ranging from 
0.5 lo 4.V7 can be measured. The response was not 
linearly related to the percentage of iron, hut use of a 
second- or third-degree polynomial for the calibra-

II. I V %Un.mlH*niltuttm*iafnrtiy.~ 4n1 Chem. ftv 
Amm fn* Hrp \m .#». /V7.«. OHM -5100. p 4 
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tion curve yielded food retails: corrcniioa of this 
method with the chemical analysis was excellent. A 
prototype utstniincM was evaluated by the General 
Analytical l-ahoratories; the •totrument performed 
satisfactorily. Approximately ?5*. of ihe samples 
received from this prog ram can he analyzed hy this 
method. The renaming portwn ro|uires aNenaie 
procedures because of either insufficient material or 
loo large a particle sve thai results m nonrcprcscn-
tairvc sampling. Sample throughput is 10 to IS per 
hour. I/.. V. A Am) 

Apptkatioas of microelectronic drcmtiy. In 197$ 
we initialed a program to investigate the analytical 
instrumentation applications of large-scale inte­
grated circuits. At that lime we rccogni/cd lhai Ihe 
major problem in using a minicomputer as an ana­
lytical instrument (i.e.. configured by software) was 
the extensive design required for the computcr-
instrumenl interface. Each interface must he closely 
lied lo the archileclureand language of Ihe computer. 
Thus, even minor changes in instrument oneraiion 
occasionally require extensive changes in Ihe inter­
lace and in the system programming. A complete 
rhange in instrument concept emails a virtually new 
design effort. This is a regrettable situation, since the 
computer is ideally suited for both data collection 

and ptotujing and interactive mstrumcni control. It 
is dear that die lorte ol computer application is m the 
dedicated mode rather man m the attempt to adapt n 
to contmuousH thanging, short-term instrumenta­
tion needs. Unfortunately, analytical needs mrr con­
tinuously changing and often are short term Our 
usual response lo these needs is nun design and fabri­
cation rather man the iimc-cowsummg computcn/a-
iion via software 

fo overcome these design difficulties, we con­
ceived Ihe idea ofdcvclopinganewtypcof computer-
controller for mstrumentalion application. The key 
feature of Ibis device is that it can be quickly con­
figured via software into a wide variety of msirumen-
lalion formats. This is accomplished by combining a 
"calculator" type of programming language with a 
software-defined, highly- flexible input-output inter­
face system. The result » that computer-type data 
collection and instrument control can be realized in a 
fraction of the lime generally required. The complete 
system specification has been detailed. ' 

This year we have continued the system design and 
fabrication program. The work has primarily been 
thai of defining system logic, translating this logic 

l.l W f f rtKMmc. All them. 47. MM H9?5» 
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the NatMBl S :mtx hn—aaima and the Japan 
Soctrtv for the Promatmn of Scstncc. (7. A. 

We have c o w e d am study 
of pancm-recopMkMi natheiaatKal tuhnnpau for 
handbag complex anaryiical prohltnu. m coopera­
tion with rhr Compter Sciences Division. Hujh-
reaohmon ga* chromatography: (GO profiles cou-
w i n c of -I50 prah» produced in the lobacco 
Smoke Program are used to pencratt the data sets. 
Goals of the project are: tl)todcttrmme which of the 
CiC" peaks are most dirccth related to the Notogwal 
activity of the cmarettoand (2) to predict a biological 
effect, given only the pas-phase profile. 

Three hajhh sophisticated pattern recognition 
composer codes are now operational on the OHM. 
large uumpmu systems. These are RECOG (writ-
tcnorigmalh byC f-. Bendtrof I.awrence l.rvcrmorc 
laboratory). I *EM)RO (original version by E. Hall 
of the t'nricrsm of Southern California), and 
ARfHIR (written originally by D. I Dnewer.J. R. 
Koskiaen. and B. k Kowahki of the I rmersity of 
Washington. Seattle) 

The analysis of series I cigarettes (provided by the 
National Cancer Institute) is now performed on a 
data set of 97 GC peaks. These peaks have been se­
lected by a semiautomatic indexing procedure that 
runs interactively on the ORNI. DEC system 10 
computer. The 97 peaks are consistent from oce 
chromatogram to another and can be chosen with 
confidence. Using a "have-one-out" algorithm, bio­
logical activities have been predicted for the series I 
set with an average error of 3.69- The simple corre­
lation coefficient (Ft experimental vs Ft predicted) is 
0.97. where Ft n the adjusted percentage survival of 

of the series I I cq 
activity, hot tfcci 
not agree <•*• with cxi 
values went cakaksted using the I 
monefl ncvetnpen tor seises I < 

lions (different GC coll 
higiral experiments. 
onaretteslL We plan to investq 
training set from scries II i 

This application of pattern i 

'seed money*' grant from ORNL to the Computer 
Sciences Division, f R. •»'. Strkmr) 

Investigations of the charac­
teristics of poryvmylmrrohdoae (PVP) as a station­
ary phase for liquid chromatography have indicated 
that binding of solutes to PVP can be based on 
several mechanisms. These include nonpotar nucrac-
tions (adsorption), hydrogen bonding between 
proton-donating groups in a solute and the carbony I 
oxygen on the lactam ring of PVP. partition of the 
solute between the duent and a liquid phase adsorbed 
on PVP. and. under appropriate conditions, weakly-
basic anion exchanger behavior of PVP. Conse­
quently. •! appears that PVP ought to provide a very 
versatile, general-purpose stationary phase for 
chromatographic separations and that its full 
potential as an analytical tool has yet to be realized. 
Chromatographic studies have been made of various 
classes of aromatic organic compounds, including 
many which have been identified as primary 
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d die* parade H K was ^150pa*, h was 
riMrfanoKupKicMaittHF-NNO, 
•meat ni25tony,»t»tranjfcrrcdtori»r 

d ike V K M C » tmalcaf. but M E if « is 
loth Ast* and AsF- aw ««*r v«tM*r: 

nccnuaCMn of water! -*«•*;)m riKacaJ 
The H K H N O . mruuvc »UVf««MC treated 

KMnO* before use to wxidi»c an* As" which 
• he present, rims piiuniing L1 M H I I I I of 

I to .1—ft m o / i 
If ihc relative J in aw i of 

pei ucnavtor 

arc l« be 
KBlnc amount! of ihe 

*V KdwtMW. I 

A sturif «as ihefcfore node of ihe effect of 
i pH on the ammrnt of the appropriate i 

by the reaction of variuui arsenic 
twMh l r ; NaaW.somuoo. Agncnuumbcrof 

, of As aad AsO, produced ihe maxt-
i of AsH at ihe fewest uMial pH(0.2S) 

11 A H SO,), as the •umal pH rose to 3.5 |!«7 
•COOH) J . ihe V K U of AsH: decreased fowfoM. 
When the arsenic was present as a aicthybicd acid, a 
few-starting pH caastri ihe reaction to prodncc 10 to 
\¥, AsH•.. as well as the expected methybiedarsine. 
When the initial redneiion medium was l r j 
KOOH) the amown of AsH,. C H AsH . and 
fCH>>;AsH prodaced was linearly dependent on the 
antosnt of arscnious. mclhvlarsonk. and cacodybc 
acid. respectively, regardless of the proponionsof the 
components. As would he expected front the above-
described behavior of the innnvbicd compounds in I 
V H.-SO*. this linearity was not found in mixtures 
prepared in I V H SO,. Thus. I V H.SO, b a better 
startin* medium if only inorganic arsenic is present, 
but the analysis of mixtures of inorganic and organic 
arsenic compounds should be carried out in l r f 

I* J R f.-icrwn-R I tcfln**. J P Ynme.ani'R <> Hare. 
~ttaa> at inr SnlnJ Mate f lnw IrantlorntMinn «t " K B r Va 
AfrMMffm* Sacctrmcnnc and \-U»\ IMhaclinn Icrimmno." 
rrortoJww* of inc 2nd hNcraatiMiaf t iinlcrcnic on ifcc flrciroiwc 
Mraclarr M Ike Aciimdcv Wroclaw. Pobnd. Vakmticc l> Ik 
1*76. in p.o» 

»CH.AsH awdrCH.hAsH. 
brws*da»a< 
Trans i 

The cuM t o p I 
the three; 
I -shaped sccuwu of a-mm-OO Pyicx I 
area 2 in. tngh. I m. wide) fined w in 0.: 
beads. The arsine peaks ohtained from a mixture of 
0.5 ngof AsasAsO.'.0SngasCH.A90lOHh.and 
1.5 ng as fCH>).-AsfO|OH wcrccasriy measured and 

mearh'expcrimcntsiheCH.AsH.-andfCH.hAsH 
peaks were juptiimpund on a brand, irrcgubr peak 

by an unknown reaction product- The* 

rttcrfcrence by generaimg optical bund emission at 
the arsenic and adjacent wavelengths. This mterfcr-
ence was eaminjlcd by inserting a trap containing 
granulated NaOH between thedeskcamandthecoM 
trap. 

Another broad peak was observed to occur sifter 
the jCH.fc AsH bad been released from the cold trap 
(i.e.. near room temperature). Although this peak did 
not interfere with the present determinations, we 
considered it desirable to cfanatalc the peak in the 
event that the technique was applied to less-vobtitt 
arsines. We found that cither aeration or partial 
evacuation of the cold trap between analyses 
eliminated the second broad peak. To further purge 
the cold trap between analyses, the radiation from a 
«|uan/-iodinc heat bmp is directed onto the trap for 

http://0SngasCH.A90lOHh.and
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•C -cc alter dV trap has coasr to room icaascratarc 
U fraanan) 

Sola»h snaaat m aWaijhtra, partkaiMu. A 
c o w e d effortis andcr may to develop aad evaluate 
a arm analytical nrtfcodotcfv for the drtecmuaalioa 
of mafer-soiaMf sanafc prcsrat m ataanpacnc 
puueatatts cottrcicd on later*. The omul anesijga-
tnsas anohed a attfaMaary survey of social 
proposed medsods f«r sattat* aaaHst*. I he rcmaav-
iag taar mas dam sscd at sfadi aad optaave the 
scasaniry aad selccm ay of thea*thwd decanal aa»t 
promijmg The turbujaactnc aaaHsn of saaafc 
based oa oar CAD i4-amm»^'-vJawiubaiaenyli 
reagent mas surveyed first armg the aaauiarc 
ceatnfagal fast aaah/VTfCF A). Poor reprodwcnwbrv 
malua repucaics mas t neonate red aad masatinbaicd 
to the aMabthty of dar CAD coumd m accasraufal 
fieSd. Akhoagb dftr addition of a polymer slabai/cr 
dal aot enhance the reproduc**toty. a standard 
devotion of I . 7 ppat sulfatema* achieved tora uacar 
range of detection for 2 to 16 ppm vallate it a 
defloccataM mas present n the reaction mixture 
Because the CAD rcafent also reacted man sach 
aaams as suUac and phosphate at smuhr son 
concentrations, other methods for sulfate analysis 
mere sougfat. 

Two methods based on cn/ymatic reactions mere 
investigated in an effort to establish a more scheme 
technique for sulfate. The first procedure required the 
quantitative chemical reduction of sulfate to sulfite. 
The subsequent cn/ymatic reaction of sulfite mith 
sulfite oxidase produces H O . which can be detected 
by one of the several existing spectrophotomeiric 
procedures. The fcasibilify of this enzymatic method 
is dependent upon the anility to chemically reduce 
vulfalc. and. therefore, a study of several reduemf 
agents mas initialed. Various reducing columns, 
including a Jones redactor. Dcvarda'salloy, and Cd-
Cu alloy, mere investigated as possible reducing 
agents because they mere most adaptable to the 
enzymatic reaction. However, no reduction of sulfate 
was observed under a variety of experimental 
conditions. Sodium horohydride mas also tested a« a 
reducing agent. Introduction of a NaBH< pellet 
reduced sulfate to sulfite and sulfide. Further studies 
in this direction did not appear advantageous because 
oxidation slates other than sulfite were produced and 
because any remaining NaBH< would have to be 
removed prior to the enzymatic reaction. 

The second cn/ymat ic method surveyed was based 
on a three-enryme "sulfate transferring system." In 
the proposed reaction scheme, sulfate concentration 
is proportional to the decrease in absorbance of a 

phenol a> rhe phenol n, ̂ uSalcd vu the tranMcTtmc 
ca/vmrs Several attempts mere msdr »•• nofcrtc thc 
cu/yaa» at our hhoraiory because two ot ihc three 
ca/yaKs ace not available pi mm* really \<> active 
prcparatHMi at the casyatn mat ohtaasrd. . • « « to 
^mvvaarahlabihct Auram.rf-W»fc<»!ir/fc»n/VH»>*#»-
H0n aamat i» bcatg oxd ihat |w»rvio rmo ot ihc 
three required ca/ymo aad ..ompsricv the rcjcthm 
scheme by redaemg ihe traa>lcrrcd Miltaic to tree 
saNar. Sradsrs are under mav u» perform vallate 
aaaftsn by aacrobiologscaay redanag the anion u> 
sulfiir aad then dcuraaaaig the bbcrafed saline by 
the Wcsi-Caekc coiumactnc reactam. 

A major portva t>t rhc protect has artoHcd the 
doetopaKM of a direct kasriic Miaatc assay earned 
oat m cooperation man the Cheaacal lechaoiugy 
Division ha the* procedure, satiate M M catahre> the 
dcpoH men/at ion ot /trconyl l / n pwKmcr m aodic 
sotatasa. Free /irconiam M « then reacts mirh 
mcthv why mot Mac i \ t I B> inuVator to give a colored 
complex Ihe kmetit reaction » photoairtricaUv 
moMforcd at 5»fc i n . using the mamture CF A. I he 
rate ol formatam of the / r M I B complex i> 
proportional to sulfate concent r; I M over the raace 
0 to 25 ppm. KmelK data are lypKatty aceumabled 
over a I "-nun reaction t me at .«V«ec micrvaH. A 
compwter routme has Hern m rater to search ! IK the 
linear ponioa of the reaction data and to vakvlate the 
maximum rate for die sample, f he precision m the 
dctcrmuniMtn of the reaction rale, uunc the bnear 
search routine, is I to 2%. or 0.2 to0 . ' ppm S(>» 
The detection tanit is approximatctv 0 3 ppm. Run-
to-ran reproducibiHfv and day-to-day reproducibil­
ity in sample analysis is ±0.2 ppm SO, . Several 
divalent cations h»\x been found to interfere m the 
Zr-MTB technique. However, these have been 
removed by treating the aqueous sample halchmise 
mith Ambcrlite IR-120 ion exchange rcsm f sodium 
form) prior in analysis. Fluoride, phosphate, and 
arsenate produce a positive interference HI sulfate 
analysis, even at trace levels. Interference of these 
anions up to the 2-ppm concentration level (exceed­
ing the upper limit of these species found in aerosol 
and surface water samples) can be eliminated by the 
addition of a 25-ppm AMU) mask. Precipitation 
with excess magnesium oxide has been used for the 
removal of anion interferences present at concentra­
tions greater than 2 ppm. 

A correlation study between the Zr-MTB tech­
nique and a reference method was performed using 
rainwater samples provided by the Environmental 
Sciences Division. The reference method was 
performed independently by the Environmental 
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Analyse* laboratory. AnalytKal 1 hcmetry Ihvs-
* M U . u>mg the lechntcun AutoAaaH/cr I h r 
o*rc*pundcnix between the two methods, deter -
O W K I I fe> lca*t-**|uarc* rcgrcvsfeMianaH >t*. wa» too* J 
lu be 

ippmMK / i M I l l 101 -0O?ipfMi 
MK . IcvhMconi O IS - 0 4 ~ ppm SO, . 

corrctstion c - t t n e n t 09VR 
Farther viwdac* n ihc analyst* u l watc*-*ohjhir 

M d U i o wiO mcindc the cnwphiiun «t the / r - M I B 
procedure, a more c \ w » n t c i i l n i M ot ancroh»i-
l u p o i icduct«>a ol sulfate, and aw inscsiwatMn at a 
ga*-*Jn-owaiograplnc iechnwpjc lor satiate detcmu-
nattua i/» Akt«#M&i 

Research LahecMor*. to coopctai-na » * • J R 
Peterson and R I fellow *. I nocrsaty ul I rnnciacc 
iKnowdlc i . and R <• Hairc. * brmt*i i \ Ihvrnon. a 
.lumber ot compound \ \ M b n o . characfcnsatina* 
awl ntcMrfKalit«i*. aw l t k i m l reaction* were 
toRowcd by spcctrophotomctnc and x-ray drffrac-
inm irehnniucs lor nMcrogram uaantifie* of soud-
Mate transuranium compound* Sach studKs weic 
pnmanty earned out with habdo and oxyhabdc* of 
B4. * I. and h and were aimed at gcarf-ilMf 
knowledge about the behavior ot cotapnaad* of the 
heaviest dements that eaa he obtained m microgram 
amount*. Nodi studies p r m d c sysicmafn: and ha**.-
cheintcal information about the actmidc *cnc* of the 
clement*. give data tor future uscm ibcricniilication 
of synthesized clcmcnis beyond eVcmem 104. and 
indicale the cfleet of extremely mgh radiation field* 
on cheimcai viability and rcaclivitv of these elements 
Our ahdity to follow chemical reaction*, or cheek 
vtabilif >. of acimidc hahdes rs the m u l l of the unique 
nature of our cxpcrimcnul setup. Sample* are 
i>huined in scaled, thin-wafted SiO- capillaries of 
vuilaMc length lor either x-ray diffraction <»r 
microspcctral study I he capillary is scaled off under 
high vacuum or a reduced pressure of some 
appropriate gas. depending upon whether we desire 
lo promote a subsequent chemical reaction when the 
capillary is healed. 

t-unhcr studies of the reaction of H. with Bk. Cf. 
and E* halides seem in confirm the hypothesis thai 
the attempted H- reduction ol these halidc* in Si(). 
containers leads to the formation of trivaleni 
oxyhalides In the case of CfBr>. some CfRr : is 
formed, hut only as a transient species. With other 
actinide halidcs. little or no evidence is observed for 
the presence of a divalent species, but the respective 

invakwt oxybabdc B observed h appears thai an 
unbred n b n u n lor rcdncimu ol these actaaac 
hibdi i is O K toonatwa ot oxyhafadcv Conversely. 
prebanaafx data mdicafe thai habdes thai are not 
rcdacdac » « h H . do not yarbJ oxyhabdes on 
prolonged neafwg w*b H 

spectra of j W i f c — • hahnci. has m n f i m u d an 
earber bvpotbcsi* thai sneh eansstons are anjiiuity 
evened and apparent!* not a tuwtiwental property 
of pare Fsfl l l l . The C W M M appears to be 
MBdepeadem of a t anpanly dopant and therefore 
rtprcscats energy vanslcrof a M c n a n I t » known 
thai C~a or r u wns can cause ibr ra dm h i w i - j u n r r 
ihc m-growih of Bk. or Ci. does not c a n e the 
ewewfon. As more emsicinwm hccumcj. avadabie. 
tunber J u b n of ibis pbenomenon » i l be wade 

An mierred sobd-iiatc phase franslorwaiioa o( 
BkBr has been contained by both spectral and x-ray 
detraction ievhnnfuc* Ihc result* of Ihr* study were 
published I be pha*c transformation i* rtadiiy 
tollowed by observing mcrease* m ibe mtcn*ttie* of 
Bk l l l l i 1-4 iransMions when the crystal structure 
changes from the b«h-<cmpcrafurc. monochntc form 
i.AKl typel to the lowerHcmpcratwc.orthorhomhic 
structure iPuRrtypCr. I he change* mihe absorption 
specira result from a modification ot the errtal ion's 
coonJmaiMwi symmetry thai occurs when the crystal 
structure ts altered from n- lo x-voordinate After we 
compared the x-ray and spectroscopic results, if was 
obvious that the absorption measurements were 
more sensitise, provided a more rapid analysts, and 
were not dependent upon the long-range order 
required lor \-ray diffraction By following the 
absorption intensity changes, it was also possible lo 
study the kinetics of ihc phase transformation It is 
believed thai this is the first studv where absorption 
changes have been used lo fobow a dimorphic 
modification of a compound or the kinetics of such a 
phase transition. 

In carry mg out the above invcaigations. a number 
of miscellaneous ancillary spectral studies were 
necessary, and several useful spectral results bcamc 
obvious. In the phase-change studies of BkBr>. it was 
observed that the C f l l l l ) daughter underwent the 
same coordination change as did the parent. This 
means that C(Br> was found as a daughter impuhiy in 
a heretofore unknown H-coordinaic form In a study 
of the If- reduction of RkBr>. preliminary results 
suggest that daughter C'fBr> (unlike parent Bk) is 

y* C IrMnun."I>cifrminalion«^Ar*ciiK." 4»»/ (htm lh\ 
Aim PHI Krp V,.i .«. /»*.« OHM -MiW. p 6 
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more readily reduced to a reasonably pure CfBr. in 
the BkBr; matrix. Under the conditions of this study, 
the BkBr-. did not react with H-. There are several 
implications in these results that have application to 
solid-state storage of actinide compounds: further 
tests will be carried out. [J. P. Young) 

PHYSiCOCHEMICAL ANALYSES 

X-ray fluorescence (XRF) instrumentation and 
quantitative anah/ies. Probably our most significant 
achievement this past year in XRF analysis is the 
development of a general method for matrix 
correction of quantitative analysis data from alloys 
and certain other types of samples. This method does 
not require the use of standards w hose compositions 
closely resemble those of the unknown. Only 'pure-
element" standards for obuining peak shapes to be 
used in deconvolving spectra of mixtures arc 
necessary. In the past, if one were poing to analyze 
Cr-Fe-\i-Mo alloys, for example, it was necessary to 
compare unknown Inconels with standard Inconels. 
unknown stainless steels with their corresponding 
standards, etc. Often, standards of suitable composi­
tion were not available. These difficulties have been 
eliminated. 

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

fluorescence . mass . 
intensity /absorptionX 

from specimen /coefficients of\ 
C<\) = x / l specimen: J . 

fluorescence \cross sections/ 
intensity from \ of elements / 
pure standard \ present / 

(I) 

' I ( I Nrurkv "Oii.intn.iliu- X-Rd> Htinroccncc A I M K M * 
i sm(! Iiind,irmniai I'aramctcrv" -Wvdfii r\ m \-Ka, Analvw. 
vol IV. cd K w Omild cl al . Plenum. New York. 1975 

, mass absorption 
( coefficients of ;-(\C(l).Ci2) C\\)\. «2) 

specimen 

where Cl I). C"t2) C'i V) denote concentrations ol 
the elements in the sample: the / quantities denote 
"functions of" lacto's. Equations such as the above 
cannot be solved in closed form. The method of 
successive approximations, usir.^ a minicomputer, 
works very well, however. The first step is to estimate 
the concentrations. C'(.Y). for each of the elements 
present b; substituting their respective fluorescence 
intensity ratios into Eq. 11). The/ quantity for Eq. (1) 
is first evaluated by using an estimate for the mass 
absorption coefficients of the specimen. The various 
cross sections needed arc available from the litera­
ture. The second step is to make a more accurate 
estimate of the mass absorption coefficients of the 
specimen, using Eq. (2) and the C'( .V) estimates from 
Eq. (I). The improved estimates of the mass 
absorption coefficients arc substituted back into Eq. 
(I) for more refined calculations of the C(.V) values: 
these arc then resubstiiuted into Eq. (2). etc. After 
about three iterations of this type, the C'(.V) values 
converge such that they do not change further by 
more than I ' j . A 12-element matrix can be corrected 
in less than 5 min on a PDP-I I. Ten standards of 
stainless steels. Inconels. and Hastelloys have been 
analyzed: typical results are shown in Table 1.3. 

A few brasses have been analyzed, but agreement 
with listed concentration values was poor. We think 
the listed values were incorrect, and better qualu.. 
standards have been ordered. We have also aoplied 
the method to some W-Re-Os alloys (85 to 95'7 
tungsten, varying rhenium and osmium) that had 
been cast in the Metals and Ceramics Division. We 
had no other analytical data for comparison, but 
results agreed well with the weight ratios used in the 
casting procedure. Cobalt-molybdenum-aluminum 

Tabic 1.3. XRF analysis of some standard umpk* (wt <>f) 

( r Mn Kc Ni ( u Nh Mo h C.» 

Stainless steel 
(eroded J i l l ) (191 42 OK 2K.72 .VI* 0 *9 2 * 1 
N r U 205X 105 4.10* 2X M V4J 0 76 2.22 

Iftconcl 
Certified 1496 0 76 7 M 72.K9 005 09. ' 2.54 
XM 14 9X 04. ' 709 74 26 007 0 59 * 55 

NBS Waspalloy 
Certified IKK* 0.M 22 5ft I 4 50 309 1.1.0 
XK I IX9X 0.11 2 !5 572 406 2.52 14 K 
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oxides have also been successfully analyzed: this is 
discussed further in Chap. 2. 

The quantitative analysis method that we have 
developed can be easily applied to any homogenous 
mixture lor which all elements can be determined by 
XRF. Heavy-element alloys such as stainless steels, 
for which heavy elements account for 9Hrj of the 
composition, arc especially convenient. We are not 
yet ready to apply the method to biological and 
environmental matrices, however, because XRF 
cannot provide data on light elements such as carbon, 
hydrogen, and oxygen. To calculate mass absorption 
coefficients with Eq. (2). we must account for all of 
the elements. For light-cicrirat matrices, othe; 
methods of determining mass absorption coefficients 
must be used. Recently. Cox etal.'" have reported the 
successful use of Compton scatter measurements for 
this purpose, and we will explore this technique in the 
coming year. 

In previous annual reports we described the 
advantage of monobromated Ag Ka radiation for 
exciting flr.orcscencc. We have now incorporated a 
barrel monochromator into our system, which 
greatly increases intensities and reduces the time 
required for analyses. Detection limits are leis than 
10 ppm for elements having fluorescence energies 
(either A' or /. peaks) between 5 and 10 keV (atomic 
No>. 24-32 and 60-74V Lowest detection limits, less 
thin I p,)m. are for elements having fluorescence 
energies in the 10- to 15-keV range (atomic Nos. 
33-39 and 75-95). (/.. D. Hultn. H. W. Dunn) 

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

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

22. H. I., t'nx. Jr.. and P. S. Ong."Sample Mast Determination 
l'»iny Cnmplon and total Scattered I'vcitalion Kadiatmn for 
Kncrgv |)i»per*i\c X-Ra\ I luorcwcni Anal)*i* of lnccl:.lcmcm> 
in Soli l i«uc Specimen*." Journal of Unlital Wimr i. in prciv 

of the gas phase. It can be shown that at a pressure of 
only 10 * torr. which our old vacuum system had 
difficulty maintaining, there are sufficient gas atoms 
striking the surface every second to term one 
monolayer. With a sticking coefficient of I. vhich is 
normally the case, a cleaned surface is very quickly 
covercd by the adsorbed gas. In an attempt to study 
our capabilities for performing quantitative analysis 
on alloy surfaces, we found that the peak areas not 
only decreased rapidly aftr» ion sputtering, but that 
those for different elements decreased at different 
rates. This made it virtually impossible to acquire 
uita that could be reproduced with any degree of 
certainty. A pressure of 10 * torr is desirable, and we 
hope that our new system will be able to maintain a 
pressure of at least 10" torr. For the new system, we 
have acquired a new 6-in. oil-diffusion pump with a 
matching roughing pump and a liquid-nitrogen 
cryotrap. We have fabricated a redesigned source 
chamber that will be compatible with 6-in. pump 
connections for adequate pumping speeds and have 
reduced the total pump-out volume. This new system 
should also increase the length of time that a clean 
surface can be maintained on the anode of our x-ray 
source. In the past, the anode surface became rapidly 
contaminated, which resulted in a simultaneous 
order of magnitude decrease in x-ray intensity after a 
few days of operation. Anode replacement was a 
major operation. The design of the new i-vvce 
chamber allows the x-ray components to be removed 
more easily. We have also purchased a new x-ray 
filament power supply with low drift characteristics 
that should provide more stable short-term photon 
intensity and improve the short-term counting 
statistics. Another inherent problem with the 
magnetic instrument is that it was originally designed 
as a beta spectrometer for high-energy electrons. At 
the lowest current range mode of operation the full-
scale spectrometer coil current is 12.5 A. which will 
focus an electron with a kinetic energy of 50 keV. 
With an aluminum anode, our maximum measure­
ment is for an energy of about 1.5 keV. which requires 
a current of 2 A. We are therefore operating on the 
low end of the current range and are unable to take 
advantage of the full resolution of the current step 
settings. We arc considering the possibility of adding 
a lower current power supply that will provide full-
scale current control within our present useful 
operating range. 

For some time we have needed an electrostatic 
photoelectron spectrometer; E. C. Dunlop of our 
advisory committee suggested that we build such an 
instrument, using ORNI. facilities, and we are 
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constructing a double-focusing electrostatic instru­
ment with spherical field symmetry. The electrostatic 
field in this instrument is generated between two 
concentric spherical-sector aluminum clectrodeswith 
a 20-cm mean radius for the electron path. The sector 
angle is 145 in the horizontal section and 60~ in the 
vertical section. A more detailed description ol the 
instrument and the theory of its performance have 
been discussed by Siegbahn. We have purchased a 
programmable power supply which will be used to 
accelerate or decelerate the electrons to a predeter­
mined kinetic energy before they enter the analyzer. 
This will allow the selection of a constant resolution 
which will greatly simplify the data acquisition from 
the position-sensitive detector being designed. The 
first use of this instrument will be for testing the 
position-sensitive detector. The position-sensitive 
detector for simultaneous multienergetic electron 
detection consuls of three components: an electron 
multiplier, a light-pipe array, and a solid-stale line 
scanner. The electron multiplier (Chevron channel 
electron multiplier) has two tandem plates, each 
composed of two-dimensional arrays of parallel 
channels 25 pm in diameter and 31 pm center to 
center which can resolve events greater than 0.2 mm 
apart. A gain of 10 can be obtained. For each event a 
burst of electrons from the plates strikes a phosphor 
screen which creates a light pulse. The light pulse is 
channeled through the light-pipe array to the solid-
state line scanner (Rcticon). which stores the signal 
for subsequent readout. The light pipe is an array of 
alternating parallel transparent plates and opaque 
spacers. The Reticon consists of a row of silicon 
photodiodes. each with an associated storage 
capacitor to integrate the photocurrcnt and a 
multiplex switch for periodic readout via an 
integrated shift register scanning circuit. The Reticon 
has 1024 diodes on 25-pm centers, which provides a 
resolution exceeding that of the electron multiplier. 
We have checked out the Reticon response to several 
light-pipe configurations. At present wc have selected 
a design that incorporates 20-mil transparent plates 
and 30-mil opaque spacers for a total of 20 channels 
across the face of the Reticon. The larger spacer is 
necessary to eliminate cross-talk between channels as 
a result of light diffraction at the light-pipe-Reticnn 
interface. The first trial of the electron 
multiplier-light-pipe-Reticon combination will be 

;.V K Sicghahn. ('. Hurdling, and A lahlrtwn. Nrtimn 
Sprttrii\rnp\ fur (hrm„ol A null w. Ah Ml -IK-MI-IXV. Wright 
•'.illcrM'D Air t-nrcc B;^c. Ohio 

made in the electrostatic spectrometer when it IN 
completed (J. V. Dale. I. 11. HuUu) 

Characterization of cobalt-motybdate catalysts. 
The electron and x-ray physics methods described in 
this section arc. for the most part. nondestructi\c of 
the sample. When they are applied in a coordinated 
fashion to an individual sample or series of samples 
generated by a particular study, a highly detailed 
characicrization of the samples can usually be 
constructed. We can determine the composition of 
the sample in terms of elements and compounds, 
using x-ray fluorescence, electron spectroscopy lor 
chemical analyses (ESCA), electron diffraction, and 
x-ray diffraction. We can determine the shape and 
size of the specimen and the distribution of elements 
and compounds within it by using scanning and 
transmission electron microscopy. One of our main 
efforts this past year has been the application of our 
methods to a study of a coal hydrodcsulfuri/ation 
catalyst, cobalt-molybdenum supported on alumi­
num oxide. This study has been done partly in 
collaboration with E. L. Fuller. P. A. Agron. and 
R. A. Strchlow of the Chemistry Division. H. I.. 
Richards of the Y-12 Development Division worked 
with us also in measuring phc'.oclcctron spectra. The 
effect of firing temperature on Co-Mo catalyst was 
studied. Six samples of catalyst fired in air at 300. 
500. 700.800.900. and 1000 C have been character­
ized. 

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

Optical microscopy showed that for those samples 
fired at 900 and 1000° C. there were gross changes in 
phase. Purple and pink crystallites could he seen 
dispersed in a white-gray matrix: x-ray diffraction 
studies are being conducted to identify these phases. 
The samples fired below 900°C did not show the 
purple and pink phases, but one could see variations 
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in their overall color with the unaided eve. Samples 
fired at 700 and 800° C showed the most intense blue 
colors. 

Scanning electron microscopy was used to study 
morphology and cobalt and molybdenum concentra­
tion profiles at the surfaces of the catalyst pellets. 
Pellets fired at 800" C and higher showed an increase 
in crystallite si/e. Also, there appears to be a 
concentration gradient in cobalt and molybdenum at 
the surface of pellets fired above 800° C. 

ESCA studies of the catalyst pellets showed a 
significant decrease in cobalt concentration at the 
surface for those pellets fired at 900and 1000° C. This 
correlates with the color bleaching effect seen at these 
temperatures and indicates that the cobalt diffuses 
away from the surface at the higher temperatures. At 
the lower temperatures the surface cobalt concentra­
tion was in good agreement with the bulk concentra­
tion found by XRF and neutron activa'ion analysis. 
At all firing temperatures the surface molybdenum 
concentration was about twice that found in the bulk. 
This is somewhat suspect, however, since we have 
lound higher-than-cxpected surface molybdenum 
concentrations in other materials. Appreciable 
concentrations of Ti. Ca. Si. Na. and CI were also 
found in the surface. Another interesting result of the 
quantitative aspects of this work is that the average 
atomic ratio of AI.O in the Al.-O. substrate was found 
to be 2:3. i. This is further indication that ESCA can 
be developed as a quantitative tool, and we plan to 
pursue a detailed study in this area. 1 he binding 
energies of the prominent peaks for both cobalt and 
molybdenum agreed to within 0.1 eV in the pellets 
fired at the different temperatures. However, as the 
temperature increased, there was peak broadening, 
which indicated that other chemical slates were 
appearing. The prominent peak for cobalt agrees 
with that reported in the literature for CoO in 
octahedral symmetry'. This work is not complete and 
further study is planned. [L. D. Hultu. J. M. Dale, 
J. Toner's 

Studies of particulates for EPA. As part of our task 
to develop and apply advanced concepts in analytical 
spectroscopy to problems in energy research, we 
entered an interagency agreement with EPA to 
identify compounds on and in particulate pollutants 
from mobile and stationary sources and atmospheric 
suspensions. The Aerosol Research Group at EPA 
was interested in the form of sulfur, nitrogen, and 
carbon found on particulates collected with eight-
stage aluminum cascade impactors. The Emissions 
Testing and Characterization Section at EPA was 
interested in the elements contained on flv ash from 

(1) a coal-fired power plant which burned city refuse. 
(2) iron dust from a smelter bag house, and (3) 
exhaust emissions from light-duty vehicles fitted with 
catalytic convtrters. 

Photoeiectron spectroscopy (ESCA) techniques 
were used to determine the chemical form and the 
elemental surface concentrations of these samples to 
a depth of 10 to 50 atomic layers. X-ray fluorcsence 
methods were used to complement the ESCA results 
by identifying the elements present in the substrates 
when this was of interest. 

There were no unusual chemical forms found for 
the elements present in the surfaces of the particles 
from the impactor plates, the fly ash. or the iron dust. 
Carbon was present on all of the samples as either 
hydrocarbon or as adsorbed CO;, and oxygen was 
present as oxide or adsorbed O;. Other constituents 
present included chloride, sulfate. Ca'*.adsorbed V . 
Pb ' \ and SiO : Although iron was the main 
constituent of the iron dust particles, as verified by 
XRF. it was not detected by ESCA. We have not iced 
this phenomenon with other types of samples, 
indicating that iron oxide har. a tendency to cover 
itself with adsorbed material. 

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

One of the major questions to be answered in this 
work was whether carcinogenic nickel subsulfide was 
one of the products in the engine exhaust. The ESCA 
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spectra did not show a sulfide, and the nickel binding 
energy was higher than would be expected fora nickel 
sulfide. We concluded, therefore, that this species was 
either not originally present or was destroyed by the 
filter treatment. (J. M. Dolt. I D. Hulett. P. S. 
Mirny) 

Scanning electron microscopy. Our scanning elec­
tron microscopy work encompasses a number of 
cooperative research projects with investigators in 
other divisions as well as examination of special 
samples. The three examples belowrare representative 
of the types of studies in which we arc involved. 

Scaling in a %eothermal system. In cooperation 
with E. G. Bohbnann of the Chemistry Division, we 
are investigating the scaling of test specimens in a 
dynamic gcothermal test system. The specimens are 
exposed to a solution consisting of MM ppm SiO. in 
0.1 W NaC.H.O:. pH 6.0. with a temperature 
gradient of 110 to 45-

Sampks from at least ten regions of a reaction 
system constructed of Pyrex tubing with stainless and 
carbon steel strips inserted at several locations within 
the system have been studied by scanning electron 
microscopy. Visual examination of specimens from 
the first experiment revealed a brown streak, several 
millimeters in diameter, on the bottom surfacr of 
some sections of tubing, along with some random 
spotting on the tube. An attempt was made to 
examine these specific areas. In all cases the deposits 
examined from the high-icmperature( I If/ > region of 
the reaction system were composed of particles of 
silica averaging 25 n in diameter, with smaller 
panicles appearing to grow out from the large 
panicles: faceting was observed on many panicles. 
The panicles were primarily silicon with a trace of 
iron. It was also observed that the deposit which 
formed in the cool (45° > region of the system was 
made up of silica panicles with an average diameter 
of 0.2 ti. No gradual change in panicle si/e was 
observed. Identical results were obtained on the 
metal strips examined. It was also noted that the 
deposit composed of 25-ji panicles was very ad­
herent to the tubing, while the 0.2-M deposit could be 
brushed from it. 

A second experiment was carried out with a more 
accurate temperature control in an attempt to explain 
the mechanism of the growth of the deposit. The 
temperature was increased to 175°: the solution 
consisted of KOI) ppm SiO in 0 I M NaC.H.O; and 
I \f NaCI. pH 6.0. We have examined the valve stem 
and valve scat which plugged early in the run. The 
scale on the valve stem was different from the one 
examined in the first experiment, probably due to the 

presence oJ Natl The scale tended to flake oil the 
metal and appeared much rougher: that is. there were 
more hills and valleys observed than in the previous 
one. The scale was made up of Na. Si. and I'l. Some 
titanium was picked up from the underlying surface. 
Twelve samples of tubing along with some 15 metal 
samples have been received and are being examined. 

Leal studies. In cooperation with D. Shrmerol the 
Environmental Sciences Division, we are examining 
hickory and chestnut-oak leaves by scanning micros­
copy. It was first necessary to determine the best 
method of "fixing" the leaves to preserve their wax 
structure. We agreed that the best method was to 
"fix" the leaves in OsO* vapor for 5 to 10 min. 
dehydrate through . ended series of alcohols, and 
store the sample in 100'; C'H-OH prior to coating 
with carbon and or gold-palladium. The structure of 
the wax was then examined on a number of leaves 
after their exposure to water at varying: pH Other 
leaf samples were prepared as above and studied lor 
the presence of panicles of fh ash. The leaves were 
taken from many trees located at varying distances 
and heights from a nearby steam plant some leaves 
were washed in an attempt to determine if the fly ash 
could he removed by washing or rain: no appreciable 
amount of fly ash appeared to be removed by 
washing. At least 40 samples have been examined, 
and the results are being evaluated by the Environ­
mental Sciences Division. 

Particles in Hquefied cual. Two samples of pani­
cles present in coal samples were received for exam­
ination of shape, si/c. and identification by elemental 
analysis. We are attempting to prepare these samples 
by spreading a thin film of the oily sample onto 
distilled water, picking up a portion of Ihc resulting 
film on aluminum foil, drying, and coating with 
carbon prior to examining in the microscope. This 
technique has been successfully used in preparing 
similar samples for transmission microscopy. The 
panicles isolated by this technique range in si/c from 
0.6 to 10 ii. Some of the panickr. are copper 
compounds, while others contain Si. S. K. and f-c 
compounds. This work is continuing: our results 
along with work of B. R. Rodgers in the Chemical 
Technology Division will be presented at the AAAS 
meeting in Denver in February 1977. (F. /.. Ball) 

X-ray diffraction. For inorganic solid specimens, 
x-ray diffraction is probably the most-used technique 
for compound identification. One of the more 
interesting applications this year has been in the work 
of C. F. Bamberger. D. M. Richardson, and M. A. 
Bredig of the ORM. Chemistry Division. They are 
studying energy storage systems involving thermo-
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chemical decomposition »l water into hydrogen ;»nd 
oxygen. Ihc> propose a cycle using barium and 
chromium compounds. ' ' he tirst step ol the cycle 
is to generate hydrogen by reacting chromium 
scsquioxidc with barium hydroxide 

Cr O (solid) - 4Ha<OH> (liquid) 

^-2Ra Crth (solid)- 3H Olgas)- H (gasi (3) 

I he second step is to generate oxygen Irom barium 
chromatc 

RaC tih I >oUJ» - Bat OH) (liquid) 

' -'-BatCrOa (solid) - H O (gas) - O (gas) 
(4) 

I he third step is to regenerate the chromium 
scsquioxtdc. barium chnmalc. and barium hydrox­
ide: 

2Ba Crl>4 (solid) - Ba l( rO,» (solid) - 5H O 

•" ~ t r O. (solid) - 2RaCrO* (solid) 

- 5Ha(OH) (dissolved) (5) 
Vray detraction was used to identity reaction 
products in the above cycle. 

» c arc modilying one ol our older x-ray 
diltraclion systems to improve sensitivity and 
accuracy. Pyroiytic graphite crystal monochroma-
tors will he mounted on a (iF goniometer to sharpen 
the degree ol monochromation ol the \ radiation 
before and alter diffraction by the specimens I his 
will improve the resolution of the diffracted peaks 
and greatly reduce the background. Much weaker 
diffracted peaks will be detectable, and measured 
lattice parameters will be more accurate. We estimate 
that in biological and environmental specimens we 
will be able to detect as little as 0.1' , by weight of 
heavy-element crystalline material. The older detec­
tion electronics will be replaced with a low-noise 
solid-Mate system. A programmer to control the 
goniometer and detector has been ordered. [H M. 
Dunn) 

National Uranium Resources Evaluation Pro­
gram. A national program is under way to sun cy and 
locate areas favorable for uranium prospecting. 
I C'C-M) is responsible for the survey in the 
mtdwestcrn states. Part of our participation in the 
program is to determine uranium in sediment 

M ( I Hjmhcrprr l> M Kiclurdvin. jnd M \ Brctti*. 
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samples by the debyed-neutroa counting method. 
I he procedure is to irradiate samples in the ORR 
pneumatic tube tor A0 sec. allow them to decay for If* 
sec to remove N (r .= 4.1 sec), and then count the 
delayed neutrons produced by fission products lor MO 
sec Since March we have analyzed 1779 samples and 
controls. In addition, we have run o\ct 300 
calil.'ation standards and quality-control checks ot 
our own. I he Nl'RF project control samples are 
submitted lor analy sis as it they were regular samples. 
I hesc controls are carried through the enure sample 

preparation and analysis procedure and therefore 
reflect the quality control of the entire program. This 
is summarised in Chap S. 

The uranium concentration m the sediments 
ranges Irom I to 20 ppm: however, most are about 2 
to 3 ppm: the limit of detection for natural uranium 
is 0.02 ppm. A new neutron moderator and detector 
assembly is under construction which will improve 
detection efficiency for neutrons and also lower the 
system background. With those changes, an overall 
improvement ot a factor ot 10 is expected U. r. 
Unuerx. K. J. \<>rihcun\ 

Applied neutron activation analysts. Neutron 
act iv ation analy sis has been applied to a w tdc v aricty 
ot samples, ranging Irom environmental materials to 
neutron flux monitors. Some ot these materials arc 
hiologicals. coal, fry ash. air filters, icscues. plastics, 
quart/, resins, mono/itcs. soot. Al. Ni. Be. Au. Pb. 
Csl. and MgO. I he biological, coal, fly-ash. and air-
Iliter samples were submitted lor multielement 
analy sis. In addition, assays ol isotope products " Co. 

Co. "Co. "Co. "Cd. *Np. and Pu were 
performed. Radionuclide assays wcrcaho performed 
lor Na. Mn. >e . Co. As. I. > l . la . la. 
"Re. and ~Au. Over 7500 determinations were 

nude on I IKK samples. \J. F. Emery. K. J. SorihtuM 
14-MeV nrutron-fcnerator applications The 

following samples were analysed for oxygen by fast 
neutron activation analysis: l.i metal (29). " \ i metal 
( l) .Vmeul(l) .Cameul(l) . l i .N(2). l iSe(4».WS 
(3). and l.i-AI alloy (5) In addikm. oxygen was 
determined in 35 sample*, of lithium metal in a 
cooperative program with Argonne National I abi-
ratory to determine the solubility of 11 O in lithium 
metal as a function of temperature. 

I he neutron generator was converted to produce 
2.5-McV neutrons via the IX J si) He reaction to 
evaluate the performance of a neutron spectrometer 
developed by Kopp. McKay, and Borkowski of the 
Instrumentaion and Controls Division. These tests 
were successful, and the detector has been set up in 
thi Thermonuclear Division to determine the energy 
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and origin of last neutrons created in thermonuclear 
reactions. (J. A Strain} 

Decay heat project. This project airnsat improving 
the accuracy and pcrcision of the measurement ot 
decav heal from radioactive fission products after 
reactor shutdown. Decay limes of 0 to 10.000 sec are 
being studied. The heal produced during these 
periods is a primary determinant of reactor core 
shutdown cooling requirements. Several methods a re 
being used: 11) a thermal calorimeter at I.ASI :(2)a 
nuclear calorimeter or total-absorption scintillation 
detector at IRT Corp.; | J) a scintillation spectrometer 
lo measure the beta and gamma spectra at ORNI 
Wnh this variety of experimental approaches, it is 
hoped thai a decay heat curve with an overall error of 
r J to 5'r may be obtained. 

The program at ORNI isto study V. 'Pu.and 
possihily " I . The experimental work on ( is 
complete and is summarized in a quarterly M RFO 
report: the final report mill be issued in the near 
future. Measurements on "Pu will he started by the 
end of ITb. Completion of the 'Pu experimental 
work will depend on the continued operation of the 
Oak Ridge Research Reactor throughout calendar 
vear 1977. rhe Neutron Physics Division has primary 
responsibility lor the project. U. t. Hmer\. K. J. 
\<>rihiuii) 

Trace alpha emitters in the environment. We are 
continuing the program" on low-level alpha 
emitters in environmental materials that is concerned 
with radiochemical behavior and analytical method­
ology for the elements from polonium to curium 
land beyond if necessary). The program is in 
collaboration with, or in support of. the Env ironmen-
tal Sciences. Health Physics. Chemistry, and 
Chemical Technology Divisions, and other members 
of our own Division, particularly the FnviriHimentai 
and Radiochemical Analyses Laboratory (FRAI > 

Methinlohtfx. Emphasis has been on simple 
simultaneous or sequential analyses of two or more 
elements in a given test portion. It was demonstrated 
that neptunium and pluionium could he isolated 
together by TT A extraction following nitrite oxida-

:< I K Dukmv I \ Imt. I W V M ontwll R M 
I r-.-i-il. >mv I I I mctf\ jnd k * PccVr f i\\*m Pr,;li-1 Brio 
ami (mmnhi f nrrri RrlravQ Ptif Rrp Jul\ Stptrmbrt/VX 
O K M M K M i I M - 6 * 

lb S \ KcvihtldN 4ntl I '• Scull. "K.MIMMIM1V\I> I>I 
i nvir»nmcnul Mjlcfwl^ Inal f hn'r l>n Innu Pn-y Hrp 
\ „ , u, /v*«. ( M M M0II. p 19 

2' H t Ikthlnun ci il . "Pliiixnium and RcUlcd Iraiuuran-
K v " / m i f . n V i lh\ 4nmi Pr>v Hrp Srpi «». ( W O R M -

lion ot plutonium to the tetravalent state. Plutonium 
and thorium have been determined bv sequential 
extraction of plutonium trom I 1/ HNO and then 
thorium from 0.04 1/ HNO:. Suggestions were made 
about determinations ot Rn in general, and about 
"emanating power- oi solidv A consensus »a» 
reached on methods lor idcnlilication and measure -
men; ot cssentiallv all alpha emitters in air tillers. In 
determining Ra bv separation with a barium 
earner and correcting lor its recovery. I K XI 
personnel obtained high radium results, (he problem 
was found lo be due lo losses ifui occurred in 
precipitation ot BaM). Iroin I l»l A -oluiion 
Application ol the classical logarithmic-distribuiH-n 
calculation with A - I.M tilled the experime.iial data 
with an average deviation ol ?, 

We have also studied methods which provide 
oxidation-state information 11 X '.-MractN>n Irom I 
M HNO or IK 1 is \erv selective tor l*utl\ I. but the 
HNO:-1 I \ system was lound lo OXHII/C I'm III* 
during the lU-min extraciion period Oxidation h\ 
IK I-1 I A was much slower, and reduction ot I'm \ 11 
was also slow; hence ihis system is preferred tor 
Put IVI analysis Hex one extraction is uselul 'or 
PufVliand I »VI». but oxidation ol PirtVMppcarsto 
take place it a I U UNO 4 1/Cat NO I mixture is 
used lor salting. We continue to develop procedures 
that are selective tor spccilic species 

I he equipment for counting and spectrometry 
described last year'" has lunctioncd very well. 
Assistance was given to the I nuronmcntal Sciences 
Division and FRAI personnel on setting up 
spectrometers, and two alpha detectors were evalu­
ated on our s\siem Calculations were made ol 
growth and decay ol peaks in the alpha spectrum ot 

Ih and its daughters 
Spenal anal\\r\ A number ol investigations by 

various groups required special analytical techniques 
or interpretation: some examples follow ( I ) In 
collaboration with Environmental Sciences Division 
personnel, determination was made of the identities 
of alpha emitters and the valence state of plutonium 
in While Oak lake water, rhonum-230and various 
isotopes of IJ. Pu. and Cm were determined at 0.1 to 
X dis mm ' liter ;; plutonium was found to be 
tetravalent and anionic. Neptunium was sought but 
not detected: it appears to be insignificant in all local 
environmental samples inspected. Plutonium leached 
Irom PuO microspheres was shown to he radiolyli-
cally oxidi/cd This research may make a major 
contribution toward understanding how plutonium 
escapes from the inert oxide. (2) The I' S. Cieological 
Survey submitted two samples from the Maxcy Flats. 
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Kentucky, disposal lacility lor acdnidc analysis. In 
»nc. uranium was the dominant activity, while 'Pu 
was largest in ihc other l3> Samples ot aluminum, 
nickel, and steel Irom Paducah were analv/ed tor 
neptunium and plutonium tDprectpitation ot the 
ac i imdcswithPr lOHi .orPrr wasfollowedby I I A 
extraction. Sigmlican! actinide contamination was 
tound only in an aluminum vimplc lPu0.3 dis mm 
e t tnat also contained uranium. In manv cases our 
alpha spectrometer ha> been used to identily and 
quantilate alpha activities on plates prepared by 
other*. 

Qualm ii'nirnl -\»urance ol the quality ot 
analyses ot alpha emitters is maintained hy use ot 
reterence materials. Many analyses in\ol\e the 
addition ot knownquantitiesot isolopic tracers ot the 
desired nuclides, with ultimate measurement ot (he 
known and unknown activities hy alpha spectrome­
try. It the tracers are NBS standard reference 
materials ( S R V f . ) such as ' Puand ' A m . measure­
ments arc traceable to NBS In other cases, beta- or 
gamma-cmitiing isotopes are used to determine 
recoveries ot alpha emitters Reference materials arc 
used to calibrate instruments; environmental materi­
als o! known contents are used to evaluate proce­
dures, finally, we participate in "round robins." so 
(hat our measurements may be compared with those 
ol other participants tandsometimcscertiticatii>ns by 
the originators). I he following paragraph co r .ains 
examples ot each ot these. 

In addition to NBS SRM's. a "Po preparation 
was obtained and calibrated lor use in Po analyses 
in the programs on tobacco, airborne activities, 
uranium mill wastes, and others. Ncptunium-239 was 
used tor \ p analyses; its gamma activity was 
counted in the final I I A cx:racl. which was (hen 
evaporated and alpha counted for Np. A Po 
source from NBS was used to determine or confirm 
alpha efficiencies of proportional and scintillation 
counters and spectrometers. I he counter efficienccs 
were SO to Sl'V as expected, and efficiencies of 
spectrometers varied from 25 to 40*; . depending on 
detector si/c. Analyzed samples of uranium ore and 
tailings were obtained from I RI>A-ldaho. our 
analyses for uranium and *Ra agreed with those of 
I R D A Suggestions were made with regard l o a n 
snicrcomparison on several environmental materials 
set up by (he I R I ) A Health and Safety Laboratory. 
Some of those samples h;i\e been received, as well as 
a set for pluloniiim in water, prepared by Mound 
laboratory tor I PA. I.V . 1 . iirvn«hh) 

Low-level gamma spectrometry. The low-level 
gamma-ray spectrometry facility' in Building 

4500N has been convened from lunar-sample and 
other NASA-sponsored analyses programs to the 
determination ot low-concentration radionuclides in 
a wide variety of environmental sample matrices. 
High-resolution spectroscopy utilizing a C.ietl.0 
detector and computer-coupled pulse-height anal-
v/er has been the system of choice tor most of the 
environmental samples, hut the Na l lT I I systems'"*~ 
wtll be used extensively in a planned biological 
monitoring program for the in v ivo determina'.ion of 
radionuclides in small animals. U S. Uhlruixe) 

Radioactivity in trench water and suspended solids 
from the waste disposal site at Maxey Flats, 
Kentucky. Samples of water from five trenches ai (he 
Maxey flats. Kentucky, radioactive-waste burial site 
and three suspended-particulatc samples from three 
ol those trenches were analyzed by high-rcsoluiion 
gamma-ray spectroscopy as part of a comprehensive 
study lor determining the tale ot radionuclides 
disposed of by shallow burial (iamma-ray-emitting 
radionuclides in the water samples were ' Na. ~ Co. 

V > . :>nd Cs. and the suspended solids contained 
Am in .iddition to Co and Cs. Contamination 

levels as hi«h as 30.1)00 pCi liter in water and 350.000 
pl' i g ot sLspended solids were measured in some of 
these samples. Such levels ot radioactivity in the 
trench wa'.er lead to the conclusion that leaching by 
ml ill rating groundwater is an important factor in the 
movement ol radionuclides in (his important waste 
disposal method 1 his was a cooperative program 
with H. H. Behncr. I'.S. (Geological Survey. \J. S. 
I liiruifv) 

Uranium milling operation residues. Residues 
from previous and current uranium milling opera­
tions Mailings) are present in large quantities at 22 
locations in the western I nited Stales. An extensive 
survey is being conducted to determine present and 
potential health hazards attributable to these tailings 
piles to assist in possible remedial actions. A small 
concurrent program is being conducted to study the 
possible economic removal of the hazard-limiting 

Ra by a simple nitric acid leaching process. 
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Both the survey and the leaching stud) ret|bircd the 
development ol a reliable method lor the determina­
tion ol *Ra at the 1-pCi g le\el. We found tltai 
pulveii/ed and blended soils from the tailings surveys 
or the leaching studies could he accurately analyzed 
with a 70-g aliquot in a 7.6<m-diam plastic petridtsh 
placed directly on the end cap ol our new 23' < ( i d 1.0 
detector housed in a 7.6-cm-thiek lead shield- I his 
detector has a sufficiently high efficiency and low 
background to permit the time of counting to be as 
km as 1000 sec at the 1-pCi g concentration. A 
sophisticated computer program' lor (ic<I i) 
detector spectral data resolution (MONSTRI is used 
on the IBM 360 lor off-line data processing. 
Efficiency calibration ol the Gdl.O system is 
performed on a regular basis, and the resulting data 
are used for quality assurance purposes. New 
Brunswick laboratory standards containing 0.05 or 
0.5'"i uranium in a matrix of dunite are used as 
primary standards for the 'Ra determinations. 

Results from these extensive measurements have 
shown "Ra values ranging from approximately one 
to several hundred pCi g. \ large selection of western 
slates background samples were collected and 
analyzed in this program. These "background" 
samples average ! pCi g Ra. \ssociatcd ( > 
levels are determined in the surface background 
samples. I cvels of Cs from atmospheric lalloul 
range from a few tenths to 2 pCi g in those surface 
samples. These studies are in cooperation with F. F. 
Haywood of the Health Physics Division and F. J. 
Hurst of the Chemisty Division. A more detailed 
account of the survey has been described else­
where.' (J. S. Eklridxe) 

Decommissioned and excess ERDA property 
surveys. The Assessment and Technology Section of 
the Health Physics Division has undertaken an 
extensive survey and sampling program to provide a 
radiological assessment of several sites that were 
contaminated to some degree by previous Atomic 
Energy Commission operations: these sites were 
declared excess property when they were no longer 
useful to the AFC program. 

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

' I » M >on cl.il . ~'\(li\alinn - \ I M H M V ~ 4n»l ( hrm lh\ 
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Jersey. I his site was lormerly a storage depot and 
sampling plant lor uranium ore Irom the Belgian 
Congo during the I *M0s and early 1950s. I he site was 
surveyed in l*N»? prior to dec«Hitaminatum and 
release to the (ieneral Services Administration in 
l9hK. The present survey wa>conducted todcicrminc 
the magnitude ol residual radiation levels on the 
properly and the extent ol any oil-site contamina­
tion. A significani discovery was the spread ol Ra 
contamination to property surrounding the "'-acre 
site, particularly to a low-lying region to the south ol 
the site. I he extent ol the contamination i> being 
evaluated. 

A second survey ha> involved two MICN. including 
the city garbage disposal area in lonawanda. New 
York: analy *'s ol these survey sampkrs is under way. 
Results obtained so tar are similar to those from the 
Middlesex samples. An exception i> the presence of 
the actinium-series radionuclides in most samples in 
addition to the uranium-scries daughters. * c are 
revising our data analysis scheme to provide a 
measure ol the Pa and I h content ol these 
samples. 

I his is a cooperative program with H. W. l)ickv>n 
of the Health Physics Division: a more detailed 
account ol the work has been reported. {J S. 
rY/t/rufee) 

POLLUTION ABATEMENT OF 
TOXIC MATERIALS 

During this period we completed our 
NSHRANNy-supponcd project on the removal and 
recovery of cyanide and zinc from electroplating 
wastes by amine solvent extraction. The feasibility of 
the solvent extraction process for treating real-world 
cyanide wastes from the electroplating industry was 
evaluated in our laboratory-scale miniplant. Free 
cyanide and zinc cyanide were successfully removed, 
concentrated, and recovered in a series of demonstra­
tion runs. In addition to its pollution abatement 
applications, the new process shows considerable 
promise for the metal-finishing industry because of 
the potential savings through the recovered water, 
metals, and cyanide. Details of this work were 
presented in a recent ankle. ' 4 

This new approach opens the door to a host of 
possibilities with great potential for the metal-
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linishine industry lo cite the industrial demand lor 
such technology. the rcsptwisc to the new process has 
heen tremendous. (Her nUU companies ha\e con­
tacted us tor details ol the procevv and a number ot 
technical perMMinel have visited us. We participated 
in two workshop* on the Nuhfect. In spite ol the 
apparent inability ol various tederal agencies to 
continue support ol the project, several private 
companies have indicated interest in commercializa­
tion ol :he process: at least one company has begun 
work to exploit the process. 

In connection with the aho\e work, we developed 
an improved ton exchange rosin method lor the 
removal and recovery ol /mc cyanide and cyanide 
Irom electroplating wastes A major disadvantage in 
previous attempts to use anion exchange resins lor 
cyanide removal was the difficulty of regeneration: 
the recent introduction by the Rohm and Haas 
Company of a new scries ot anion resins promises to 
alleviate that problem. Particularly interesting is 
Amhcrlttc XF.-27S. a macroreticular. weakly basic 

anion exchange resin possessing ternary aaunc 
functionality m a cross-linked acrylic matrix. 
Attractive features ol this resin are its utility over a 
relatively wide pH range, rapid adsorption kinetics, 
good physical strength, and resistance to fouling. 

We demonstrated that Amherlite XF-275 is an 
efficient tool tor the removal, concentration, and 
recovery of zinc cyanide and cyanide from actual 
mctal'finishing waste effluents. Although the resin 
column and feed solution p H \ must be maintained in 
the range n to 7.5 (unlike the solvent extraction 
process!, the method has applications for the 
analytical chemist and probably for the pcllution 
abatement needs of the small clectroplatcr. Details of 
the method were described in a recent article." (F. L. 
Mtnire) 

w t I Morne. 'An Improved Ion t xrtuhfc Rom Mellmd 
lor Removal and Rcvmcrs ol / inc I vamdc and ( vanidc Irom 
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2. Mass and Emission Spectrometry 
J. A. Carter. Section Head 

R. I Walker. Associate 

The present prof rams of die Mass and Emission Spectrometry Section are base 
and responsive to the needs of O R M . and the Nuclear Dh ision. and as a result, the 
section b involved in a great variety of developmental work. It has been most gratifying 
to see technology developed within the section transferred immeduteh mm a support 
function at ORNL and elsewhere. To cite ar. example of methodology transfer. Ihe 
singje-resin-bead technique for SIOMIIUPCOUS dctcrminatioiis of plulonkim and 
uranium in safeguards work for the international Atomic F ncrgy Agency 11 AF A) was 
followed by the installation of the ORM.-type two-stage mass spectrometer in the 
IAEA Safeguards laboratory at Scibcrsdorf. Austria. This spin-off of O R M -
dev doped mass spectrometry techniques and hardware designs brings IAEA a giant 
step closer in fulfilling its safeguards analytical requirements. The resin-bead technique 
has been extended to other elements ant is finding use in evaluating' "Pu leveli below 
the conventional counting capabilities. Another important example of technology 
transfer b the application of k>w-lc«el tcduuqucs developed for spark-source mass 
spectrometry f SSMS) to the analysis of submicrogram samples of highly irradiated 
reactor materials for the full compkmem of fission products. Full advantage is beim. 
taken of the elemental coverage offered by SSMS and the multielement isotope 
dilution approach. 

Our increasing competence in surface analyses using the km microprohe mass 
analyzer ( IMMA) has been accompanied r*y a gr Ting awareness imong investigators 
of the importance of studies of oi-iace contaminants. Thb has resulted in increased 
•cction involvement in significant Laboratory programs. ExperiAicnts with IMMA. 
for example, for Che Controfttd Thermonvsriear Reactor Program, pa.ed the way for 
:hr prepaiatson of metal oxide fiaiis that reduced tritium permeation 1000-fokl. The 
p'oblec of failure ia high-temseraiur*. thernK.coupks wss likewise elucidated: the 
effects of low irace-metals aidiliops to a'»oy types can now be studied, since lMh4A 
possesses extreme sceji'iviiy and can detect small precipitates tikmg grain boundaries. 

During thw past year, several isotope dilution procedures were developed and 
refined for spark-sourr and dierrual-ciiMsion mass spectrometers to provide more 
reliable and efficient operations. Dcvcmpmct ul and analysb work continues and has 
been expanded to include an organic effort lor EPA under the ~work-for-other»" 
program. A collaborative trace-metak effort with the Paducah Ciascous Diffusion 
Plant was initiated. 

A* in the past, organic mass spectrometry support was given to investigators in the 
Biology. Chemical Technology, and Metals and Ceramics Divisions. The study of the 
mass spcriru of nitrosamines was concluded with 14? published spectra. Techniques 
fer noth qualitative and quantitative analysb of gaseous hyvtacarUmswvre developed 
for the Chemical Technology Division. A time-of-f1i|ht mass spectrometer was used to 
furnish support to the Melafs and Ceramics Division for the study of reactions 
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occurring dunaf lucl-coatmg experiments. Assistance also continues lo Industrial 
Hygiene personnel al all ptani areas in their studies of possible air pollution and 
exposure of workers to hazardous chemicals. Inorganic mass spectrometry service 
analyses were performed for IX ORNI. di\is»ns and projects; oxer M0.000 analytical 
results were reported during this period. Major users are theChemical Technology and 
Mctah and Ceramics Divisions 

MASS SPECTROMETRY 
RESEARCH AND DEVELOPMENT 

Ion microprohr nam analyser. The high sensitivity 
of the ion mkroprobe mass anary/cr ( IMMA) has 
generated interest in the quantification of IMMA 
daU. We investigated 13 National Bureau of 
Standards (NBS) glass and 5 NBS iron standards by 
two techniques with a view to establishing IMMA's 
capabilities in quantification. The two different kinds 
of standards are. hopefully, representative of non­
conducting and conducting samples. IMMA was 
operated at the'standard" conditions recommended 
at an NBS workshop in January 1976 Accelerating 
voltage was 15 kV. and data were taken in fast raster 
mode from a 50- by 50-um area. Settings for the 
various slits also conformed to the workshop's 
rccommendat ions. 

The two approaches we tried were ( I ) theoretical, 
in which concentrations are calculated on the 
assumption of local thermal equilibrium: and (2) 
empirical, in which sensitivity factors are used to 
calculate concentrations. The theoretical calculations 
are effected through the use of a computer program. 
CARISMA. and are based on a model developed by-
Andersen. ' The assumptions upon which his model is 
based are open lo question: however, it is the only-
working model available for these calculations. 
Concentrations that fall within a factor of 2 of the 
theoretical values are considered to be "good" 
analyses by this technique. Results from CARISMA 
fell within this range 63*r of the time in our work. 
Obviously, undci these conditions. I M M A is a 
semiquantitative technique. 

The application of sensitivity factors to IMMA 
data presupposes the availability of a standard whose 
composition is not too different from the unknown. 
The phrase "not loo different" has not yet been 
quantitativcty defined. Although it is well known that 
sensitivity factors vary radically from matrix lo 
matrix, no one has yet defined just what constitu esa 
"different" i*atrix. It is clear that conductors and 
noncondu. %>rs form two distinct classes. In our 
studies, it appeared thai all the iron standards could 

be considered to have the same matrix: one glass 
standard, which was predominantly germanwm 
oxide, gave results that showed it needed to be 
considered a different matrix from the remainder of 
the glasses, which were predominaMfy silicon, boron. 
or phosphorous oxides. Sensitivity factor calcula­
tions gave rcsultsaccuratcto within a factor of 2.HT~( 

of the time, and within T&t. 45** of the time. It is 
obvious from these results that it is desirable to use 
sensitivity factors rather than CARISMA. when 
possible. The results obtained will be published as an 
ORNl. report. {D. H. Smith. H. H. Christie) 

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

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

The ion microprobe revealed that both samples 
contained a region about JOto 50 pm deep (measured 
perpendicular lo the oxidised surface), where 
considerable perturbation of the aluminum and 
titanium distribution was noted. Furthermore, this 
region showed an approximately linear chromium 
depletion from the bulk material toward the surface. 
The second significant feature of the probe analysis 
was the surface segregation noted for chromium and 
manganese in both samples. Higher levels of these 
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two elements, as well as a strong oxygen signal, were 
observed at the surface of the steam-oxidized sample. 

The conclusions drawn from these data were as 
follows: During the manufacturing process the 
tubing undergoes oxidation damage, as evidenced by 
the aluminum and titanium subsurface segregation, 
chromium depletion, and the spotty noncontinuous 
oxide film on the surface. After undergoing steam 
oxidation, a more continuous, thicker oxide tian is 
observed on the surface. That this film is thicker and 
more continuous accounts for the reduced tritium 
permeability. 

This work suggested that removal of the 30- to 50-
jim region damaged in the manufacturing process 
might be beneficial. Finally, the microprobe was used 
to show that ctectropoiisbed surfaces grow thicker 
and the more continuous oxide Turns grow faster than 
those of the as-received Incotoy. This difference is 
probably due to the fact that the polished material 
has more chromium and manganese available at the 
surface with which to form the oxide film. These 
improved oxide films have shown a 1000-fold 
reduction in tritium permeation rates. In a continuing 
study, we plan to use the probe to establish the 
composition of the oxide Him as a function of depth. 
This work will be the subject of a forthcoming 
publication. 

As part of the Multiple Radiation Burst Test 
Program being carried out in the Engineering 
Technology Division, it is important to know the 
temperature of a reactor fuel cladding to within 2*? 
during a temperature excursion. It has been observed 
during simulated testing that thermocouples used in 
the measurements decalibrate as much as 160" at 
1300*0 in 2 hr or less. We have used the ion 
microprobe to determine the cause of dccalibration. 
The thermocouples are scaled in tantalum sheaths, 
and Al.-Oi insulation permits service at elevated 
temperatures. Sections of the thermocouple wires at 
3. 7. and 20 in. from the region of maximum 
temperature were removed and examined. The 20-
in.-distant pair was used asa standard, because at this 
distance from the hot rone it was assumed that little 
or no alteration of the original wire composh «n had 
taken place. Mass spectra were taken in raster mode 
to determine what trace-level elements were present 
in the wires. Only aluminum was consistently 
observed to he present al levels ranging from trace to 
relatively high abundance. Based or. thb finding, the 
probe was used to determine transverse aluminum 
concentration profiles across a series of platinum and 
Pi ICY Rh wires. Semilog plots of the aluminum 
count rate vs transverse distance strongly suggested 

that the observed aluminum entered the wires via a 
diffusion mechanism. The 20-m-dtstani standard 
showed very Utile aluminum diffusion. The 7-in.-
distant wires showed considerable penetration, and 
the 3-in.-distant pbtinum wire appeared to be 
saturated. Independent optical-emission and spark-
source analyses indicated that this wire had approxi­
mately 27 at.'( Al present. In all cases the Pi Wi Rh 
wire exhibited significantly lower aluminum concen­
trations, suggesting much lower diffusion rales for 
aluminum in this material. 

This work was repcaird for another series of 
Pt 30*7 Rh Pi 6<r Rh thermocouple pairs that were 
off calibration. The earlier findings were confirmed. 
It appears that, al elevated temperati re. reducing 
conditions are set up that allow aluminum from the 
AI.-0= insulation to react with the thermocouple 
wires. The results of this study arc being prepared for 
publication. 

In collaboration with the Metals and Ceramics 
Division's High-Temperature Alloys for Space 
Isotonic Heat Sources Program, we have looked at a 
series of doped Ir 0.3'V W alloys. Significant 
improvement in the high-temperature performance 
of these alloys has been obtained by doping with 
DOP-4 elements (Al. Fe. Ni. Rh. and Th). Auger 
analysis has indicated that of these dopants, only 
thorium segregates to grain boundaries at detectable 
levels. This work suggested that the solubility of 
thorium in this alloy was less than 1000 ppm. and 
alloy mkrostructurc comparison studies suggest that 
it may be less than 30 ppm. Wc have used the ion 
probe to confirm that, of the DOP-4 elements, only 
thorium can be detected at grain boundaries: Ir 0.2'; 
W alloy standards containing 25. 10. and 5 ppm. 
respectively, of thorium were studied. The extreme 
sensitivity of the ion microprobe clearly shows 
thorium segregated to grain boundaries and present 
as thorium-rich inclusions randomly distributed 
throughout the alloy. These features were clearly seen 
in the 5-ppm standard. It is of interest in this program 
to determine the solubility of th rwrn in this alloy. If 
the 5-ppm standard is correct, then we would 
estimate that the ion microprobe could be used down 
lo about 0.5 ppm in this study. Wc plan to use 
isotope-dilution thermal mass spectrometry to assess 
the accuracy of the nominal thorium levels in the 
standards. In the alloys studied, the ion probe b 
considerably more sensitive for aluminum and iron 
than for thorium, so there n no question that these 
dements do not segregate at the levels involved. 
Sensitivity for nickel and rhodium arc at least asgood 
as for thorium. Further studies along this line should 
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establish ihc solubility ot thorium in the Ir 0.3*} W 
alloy. 1 N. H. Chnu*. D. H. Smith} 

Actinidcs in environmental mmpilci Mass spcc-
tromctric procedures employing isotope dilution are 
hone developed and applied to the determination of 
km IcYcb of alpha emitters in environmental 
samples. The determinalM>ns of thorium, uranium, 
and piutonium in sod and pbnl uptake experiments 
have been done in cooperation with investigator), in 
the Environmental Sciences Division. In such 
experiments, isotonic and quantitative information 
can he obtained using the resin-bead method. Spikes 
of "Th. : " l ' . and "Pu are used for quantitative 
measurements. 

In another effort a sample of "purified"* piutonium 
from a waste trench was investigated for elemental 
conicni by spark-source mass spectrometry (SSMS) 
and for thorium and piutonium by isotope-dihitirn 
thermal-emission mass spectrometry (IDTEMS). 
using "Th and "Pu a» isotope spikes. The main 
problem was to confirm or determine the alpha 
emitter or emitters giving rise to a large 5.50-MeV 
alpha pulse peak. Plutonium-238 was expected to be 
low in this sample: therefore, mass analysis was 
necessary for confirmation. A portion of the 
unspiked sample was analyzed by direct filament 
loading to sec what, if any. other possible nuclides 
might be observed by thermal-emission mass spec­
trometry (TEMS). From this loading we confirmed 
the presence of : ' : T h . : " l " . " " l \ *' Np.and'"" ""Pu. 
No unusual peaks were observed below m-r - 232. 
and no peak was seen at mlt = 243. thus suggesting 
the absence of thorium daughters and americium. It 
is usual to observe "Am in conjunction with "Am, 
if americium is present. A peak was observed at 
m, e = 244 and was confirmed as the ThC* ion. 

A second aliquot was used for determining 
piuionium and thorium content. Spikes of "'"Th and 
"Pu were equilibrated > ith the sample, and then the 

elements were adsorbed on resin beads. The pluto-

isotopic results from a 
confirmed the observed alpha spectrometry peak at 
5 50 McV as "PIL Thorium rcsuks by SSMS and 
TEMS checked within the expected analytical error. 
[R L. HmArr. £. G V«tfrr. H C Smak) 

.Experi­
mental evidence based on the ion signals obtained 
from ptatomum-loaded anion resin beads indicates 
satisfactory decontamination of amcricium from 
plutonium- Thb has been accomplished by scanning 
the "Am during piutonium analysis from direct 
filament loadings of dissotver sotutionscontaming U. 
Pu. Np. and Am from irradiated fuels. These '"Am 
data are compared with :**Am ion signals obtained 
from piutonium analysis of the same solutions after 
anion resin-bead adsorption. The 241 mass position 
contains both amtrkium and pratonium. Since 
americium emission occurs at lower temperatures 
than that for piutonium. a change in the 241 239 and 
243 239 ratios H observed during the analysis. The 
estimated ratio of "*:Am :*'Am can be calculated 
from the high and low ratios. The results presented in 
Table 2.1 were obtained from direct filament loadings 
of dissolver solutions. As can be readily observed 
from the "''Am '"Am ratios in Table 2.1. this 
method is not very accurate. For the purpose of 
determining the decontamination of americium by 
the anion resin adsorption method, however, this 
approach toward estimating the amount of '"Am 
observed in the unseparaied solution seems adequate. 

Ion signals of "Am (Table 2.2) were obtained 
when we analyzed for piuionium from anion resin 
beads loaded from the same 8 Si HNO. dissolver 
solution used for straight-solution loading in Table 
2.1. 

Since the "Am noisc-corrcctcd counts are <0and 
the " A m "Am ratio in the samples (determined 
from direct filament loading) is approximately 9 
(Table 2.1). the decontamination of '"Am in the 
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TaMrJ.2. T * M o r w n i i w i * c w M i 

Sum of count* ot 

1 7 4 x 10* 1 5 > 10* 
2 5 2x 10* fc.Ox 10* 
3 *.7x 10* I Ox 10* 
4 5 » x 10* o.7 x 10* 

4 Pu mass position is>IO\ These results (Table 2.2) 
indicate that americium would not contribute any 
significant interference in the "'"Pu isotopic analysis. 
Occasionally, very smai! signab at mass 243 are 
initially observed when analyzing for plutonium from 
anion resin beads. It is not known whether these 
counts in mass 243 are from hydrocarbons or 
americium: nevertheless, when this occurs, the 
plutonium analysis is delayed until the interference 
"burns off." as evidenced by a clean 243 mass 
position. Small quantities of 'Am. whether from the 
lack of chemical purity or from the decay of "Pu. 
can be tolerated in the analysis, since, in the thermal-
emission process, americium ionizes before pluto­
nium. thereby affording some separation on the 
filament. (R. L. Walker. E G. Miller. H. C Smith) 

Fission zirconium analysis—resin-bead method. A 
sensitive isotope dilution technique has been devel­
oped for the analysis of submicrogram amounts of 
zirconium. The analysis is based on the increased 
thermal ion emission for zirconium adsorbed on a 
single anion rcsin bead. Zirconium is isolated from a 
solution containing the sample and a highly enriched 
isotope spike. The detection limit depends upon the 
amount of the isotope spike added and the expected 
precision. Fifty nanogram.: of zirconium (sampleand 
spike) produce sufficient ion signals for reliable 
isotopic analysis so that fission zirconium can be 
measured with blank correction to a precision of 3'f. 
In the analysis for fission zirconium in single spent-
reactor-fuel particles, contamination from normal 
zirconium and molybdenum can be corrected out by-
making isotopic measurements before and after 
spiking and by scanning masses90 and 95 during the 
analysis. The intensities of these isotopes are used for 
correction based on the normal isotopic distribution. 
Zone-refined tantalum ribbon, essentially free of 
normal zirconium and molybdenum, was used a« the 
ionizing filaments. This method could be adapted to a 
wide variety of samples. (/?. I.. Walker. E. G. 
Miller. II C. Smith) 

None count* 
at n u « 2365 ot 

t count* 
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Isotope dilution method for gallium. A sensitive 
method for determining gallium water samples has 
been developed. I'sing 100 ml of solution, the method 
can measure as little as 2 * 10 '"g miofgallium.lhc 
isotope spike is 'Ga. 99.7<V enriched. Theemission of 
the element loaded onto rhenium filaments is very 
efficient when loaded as the nitrate form. As little as 
10 !" g of the clement on a filament gives satisfactory 
emission for precise measurements. This method has 
been used to establish gallium toxicofogical concen­
tration in environmental experiments being con­
ducted by the Environmental Sciences Division. 
{R. /.. Walker. E. G. Miller. H. C Smith) 

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

Two 210-liter drums of Norris Lake water were 
analyzed by thermal-emission isotope-dilution mass 
spectrometry. Each drum was analyzed in duplicate, 
with each having a concentration of 0.22 ppb U. A 
uranyl nitrate spike solution was prepared from 
normal UtO> and converted to the carbonate 
complex to more approximate the natural water 
system. By appropriate addition of uranium spike, 
three concentrations of uranium solutions were 
prepared to contain 0X2. 7.72. and 100.2 ppb 
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respectively. Four analyses by I DTE MS of each 
prepared batch were used as the certified value: the 
analyzed values for the three corwentraiions were 
0*2. 7.79. an-* 99.7 ppb respectively 

These solutions are being mailed out to the four 
participating laboratories, where they are being 
anaHzcd along with Nt'RE field samples by each 
laboratory's selected uranium method. The results 
are then submitted to the Y-12 Statistics Section for 
quality control assessment. 

As a further check on stability and homogeneity. 
ORNI. is making monthly checks of each control by 
taking aliquot* from the bottom and top of rhc 
containers. Isotope-dilution results thus far (three 
months) do not indicate any significant change in 
concentration. The uranium contents of the three 
controls, based on eight measurements, are: 0.81 ± 
0 0 ; . 7.80 ± 0.05.and 100.0 ± OSS pphrespectively. 
These measurements compare favorably with the 
original certified values. In addition, this section 
continues to supply and certify uranium synthetic 
solutions for quality assurance for the L'CC-ND 
SURE program, ifi. L. Walker. H. C. Smith. E. G. 
Miller) 

Age measurement studies on waste isolation site 
samples. Sandia Laboratories. Albuquerque. New 
Mexico, which is managing the search for an 
underground waste repository >n southeastern New 
Mexico, has asked us to assist them by performing 
chemical characterization and age-dating experi­
ments. This need arose when a brine pocket was 
discovered some 2710 ft below the surface in one of 
the lest drill holes. At this depth, the brine pocket is 
reported' to be 200 ft below the proposed disposal 
facility. Our experiments involve the use of our two-
stage thermionic miss spectrometers equipped with 
pulse counting for uranium and plutonium ion 
detection. The age-dating scheme being tested is the 
uranium disequilibrium approach commonly ex­
pressed by the relationship 

[am- l] = (o„- I V " . 

where am and a„ are : u U to :<*U alpha ratio at the 
present time and at intrusion time or time zero 
respectively. * isa decay constant, and t is the number 
of half-lives of : u U . A number of brine samples have 
been measured isotopically. and the uranium and 
plutonium concentrations have been established. 
Alpha ratios were measured to be 1.35. which 
projects to an age of up to 10* years, depending on the 
on value selected as reference. Mineral near trw brine 

pocket where the uranium concentration was 10' 
times higher than the uranium in brines showed alpha 
ratios near unity, which signifies that the *"*U and 
"U are essentially in equilibrium. 

The uncertainty of the o» is of great concern in 
determining age by the uranium disequilibrium 
technique. Values for deep-well waters in the 
literature vary from I up to 16. A feasible explanation 
for such a large variation has been given by 
KronfeM/ This explanation involves the surface 
alpha recoil of ~"Th. a precursor of :**V. as being a 
significant (actor in the fractionation of uranium 
isotopes. Experiments on minerals and on controlled 
(JO: microspheres are under way in an attempt to 
understand the mechanism. Additionally, some 
samples from deep wells, in which the uranium 
isotopic content was established by counting 
techniques, are being sought for verification by our 
mass spectrometry technique. U. A. Carter. R. I.. 
Walker. E. G. Miller. H. C. Smith) 

ORGANIC MASS SPECTROMETRY 
HigtMcsohruon organic mass spectrometer and 

data system (MS-50 DS-50). The DS-50dafa system 
and associated peripheral input-output (I O) devices 
for the organic mass spectrometers (MS-50 and the 
ORNL 12-in. single-focusing instrument) have been 
installed and have met initial specificationv The DS-
50 system is not a time-shared system and is dedicated 
to one mass spectrometer at any one time for data 
acquisition and or data processing. 

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

2 "Radioactive WaMe Site Search <i«t» mio IVep Wal«." 
Stirmt. r» .1*1. (kinder I97J 

.V J. KronfcM. "I ranium IVptmilirm and th-2J4 Atpha-
KCCPII An tipbnalion fm Mtreme V-2H \ -2.'K 1 racimrulion 
W'uhin (he frinilv Aquifer." karth Planri An l.tn. 21. .'2*1 IV"4» 
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Data Pacer magnetic tape system that wilt be used lor 
data storage as well as for disk backup. 

The DS-50 software package b very comprehen­
sive in that it can handle both low- and higb-
rcsolution data Typically, data can be collected at 
high resolution i~ 10.000) on the MS-SO in a 
repetitive scan mode at a scan rate of 10 sec per 
decade. This capability has given us the opportunity 
to do high-resolution packed-column gas chromato­
graphic mass sDcctromctnc(GCMS)analyses. "Real­
time'* (post-scan) processing b another salient feature 
of the software. ir» that one may examine empirical 
formula, mass chromatograms. or total ion current in 
graphical or numeric formats during the course of a 
repetitively scanned gas chromatogram. Of course, 
post-run processing b also available in simihr 
formats, in addition to user-selected mass spectra! 
plots ?nd background subtraction capabilities. Other 
software programs available on the system include 
text and data editors, interface diagnostics, data 
directory I O. off-line time-to-mass conversion, and 
disk and central processing unit diagnostics. System 
capabilities can further be enhanced by user-
generated FORTRAN software. An optional BASK' 
compiler is also available for user-generated 
software. 

The MS-SO DS-50 combination system has been 
•jscd for analyst* at high resolution (~ 10.000) with 
the gas chromaiograph ( G O inlet, the direct-probe 
inlet, and the gas-probe inlet. Thb type of data yields 
empirical formulas (within user-selected error limits) 
of every ion present in each mass spectrum. The 
metasiabie seaming circuitry of the double-focusing 
MS-SO has proved useful in identifying fragmenta­
tion pathways of selected ions. Thb technique allows 
one to examine only parent tons or daughter ions of 
selected ions in . mass specirur.i. The technique 
improves -visualization" of the melastablcs seen in 
single-focusing magnetic instrument mass spectra 
because background peaks are virtually eliminated. 
Future organic applications of the MS-SO DS-50 
system will involve kw-ioni/ing-voliagc high-
resolution analyses of mixtures, high-resolution 
GC MS analyse*, and metastableanaryscsof mixtures 
and individual compounds. 

In addition to previously mentioned inlet systems, 
a quantitative gas ink. system has been designed, 
fabricated, and installed on the MS-50. The inlet 
system can be operated at temperatures up to 200° C. 
The pressure in the gas reservoir b measured by a 
capacitance manometer at pressures up to I torr. The 
2-liter reservoir is equipped with a variable leak for 
variable flow rates into (he mas.* spectrometer. The 

system b being evaluated tor scnsitiv ity and precision 
of operation. When used « conjunction w ith the DS-
50. the system will provide accurate high-resolution 
mass data over the range 12 to 600. Present data 
indicate that accurate mass measurement at m r = I 
to 12 win require development time and possibly 
hardware or software scan-rate modifications. The 
reproducibility of raw ion intensities from the system 
b about .V, at the 95 r , confidence level. ( H . T 
Rome?. P. C. Canada. J. C. Frimklm. J. R Halum. 
/.. K. Brn/mm) 

Du Post 490BGCMS and data systems. A C.C MS 
and data system was acquired thb year and has been 
installed in Building 4500S as part of the organic 
structural identification facility. All standard specifi­
cations have been met or exceeded with the 490B 
mass spectrometer. These specifications include: a 
nominal resolution {m Am) of 600. xylene sensitivity 
of7 . IC jig. maximum electron multiplier gain of I x 
10*. and a batch-kilef xylene mass flow rate of 1.5 * 
10 «ig sec. 

The 4WB computer system includes a !6K. 16-bit 
word. 21 MX H P computer. Software for data 
acquisition, storage, and processing b maintained on 
an H P 7900 A dual-disk system |2.4-megaword 
fixed-cartridge disk). Peripheral I O devices include 
a Tektronix 4012 CRT unit and a Tektronix 1631 
hard-copy uni'. A small mass-spectral library (Vt ley) 
with software capabilities of spectral additions; san 
identification aid has been supplied with the 
instrument. 

Available 490B mass spectrometer sample inlet 
systems include a packed-column CCMS inlet, a 
healed hatch inlet, and a dircct-prohc inlet. The 
healed hatch-inlet system has been particularly useful 
for rapid m\r calibration of the instrument with 
perfluoiokerosene. The hatch inlet has also been used 
for qualitative analyses of gaseous samples (i.e.. 
perfluorocyclobuiane and nitrous oxide). A Pcrkin-
Elmcr (PE) .1920 gas chromaiograph has been 
interfaced to the 490B mass spectrometer via an all-
glass inlet system. The interface consists of a splitter 
followed by a Ryhage jet separator. At a helium 
carrier flow rate of about .10 cc min. approximately 
10 cc min is split lo the flame ionization detector and 
20 cc min to the spectrometer. The system, in 
general, has performed in a satisfactory manner for a 
wide variety of sample types. 

Packed-column 490B CCMS work is being carried 
out. Initial GCMS analyses have included: Green 
River paraffin polynuckar aromatic hydrocarbon 
fractions, char-oil-energy development (COED) 
Syncrudc fractions, trimethylsilyl (TMS) derivatives 
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of H O scrubber solutions obtained from hydrocar-
bonization coal conversion processes. TMS deriva­
tives of DNA hydroly sites, and tuci-parlicle coating 
^crabber solutions. (/>. C. Cimiw. £. H M<asr. 
M. T. zamwr. 0* A\ C«nt) 

Organic mass spectrometry wpport activities. As 
in the past, the Organic Mass Spectrometry Group 
has given support effort to personnel requiring 
assistance in qualitative and quantitative organic 
analyses. The major support has here given to 
investigators in the Biology. Chemical Technology, 
and Metals and Ceramics Divisions. The study of the 
mass spectra of nitrosamincs in cooperation with 
W. l.ijinsky of the Biology Division has been 
completed. The spectra of 147 nitrosamincs have 
been published/ and the tho*ough study of geneial 
fragmentation schemes of nitrosammes is being 
prepared for publication in the open literature. 
Assistance to the Chemical Technology Division has 
continued in the field of coal utilization, with analysis 
of a large number of gas samples from hydrocar-
boni/ation and other gasification studies and 
chromatographic fractions from various liquid fuefs 
and effluent waters. We have also furnished support 
to the Metals and Ceramics Division in the use of the 
time-of-flight mass spectrometer to study reactions 
taking place in the Panicle Coating Facility. This 
work is discussed in detail in Chap. 3. 

In addition, we are assisting M. S. Judd of the 
Metals and Ceramics Division in evaluating possible 
personnel hazards in the recovery operation for 
percleitv- used in the effluent gas scrubber of the 
Particle Coating Facility. The use of the single-stage 
mass spectrometer coupled to a GCMS has enabled 
us to give probable identification to at least S3 
chromatographic peaks present in the perclenc 
removed from the scrubber after a variety of coating 
operations were carried out. These compounds are 
predominantly alkylated aromatic hydrocarbons 
varying in complexity from benzene to henzpery kmc 
derivatives. Our GCMS data have also been used to 
show that the recovery process removes many of the 
harmful potynuclear hydrocarbons. However, since 
this process involves distillation, it does not 
completely remove the low-mokcular-wcight hydro­
carbons, even some of the methylated naphthalenes. 
Therefore, personnel protection will he required for 
those persons handling this product. We have also 
analyzed extracts of soot deposited in these 
processes. As expected, similar products were 

obtained, but in much Umcr concentrations. Only the 
lower volatility products were present, since the soot 
was cotleded from hot regions of the furnace 
facility 

We are improving our tccMuqucs lor the collection 
and the GCMS analysis of vobtuc organic materials 
present in air. We have studied samples collected on 
activated charcoal granules from stack gases and in 
work areas and have identified Urge numbers of 
diverse compound types in these samples. These 
samples have been analyzed by extnetm of the 
carbon with organic solvents, concentration of the 
solution, and subsequent injection into the GCMS. 
We have modified the inlet of the PE 3920 gas 
chromatograph to allow introduction of a sample 
collection tube containing adsorbent and sample 
directly into the injection port of the instrument. The 
glass liners used with the PE 3920 injector assembly 
are packed with adsorbent materials and used to 
collect volatile* from air. The tube b then inserted 
into a push-rod assembly replacing the septam and. 
after instrument stabilization, is inserted into the 
heated port for analysis. This system is being 
evaluated using Tenax GC as the adsorbent material, 
and we hope it will give us increased capability for 
studying environmental pollution problems. 

We have also given support to F. F. Knapp of the 
Operations Division, who is involved in a develop­
mental program leading to the preparation of 
organotclnirium compounds of biological interest, 
specifically aimed at incorporating radioactive 
tellurium into compounds useful in nuclear medicine. 
Mass spectrometry has been very useful m proving 
the identity and purity of a series of dalkyl iclrundcs 
and ditelluridcs that will be used for synthesizing 
alkylidluro steroids. Two of these products have 
been prepared and proved by mass spectrometry, 
nuclear magnetic resonance, and infrared to be 2.3-
hisnor-A-tcIluro-5a-androstan-l70-ol and 24-nor-
23-tclluro-50-cholan-3a-ol. 

Continued work with Snyder and Rock of the 
Comparative Animal Research laboratory has led to 
the identification of a major lipid component of the 
white portion of the rabbit hardcran gland. This 
component has been shown to be a mixture of 2-iO-
acyl)hydroxy fatty-acid esters in which the fally-acid 
moieties are saturated and vary from C * to C . in 

OHM IM-.VSnOil»?M 
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chain length. The 0-acyt moieties are saturated and 
ai t prcdonunantK C , to C in chain length.' 

tatradivisioual developmental activities have also 
included assisuncc to the nW-Organic Analysis 
Section. The PE 3920 gas chromatogiaph has been 
interfaced to the single-stage mass spectrometer, 
using agbss-jct separator with packed cohrams. The 
inlet jet has been adjnsted to permit flow of IS 
ml mm of heuum carrier at 200° C. with the 
remainder of the carrier being split to the dame 
detector. AH connecting lines are glass-lined stainless 
steel (except for that portion in the spectrometer 
source can) and are healed to present sample 
condensation. The yield of sample to the mass 
spectrometer appears to be about the same as that 
with the porous stainless steel separator used with the 
Yarian 1200 chromatograph. However, the enrich­
ment seems to be about 30 times greater in the jet 
system, resulting in source-can pressures m the 10 • 
torr range las contrasted to 10 * torr with the porous-
lube separator). This increased enrichment b 
especially important in prolonging filament and 
heater life, in reducing background, and in 
maintaining lower pressure in the magnetic analy/er 
section during prolonged GCMS operation. 

This system has been of value in analyses for our 
Tobacco Smoke Chemistry Program and in analyses 
for coal- and shale-oil-related problems. The CiCMS 
has been of assistance in corroborating identifica-
tions proposed from chromatographic retention data 
and cochromatographic data in many samples. The 
proof of identity of the limoncnc. damascanone. and 
ncophytadiene peaks in the terpene fraction of 
tobacco smoke condensate was accomplished with 
the GCMS. Another interesting problem resulted 
from discrepancies between the total alkaloid 
colorimetric and the gas-liquid chromatographic 
nicotine methods for analysis of ceiiain tobacco 
variants. Mass spectrometric analysis showed the 
presence of triethylene glycol, which was not properly-
resolved from the nicotine peak when using aged 
Castorwax columns. We have also assisted in the 
identification of the components in the acid fraction 
from shale oil (a series of long-chair, aliphatic acids) 
and in the polynuclear aromatic hydrocarbon (PAH) 
fraction from shale oil and shale oil process water. As 
expected, the latter samples were composed of 
aromatic hydrocarbons and their alkyl derivatives. 

5 f° O. Rock. V r-itsgcnM. * t Raincv. and K Snyder. 
"Ma« Spectral McMi'icalion of 2-<r>acylr lltdroiv tain Acid 
filer* in the While Portion or the Rahhn Hardcrnn (>bnd.~ 
t'hrrmwn ami Ph\w\ t<l /.i/wft. in prcw 

As many as 40 components were given probable 
•dentities with complexities up to substituted 
pyrenes. 

The increased interest in possible hazardous 
exposure of personnel led to the anahx* ol \anou> 
process products such as fly ash. furnace residues, 
and pilch fractions. PAH fractions of these matenab 
were generated within the Bws-Orgawii: Analysis 
Section and anary/cd by GCMS. The data generally 
confirmed the tentative identifications made from 
retention data, but often furnished idcnttficalions not 
possible otherwise. For instance, pitch and furnace 
residue fractions were shown to conlain hcterocy cue 
sulfur compounds (various thiophenc. ben/o-
ituophcne. and naphthothiophene derivatives) that 
undoubtedly originated from the pitch (I to 2% sulfur 
content). 

We have continued our contract with the 
Cyphernetics Corporation for use of the mass 
spectral search system resident in their computer 
system. Their search system has been of value in some 
cases of questionable identification made from 
interpretation of data for which we had no 
comparison with known spectra in our laboratory 

The organic mass spectrometry laboratory has 
analyzed approximate!. 400 samples during this 
year, many of them h%ng very complex, multi-
component GCMS analyses. The single-stage in­
strument has been used w*h most of the samples, 
but increased use rf the MS-50 system b expected 
with the more difficult ana.yses. IW. T. Ratncx. C. A. 
Pnichmrd. D. C Canada 

JSOTOPrC A N D 
ELEMENTAL SPECTROMETRY 

Evaluation of evaporated silver habde photo-
ptates. The photographic detector in spark-source 
mass spectrometry is responsible for the high 
sensitivity of the method and also allows simultane­
ous detection of all isotopes from m e -7 lo 245. The 
photoplatc b also the source of analytical variations 
I plate sensitivity may vary by a factor of 10 within a 
batch of plates). The plates are easily damaged by 
temperature and pressure extremes, so that procure­
ment and storage arc continuous problems. 

We are evaluating gelatin-free, evaporated silver 
halide plates" as ion detectors for spark-source mass 
spectrometry, (iebtin-frec plates are commercially 

ft J. Matter*, "ttaporatcd Silver Bromide as in Ion and 
Particle Selector." \0mrr 2JJ. ol I (r«M|. 
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available and have been used pnonnh I * n a u 
qKctroiuctryl a* detectors lor huA-risolution 
dowbtc-tocuMUg orgauK mas* spectrometry work ai 
lugh mau * e purchased a group at these p b m for 
evaluation alter the vendor agreed to meet aw mass 
rcsokitmo and scibiiiviiy requwements. The gran 
sizes arc small SO that Ine mages are very sharp and 
the plate background level is extremely Ion. 

Preliminary %tndie» have produced cucouragng 
data. I I clear gbnan defined a» IOVr iransnuttancc.a 
developed gcbtm-lrec pblc ha* an average trans­
mission of W,. Conventional gelatin pbtcs arc 
acceptable it the background ts $r*9i. Ihe gcbtm-
Irce emulsion has been caunratcd using our standard 
ChurrKIi two-une emubinn calibration program. 
I he emulsion charactenstks are similar to gcbtm 
plates: therefore, existing computer programs do not 
require significant modification. However, the slope 
ol the curve in the gcbtm-trec pblc is greater, and the 
Imrar portion of the curve docs not cover as great a 
dynamic range as the gebtin pbtes. The response to 
ion* is sufficiently high to warrant evaluation of these 
pbtes as alternate detectors tor applications where 
low background and high-resolution mass spectral 
data are required. Ihe km background makes the 
plate desirable as a detector for isotopc-dihition 
spark-source mass spectrometry, especially where a 
very long exposure is necessary. Other nossibte 
applications in which the gcbtin-free plates would be 
an advantage are in ihe search lor super-heavy 
elements, and where spectral interferences can he 
eliminated by high resolution. \J. C Franklin. I). I 
Dimtthue. I„ IJHHIOU) 

Second computet ned HBcrodenntomcter photo-
phte reader. We have designed and placed in 
operation a second, semiautomatic, microdensitomc-
ter system to read and ana'y/c the photographic gbss 
pbtes generated by spark-source mass spectrometers. 
The new system uses an KK PDP-11 10 computer 
(16-bilK an LPS-11 laboratory peripheral system 
(contains a real-time clock, an analog-to digital 
convener, and interfacing amplifiers), a Tennecomp 
Data Pacer (dual, magnetlc-upe unit for bulk storage 
of programs and data), and an ASR-33 teletypewriter 
(for input output). 

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

7. J. R Churchill."IrchnH|urti<l (JiunnlamcSprcirnyMptiK 
AIWIVM*." In,l tnt (hrm Anal hi l».*>5.» |I«M4| 

*oii*arc. Our first pbotopbte reader system used an 
X* PDP-* E 112-tMO compuier and *iuflr heani 

FxccwtncuMnputcr programs used bythe PDP-I I 
system are HI'S (keyhoard utility system) and TIL 
l Icnuecomp interpretive language), b o * furnished 
by Icnaccomp Systems. Inc.. for opcratian with the 
Data Pacer. 11I. is very similar to FOCAL Merpie-
trve computer buguagc. TIL software has been 
modified to incorporate over by functions to ope ran 
with the Jarrett-Ash model 21-300 uwcrodcasatone-
ter. 

Compuier programs written in LOCAL for die 
PDP-K Emust he transbiedto operate m TIL on our 
PDP-I I because of differences in computer design 
and machine instruction sets. EssentaHy. the same 
computer ideas and concepts are employed in the 
PDP-I I and PDP-U E systems. Two basic types of 
progams are used: ( I ) isotope-dilution analysis and 
12) internal standard addition. 

Spark-source mass spectrometers are used to 
ccrtily production quanthn-s of nuclear reactor fuels, 
toassay transuranic matcnab. tocharacten/ealloys, 
and to determine metallic elements in fuels and 
diluents Irom conventional power pbnb. (#?. H. 
Sirlztwr. M. T. Krllev. J. I. Frmtklm) 

Inductively coupled pbsam system Earner this 
year we acquired a Pbsma-Therm model Ht-S 300O-
I > inductively coupled plasma I ICP) source. This type 
ol source has been used m optical-emission spec­
trometry for a number of years, but until recently, 
there have been no commercial units on the market. 
The technique and its capabilities have been 
adequately reviewed by Easscland Knisety " a t Ames 
Laboratory. Our interest in the technique involves 
the determination of parts-per-billion trace elements 
in aqueous and organic matrices. 

To date, we have interfaced the source with our 
Paschen-mouni direct reader and a 3.5-m Ehert 
photographic spectrograph. Both of these showed 
tea than adequate sensitivity due to the long path 
lengths involved. The ICPisapproximateh 100times 
less intense as an emission source than our conven­
tional arc and spark sources. For this reason. short-
path-length spectrometers are used exclusively by 
those workers reporting sub-parts-per-billion detec­
tion limits. We pbn to acquire a 0.5-m Ehert 

x V A ha««l ami R N Knncl>. "InductnrK tiwpfcri 
P IJMIU Optical FmiwiH! Spctlro*tofn.~ Atmi 'hrm 4 t , 
1110A 11"»?4». 

9 V A V**v<\ and R N knnch. "Inducfnck t i w p M 
l»U»min.~ intl (hrm 46. II5$A|W?4» 



34 

spectrometer to be used wan, the K P lordctermmmg 
selected CICHCMV. 

Ow work with the K"P has included h x 
scnsnrtNy studies for a number of dements m 
aqueous solutions. I bene has ah»> been w%wk on 
tracc-cicmcni analysis of ods and other organa; 
materials. Finally. UMdrficaiioas and redesam of 
Plasma-Therm's apparatus have bom earned oat t» 
improve sensitn ny and ease ol operaiiou. Work will 
coatmnc ill ibc areas of scnsitivny and spectral 
interference (matrix* dfects. t/X I.. l*nnnh*e.J. A 
iiinrr} 

attempting to de«crmmi. by further devctapnig 
spark-source H B H spectrometry capabilities, the 
concentrations of fission product isotopes in samples 
of reactor fuels dot have undergone various 
separation procedwes. We dilute samples until the 
radiation level is less than 200 mR per sample so that 
ihey can he bandied in onr spark-source mass 
spectrometer fitted with an alpha-coMamment glove 
box. I he ditntioa sometimes leaves as linle as 0.5 ##g 
of sample for analysts and introduces large amounts 
of normal contaminants from the diluents. To aid m 
the analysis, we are adding a mixed ' ' •a . *Te. and 
"Sr spike to the undiluted samples and a normal 

erbium spike to the diluted samples. These isotope 
spikes arc used to dttirmmt relative sensitivity 
factors for representative elements m the samples. 

A synthetic waste sample was prepared contammc 
25 normal dements in ibc mass ranpe of 75 to 1*0. 
with a concentration range from 0.03 pg ml to 1000 
jig ml. This sample was diluted by a (actor of 50 and 
analysed using the same procedures as with the 
radioactive samples, For the exposures used, seven 
dements with concentrations less than 10 pg ml in 
(he original sowtmn gave lines loo weak to be 
measured. The lines for the other III elements were 
used lo determine relative sensitivity factors varying 
from 0.3 for easily mni/cd elements such as strontium 
and cesium to 1.5 for tellurium. These sensitivity 
factors and a computer-generated tabic of isotopk 
abundances for fuel irradiated two years and cooled 
two years prov ide analytical data with an estimated 
precision and accuracy of about 30/7 of the value. 
When fission product nuclei concentrations arc < 10 
pg ml. the reliability of the data declines. 

Some fission product elements can be determined 
from the characteristic decay of one of their isotopes, 
but most elements cannot: spark-source mass 
spectrometry is a good way to determine the 
concentrations of these elements in the various 
fractions from irradiated fuels. In the laboratory's 

tuel rcpruccsMUf programs, tracing even the mmor 
constituents through each scparatjoa is a ncve»*> 
\J <". frani/at. f . iMmJm. J. A.lmnrr. (. I. Utmkt 

Ekmeattl aaah/ss. II nussioa spcctrochemal and 
spark-source n u » spectrographn, analyses were 
provided to I * O R M . divisions and rctaicd pro­
grams. A ucalolfcl .MnaaaHsc«(2?29 samples) were 
reported duimg me past yean Metals and i'eranucs 
andChenncal lechnology I kvisions were the largest 
users ot the ek mental spectrometry scrvKC*. In 
addition, we have pros nfcd analytical sen wrs to the 
Y-12 Plant. K.-25. and the Fnv troumcntal Protection 
Agency. 

the spark-source mass spectrograph*; analysesot 
radioactive samples r Np. " I . T . *Pu. ' P u . 
"t 'm. Am. ~C"L >iu.and "r s) nave cuntmned 

tms year. The sectmn is bcavrty invoKed m the 
development ot an analytical system for the analysis 
of dtssohcr solutions and resume leach solutmns 
from cooled I W R luet rods. The radatmn associaied 
with these sampies has required analyses where major 
elemental co-wen! rations are at subnucrogram levds. 

the Paschcn emission spectrometer has provided 
certification analyses for aluminum. Mckct alloys, 
and stainless steels. The method has been used to 
determine additives m I S-l and related low-swilling 
alloys. We have ensured a precision of about 5*, 
relative standard devotion bycaMmumg analysis of 
\ B S standard reference matcrah Photoelectric 
measurements are being used as supplementary data 
m the determinaiMMi i>f nickel in animal tissues. 

the photographic emission spectrometers have 
contributed to the analysis of platinum metals and 
radioactive materials. We have extended our emis­
sion spectrograpbic procedures to support and 
confirm the spark-source mass spectrographic 
impurity analysts of pbimum group metals f Ir 0..V, 
W. Ir. Pi Rh W). Sensitivity of the ac method was 
not sufficient for the impurity analyses required: 
therefore, several dc excitation methods and buffer 
systems were investigated. From these studies, a 
modified I.if- buffer dc arc method was developed 
with analytical capability for IK dements al concen­
trations of 20 to 100 ppm. 

The hot-ccll-cmissmn spectrograph has been used 
for support analyses for the Transuranium Research 
Facility laboratory, especially curium isotope prod­
uct samples. The system has abo been used lo 
confirm aluminum determinations m "\< solutions 
and solids. Additionally, qualitative spectrographic 
analysis on irradiated residues that remain afier fuel-
rod dissolutions is being done. Quantitative data are 
provided on s number of dissolved fission products: 
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the activity »l certain j f l i . exceeds IOOU R i o 
unpnnc the upcraimg cwndonu lor the noKctt-
( • n M tpectroeraph. wc have mstaMed a new 
gratme and arc stand. I he hot-cett HHcrior has been 
cleaned, taped, and rcpamlcd. 

I hi\ past >car. n o samples at an mm national 
nature were luhmund for spark-source analysts. The 
Imi was a /ircuaium mcui sample Iron ihe Baahha 
Atomic Energy Center. Bombay. India Ibissample 
•s apparently come to he wed asa naudard reference 
material m Imba and was K M lo ORAL lor rcieree 
a i u h » I be element* t-c. C*r. Ni. Mo. Ma. and B 
•ere requested by rsotwpc-dilwtwu spark-source 
• a n spectrometry at concentration* ranpnf Irom 
abont 2 ppm lor boron 10 about 200 ppm lor iron. 
I be result*, showed a umber U H M cf non (1700 
ppmi than was expected, and dm \alne was verified 
b> other hxhrnqucs. 

Food samples were juwiunud by the Canadian 
Agriculture Department m a round-room study ol 
arsenic and selenium One problem encumMcred m 
the VSVIS j i u h w ol these sample* was the necessity 
ol ashing them to remote organic matter. I his was 
done b> wct-chcnucl oxidation, hujh-tcmpcralurc. 
and lo*-temperature (rfrashingtcchimjucs. with the 
btlcr providing die most reliable resuuv .Another 
problem resulted Irom the high cakmm and 
potassium levels present, which earned mass spectral 
mterterences on the major selenium isotopes. We 
theretore only reported arsenic values, nunc an 
enriched mmor sekmwa isotope as an internal 
standard. A p m . one sample showed a lugh arsenic 
conccMratKHi (20 ppmi compared with the expected 
II 2 ppmi. znd agam other techniques provided 
substantnl agreement. |hV. R. .I/HMTA. .V. A. 
%4mkmrr. J. <". Vrmnkhn, #.. Ijmnkm. R. C. Brxwnt. 
/.. H. Wmim. ii. I. iimtli. I.. K. Bcnrmm) 

Mom snectrotnrtry aunjysm. Fins laboratory 
performs mass spectromeinc measurements on a 
wide variety of sobdsand gases. During the past year, 
over 19.400 results were reported, an mcrca-x of 
about I 7 r

r over the pro ions year and 50r V over two 
years ago. About IwoHwrds of the analyses per­
formed ibis year were for the Chemical Technology 
Division. The other third was split between . I other 
ORNI. divisions and Five ~work-(or-other»" pro-
frams. J. H. Shaffer of the Chemical Technology 
Division requested thai we make uranium and 
thorium analyses for ihe H WR Thorium Ulilualinn 
Program. Because of Ihe wide spread in uranium-
ihoriumconccnt rations, we make two separate spikes 
and separate ihe thorium from ihe uranium by ion 
exchange before isotonic analysis. For the uranium 

analysis, a drintmn » made and spiked wnh ennched 
I ( W W , 11 before measuring nac 23S 233 

ratio. I he d w m n analysis is made by spmmg dW 
ungual solution wwh enriched "Th I t fJTi " T h ) . 
About 5o samples have been anahicd. and nW 
uramwm concentratmn has ranged from about 30 to 
over 2D0 mg ml: die dtorinm concentrations have 
varied Irom 0.0* to 2000 «g ml. The rcsnlts on 
duplicate mixes mdicate a precision of I to 2** when 
the tbormm level » above 10 »g ml. 

I F McCombs ol the ChcnMcal ccbuotogy 
Division re<|nested sdver analysis for sdv»r vomuuty 
stndtcv Normal suver » heated m a furnace, where 
the vobtavtd siher B removed by arsenic or other 
sweep gas. The product is spiked wn* ""Agand u»e 
Botopn: ratio is used to calculate dnramnuntof suVcr 
vobtduvd. hmal analyses uuJkaicd dial about 250 
jig of sample was required for a rchabtc analysis. 
However, loading due sample on sihea gel. similar to 
the mhrnqac used for lead samples, audctojiugihc 
snis to give resolution from contaminating hydrocar-
bon peaks, enabled analyses to be made wait less Una 
I fig of sample. 

Although die program is now complete, a large 
number of isotonic analyses were run this year on die 

I lot the I. W FBR program. Wchavcconimacd to 
make isotonic analyses on all actmides Irom dtorium 
through caiHommm. AddilionaRy. dm capability 
has been used to support research in other laborato­
ries such as I.ASI.. Ames, and the IAEA. 

In the past year the analysis of gas samples has 
increased, primarily from expanded research activity 
m the Coal Technology Program. We have obtained 
standard saturated and unsaturated straajht-cham 
comf ounds through C- and have obtained sensitivffy 
laclors and spectra for these compounds. These 
spectra and factors are used in a computer program 
IRESID) to calculate concentrations of Indifferent 
components in the coal gas samples |H.-. Cti*. H O . 
V + C O . O . H r S . A r . C O . C H„C.H..C=H..C.H.. 
CjH ... t - H i c C-H:;. C»H::. C»H;«. bcn/ciic. and 
toluene). 

We have received samples from J. E. land of the 
Chemistry Division for solubility studies of mixed 
hydrogen isotopes m lithium for the Fusion Energy 
Division. We report the percentage of H.-. HD. and 
I) in these samples. 

We have continued lo Mippty ihe Y-12 Planf with 
speciricaiion analyses for argonand helium cylinders. 

ffl A I Itmcion I I II Nmith jnd • I WjHi*r. "Ma« 
Npreintmrtrv «f Nanncram-Si/r %am|4r» ni I tad." 4mtf t'htm 
41. 5;5ll*y»» 
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We also make analyses for tramm. kryatoa. aad 
seaoafrom vanoas Laboratory pragramv 

The aamber of analyses of stable uotopo for oV 
tacaacal Technology D R N M ' ) CahMroa Scpara-
twas Program has decreased danag me past year. 
botopn, jBj'yse»wctcmadeoa 2»aa%icatckmeats. 
Most of the samples aaahved were oac of the 
foftowiag rfemeats: CI. Ge. Kg. Xi . V . Sa. I r . I I . 
and Yb. (ft. £. O r . f . OMOML O. #. R U h . V W 
tk—mkrr. ft. / . Sfcmaaw. / . A. a \ i w w . 7. ft. *»*-*» 

WORK FOR OTHERS 

Jomf project with PGUP. We are engaged m a 
coaaborativc effort with the Padacah (•ascea* 
Diffasioa Pbm fPGDP) laboratory Ifhisam. the 
parpose of which » to impm%e me aaaHiKal 
tecBmoacs for i k k i i w m t trace imparities m both 
gascoas and bydrofy/cd I K 

The initial objectives arc (a) to cvahntc the 
•adactrvcry coapkd pbjau |K7P) soarce for seas*-
trvity vb-a-vis the methodology m aseat PCiDP. am) 
lb) to study concurrently the appacatma of gas-
chiuautunaphk techaiqacs atih/aa. the arc caus-
sioa deiector |AED) reported at Sect. I. The AEI> 
has very high scasitrvity for several ckmealsaad may 
offer the possdMhfy of scuacatol «»r oca saaahaac-
oas dctectHMi of certain trace metal* m I K . Oar 
responsibilities m this joint veMare are lac N M B I 
evaluation of the K'P for ekmeats m samples 
famished by PCiDP and the assembly of a fmonde-
rcsistant <K"-AEI) system, phts assisiance to PC>I)P 
persoand in optmu/mg spectral and chromato­
graphic conditions. 

In the Paducah Plant samples, five dements are of 
particular interest: fa. f i . Nb. Ku. and Sb. If 
possible, these dements mast be measured at 100 ppb 
or lower in the presence of higher concentrations of 
uranium. Detection limits for these dements pub­
lished by r-assd and others' indicate that the 
K'P optical-emission soarce should be capable of 
performing this task for Ta. Ti. and Nb. little work 
has been published for ruthenium. Our scheme for 
evaluating this technique has been to interface the 
source »nh various spectrometers in our bhoralory. 
Sensitivity studies lor the five dements arc run using 
standard solutions at concentrations ranging from 
100 down to 0.1 ppm. The lowest concentration that 
produces a significant signal over background is 
taken as the detection limit. In addition, mixtures of 
these elements with higher amounts of uranium have 
also been studied. The conclusions reached thus far 

are that loag path length *pectromctcn mvolvc 
aaacceptaMr hght fc*v*> aad dcgradatMi ot r̂a%« i\ -
ay. Wah the sboncM-pafh-fcagfh *pcvtr*Nnctcr ill V 
m f-bcrtt. delevtMa burnt? nt MO ppb have been 
achieved lor inaniam ami aiohana. XniraMiv. 
lathcmam. aad tantalam arc delectable at O 5 to I 
ppm. bat ao lomer aah the procw »> t̂cm 
("ompatenAcd data COHCCIMM an oh HK; yenjl 
aaegratioa tcclaMqac* w«>aU dccrca>r dctcvl»>a 
haats by a lactor i4 2 to 5. iba> owmc mto 
agreement with pnhu>hcd rcun> t-aufty. the 
presence of ap to Ml ppm of uranium doc* aof 
sajadkaMK chaagc the rc*poa»c UH the livedement* 
of mterest. 

Ihe tit \ H > »v*icw MikreN a Micro-lei ME 
3BQ0 tA'. ahosc aaet aad detector %y <4canhavc beea 
replaced by a «aa*4r loop ol Mckcl tabaaj anh 
Moad valve* aad ihc U l » I be arc cbambcr r* 
qaart/aad theelcclrodesareaickd. Inecbrwmato-
iraphii: en l a w is <-at. Teflon tabmg packed anh 
K.ryio\-U3 AD-coatcdtkromosorb T. High-voltage 
power sapphes aw the arc aad pbof»malia>Hcr tabe 
acre bath mto ihe tit" cabntct: a tit" \ McPhcr*»a 
ImtnimrM moaochroantor i* mnaafed on a *hdl 
attached at the top of the cabmet. A mattmlc-rangc. 
carrcnt-to-vohagc traasdacer provues readoat i n a 
HfWieywcH 1-mV. ;-«ce recorder. Separate ovcn« arc 
provided lor the sample loop aad maaaoM. At 
prescM. onk nar sample container mav be attached 
to the manifold: more may he added alter the natal 
test*arc completed. I his system aasconstrartedand 
tested at O R M and then moved to Padacah in 
November 1*76 lor atib/atmn and study by 
Padacahprrsoaad.IM. / . MmU»\. II I. Utmfkur. 
J. 4. (irtrr) 

Phjtmam mrmb m air panicuhjltJ by aotogc-
dimtioa SSMS. Wc anafy/ed for EPA composite 
dust samples for Pi. Pd. aad Ra . fmr origia of the 
material was airborne dust particulates collected by 
filter hanks that were located about 1.4 km from a 
busy aybf-bac freeway interchange m l.os Angeles. 
The major constituents of ihe ashed composite (30*7 
at loss) were Si. Ai. Ph. C a. t-c. Na. / n . K. Mg. aad 
fi . Minor constituent* (ppb range) including Pt. Pd. 
and Ru were not delectable by conventional 
excitation with radtofrcquency spark followed by 
sprcirometrk measurement of the mass-resolved ion 
beams; gold was detected at the I-ppm kvd. 
Therefore, to obtain adequate sensitive and quanti­
tative Pi. Pd. and Ru results, we dissolved a large 
sample to equilibrate enriched stank isotopes of 
'"Pi . '"'Pd. and "Ru. with each of these rsotoOKally 
unaltered dements present in the samples prior to 
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( M U N > added as a earner. I he gold and platmum 
group dement* mere concentrated HHO a crude fold 
prccnMatc *nbie«|ueuth used m the isotope duution 
spark-wncc HBSS spectrometry l l l lSSMS) mcas-
•rementv I he recovery 01 the gold by weight was 
•car theoretical lor blank acat samples, bat mas 
always lev* than 50*. lor the saMple rohtfwmj. f he* 
tart dnl nut alter die vahdwy at the result*, however, 
since cqmhbmun mas established prior to the 
pnefWatwinprocess, fhcranfcof results by notopc-
drhnion SSMS m picagrams per arinc meter of w 
arcasloHowv Pi. I 5to.V Pd. <0. J to I: and Ru not 
defected. buKO. 1.1/. A Cmner. N. H. tnvsw*. S. <. 
hr* tkhm. U. I. bonft) 

•pccuoKonic caanujunuun of sbghth/ used cnta* 
bjrtk cowwerter bends. I nder an EPA-ERIXA Inter­
agency Agreement, plaimum-coaicd alumma cata­
lytic convener beads have been examined by three 
tccbunnKs: IMMA. photockctron spectroscopy, 
and SSMS. These lechnnpjes mere used MI the 
charactcri/aitou of catalytic converter heads that had 
been exposed for about M B mdes. 

We u*cd the wu nwcroprtthr to investigate 
pbtmunvcoalcd ahinnna catalytic converter beads 
that appeared lo hate ynkrpim drflercni surface 
rcactionv Manx ol the heads front the converter had 
turned partially or compkttcH black, and thecaaseof 
ibi% phenomenon mas of interest. Sufficient ion 
emission could not be obtained from unmodified 
spherical beads. Ii mas necessary toencapsnlaletneni 
in cpoxy and then g rmd and polish ibrm to obtain ftal 
cross sections Mutable lor analysis. Reads represent­
ing the Imo extremes. Mack and white, and several 
with black region* extending approximately balfma> 
through mere examined. 

In all beads the black region mas found lo be 
beatify loaded with iron. Chromium and Mckcincrc 
conspicuous by then* absence. Aluminum mas 
observed in both black and white regions. Rased on 
oar work with the NRS glass standards thai are 
highly oxidised insulator matcrsus and m a smsc 
•wmibr lo the head mairu. wc used an alunn-
num iron sensitivity ratio of 2.5. For the Mack region 
in the head, 'bis ratio would indicate iron concentra­
tion* up into Ihc 20 al. r , region. This high 
concentration would suggc*: 'Nat. under operational 
conditions in the catalyst hud. Al.-O. is being 
replaced by Kc-O.. The white regions of the bead 
exhibited iron level* several thousand times lower. 
The iron transverse conceniralion profile exhibited a 
very sharp gradient at the black-while interface, 
followed by an increasing iron concentration as one 

proceeds out toward rte surface of ufcc bead m the 
black rcfHKt. T he* is suggestive of a diffwsmu process 
to account lor mm prwfranon irto the bead interior. 
Ncgauvc-mu spectrz prcy.ni an addrtmral fcaturc. 
1 arbon peaks dwnugh 1*. mere observed, natrchy 
mdicaimg the fesence of tarbonucewJ Material m 
both the hktck and wtate portions of the head. 
InuVmcnucnt analysis of the white beads! AIO,land 
black he 0=-nch beads gave 0.154 and OJ075 mt. ' , 
carbon respectively. 

A separate black bead was allowed to stand two 
days m hot concentrated HCL Tms iiiuuud m 
cssentoty tomphtt dnaoHtmn of the bead. Micro-
^nj»Ujaunun> n̂ ûuimwwmmmjuuuwwjwmu, nanj ^g amOwaawwi duuvJuu^nnBBunj ^Bm *9£amvapunm7 

showed oV heaJ to be poi^ibh carbon and a very 
smaH amount of uMhssohcd AM>.. OKuncal 
analysis of the jomtoun gave aw aluminum iron calm 
of 1.4. winch verified the worn probe valnes far the 
won-nch sphere. Wc mere unabtr lo detect platinum 
or pahWmm rsmg an Or" primary beam, and 
therefore, we arc unable to make any statement 
cpntirning pfahnum or pattadmm dutnhutiua of the 
bead 

H I Richards ol the V-12 laboratory IVveVo-
meM Division anafy/cd several catafytK converter 
heads by the electron spectroscopy for cbenmcal 
analysis I ESC'A) tcchnm|ae to dttummt species 
proem im the surface of the bead, and m paHKw£ar. 
ibe oxnbtion state of platmnm and pahadmrn. The 
converter sample contained a heieroptncow* muturc 
ol bght- and dark-colored beads. I om-resotwtion 
spectra were obtained from mdrvidnal beads with 
both ahjmmum Ka and magnesmm k* excitation at 
250 W 1115 kV. 20 mA» Scans were made m three 
segments: 1200- to 1000-eV. 1080- lo 500-eV. and 
500- lo 0-eV binding energy. The only peaks of any 
Mgmlicance that were observ cd were Al. <>. C. f-e. Va. 
and small amounts of S. However, two addrtionai 
peaks, which appear to he the palladium .W.:.-. 
doublet, were observed on one head. The presence o! 
paNadnun was confirmed by SSMS. Efforts to 
observe pbMmum were unsuccessful. The strongest 
platinum phi it ot lection peaks, the 4f doublet, are 
superimposed on the aluminum 2p peak and would 
hinder the observation of platinum. The second 
strongest platinum peak at 314 eV. hkewoe. could 
not be observed. 

High-resoluiinn scans were made of the most 
intense photoekr-tron peaks so that precise binding 
energies could be determined. Iron was present in the 
beads as l-c.-O. 

The platinum and palladium concentrations were 
measured by IDSSMS employing enriched "Pi and 

http://prcy.ni
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Pd isotopes. Ihe pliiaaaa p >mi d m c a b acre 
rcmoscd from da: A H ) heads by a«aa regn. aad tbc 
ptatmam ami pjladmm (MWMniwib act* mcas-
MKd after cqaatbratmg da: aormal platmaai and 
palauwm icmosal troaa dht bead » * h the kaoaa 
"Pi aad Pd i p i o . Fhe average | d a i — aad 

paaadajm valacsior die beads«crc5Maadl5dppm 
rcspcctncH- Tbc average oaaaoiy id platmaai per 
bead lor the abac aad Mack sprcaaca* aas toaad to 
be !.*.•aad 1*5*g respecmeh. Radarammaasaot 
obscned b% SSMV 

F he caadaacd stadnes cmpfosmg dMr tedaajuuesot 
IMMA. ESC A. aadSSMS d m d thai ibecuahut 
com crier beads IwcapiaaMaacoaKcatranoa at 319 
ppai aad dial w a c of the AM> beads a n bate 
reacted aah riar aoa from die caascrter. f be aajJi 
coaccatratioa of mm m somr heads sagyests dial die 
Al O is b r a * icptaccd by F t< ) f be Ee<> species 
mas ideafdicd by the ESC A KchaeaK I ader rite 
bated namhti of cxptraaxats coadacKd. die 
pbtaima coaciatratnm m ike iroa-coataaHaf head* 
!BS ant decreased. Atom ratios ot ahiaiarjai to aoa 
are as high as 1.4. alach probably mdicaics a severe 
corrosion coadaasa » « b n da; cataHtic comener 

Wan die custiag stale of the art. ESC'A aad 
I M M A iccbaa|Bcs are not saffmcaih scasaitc to 
delect the and of piiimam 1510 ppm) oa die coaled 
AI.O. catalytic beads. •% die ESC" A lechtMqac. die 
strongest pUtwaai photoi teuton peaks 14/ doabtct) 
are dwecth aHerfered »*h by theahaamam 2p peak: 
patbdmm peaks acre observed. Plat am ai speenf am 
by the I M M A icchnnnK at tea coaccmration levels is 
impujjdm, smcc. m die best cases, ihe sacoatioa is 
established bs a dcdactioa aad assoaatwa process, 
f hcreforc. * aoaM secai dial fatare attempts to 
measure pbimcm o x d a m stales m aalomohilr 
exhaust aad ambient air accd to aaatt aeaer 
mstrameaul brcakdiroagas. |H". H Chmnr. J. .4 
Cma<r. J. C Frmktm. ¥.. H. Harm) 

Gaaaaac aad coab aaatjiii dp ipifcc awdjwd. 
Work acoaiaiamg m the analysts of gasobnc lor the 
Environmental Protectioa Afracy. Fhc general 
iccbawme was described at bnt year's aaaaai 
report ' aad involves rdhjxaig die gasokuc a n * aa 
aliquot of MCI coatainatf 13 separated isotopes aad 
normal erbium as an internal standard. Spark-source 
analysis is earned out by separating aad drying the 
HC'I onto graphite electrodes. The job of sample 
workup and spark-source analysis is being carried 

I I I I I IfcmotmccUl -*tKt -\naK«%l* U l V t M M m t F V 
4iml them lh\ Amu, trnt Krp V « .*». /V'«. O H M - * M » . 

oat m the Y-12 PUnT* aaahucal bbwratorv Ihev 
provide as aah dWcxpi>«cd pmUMptaiex from «mcb 
mc redavx aad report the data I hr̂  anaaccmeat M. 
most advaatapeoas m thai a trees oar prrvoaarl aad 
<«{mpmcat to pcrtona tidier aaahticai datarx «bdr 
keeptag Ate cuatnd user Ibc data hjadlmg aad 
mierpreiaitoa. 

Oar IUMM ( I R M - l \ A omh i4 cuaK Ir.na area 
itrim ptaMx has comiaaed ^kc are carrcatK 
reportmg l-traceekmcaisb>tbea>eolamnei'dr>-
ipikc~ potopt. dibaum lecbanmc E anched i»oiopo 
id tbc tanoaselemeMsaredned Imrn mmta'a n a m 
hajh para;, tdser puader. Ibt» sd\er is ibea 
imaajnti mucd aah the o«d ash or IK ash aad 
formed mto ctevtnidcN. la spark-sowve aaaksis. 
<ach elemeM is meajared agamst aseancbed noiopc 
"jpiki." as • aormal isotope daatioa. Ibtsmedam 
msoKcs a mmuaam >4 i ample prcparatHia aad 
redaces ctiaumavitam cflect«. M S naadaid* Me 
aicd as taaaats asaaraace miHaiorv aad ihe roafts 
are aiaais mabia W. i4 the \ B S tah*e\. l/>. / . 
( k « 4 r . J < rr*mllm. R < aViaari 

vpectromrter voastracied lor the lateraatmaal 
Auaaic Eaergy Ajcaty i lAEAl b> t h e t W M Mass 
aad Eaassam Spectrometry Section has beea 
amaaed m die IAEA's laboratory near Ytcaaa. 
Fbree members td oar groapspcm a mnath m %'ieaaa 
danag the aisiaaaiMm aad lestiag. Ibc *ork acat 
4mte smmnhK. brgcK dae to ngoroas <mamy 
coatrol before die aistramcai left (tok Raa/e 

I he mstramcai has tap magartw: deftectam stages 
aad is cumpped aah a pabc-coaatmg ddcctaai 
system. Ibe restritiag tnadaaataia of high abaa-
daaceseasNnity aad tegh lamph naiai\ity.coaplcd 
aah good sampfe ibroagbpat capabday. aas 
rci|mrcd b> die IAEA lor danr mleraaiwaal 
safeguards program. Sach aa auirameat aas ant 
aiadaMc Irom a uimmtmjl vendor, aad dierefore 
IAEA acgotolcd a contract wall I nam Carbide 
Corporation. Nadcar IMisioa. ahcteby «e aoafal 
badd aad macall aa instraauni smabr to die ones 
O R M has had m opcratioa for some years. The 
instanatmn and mcetmg of performance specdica-
tmns compteies oar rcspoastbdHars eader tkisacfee-
ineni. 

hecausc the safeguards program requires the 
anahsbfhnth isotonic and total) of sescral thousand 
uranium and pfcdonnim samples each year, the 

12 I I S MtHotm «l a l . *t »nmiwcniHi M a l<m-Mafc \bv> 
Spixlromelct h* IMA.~ 4ml t'hrm Itrt 4mn> Fn* Krp 
\.n .*l. /»7.«. O H M -ilOB. p 50 
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abrfay ••! ibc ac*> M m n i fc» MBAAC aaaograai 
• i w i i ' ul vuaptc ihnaM ipiiturjwiK rcdacc the 
hoKh hazard auohed m hjadhaf I * » * N B M C 
atrtrmtv Is cuaauKtaia a ah the rcjai hcad->a«apig 
I m J f tcchaa|ae RKicHk dcidopvd si O H M . 
there r> a gwnd puvMlaaty ut caoraaaply rcdacaa; the 
uaaatay ul IrwMMaMc amcnal thai accd> 10 he 
•hippot. ia*> \a \ac lac IAV A a vrifelaainl aaaiawt 
ul n N k t cadi \car Detail* ul tiaiac suapaag 
K M M lu he modal a n . 

I he ! • * • jhiiitawcc xasMrtay at da» ifeetroMe-
•er tupcthcr «rth the p n ^ u w u h k «accp ul the 
m n >pcciraai alk>«> lag* prcccnua R«ca»arcaKat» 
ihetler Ihaa JMofawaur mi to f f tK fOBppamohc 
••adc oa *anM gaiptci.. Sara aMasarcaacat* are at 
great aaportaacc m nutapic cakaiatwia. 

I he luaoaaa; opcratiuaal l o b were Met by the 
M m K M : 

1. Vacaaai beam W ' lurr. 
2. I *i» *aaa*e> ot N»S OW araaawa Maadard 1 ^ 10 

ftt each) »ere analysed: Menial prcewwn »a> 
0 V, | , K tfcc 2J5 23* rauoaad <2», »or 23*233 

and 23*235 ralwv Accepted talac* arc 0.01014. 
OOD53X. and 0.«*vr r rc*pccmdy. 

3. Arajadaacc ^casanNy «a» Racasarcd k» he > I 0 \ 
4. < 0.5 pfwn of T aa* fuaad at astaral w w m i . 
5. Six samples were r » mi each of *cicra! day* la 

dnnu*>iraie sample t h m f h f w capalaaty. 

fc l'ru» cuacaauaatioe lor tack thereof) »a» 
checked by aaah/aa; -ilO ag of N K 010 | - l ' « 
235) lauaedatck after aaaty /aa; 5? 100 ag of N*S 
•3© |~«3«, 235* I he NBS 010 iboacd ao 
coataaaaauoa. p \ MK a 235:23* rata* aaanO.y , 
of iheoretKal 
I he praanpaJ uaprotcnKab ai lac atrfnuacat ia 

coaasjriMHi aah those ia vsr at O H M arc aa 
aadatad MM toarcc charabcr paaaaaa syja.ni aad the 
lachMoa of aa oa-aac PDP-11 coatpaier 10 
accaaaaatc aad process the data. All coaapatcr 
profraab. acre anttca aalaa tars sccuoa aad acre 
tanraafUy tested before ha \na Oak Rats*. 

A docaaKatatioa pack a y coasrtuaf of profraRe 
tob.ekxtroaic' at aKcaaanal cuatpuacw draaaa>. 
aad aa abtractHHi naaaaal' amnaawwitd the 
Munaacat. \H. S. V< fern*, m. H. Ckriuie. D. H 
StwMh. I., k. Brniwm. J. A. Imntr. R. I.. Haftrr) 

l> It I t i b t . R I ik t ( ) h i K k M l . « ! J A ( M c i 
—111 —afi • flw •i»m iiri I u « « « lwt«a>c Aaahmffwaia 
yaqfic RCUN k J % NUBfMictl < ttrmui IcvtUH^ar h*f 
\>'sj\n*r >ftm Rc^hK IBCK" Imtt I ft: 7. <•? I » " 4 I 

14 R I WJ&CT. < * rmduirf. J \ Carter «ki l» H 
Naoaifc. rrj.7mt 1 (<np"( At Kfm BntJ Ifhrn+t t— U*.. 
V . . i x w n . V n . /.«Anr ( K M IM-«^«*. Joh !•»'% 

I< l> II >«Mh. H > M . U a l H (brMK.lt I »a»ct 
« J I \ l J«VT !*>:•»• r>-« lfjiwiaf l.-f <>*\f tmtJnm H*k 
l > w U , Vnw.-/../. WU» V*-.^.fmnrr C * M IM-^»^ 
law l«~» 
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3. Analytical Services 
I.. I torbm. Head 

Daring the post rear, activities of Mc service laboratories Midword m-nac 
Momioriaf of gaseous effluents f r a * HTGR fad preparatiua reactions, m-lmc 
aamaoriag of tritiam m the Gas-tooled Fast Rcaclar GhVIa -apsjle rnnHMwm 
exneraacat. ind MavcnUmc of fission actuan>u m the Peach Bottom HTGR. In 
additioa. *e hat* commacd oar development program lor the complete chemical 
caaractcrvatioa of HTGR fad aad have teestatwahed capabilities fur the 
characterization of advanced I MFRR nitride fuel*. 

In February ihc Molten Salt Reactor Prcgram was hiuanatid lor budgetary 
reason*. Work darmg the remainder of focal wear l*7b wasdncctcd w a r d an ucduty 
cunchmon of ihc m-la* atannaa monitoring program and rcsearcnactnrirs already 
in progress, which ntdnded chxtrocheaacal stantcs of tchanum and oxygenated 
species m motea fluoride*, and transport and duinautum measure nam* of tritium in 
the C'oobnt-Sah f cctmutogy Facriir*. 

Concernah*inilow4rvytfadninnchnrcan<anwnaiionftuwiiwihdwcin. wmwi n 
stored waste, unman* ore tailings, and fad reprocessing pro uawje das to expand and 
reiocaie a low4evet alpha laboratory M O the EGt'R BaMmg. low-level 
radwchcmaal work often reojaMxtsicdnias tIn natal scparatiousaud or trngcoantmg 
times: we have ordered an MXaOO gamma-ray spectrometer system and a W * 
retaHve-eflinency Cief l.i) defector to cxpedac this work. Other new upramuut 
mdades a Perkm-Fhner modd 240 crcmcatal analyser, a model WSm\ gas 
chromatofraph. and a model mm ator.UL ahiurptrua sputrouniry system a l for the 
Cieneral Analyses laboratory. We ha%eabo added anaatomatasamph Lhjngm to the 
graphite famacc AutoAuary/er system m the Fsnaomncmal Anatysa laboratory 

A major acJacvetaeiK das year was the development of a ewmantcrved data 
imnjfimiut system for rvcutd^keepamaadlotcoaaajtmgand reporting mufc*. two 
terminals to the O R M I I K ' system ! • have hern * naiad and are m ase m two 
Analytical Service* Section bboratoncs. 

REACTOR PROJECTS 

I ) A. f ostan/n. Group leader 

HTGR IwMatonnf Statins 

Moaaormg gnaroas effmeats from HTGR far! 
preparation reactions, using a taae-of-fbjht mna 
spcctruiiMwr. A iirnr-of-fkght mass spectrometer 
11 OF MS) has been used lor the m-tinc monitoring of 
the gaseous effluents from the Fuel Particle Coaling 
Facility in the preparation of H f OR foci particles ' 

The pavaaar of these snamts has ham to optaatrv 
condnrom for the prodaciam of soand fad particles 
ana asBare occaaainaaa ana cas^couauaaai sarcrv 
from possrbty ha/ardoas pohatants watch amy he 
produced. The nfcMrTrcai»a and r-uantrficatraa of 
the reaction products hate aakd m i t * elucidation of 

I » A I «r. •tw-t we Mwrtmaa M rhr WICMt Hwl Pamc* 
Fmos* rfflam Streams Vtm$ * f * «-aM-haM M m %ftt-
ft^MVnJVC*. /foamf CnaTIVI #W*\ âpWJwf ' ' " B PftTJp. W I T Jar. # T / ' ™ , 

ORM-MtA f » 
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Ktotnc 10 di 
aartKfcv 

«4apaper . - te - l« r 
: of Fftlamb foam H I G H Fad PartKlr 

r*nc|no(mi P t e w p l'*Mg a T i l id Had* Man 
Sfcrtiu—.m." « * * * was avaaahcd as a* (MINI. 
•opKsl report and «as jaaaaiucd to 
r« i fc»i*nri *a* • jhai »'••• • 

Rcccnlk. nc added lo nar I O t M S a* 
a 4HM. -4OM (ttxaM 

rdrwcrfcdtoriKTOFMS 
dwccth at * c ran of die 

• after a way daw rmodtniri 
I tan at r C. This metal lanfcry a n M M 

of 
facdrty. Thcrcfoar. !he 
representative of tbr acnm enajenb. and mere B l 

Ihcic ha 
better dK TOtMS data. To do dm. «c have i 

detailed ttadirs of sraHtnny Cation and 

cum m d*ccff1nmt rfiianu. A variety of naadardfii 
mutate* ha* heen aned 10 help nmave 
laccltx in ibcsr system* |#>. .4 f rr* 

T r i o * * aMMcraajfaropaalr Gt-ltL T*e i 

sit 
nfraanaloj 1 
liar cnMroned H 43 i 
ane. iter H: HrO rala* and conccntratwo conM have 
nam determined nnsfrcam and doonsircam. inns. 
controlled leveh of H : and H.O cjofd have ham 
inymid into the capsaJc snerp m» snefc thai Ihc 
oxypen potential of the capsnlc weak) not have hem 
altered. 

J P l l w P * Cmnmm. P r %*m a. J A t > 
Ji .W I b a n . U. I» C « jmm. aof * * Oner. * f «w 

f #•/ Xj^MPaaft •JfcaflB; Jwf'tlK WWft n09mTmT ^ V ^ n W f f t ^ P I 

€ Jmfn̂ f dj Wm%mT*mf~rWfmW nMRn 2fpAft*Tr*4mmf9rV. 

OHM I M - W > I * O J B M WW 
1 J A <«M&M JOJ A » loojr*. T O B tmriMMi 

I i y r«> i» : «K » « /vtn»0w f>Mg n>r A w a . r»Tr«»«M • 
Mia. m> 51 74 

4 M r r^wiiifjl."itmwmlmHm^nitfXt^cmit***Kmt*t 
ttprraanK.' 4m* tltrm l+r 4mm f** H*r Vn *» »" ' . 
(MM-5HB. pf « W 

< M > f m n « l j l . ' t r m m i MtHMamvIdnMiiifarllirCfn-
M G O R *»rl knam.QJi FtomoxM.' fripa Am *mrl Sn 
JJ. II*«NT») 
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A complete description of the tritium monitoring 
program and experiments is being prepared for 
publication as an ORNL report. Since this program 
began, interest and concern about tritium production 
and behavior in fast breeder reactors have increased. 
Therefore, the real worth of the program is probably 
the background information required for evaluating 
the limitations and practicability of in-line tritium 
monitoring. Sufficient information is available for 
comprehensive tritium monitoring for the proposed 
capsule GB- I I . (W. E. Pruiu) 

Peach Bottom Reactor Studies 

Surveillance of fission products in the Peach 
Bottom Reactor. We have continued to participate 
with the Chemical Technology Division in the HTGR 
fission product surveillance program. In this pro­
gram the behavior of fission products in the primary 
circuit and fuel elements of the Peach Bottom HTGR 
(a I I5-MW reactor owned and operated until 
October 31. 1974. by the Philadelphia Electric 
Company) is being studied. The purpose of this work 
is to compare measured and predicted behavior of 
fission products in an HTGR. 

During this reporting period we completed studies 
of the primary circuit and finished a report describing 
all the results and the measurement methods for this 
phase of the surveillance program." In work dealing 
with fuel-element examination*, we published a 
report describing results for an element irradiated to 
384 equivalent full power days (EFPD). prepared a 
report presenting findings for fuel element Eli-07' 
irradiated to 701 EFPD. continued examinations of 
two elements. E14-01 and F03-OI. irradiated to 
reactor end-of-life (EOL). and began examination of 
two additional EOL elements. EOI-01 and FO5-05 
[F. F. Dyer. L. C. Bale) 

Examination of Peach Bottom primary circuit. 
This activity, pursued since 1970and concluded this 
year with the above-mentioned reports.'" consisted 
of four types of observations: 

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

2. Determination on three occasions of the concen­
trations of condensihlc radionuclides, for exam­
ple. " ' t and '' Cs. in the coolant. These measure­
ments, carried out with samplers that withdrew 
coolant upstream and or downstream of the loop 
steam generator, were designed to determine hot*1 

gas- and paniculate-borne radionuclides. Separa­

tions of radioactive species according to their 
physical and chemical nature were effected by 
combinations of gaseous diffusion tubes, cascade 
impactors. and particle filters. 

3. Measurement on three occasions of the krypton 
and xenon isotopes in the primary coolant and 
purge-gas helium. 

4. Characterization physical, chemical, and radio­
chemical of dust specimens obtained on three 
occasions during core 2 operation from the 
reactor's cyclone dust separators. 

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

Examination of Peach Bottom fad dements. The 
procedures used in the examination of fuel element 
EII-07(701 EFPD)arcgenerally those being used for 
all EOL dements. Details of the experimental 
methods have been published. 

Examination procedures focused on the determi­
nation of the total amounts and distributions of 
radionuclides in the graphite portion* of the 
elements. The gamma emitters *"Co. " " "Ag. " 'Cs, 
1 ' Cs. and , < 4 Eu were found in significant amounts in 
the graphite components of EII-07. Gamma spectra 
acquired at 0.62-cm intervals along the sleeve and 
spine of EII-07 permitted highly detailed distributions 
of these radionuclides to be derived. From these data 
it was found, for example, that the sleeve contained 
17 Ci and the spine 8.3 Ci or " Cs. Radial 
distributions of these gamma emitters plus the beta 
emitters ' H . " C , and *"Sr were obtained at six axial 
locations, four within the fueled region«. i d one each 
above and below the fueled region. Radial dissection 
was accomplished by the use of a lathe in a hot cell 
ope .-4ted remotely by manipulators. Radial profiles 
reveal that ' "C< penetrated the graphite sleeve and 
spine to a larger extent than did ' ' Cs. due. evidently, 
to a longer time spent as a xenon precusor of ' u Cs. 

ft r t Wycr. R P. Wichncr. W. J Martin, and H. J. 
dclVordwall. iHMnbulion of KaJionurlklrn in ihr Prurh Bottom 
HTGR Primary Ctrruit During Core2 Operation.ORM.-5IB*, in 
review for puMwalion. 

7. r. K t>ycr. R. P. Wichner. W. }. Manm. I.. I.. r-aiichiU. 
R J. Kedl.andH. J. icNordwall.PoM-lrrmlietion Examination of 
Penh Bottom t/TOft fJrirrr '.utlKlrmmty tJtn-ni. ORM.-5l2f> 
(April I97n> 

K R. P. Wichncr. K r Oyer. W. J. Martin, and I C. Rale. 
Ihunhuiion of Fivuon Prnilurl* in Prueh Bottom HTOK furl 
f.kmmt KII-07. ORNI.-J2I4. in review for publication. 
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Examinations of EOL fuel dements El4-01. F03-
01. E0I-0I. and F05-0S arc at various stages of 
«. >mpkrteness. Visual, photographic, and metrology 
pi .lies of the examinations on all components of each 
element are complete. Also complete are measure­
ments of the gamma-emitter inventory in the fuel of 
each eicmer.t as well as axial gamma scanning of the 
graphite components of E14-01 and F03-0I. Cur­
rently in progress is the measurement of radial 
distribution of beta emitters in the graphite compo­
nents of E14-01. Preparation of a report presenting 
the results found for El4-01 is in progress, and 
reports for the additional EOL dements will be 
started soon. (F. F. Dyer) 

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

The motor was replaced with a variable-speed 
motor with external speed control mounted behind 
the lathe. Collets were machined to the proper 
diameter dr holding cither the sleeves or spines in the 
lathe. 

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

An arm with a centering dial was attached to the 
frame and was movable, permitting it to be turned to 
position over either the sleeve or the spine so as to 
center I he piece prior to machining. The sleeve or 
spine was adjusted to the centci by using the centering 
dial. After use. the centci ing dial was moved to a rest 
position out of the way. 

The sleeve specimens were filled with epoxy, and a 
metal rod was centered in the epoxy and used to 
manipulate the specimen. The epoxy gave the sleeve 
enough strength so that it would not crumble when 
the interior wall of the sleeve was machined. Since the 
sleeves are not perfectly round, some cpoxy was 
machined on the last cuts and was removed from the 
sample. 

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

to retrieve the sample. A scoop was nude to fit the 
bottom of the basket to colkct samples and transfer 
them to the tared bottles with a funnel. A screen was 
sealed in the funnel to facilitate the separation of the 
graphite and epoxy during the final cuts of a sleeve. 
(L. C. Bate) 

Defective particle fraction of Peach Bottom rod. A 
method was developed to determine directly the 
failed fuel-particle fraction of irradiated driver-
cicment fuel from the Peach Bottom Reactor. The 
method consists of the following steps: 
1. Cut surfaces of a core sample taken from a fuel-

clement compact are clectrolytically cleaned to 
remove damaged panicles.'' 

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

3. The sample is dectrolytic&IIy deconsolidated after 
leaching, the particles separat -• from the matrix 
graphite, and the total number of particles 
determined from the total particle weight. 
Four Peach Bottom archive compact samples, 

weighing approximately 9 g each and containing 
about 15.000 particles, gave a mean failed-particle 
fraction of 0.28< t with excellent agreement between 
the determination by thorium and uranium mass 
from each sample. The number of failed particles is 
determined from the weight of the leached thorium or 
uranium and the average amount of heavy metal per 
panicle. (J. L. Bom) 

Methods Evaluation and Development 

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

9. D. A. Co*tan/o cl al.. "Cia.vCooled Reactor Programs." 
Anal, ihem Pn Armu Prof Rrp Srpt Ml 1974. ORM -500*. 
P M. 

10. I>. E. LaValle. D. A. C'<Man/o. W J Lackey, and A. J. 
(jpulo. The Drlrrmineiion of Drfnthr Pariiflr fraction in 
HTGR Purh. ORNI. IM-54H.I (September 1976). 

11. D. f LaValle. "Determination of Panicle Failure Frac­
tion." Anal. (hem. Piv. Annu. Prof. Rep. \o\. JO. I97J. ORNI -
5100. p W. 
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analyses capacity but has also made possible the 
chlorination of larger specimens such as the V i n . 
commercial HTGR fuel rod design and large 
segments of 3-in.-diam Peach Bottom fuel compacts. 
The question of whether the StC layer in Triso-coated 
fuel particles may prevent the detection of defects in 
the inner low-temperature isotropic (LTD pyrocar-
bon coal;pf was resolved. Particles with a permeable 
inner LTI coating enclosed by only an outer SrC 
coaling were subjected to the chlorine leach. In I hr 
the silicon was removed as SiCU: the residual 
carbon1' presented no barrier to the removal of 
uranium through the permeable inner LTI coating. 

We prepared a paper entitled "The Determination 
of Defective Particle Fraction in HTGR Fuel" which 
was published as an ORNL topical report and has 
been submitted to Nuclear Technology for publica­
tion." (/). E. IjiValle) 

Heavy-metal assay for HTGR fud particles. We 
also investigated the possibility of adapting the 
chlorine leach to the total assay of thorium and 
uranium in coated fuel particles. In this Jetermma-
tion the two chief problems are the removal of the 
coating layers and the dissolution of the refractory 
I hO ; kemeb. In the past, coatings have been 
removed by crushing and burning, followed by 
dissolution of the ThO: in alkali or borate fusion or 
by an acid leach. More recently a method14 has been 
developed using oxygen and chlorine to remove the 
pyrocarbon and SiC layers of the coating, but still 
dissolving the fuel kernel by fusion or acid leaches. 
These procedures have been lengthy and cumber­
some; more desirable would be an extension of the 
chlorine leach to convert the ThO: to easily soluble 
ThCU. 

We carried out a preliminary study using the 
existing horizontal system1' as designed for the hot 
cell at I000°C. The conditions for removal of the 
coatings were quickly established: I hr in a 1:1 
mixture of O; and CO; at 800° C for each pyrocarbon 
coating and I 5 hr in CI; at 1000° C for the SiC for S-g 
samples of fuel particles. The attempted conversion 
of the bare kernels was unsuccessful, however. Using 
a gas mixture of CO and CI: in a ratio of 2:1 at 
IO00°C. conversions ranged from 20% in 4 hr to 73% 
in 12 hr. 

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

with CO. The high-fired IhO kemeb used, in l-g 
samples, were virgin material and had never been 
incorporated in fuel particles: the samples assayed 
99.6<"r ThO.-. Runs were made of 7 hr duration with 
fairly uniform results of ~95r< conversion. Another 
apparatus of vertical design incorporated a Iwpol K-
mm-OD tubing to hold the sample and keep it 
concentrated in one spot exposed to maximum heat 
Results were the same, and an examination of the 
residual kernels under the microscope showed the 
majority to be practically undiminished in size. The 
reason for this resistant fraction is unknown. 

Resistance furnaces may be obtained (Kanthal-
wound) that operate as high as I300°C in air. 
However, we investigated conversions at this tempe­
rature, using induction heating and adapting the 
particle failure fraction apparatus to a downward 
flow of gas into a collector flask below for the ThCu. 
In these runs. S-g samples ol coated fuel particles 
were treated in the horizontal 1000° C apparatus to 
remove the coatings, the bare kernels then being 
weighed before transfer to the induction heating 
apparatus. The conversion was accomplished at 
I300°C in a gas mixture of CO and CI: in the 
optimum ratio of 3:1. In a series of nine runs, 
conversions of 98.0 to 9K.5% were obtained on the 
assumption that the kernels were 100% ThO.-. 
However, in each sample, approximately 100 kernels 
were black and were found to contain quantities of 
uranium and minor impurities. The time for 
conversion of approximately 2.7 g of ThO: kernels 
from 5 g of fuel particles was 3.5 hr. Total time, 
therefore, including coaling removal, is ~7 hr. in 
contrast to the crush-burn-leach method, which 
requires up to 44 hr. [D. E. LaValle) 

Determination of defective SiC coating fraction. 
Because the ignition-acid leach procedure for 
determining the defective SiC coating fraction of 
HTGR fuel particles has proved unsatisfactory, a 
technique" which employs mercury penetration and 
radiography to detect defective SiC coatings was 

12. J. Nkkl and C. BmunmiiM. "Chkmcrini und Analyse 
hochKhmebcndcr Carbide." 2. Ami Chem 231.223 (IW6). 

13. D. E. LaValle. D. A. Costanm. W. J. Lackey, and A. J 
Capwto. The Ortrrmmaikm of Defective f\nkk rrtdkm m 
HTGR furb. ORNLTM-S4R3 (September 1976). 

14. S. R. Reedcr ct t l . "Analysis of HTGR Coaled Fuel 
Panicles for Uranium and Thorium." Ami. Chem. tnmth Aimu. 
Hep October 1974. ICP-I0J*. 

15. D. M. Hcwetic and W R. Lainc, "Detection of Defective 
SiC Layers in Coaled Nuclear Fuel Panicles* Nurl. Terhml. 21, 
149(1974). 
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evaluated as a possible method for routinely 
determining the defective SiC coating fraction of 
I riso fuel particles. Particles from which the outer 
I.TI pyrocarbon coating has been removed by 
ignition *«e pressurized at 1.034 X 10* Pa (15.000 psi) 
in an Aminco porosimcter. Mercury forced through 
any defects in the SiC layer is detected by radiogra­
phy. Five-gram samples containing approximately 
30.000 panicles were employed in order to statisti­
cally improve the value obtained for the defective 
fraction. This technique b being routinely used to 
study the effect of various coating-process parame­
ters on the defective-particle fraction. (F. L. layion) 

Silicon carbide removal by chlorination. In the 
determination of defective-particle fraction and in 
the procedure for convening Tnso-coated fuel 
particles to a solution form amenable to the 
measurement of heavy-metal content, chlorine gas at 
1000° C is used to leach the heavy metals from the fuel 
particles. Questions have been raised as to whether 
hot chlorine gas will react with and destroy SiC. and 
about the conditions necessary for quantitative 
removal of the SiC. 

Test portions of a Triso-coatcd HTGR fuel sample 
{uranium-loaded weak-acid resin (WAR) kernels, no 
outer 1.11) were chlorinated at 900 1000. and 1500° C 
for I to 3 hr. After chlorination. the test portions were 
radiographed. Microscopic examination of the 
radiographs revealed that chlorination at tempera­
tures of l0O0°C or greater is required to completely 
remove the SiC coating in I hr or less. At 900°C for 2 
hr. the SiC coating was completely removed in only 
I0*Y of the particles; however, at 900°C and 3 hr the 
SiC coating was completely removed from 90** of the 
particles; the SiC coatings which remained were 
extremely thin. Those particles that were chlorinated 
at 1000 and I500°C had the SiC coating completely 
removed in I hr. Examination of the radiographs of 
these particles revealed a layer of carbon resulting 
from the removal of the SiC coating. This carbon 
layer was readily distinguishable from (he inner I.TI 
coating. No attack of the kernels was observed, 
indicating that the inner LTI coating was intact. 

A number of the particles that were chlorinated at 
1000 and 1300° C were ignited in air at 900°C for 4 hr. 
Microscopic examination of these ignited panicles 
revealed only uranium oxide(U<0>) kernels.a further 
indication that all SrC had been removed. (F. /.. 
Lay ton. D. E. LaVallt) 

Coatui|dcniitmd«Uinmition. Density measure­
ments of Triso-coatcd HTGR fuel particles are 
required to qualify the particle at each coating Mage 

and to ensure the acceptability of the final Triso 
particles; it is necessary to interrupt the coating 
process at each stage to determine this density It 
would be advantageous if the coating process could 
proceed without interruption and the densities at the 
various stages could be determined by using the Final 
Triso particles. 

By means of mercury porosimetry. the densities of 
Triso fud particles were determined at the outer I.TI 
pyrocarbon coating, again at the SiC coating after 
removal of the outer I.TI by ignition in CO: 
atmosphere at 900°C. and finally at the inner I.TI 
pyrocarbon coating after removal of the SrC by 
chlorination at 1000° C. Density values obtained at 
the outer I.TI and SrC stages compared favorably 
with values previously obtained during the coating 
process. The values at the inner I.TI stage differed by 
approximately I \ci from the value obtained after the 
inner I.TI coating had been applied. This was found 
to be due to carbon that remained even after 
chlorination of the particles. 

Published reports have indicated that when SiC is 
chlorinated below 900° C. SrCL and carbon are 
produced, but chlorination at 1000 to 1100° C 
produces SiCli and CO*.'* Several samples were 
chlorinated at 1050° C to see whether the SiC would 
be quantitatively removed at this temperature. 
Microscopic examination of radiographs of these 
samples revealed that carbon did remain. In order to 
accurately determine the density of fuel particles at 
the inner I.TI stage, this carbon must be removed. 

Removal of the carbon by selective oxidation was 
investigated. Previous studies indicated that the inner 
I.TI is not oxidized by ignition in air at 400°C. 
Weighed amptes of HTGR fuel particles which had 
been chlorinated at I050°C were therefore ignited at 
400° C for 20 hr and then reweighed. The weight 
losses indicate that .inly about 50 rf of the theoretical 
amount of carbon present due to the SiC is removed 
by this procedure. In addition, an excessively large 
number of fuel particles arc cracked during ignition 
at 400° C. This is probably due to permeation of the 
inner L'f I and oxidation of the UC> kernel. These two 
facts make the accurate determination of the density 
at the inner LTI an impossibility. Other means of 
removing the carbon without disturbing the inner 
LTI must be found. (F. L. Lay ion) 

\t> A C. I n . "Ill Iht Oxidation of Silicon-Carbide 
Refrwiory M«leri«l»." Tram. Br. Crram Sm 40. IW (IW0) 
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HTGR procedures manual. A manual entitled 
"Laboratory Procedures lor the Analysis of HTGR 
Fuels and Materials" was compiled and is being 
prepared as a GCR report. This manual provides 
information concerning some analytical methods 
used by the Division in the chemical characterization 
of various HTGR fuel materials. .As new methods 
pertaining to HTGR-type samples are developed and 
demonstrated to be reliable, they will be included in 
this manual. (F. /.. Layton) 

Advanced reactor fuel development: Characteriza­
tion of nitride fuels- The compounds of UN. PuN. 
and solid solutions of these compounds arc of interest 
for application in LMFBR advanced fuel systems. As 
a part of the advanced reactor fuel development 
program in the Metals and Ceramics Division, 
suitable analytical methods and techniques for 
characterization of these fuels were reestablished. 
The feasibility of an accurate chemical analysis of the 
major elements and contaminations in these com­
pounds has been demonstrated in the past.1 

I sing a well-characterized uranium mononitride 
material, the following methods were evaluated: 
uranium by a sequential oxidation-rcduction-
oxidation method, nitrogen by a modified Dumas 
technique, oxygen by the Leco inert-gas fusion 
method, and ca bon by the Leco oxygen combustion 
method. The precision for these methods was found 
to be as follows: uranium. 94.46 ± 0.02 wt 'i: 
nitrogen. 5.46 ± 0.02 wt <i: oxygen. 526 ± 29 ppm. 
and carbon. 350 ± 22 ppm. 

Using the same material referred (o ab.»ve. 
methods have also been evaluated for characterizing 
mixed plutonium and uranium nitride materials. 
These methods and their precisions are as follows: 
uranium by coulometric titration. 94.59 ± 0.02 wt ci: 
nitrogen by Kjcldahl-acid titration. 5.4K ± 0.04 wt'V: 
carbon by Lcco combustion. 419 ± 17 ppm: and 
oxygen by Lcco inert-gas fusion. 593 ± 76 ppir.. 
Plutonium by coulometric titration is still under 
evaluation. 

The UN material used in these evaluations was 
characteii/ed in an extensive round-robin program 
to contain these elements: uranium. 94.46 ± 0.02 wt 
'"<; nitrogen. 5.46 ± 0.02 wt 'i: oxygen. 335 ± 21 ppm: 
and carbon. 3K9 ± 29 ppm. (J. /.. Bom) 

HTGR Process Development Studies 

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

and nitric acid in the system 1 h(NO.li HNO .W, 
IBP-NDD and to determine extraction conditions 
for third-phase formation. These studies will provide 
data to develop a mathematical model for use with 
the SEPHIS-Thorex computer program.' will be 
used to simulate the Acid Thorex flowsheet.'* will 
correct for the effect of temperature on the contactor 
system, and will provide a signal to indicate when a 
third phase will form. The experimental conditions to 
be studied and which are required to bracket the 
flowsheet condition are these: 20 to 60° C. 0.05 to 1.5 
If Th< NO.)*, and 0.0 to 3.0 M HNGv Extractions at 
30° C have been completed, and the densities, free 
acid, and thorium content of the aqueous and organic 
phases have been determined. The conditions under 
which a second organic phase appears were also 
determined. Studies will be conducted at 10-C 
intervals from 20 to 60°C. {A. J. M'«nfVrx«T) 

Uranium recovery. For the preparation of HTGR 
fuel. WAR is loaded with uranium from acid-
deficient uranyl nitrate." The acid-deficient solution 
is prepared by extracting the nitric acid with an 
organic amine that is regenerated. The process 
produces wastes, the uranium content of which 
should be low because L will be loaded. It also 
introduces carbonaceous and nitrogenous organics 
into the aqueous resin-loading streams that could be 
detrimental. The reduction of the amount of uranium 
sent to waste and the determination of the amount of 
organic carbon in the aqueous process streams were 
investigated in the laboratory. 

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

17 V J fenncryand J. I Bum." I he ( hcmicai ( ruracicn/a-
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I he organic content of the aqueous process stream 
was determined with an Oceanography International 
model 0524 carbon analy/er. I he total organic 
carbon, which could be due to the resin, organic 
aminc. or organic sohent. ranged from 22 to 100 
ppm. I he insoluble or suspended carbon varied from 
4 to 13', of the total. Data indicated thar the resip. 
absorbed some ot the organic material in the early 
stages ol the process. (A. J. Wemhtrjcer) 

Materials Preparation 

Preparation of inorganic materials lor Solid State 
Division research continued at about the same level 
as last year, For the Neutron Diffraction Group. 
300 g of the fcrrite (Sr,.,Ba.,;hZn.Fc;404; was 
prepared by thorough mixing of the oxides or 
carbonates of the elements and firing at 1300° C in air 
tor X hr. Also for this group. 20 g of the isotopic 
compound I i H was made by combination of the 
elements at 700̂  C over a period of 7 hr. The alloy 
l.aNi- was prepared in a 50-g quantity for studies in 
hydrogen storage. This compound is able to take up a 
quantity of H equivalent to its own volume of the 
liquid gas. For the Neutron Spectrometry Group, a 
200-g quantity of palladium was purified by ion 
exchange methods. The purified palladium was used 
to make lour alloys containing manganese in 
amounts of 0.25. 0.50. 1.00. and 2.00 at. '7 For the 
same group, approximate l-g quantities of the 
valuable isotopes ""(id. '"'IK. and "Er were 
recovered, and approximately 20 g of "Ni. For the 
Pure-Materials Group. 20-g quantities of the follow­
ing compounds were prepared by well-known 
methods: BaO.. VO.. NhO;. RuO.. and ReO.. 

The group in the Chemical Technology Division 
concerned with I.WR reprocessing required a 
nitrocompound of ruthenium with < 10 ppm of CI'. A 
satisfactory- compound selected was Na.(Ru*.() 
(NO hOHJ. We prepared it according to the method 
of Fictchcr ei a/.'1 Soluble RuCl. is dissolved in a 
restricted amount of I V HCI and treated gradually 
ovc a period of time with NaSO: at elevated 
temperatures until the orange-red solution of the 
compound is obtained. The solution is carefully 
evaporated to dryness, and the compound is 
extracted with acetone to remove it from the by­
product NaCI. A second extraction reduces the 
chloride concentration to the desired level. (P. E. 
lalalle) 

Molten-Salt Reactor Program Studies 

Electrochemical studies of tellurium in molten 
LiF-BeFj-ThF4 (72-16-12 mole%). Tellurium occurs 

tn nuclear reactor* as a fission product and causes 
shallow intergranular cracking in structural metals 
and alloys." Efforts were continued to characterize 
this substance electrochcmically and to ascertain the 
feasibility of in situ monitoring by ekctroanaiytical 
means. 

As previously reported/' lithium tclluride. Li:Tc. 
was added to molten LiF-BeF.-ThF* that was 
contained in a cell equipped with viewing ports in 
addition to the electrode pons. Subsequent voltam-
mograms did not reveal waves that could be 
attributed to soluble electroactive tellurium species. 
Chemical analysis indicated <5 ppm Te in the melt, 
hollowing cleanup of the cell and recharging with 
LiF-BcF.-ThK. standard additions of l.iTe. were 
made in the form of pressed pellets. The pellets 
disappeared more rapidly from the melt surface than 
did the l.i.Tc pellets. A grayish metallic-looking film 
formed on the surface. Subsequent voltammograms 
did not show significant changes over background 
scans. The equilibrium potential remained the same, 
which was different from that for the Li;Teadditions 
where the melt became more reducing. This is 
indicative that I.iTc; is not stable under our operating 
conditions. Bamberger et al."4 revealed, in their 
experiments on spectral measurements of what was 
reported to be l.iTc; in I.iF-BcF». that isothermal 
conditions were necessary to hold the characteristic 
color for any length of time. I nder nonisothcrmal 
conditions the color quickly disappeared, with 
evidence of tellurium metal formation. Since our 
conditions arc nonisothermal. the l.iTc. probably 
decomposed immediately after contacting the melt. 
The graven metallic-looking crust on the melt 
surface apparently tended to short out the electrodes 
after a few hours, because the voliammograms 
became extremely noisy and nonreproduciblc. 
However, there was no change in the equilibrium 
potential. 

Thus wc have been unable to detect stable 
electroactive tclluride species in molten LiF-BcF.-
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Th*4 following standard additions of l.i.-Tc and 
l.iTe= compounds under these conditions. It appears 
that these icBuridcs are. for the most part, relatively 
insoluble and or thermaHy unstable under these 
experimental nonisothermal conditions. 

In the absence of meaningful voltammograms. 
experiments were initiated to determine the decom­
position potential of elemental tcUunum (mTe + ne-
TcW) rcbtivc to the half-wave potential of the I !< IV) 
- I '(I I I) electrode reaction. This should provide 
some insight on the reducing power ( l : ( IV) (/(III) 
ratio] required to favor the existence of tctnindc* (if 
stabk) over ekmcnul Idtunum in MSBR fuel salt. 
For these experiments, the molten l iF -BeK-rhK 
was contained m a pyrolytic boron nitride cup. The 
holder for the small tdmrium-pool electrode ('«.- in. 
diameter) was fabricated from spcctrographic-gTadc 
graphite. C athodic polari/ation curves (recorded on 
the tellurium-pool electrode right after it was dipped 
into the metf at ~»50° C. and for the next hour or so) 
revealed a decomposition potential of about +1.15 V 
vs the melt limit. It was observed that ~ I00 rog of 
tdlurium vobiili/cd from the graphite holder in 
approximately I hr. The half-wave potential for the 
U(IV) - (!<lil) reduction is about +0.40 V. which 
corresponds to a IJ(IV) ('(III) ratio of -150 at 
650° C From these measurements it appears that a 
relatively reducing melt is required lo favor the 
existence of stable tclluridc species over elemental 
tellurium in molten I iF-ReF.-ThF4-l:(IV)at650"C. 

In order lo obtain additional information on the 
formation and stability of tdbjride* under noniso-
ihermal conditions, studies were conducted on the 
iclhindc specirs produced in situ from cathodi/mg 
elemenul tdlurium (mTe + ne — Tew" ). Chrono-
potcntiometric and douMc-potential-step" vohim-
metric experiments conducted al a Iclkirium-pnol 
electrode contained in a graphite cup revealed that 
the tclluridc species generated docs not appear to be 
stable al ~650* <\ Instability was indicated from the 
chronopotcntiomctric experiments by comparing the 
ratio of the forward and reverse transition limes."* 
According lo theory, generation of a stable but 
insoluble substance yields r, r, = I; for a soluble and 
stable species, r, r. = 3. For an unstable species, on 
the other hand, r, r, should be greater than 3. For 
these experiments the current was reversed at a time 
/ < T,\ however, the a bove conclusions remain valid as 
long as / <r,. Poieniial-f ime curves recorded at the 
tellurium-pool electrode produced a r, r, >3 in all 
the runs, indicating that the telluride species 
generated is not stable, at least within the time frame 
of the experiment (seconds). 

In the douMe-potcnial-step ' experiments, the 
anmhc-cathadic current rain* | i . >) is plotted v> a 
function of time | f t ' ) | that the potential step i> 
applied and removed. For a stable system the ratio 
/„ i r* unity when Ell) is extrapolated to zero lor the 
generation of an unstable species, the ratio i_ i IN less 
than unity. This was observed for the tellurium 
experiments. 

Plots o(log i %s E from putcntal-sicp experiments 
revealed an n value close to unity. I he validity of re­
value dcterminalionN by this method r* discussed by 
Armstrong ct al. and by Bacarclla and tiness. * 
Trfus if n I. the tciluride generated can be 
represented as mTe + r — I c . <m >l». Bronstcm and 
Posey" also obtained an n value <>f unity from 
polarisation studies oi ictturiuro in rr..tficn chlorides, 
using a different method. 

A stable tetturide of the type I c . should exhibit a 
color when dissolved in the melt. ' In an effort lo 
observe this effect, we cathodi/cd elemental tellurium 
in molten l.iF-BcF. i t -4m'V. The melt was held in 
a quart/ tube lo permit visual observations. Upon 
applying a current of 150 to 300 mA for several 
seconds or longer, a dark brownish-looking sub­
stance was observed streaming from i*ie tellurium 
electrode: however, the material appeared to be 
insoluble, and a colored mdt was not produced. After 
the material diffused away from the electrode a short 
distance (—1 cm), the color could no longer be 
detected. These results also indicate that we gener­
ated an unstable species thai under nonisothcrmal 
conditions will undergo a decomposition reaction. 
Reasonable reactions arc as follows: 

ZTc ~ Tc. 

Tc- - Tc' + TeT (m = I) . 

2Tc« - 1c + (2m l)Tct (m > l ) . 

25 Arnold Wctuhcrprr. F.d. fhrwrwf Mahoth of Chrtmurv. 
Fmn HA FJrrimrhrmnml Urthixk. Wiky-hMcncicnce. Ven> 
York. 1*71. p. A02. 

2». Rcf. 25. p. *20. 
27. R. D. AmMrou*. T. DKkMson. ami K. Taylor. "The 

Anodic OccMMpmNKHk of Copperfli .V-MdkyRieumcMiyleiie-
ictranwie Bromide.' J. 0*-mmml. I'krm M. 155 (1975). 

2*. A I.. Bacarcna and J C Cinru. Jr.. The Anodic 
DiwolMion ftf Copper m I-lowing Sodium t'Mondc Sohitioo* 
Between 25 and 175' C." / Ummrhrm .W 12,45*1197.1). 

29. H. R. RroniionandF A. Poxy. "Porow Electrode Siudie* 
in Molten San* Electrochemical Studio of Tellurium in the 
I I O - K O EMCCIK System." MS* Pmfiwn Smnmmt. fmf 
Hrp trh > l»M. ORNI -51.12. p. 29 
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I he I c species doe* not appear to be soluble in 
fluoride, at least to the extent that soltammetric 
detection is feasible. (/> /.. M M W « ) 

Electrocaetaical studies of oxide ions and related 
in nones fluorides. The electrochemistry of 

oxide ions (free or compiexed) was studied in molten 
l.iF-BeF-ZrF4<65.6-29.4-3.0 molc^ )and I.iF-BeF.-
ThF, (72-16-12 mole 11 at gold, iridium, and glassy 
carbon electrodes in the temperature interval 500 to 
710CC. Well defined and reproducible votummo-
grams and chronopotentiograms could be obtained 
only at gold electrodes. Cyclic vokammetric and 
chronopotentiometric results indicate the following 
electrochemical reaction pathway: 

O* = O + 2r . 

O + O = O.. . 

O + O- - <V 

Peroxide species were oxidized further, producing 
a vollammctric postwavc which increased with Na.O-
additions. Peroxide ions also gradually decomposed 
in these media: the decomposition was more rapid in 
the ZrflVK»nuinmg melts as compared with the 
Th(IV)-ci>ntaining melts. The results provide the 
basis for an in situ electrochemical determination of 
small amounts of dissolved oxide. 

A more detailed report of this work has been 
submitted for publication in the Journal of tht 
Khciritchemital Sttcieiy. (/>. /.. Manning, (i. Ma-
manlov) 

In-line analysis of molten fluoride salts. Corrosion 
test loops and creep test machines, described 
previously."' were operated with reference fuel salt 
l.iF-BeF;-Thl-4-UF, (71.7-16-12-0.3 mole %) until 
the shutdown of the program in June 1976. These 
experiments were under the general supervision of 
H. E. McCoy of the Metals and Ceramics Division 
and were designed to test the compatibility of 
Haslclloy N and other container materials with fuel 
salt under various conditions. Correlations were 
made with respect to U(IV),U(III) ratios, fuel 
composition, and temperature. 

Ratios of U(IV)/U(III) in thermal convection 
loops NCL-21A and 23 snowed no unusual trend in 
the redox behavior of the melt with tinx A 
temporary rise in the ratio was observed in response 
to the addition of new corrosion lest specimens, but 
within a short time the ratio relumed to the initial 
value. The U(IV) U(lll) ratios were about 5.4 x 10' 
and 4 for loops 21A and 23. respectively, at 
shutdown. 

The t'(IV) L'(lll) ratios in loops I8C and 24. 
which were operated with Hastelloy N corrosion 
specimens, showed a gradual decline to final values of 
about 1.7 x 10' and MO respectively. 

Forced convection loop FC1.-2B was charged with 
new salt and was placed back in operation after a 
shutdown period. The l'(IV) U(IH) ratio at startup 
wasabout 5.3 x I 0 \ which indicated that the melt was 
oxidizing. The ratio decreased to about 90 at 
shutdown, as the melt came in contact with new metal 
surfaces installed in the loop. 

The measurement of U(1V) 1/(111) ratios wzs 
initiated in November 1975 on eight creep test 
machines locat-d in Building 2011. Since the initial 
measurements, the melts have tended to become 
more reducing. For comparison, first measurements 
and final t'(IV) U(lll) ratios arc shown in Tabic 3 1 

TaMt 3.1. Ratios of U< n/)/ V(|tf) MI crap lot 

m'.ity Initial 1-

l> 4ft * 10 1.4 
If. 1 9 x to 450 
17 2 1 * 10 W 
IN 15 * 10 4ft 
19 15 * 10 25 
20 5..'* 10 *> 
21 ft5 2ft 
22 V i * 10 M 

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

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

.10. H E. McCoy. "Materials 'or Sah-Conttinmf VencbarKt 
Piptrtf." Thr PrvrkfHMiit mi SuHm of Motim-Scii /twrfori. 
ORNMM2 (February 1975). p. 207 
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film on the surface of the melt that was conducting 
and shorted the electrodes. After transferring the 
mdl into the fill vessel reasonably well-defined 
vohammograms were obtained from which a 
I (IV) i'(lll) ratio of 100 was calculated, hollowing 
pin filling and blow-back into the till vessel of a 
portion of the melt for recheck. the I (IV) I (III) 
ratio was within the range 100 to 130. The 
voltammograms recorded on the blowback material 
were poorly defined: thus I (IV) I (III) values could 
not be calculated as precisely as for the original fill 
solution. However, the I (IV) l ( III) ratios wercwell 
within the desired limits set for this experiment. 
(D. L. Manning. R. F. Apple) 

Tritium transport experiments at the Coolant-Salt 
Technology Facility. The Coolant-Salt Technology 
Facility (CSTF) was operated for testing NaBF.-NaF 
(92-8 mole ci) for its suitability as a possible 
secondary coolant for the molten-salt reactor. In 
cooperation with the Engineering Technology 
Division, we participated in experiments to deter­
mine the fate and distribution of elemental tritium 
when it is added directly to the salt to simulate, at 
least in part, the predicted transport of tritium in the 
coolant system via diffusion through the primary 
heat exchanger. The methodology and the results 
from the first two tritium injection experiments were 
described previously.' This section presents the 
results of the third tritium injection experiment. 

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

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

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

being evaluated bv Engineering technology Division 
personnel. Some preliminary rouit>. however, have 
been presented elsewhere." (AT. h. Applet 

GENERAL ANALYTICAL LABORATORIES 

W. R. I .line, (iroup leader 

Chemical Technology Division personnel began 
several programs in support ot the reprocc>sing of 
spent reactor fuels. 

In the head-end treatment for light-water reactor 
(I WR) reprocessing, the fuel bundles were sheared 
into I-in. sections for acid dissolution of the I O . The 
designers of the shear equipment would like to know 
the amount of stainless steel cladding in each size 
truction of the chopped fuel. This measurement was 
usually made by dissolution in HN(V H( 1 and 
determination of the iron content. A need arose to 
test for iron in 50 samples day. but the leach-analysis 
method was too slow H. H. Ross and I . V kbit 
developed a monitor based on the change in 
frequency of an oscillator when a sample containing 
stainless steel is inserted irto the center of the coil. 
Details are given in Chap. I. Over 500 samples have 
been analyzed with tkis instrument. 

Equipment was assembled to prepare a manifold 
for the Arsena/o III spectrophotometry thorium 
method for 'he Tcchnicon AutoAnaly/er. The 
calibration range was I to 10 /ig of thorium per 
milliliter. Four hundred samples were analyzed over 
a period of four weeks. Half of the solutions 
contained tributyl phosphate, and the thorium was 
stripped with 0.01 .1/ HCT before analysis. 

A gas-sampling system was constructed for use 
with the Microtek 222 gas chromatograph for 
sampling glass or metal gas containers. The appara­
tus consisted of a vacuum pump, low-volume 
manifold, mercury manometer. Hastings gage, 
sample valve, and manifold-to-samplc fittings. This 
system allowed gas samples »o be taken with little 
waste because of the large manifold volumes. Oases 
have been analyzed for CO.-. Y . CO. and CHi. 

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

'I A S Vlcvcr cl JI ."(ritium fran»pi>n txpcfimcni»al ihc 
(<>»i;ini-Salt Icchnolnp) l-iicilin." 1nal (hrm lh% -lnm< /Vi>e 
Rtp Sm .««. m<. ORM -Mffl). p 24 

K .1 K I n$cl cf Jl. "(rilium Bchjuor in the (Hobm-Sall 
lechnnlog) l-acidi}.' USKSrmwnnu Pnrg Rrp frb eV. /V?/». 
ORM -*!»:. p : 
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I ranium mine tailings w ore analy /cd tor t'. V. and 
Ra Ores which had been treated with H SO; were 
expecully difficult to prepare tor radium determina­
tion: several percent S() ; remained and tormed 
insoluble RaSO;. A suitable procedure involved 
grinding the tailings to UN) mesh, followed by 
treatment of a l-g aliquot with HNO and HE. The 
solution was diluted to a volume of 200 ml with 2 .*/ 
HNO.: RaSO; was more soluble in a higher 
concentration ol H NO. I he radiochemical analyses 
were done by the Environmental and Radiochemical 
Analyses laboratories. 

RactcrioU>gical decomposition ot acetates to H:0 
and CO. was tried by Chemical Technology Division 
engineers as a solution to a waste-effluent problem. 
I hoc wastes contained mg ml amounts ol 
Cat NO i:. CaCO. and HNO;. and 50 to 500 ppm ol" 
acetate. In this method the aliquot was passed 
through M"-form Dowcx 50 rcs;r». which cluted the 
HNO and HAc Alter neutralizing the bulk ol the 
HNO:. the acids were titrated in W«" acetone, using a 
recording turator. I he second break in the curve 
corresponds to the titration of the HAc. 

Work lor the Environmental Sciences Division 
included the analysis ol 75 samples ol wood from 
individual tree rings for C. H. and N determination. 
T he Perkir.-Elmcr model 240 elemental analy/er was 
used lor this measurement. Samples of 0.5 to 2 mg 
were taken, and based on duplicates, relative 
standard deviations of O.ft', for C. I.X'< for Si. and 
UK, for N were obtained. Nitrogen levels were 
generally <.i)5'i. which accounted lor the higher 
relative standard deviations. 

Environmental Sciences Division personnel indi­
cated a need to measure the reducing sugar cor,'ent of 
tulip poplsr bark and wood. I his value was thought 
to be assorted with the production of CO by the 
tree. The wood was ground thoroughly with ethyl 
alcohol in a Waring blender, and the reducing sugars 
were extracted into the alcohol. Next, cupric ion was 
added which was reduced to cuprous ion by the 
sugars. The cuprous ion. in turn, reduced an 
arscnatomoly hdate complex to molybdenum blue for 
a spectrophotometry- measurement. A calibration 
curve was prepared using glucose, and the sample 
results were reported as ppm glucose. Thirty-six 
samples have been analyzed with a range of 800 to 
9000 ppm. Two sample extracts have been separated 
into individual components by high-pressure liquid 
chromatography. The total amount of reducing 
sugars found was approximately the same as with th -
spectrophotometry procedure. Half of the sugar was 
glucose, with the remainder split into fructose, 
xylose, and galactose. 

In another Environmental Sciences Division 
program, we have measured the organic carbon 
content of snails and snail eggs. In the procedure 
used, similar to a chemical oxygen-demand test, the 
snails were digested in an H:SO*-K:Cr;0- solution, 
and the remaining CrfVI) was measured spectrophoto-
metrically. The "as-received" snails, preserved in 
formalin, were carefully washed with water before liie 
analysis. I he shells were crushed between glass plates 
and dropped into the oxidizing mixture. 

The Coal Technology Program included stability 
studies for coal-derived liquids, hour containers, to 
be stored under different conditions, were analyzed 
for C. H. N. S. BT I", forms of S. ash. density, solids, 
cresol insolubles. viscosity, and gel chromatography. 
Additional samples were analyzed every two months 
during the year. 

ASTM method D2SK7 Boiling Range Distribu­
tion of Petroleum Fractions by Gas Chromatogra­
phy, has been set up on the Mierotel 222 gas 
chromatography using a 6-ft by 'i-m. Dexsil 300 
column. A calibration curve was prepared using 
compounds with boiling-point ranges from 60 to 
327 C. Column bleed was negligible over this 
temperature range. Samples of solvent-refined coal 
(SRC) liquid product have been analyzed. The 
boiling-point curves were similar in shape and 
showed a distillation of 150 to 375" C. 

Fractionation of coal-derived liquids by solvent 
separation was used for SRC product. Benzene, 
cyclohexane. and nitromethanc were used to separate 
asphaltcncs. heavy oil. and aromatic and nonaro-
mafic fractions. Methylene chloride was used to 
extract water-soluble organic compounds from 
aqueous condensate. Acetone and w-crcsol were used 
as solvents for u>al-dcrived liquids. 

Encouraging results in the solids separations from 
coal-derived liquids caused a large increase in the 
number of samples lor ash determination. As many 
as 500 samples month have been received. Several 
modifications have been made in the procedure to 
increase the efficiency. Samples arc handled in 
groups of 12. evaporated under a battery of heat 
lamps, flamed as a group in a stainless steel tray, and 
ignited in a muffle furnace. Ash contents range from 
0.05 to l(K7. 

Several samples of monazite sand were analyzed 
for uranium by ihedihcnzoylmethane spectrophoto­
metry and fluoromctric procedures. The key to a 
successful analysis was in the sample preparation. 
Some monazitcs contain materials of varying 
densities, and it was necessary to quarter these 
samples to size and grind them to - -100 mesh, using 
the shattcrhox grinder. The uranium was dissolved 
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with H:St>4. using a sealed tube. Some residue, about 
ICV. remained and was fused with pyrosulfale. 
Negligible amounts of uranium were found in the 
fused portion. Results on a very inhomogencous 
(ieorgia mona/ite were as follows: 

Pticcauft of waaaMB 

SpcctropbotooKUy Flaoriacuy M a n ^cctroOKtry 

A 0 41 043 0.4.M 
B 0 41 043 0435 
t 0.W 04^ 0 4 1 ' 

Mass spectrometry was used to check the chemical 
results. 

The Civil Defense (iroup worked on methods of 
iodine removal from water that might be used in 
case of a nuclear emergency. Complex ing the I- w:th 
flour and filtering the water through 6 to K in. of soil 
was very effective in removal of I.. but removed only 
5C7 of the iodide. Further tests showed that 
household bleach could be used to oxidize the iodide 
to iodine for more complete removal. 

The Nuclear Safety Pilot Plant has been reacti­
vated. The first tests were io determine sodium 
transport, and samples were analyzed on the Pcrkin-
Elmcr 460 instrument. Either atomic absorption or 
flame emission modes could be used, plus a built-in 
microprocessor to linearize the calibration curve. In 
the flame emission mode, a calibration curve from ! 
to 25 >ig of sodium per milliliter was set up. and most 
samples were read without further dilution. With 40 
to 60 samples per set, this resulted in a saving of 2 hr 
over the use of atomic absorption. 

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

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

New instruments obtained during the year were a 
Perkin-Elmer model 240 elemental analyzer, a model 
3920-B gas chromatograph. and a model 460 atomic 
absorption instrument. 

ENVIRONMENTAL AND RADIOCHEMICAL 
ANALYSES LABORATORIES 

R. R. Rk'ksrd. (iroup I cadet 

Environmeual Analyses Laboratory 

A microcosm study undertaken by the l:nv iron-
mental Sciences Division lor the Environmental 
Protection Agency (EPA) was the largest program in 
which the Environmental Analyses I ahoratory was 
involved during the past year. Another sizable 
analytical effort was made toward providing analyses 
for si.x to eight trace elements in support of the 
Environmental Kate of Emissions from Coal-
Combustion Plants Project. The measurement of 
mercury in a variety of environmental samples 
continued at about the same level as that Past year. 

The microcosm project required analyses lor Ca. 
Mg. K. S() ; . NH;. PO4. and dissolved organic carbon 
(DOC). Arsenic was found to interfere in the IH) 4 

analyses unless the sample was prctreated with HBr. 
I he IXX" analyses involved sealed-vial oxidation 
conditions employing elevated temperatures and 
pressures to convert carbonaceous materials to 
carbon dioxide. The failure of a pressure vessel led to 
a radical change in the sample treatment procedure 
relative to temperature and pressure control. Re­
dundant temperature controls arc now in use on the 
pressure vessel and the heating oven. A pressure relief 
valve is also a safety feature added to the pressure 
vessel. These changes were achieved at a high cost of 
man-hours and materials. 

An automatic sampler for the graphite furnace was 
acquired and is being evaluated for its effectiveness. 
The graphite furnace is dedicated mostly to the 
analytical work supporting the Emissions Irom Coal-
Combustion Plants Project. With an increase in the 
use of the furnace technique, this sampler unit should 
improve sample injection reproducibility of microli­
ter aliquots. Results of trace-element measurements 
in both EPA water standards and "unknown" quality 
assurance standards have been gratifying. 

The NSE'-sponsored study of a mercury mine in 
Spain produced samples of vegetation, fish, birds, 
stream sediments, and mice for organic and inorganic 
mercury analyses. Local water, fish, nnd air provided 
the other samples analyzed for mercury this past year. 
Depending on sampling lode, the mercury levels 
varied from ng g to Mg g. 

Radiochemical Analyse* Laboratory 

Most of the low-level radiochemical work has been 
consolidated in one remotely located laboratory. 
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I hi. action became necessary with an increased need 
lor low-level actimdt analyses, more definitive 
environmental monitoring analyses, and special 
radium and radium daughter analyses. New instru­
mentation has been acquired to improve our 
capabilities lor low-level activity measurements. 
Strontium-W. gamma-emitting nuclides, and alpha-
cmittim; actmidcs have h*fl! determined in soils and 
sediments, water, vegetation, and air filters. 

Studio involving the behavior o! "Ic (a pure beta 
emitter) required numerous radiochemical separa­
tions lot " i c throughout a small-scale treatment 
system. 

I.WR fuel reprocessing studies placed heavy 
emphasis en determining the fate of H. *(.'. and I 
during fuel dissolution. Procedures employed were 
either distillation, evolution, or solvent extraction 
coupicd with neutron activation to isolate these 
nuclides of interest. The I.WR work also required the 
assay lor gamma-emitting nuclides in dissolver 
solutions and dissolver trap solutions. This was 
accomplished by gamma-ray spectrometry coupled 
with computer resolution of gamma-ray spectra. 

I he fission product surveillance study on compo­
nents of the Peach Bottom Reactor involved analyses 
lor II. '(.". and fission product *"Sr. Special 
dissolution and combustion techniques were used to 
prepare samples for analyses of interest. 

HI OR work necessitated the greatest number of 
difficult radiochemical separations: this work in­
volved the isolation of """Ru. ""°Ag. ^Sb.and "*Eu 
from other fission products many orders of magni­
tude higher in concentration. Numerous gamma-ray 
spectra were analyzed for the more predominant 
gamma-photon emitters by gamma-ray spectrome­
try, using J. b. Emery':; MONSTR program. 

A new liquid scintillation counter was acquired to 
increase our productivity in !*C and H analyses. A 
19*7 relative efficiency (ie(l.i) detector was obtained 
and placed in a lead-shielded facility to enable us to 
perform analyses of intermediate- to low-icvd 
gamma-emitting nuclides. Plans have been made l<» 
obtain a new gamma spectrometer that will not only 
replace the older unit but will also free the old system 
(N I) 3.WO) for multiple-detector alpha spectrometry. 

RADIOACTIVE MATERIALS ANALYTICAL 
LABORATORIES 

J. H. Cooper. Group Leader 

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

drawing to a close and consists primarily of 
recovering scrap and waste from the production of 
fuel pellets, the production of transuranium ele­
ments has become fairly routine and consists of about 
two runs per year. 

We have assisted the Chemical Technology 
Division in studying problems in the reprocessing of 
I.WR fuels. Solids that arise from incomplete 
dissolution of the fuel, that precipitate upon storage 
of the fuel, or that appear at the interface during 
solvent extraction have been investigated. Portions 
of these solids were isolated for x-ray studies and 
possible identification: other portions were dissolved 
for radiochemical and spectrographs analyses. 

Another important study in I.WR fuel reprocess­
ing is the behavior of plutonium. Exhaustive 
extraction of plutonium from the fuel solution is 
done. 2nd all of the resulting organic and aqueous 
solutions arc analyzed for plutonium. Radiometric 
methods of plutonium determination are used: often 
the levels of plutonium are very low (less than 10° dis 
min ' ml '). and the levels of fission products arc 
high. Extraction of plutonium by thcnoyl trifluo-
roacctonc has been very successful under these 
conditions. 

Measurement of the transuranium elements is 
usually done by counting the gross alpha activity and 
performing an alpha pulse-height analysis. In cases 
where the salt concentration is very high (samples 
that have been dissolved by carbonate fusion), gross 
alpha measurement by direct evaporation of aliqiol 
is not satisfactory. Cleaner counting planchets were 
made by carrying the actinides down on feme 
hydroxide and plating a portion of this mixture. ThU 
scavenging technique also helped to make better 
sources for alpha pulse-height analysis. Neptunium-
237 was measured in the I.WR fuel solutions by a 
combination of ion exchange and solvent extraction 
after spiking the sample with :'*Np for recovery 
calculations. 

We participated in another study to analyze the 
depletion of acid in stored I.WR waste solutions. 
These extremely radioactive solutions were titrated 
remotely with a standard base. Erratic results caused 
us to closely inspect our procedure for determining 
free acid: we discovered that rcstandardizing the pH 
meter after each titration greatly improved the 
precision. Evidently the high levels of radiation 
caused excessive drift of the electrodes. Future 
studies in I WR fuel reprocessing will be made on 
determining nitrogen. U C . and tritium in the spent 
fuel. 

During the past year we experienced a large 
increase in demand for our nuclca<-coatings testing 
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service, largely because we are the only independent 
testing laboratory capable of performing the recently 
updated specifications tesis to meet rigid quality 
assurance standards. Asa result, improvements have 
been made to our design basis accident test chambers. 
We have also added a second air irradiation facility at 
the HFIR spent-fuel storage area. We have main­
tained close liason with the I tilitio Nuclear Coating 
Work Committee as an advisory board member and 
with the ASTM subcommittee on ""Coatings lor 
Power Generation i-acilities." A continued increase 
in the work load is anticipated for the coming year. 

DATA MANAGEMENT SYSTEM 

R. W. Stel/ner and J. S. Stanton 

In cooperation with the Computer Sciences 
Division, we arc designing a data management 
system to assist the Analytical Chemistry Division in 
creating and keeping records of the results of 
chemical-physical analyses. During the 12-month 
period ending September 30. 1974. the Division 
reported 178.411 results from its various service 
laboratories: by 1975. this number had increased to 
223.751. A computerized data management system 
will reduce the largeamount of manual data handling 
and increase both efficiency and effectiveness. 

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

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

of the calculation-, that will be u>ed on the remote 
terminal* One such program calculates the ppm ol 
' l present in T . Input information lor the 

terminal consists of the alpha count for I and the 
total alph.i count for the sample: output from the 
remote terminal is the ppm amount ot l 

A FORTRAN IX' computer program calculates 
gamma-ray detector efficiencies over a range of 
energies. Program execution on the DEI" sysle < 10 
computer results in successive calculations of linear, 
quadratic, and cubic equations to fit the energy-
efficiency data set. For each curve, a CHI-
SQl ARFD value is calculated to test ~gt>odncss of 
fit." The best fit is computer selected for computation 
of the polynomial coefficients: the coefficients 
created have been used successfully in calibrating a 
new gamma-ray detector. 

We have placed on the disk a general-purpose, 
least-squares curve-fitting program that will allow 
selection of the degree of the polynomial equation. 
This FORTRAN IV program is employed for 
particle density determination, using the gradient-
density method. The original version ot the program 
had no provision for incorrect keyboard entries, 
making it necessary to retype an entire input data set: 
we have introduced new coding to permit retyping of 
tniiy tne incorrect entries. 

A BASIC language program to calibrate specific-
ion electrodes for the determination of F and NO 
concentrations has been written and nlaccd on the 
disk. The same program has been written in FOCAl. 
for execution on a PDP-H computer. 

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



4. Bio-Organic Analysis 

M. R. r.uenn. Ik-ad 
J. R. Slokely . AsMXiatc 

W- are expenencu.e a period of tr-insttion. both -n ocgaiu/ausm and in areas ul 
research. We continue to be involved almost solely in programmatic research and services, 
our funding base has broadened, however, and traditional objectives ot tobacco-smoke-
related projects are chanang. The National Cancer Institute Siiioking and Health Program 
has effectively abandoned smoke condensates and skin carcinogenicity hioassay models in 
favor ot whole smokes and inhalation bioassays. Our objectives lor the Council lor 
Tobacco Research ISA Inc.. are ncaring completion, and reprosrammmg i> being 
discussed. Methodology * and philosophies developed as a result ot tobacco-related work 
have been effectively transferred to emerging riKDA concerns in the area of synfuels 
technologic. Me'hodologies and facilities derived from synfuels research promise to 
expedite p.ogress in newly defined areas of research related to the biological etfeels of 
tobacco smokes for the traditional sources ot >upport. 

The B'.o-Organic Analysis Section is divided into four groups: Quantitative Methods 
and Projects. Separations and Identifications, tlioanalyticai Me'.hods and Projects, and 
Inhalation l!xposure Chemistry and Instrumentation. The Quantitative Methods group is 
primarily committed to the characterization of experimental cigarettes, but includes 
research and serv.ees in lh<* jrea of occupational exposure to organic ciHishtuents of 
complex mixtures, in ct«opetalion with the Laboratory Industrial Hygiene staff. A 
challenging expanded responsibility for the group accompanies an NCI decision that 
chemical charac ten/at ion will constitute (IK- primary parameter for pnorifi/ing cigarette 
types for biological study. New approaches and methodologies are required to adequately 
meet this expectation. The Separations and Ideniifications group was formed to meet the 
need for carefully defined materials from synfuels processes fur btol'.tgica! and 
environmental study. It has generated methodologies of general ase to those interested in 
environmental toxicology, including that associated with cigaretu smoking. The 
Bioanaly tical Methods group continues to provide expertise in the areas of uptake and 
impac'. of smoke constituents, and approaches are readily transicrred t«r other sources of 
environmental insult. The Inhalation I-.xposure group has provided the fools required :o 
iiKaningfiilly dose animals with tobacco <!<v>ke and to chemically monitor the exposures. 
Attention is directed toward advanced exposure and monitoring methods and toward 
transferring these methodologies to studies of general environmental contamination. 

This report period has included an increased interest by new sources of support in the 
unique analytical chemistry life sciences viewpoint of the section. We are involved wuii 
the Masonite Corporation in a study of an agricultural feed supplement to isolate and 
identify beneficial ingredients. We have recently accepted responsibility lot a btaixch ot 
the Invironmental Protection Agency to provide its contractors with materials related to 
alternate energy sources for biological and environmental st'idy. In-h>mse interactions 
with process developers :m potential problems of occupational e\posi;re to organic 
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chemicals arc increasing. Methods developed in support of life-sciences problems appear 
to he readily transtcrable to interests of process developers, and vie look forward to an 
increasing in lei action with the engineering staft ot this and other uistituiumv 

Our effort-, continue to be typified by closely collaborative interactions with oilier 
mSimmons and groups. We continue to interact closely with Njnoiial Cancer Institute 
Smoking and lleaith Program contractors and ainicrpate an even broader •nteiaciion with 
other institutions sponsored bv the Council lor lobacco Research, t. olljborative studies 
with J. L. l:pler of li*e Biology Division have been particularly productive and are leading 
ti> unique capabilities lor ORNL. We have been particularly pleased with the cooperation 
oi colleagues at ihe Pittsburgh and Laramie Energy Research Centers. We look torward to 
new interactions with university researchers on the problems of agricultural teed 
supplements. 

The topics included in this report were chosen bv the group leaders a> being 
illustrative ot' ongoing .• .tivities and capabilities. Wc anticipate an increasing need tor 
inulticomponenr organic analytical methods to pr<Aidc a maximum chemical character-
i/ation and an increasing demand tor unambiguous organic structural identification. 
Bioanalv tical and separations methodologies require attention t< meet these needs and 
extend section capabilities. The following reports illustrate our .apabilittes to address 
organic- and bioanalytical problems. 

QUANTITATIVE METHODS AND PROJECTS 

Advanced organic-analytical services. Quantitative 
analv Heal capabilities have evolved from the expertise 
developed in analv ses ol" lobacco smokes. A number ot 
coir pounds being routinely determined were listed las! 
>ear.' New methods added this year include proc Mures 
lor :he analysis of paraffins and carboxylic acid*. A 
procedure lor the lirecl analysis of the latter in 
aqueous samples is described elsewhere in this report.1 

Sew gas-phase constituents that can he determined 
include methane and hydrogen: polynuclcar aromatic 
hydrocarbons (PAH'sl are being determined for the 
Industrial Hygiene Department, using methods de­
veloped in smoke-related work. 

The larjest user of these services has been the 
National (.nicer Institute (NCI) Smoking and Health 
Program (SUP). .A series of experimental cigarettes and 
[heir corresponding smoke condensates have again been 
submitted lor extensive chemical characlerizalii.n. Ap­
proximately 40 varieties of experimental cigarettes and 
condensates were examined for more than 30 roiiiine 
protocol constituents or parameters in this report 

1 w. II. dtiesl jnd II. Kubou. "Pulynuclcar Aromatic 
llydroi.irbons." •inul. t'hrm. Ihv. Annu. I'mg. Rip. Snv. JO. 
!'*'"•. OKM-5!lM). p. 57. 

2. < -h. Ho. H R O.irk. ;ind M. R. Giicrm. "Uirce! Analysis 
«\ Orvank Compounds in Aqueous By-Products from fossil 
luel Conversion Processes: Oil Shale Rcloriing. Synihjne Coal 
'MMlk.ilinri and (Ol I) Coal Lit|uct,Klion." J. hnvinm. MI. 
//r,;/f/i,\lll7».4HI ll«>76>. 

period. This characterization required approximately 
4000 analy ses. 

An increasing part of our effort has involved respond­
ing to special requests from the NCI. Studies have 
included the measurement of tar. nicotine, water, 
carbon monoxide, and carbon dioxide deliveries of 11 
varieties of commercial cigarettes purchased in Brazil 
and Mong Kong. A more detailed analysis of smoke 
constituents from 17 domestic commercial brands is in 
progress. The smokes are being analyzed for tar. 
nicotine, carbon monoxide, nitrogen oxides, hydrogen 
cyanide, and acrolein. The data are lo be used by the 
NCI SUP management to postulate levels of smoking 
that produce an acceptably low health risk. 

We have also completed examining smoke con­
densates generated, using 24 experimental cigarettes to 
compare a new bioassay. the sebaceous gland sup­
pression test, with the mouse skin-painting bioassay. 
Our assignment was to determine if these condensates 
were chemically identical to (hose generated and used 
earlier for skin testing. Statistically significant com­
positional differences were found. Two causes ol this 
difference are possible: ( I ) the smaller number of 
cigarettes available for use produced an insufficient 
amount of condensate to properly condition the cold-
trap assembly lor maximal collection efficiency, and 12) 
the cigarettes had aged up to three years and may have 
yielded a chemically different smoke in spile of freezer 
storage. These data indicate dial a direct comparison of 
bioassays is not possible by uso »f ihis experimental 
design. 
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As the priorities and requirements of the NCI SHP 
change, our services and capabilities also change. The 
future directum t»i this N i l program will include heavy 
reluncc on multKomponent analytical procedures for 
an efficient, maximum characienzalior of a smaller 
number of experimental variants. Newly developed or 
unproved methods to meet such requirements arc 
described m the following, sections. (R. B. (Jumcy. 
II. kukua) 

ChncteiizaUMi of orcwaatioaal exposal* to PAH-
coMaiMag fugitive caasaiaas. Operations involving the 
pyroly-js ot' petroleum pitch produce large amounts of 
hydrocarbons as by-products. The chemical composi­
tion of such by-products and their release as fugitive 
emissions into the workroom atmosphere have not been 
well characterized. We have been involved in a study of 
PAH-containuig airborne fugitive emissions associated 
with an ORNL project involving pitch pyrolysb. 

A cooperative effort was established with the op­
erating division and the Industrial Hygiene Department 
of ORNL to collect air samples durinf normal op­
erations. A standard air-filter cassette was employed 
with a backup dry-ice trap on a 20-liter min sampler. 
Samples of workroom air were collected at suspected 
emission points for each operation. Personnel exposure 
was defined by a personal monitor carried by one 
wurker. 

The samples were ranked for analysis by examination 
of the fluorescence exhibited by the gross unpurified 
filter extracts at benzoyl pyrene (BaP) emission wave­
lengths. Those samples whose fluorescence indicated 
mo<e than 0.2 ug of BaP per m 3 of air (the proposed air 
concentration limit for BaP)3 were selected for specific 
BaP determination. Selected samples will be subjected 
to a multi-PAH analytical procedure for a more 
complete assessment of airborne PAH content. 

Results from the first set of samples allow several 
ciinclusions to be drawn. ( I ) The standard filter cassette 
employed t.>r the collect ion of air samples appears to be 
at least l».V> efficient for BaP-containing particulates in 
the range 01 particle si/es encountered in these op­
erations. The cryolhcrmal backup trap was therefore 
eliminated from subsequent sampling operations. (2) 
Comparison of the results for the final specific BaP 
analysis with the initial gross sample fluorescence 
measurement suggests that use of the latter may allow a 
rapid, rough estimate of the BaP content of a sample. 
However, more samples are required to quantify this 
relationship. (3) The manner in which a worker 

3. Standards Advisory Committee on Coke Oven Amissions. 
Oitiip. St/. H.alth Rep. 4t50).6*9119751. 

performs a given operation has a major effect on the 
emissions generated. This effect may seriously compli­
cate efforts to predict exposures for the various work 
operations. 4 4 | Most important, certain operations were 
found to produce BaP-con taming emissions. Particle-
size analysis of ihe emissions of one operation showed 
that approximately "Kfi by weight are < l b um in 
diameter, hence a significant portion are in the respi-
rable range. 

The operation that appears to offer the greatest 
emission is being characterized in greater detail. Emis­
sions have been sampled hourly during the course of a 
work shift at three workroom points. Hourly personnel 
exposure was defined by a separate personal monitor 
carried by a worker. The intent of this study is to 
develop methods for monitoring the release and spread 
of emissions and for defining some relation to worker 
exposure. {W. II. Grieu. H.Kubota. R. W. Holmberg. 
LB. Yemtts.Jr.) 

PAH analysis anthoaolofy aad correlation with 
biological activity. Interest in methods that allow the 
simultaneous determination of many PAH's continues 
as new information on the biological activity of various 
isomers indicates a synergistic carcinogenic effect. 4 ' 6 

Our multkomponent PAH method has undergone 
several improvements in this report period. The initial 
procedure (serial extractions with cyclohexane. di-
methylsulfoxide (DMSO). and cyclohexane) has re­
mained the same. However, a volume reduction step has 
been added prior to the DMSO extraction to improve 
the recovery of alkyi naphthalenes. Extraction of 80 ml 
of cyclohexanc with 5 X 20 ml of DMSO allows only 
one-quarter of the alky I naphthalenes to be transferred 
into DMSO. Reduction of the cyclohexane volume to 
about 5 ml by evaporation under nitrogen at reduced 
pressure prior to DMSO extraction improves recovery 
to at least U 5 T . The residue is subjected to Horisil 
column chromatography as before. 

The major change in our method is that we now 
divide the subsequent alumina column effluents into 
two subfraclions prior to analysis. This separation is 
accomplished by using a solvent program consisting of 
100 ml of hexane ben/cne 16/1) followed by 300 ml of 
hcxanc/bcnzcnc (2/1) on (he alumina column. The 

4. R. Nchocntal. pp. 133 60 in Ptti\irclir Hvdrmarbnni. ed. 
K (far. Academic Press. New York. 1964. 

5. Pariiiulati- Mvrrrlii' Orprnn Mtttrr. Committee on 
BMoick f'ffecls of Atmospheric Pollutjnlv National Academy 
of Sciences. Washintfon. D C . 1972. pp. 4 12. 

6. I . I . Wyn'fcr and D. Hoffmann. Tohaint and Toharto 
Smnkr. Academic Press. New York. 1967. pp. 225 32. 
330 51. 
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subtractions are defined by the etution of "C-labeled 
naphthalene and ben/r>| anthracene (BaA) tracers, de­
tected by liquid sciniiilaiion counting. The two sub­
tractions are separately concentrated and anah/ed by 
high-resolution gas-liquid chromatography (GLC). Re­
coveries are calculated from liquid scmtribtion measure-
menu of the tracers. We have applied this imthod to 
the analysis of a variety of sample types. Samples 
analyzed include several coal-derived liquids, a natural 
crude oil. petroleum pitch, tobacco smokes, and air 
particulates. 

Experiments comparing the PAH's collected in total 
particulate matter (TPM) (glass-fiber filter) and cold-
trapped condensate showed widely varying collection 
efficiencies on the standard glass-fiber filter. Collection 
efficiency by the filter is a function of PAH volatility. 
Sixty-two percent of the naphthalene was lost from the 
TPM. while losses were lower for the less volatile PAH's 
such as anthracene (28*"c) or a methylpy rene |-rv). TPM 
cannot, therefore, be used to reliably determine the 
smoke deliveries of PAH's less than four rings in size. 
The experiment suggests that analyse o!" industrial 
air-filter samples will produce unrealisiicJIy low results 
for smaller PAH's. 

Smoke condensates from five experimental cigarettes 
were used in a direct correlation I "Mind assay") of GLC 
profile-peak areas with biological act.v;ty of the whole 
condensate. The biological activity. a« determined by 
skin painting elsewhere of these condensates, ranges 
from 0.19 to 0.52 Pf (probability of survival without 
tumor for 18 months at 25-mg dose level). PAH 

fractions were isolated from these condensate*, and 
GLC profiles were generated. The PAH profiles tor 
three of these condensates, ranging from the highest 
biological activity condensate I upper trace) t«> snter-
medaie (center trace) and lowest btutopcal activity 
condensate (bottom trace), aie shown in Fig. 4 .1. The 
general features of the profiles appear quite similar, but 
the intensities vary directly with the biological activity 
ol the condensate, suggesting a group correlation. 
Thirty-one visually selected peaks were chosen tin 
correlations ol peak-area vs biological activity. Result­
ing simple correlation coefficients are presented in 
Table 4 .1 . The highest correlation with bioloocal 
activity ( 0.9?) was found for an unidentified peak ( 5 ) 
which may be 2- or 5-me;hyl fiuorene. judging by its 
retention time. Fkioranthene. 2.3-ben/olluorene. and 
perylene (possibly with a coehiiing species) also pro­
duce significant correlations, as did the total integrated 
3- to o-ring PAH-ftaction peak area. The latter result is 
consistent with the long-known fact that the majority 
of the carcinogenic activity of tobacco smoke resides in 
its PAH-coniaining neutral traction, t-luoranihene is 
cocarcinogenic with BaP; pyrene. which also is a 
cocarcinogen. did not correlate so well. Surprisingly, 
the 1.2-iscmer of ben/ofluorene yielded the best 
correlation. +0.W. an excellent correlation tgtmU 
biological jelivity. This result is just opposite thai of 
the 13-isomer. 

A very low correlation was observed lor BaP or BaA: 
however, this was not unexpected, since correlations of 
the routinely determined BaA/BaP data with htoassay 

^X«*iA*^jta4j^ 

Fig. 4.1. Three- ID swinging PAH srofiks for A n cxperimtnlil cigarette miofcc coMteMMfs i f known I 
high activity, (h) intermediate aciwity. and ic) low activity. Tentative peak identification* are listed in Tafcl i.I 

.(•) 
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Tcaumc ttatUbaxwm 

1 thwtvar - 0 . 3 * 
2 9 . I O « i h r * . n M l N » x a e -0.23 
3 tafcaMtm-l 0.97 
4 9-Mcdqrl fkMccar 
5 l-sfctfcyl flamcac -0 .5 * 
6 l a k M « a - 2 0.10 
7 lakao«a-3 0.74 
« rfctlMlhrrar -0 .77 
9 Aaikrawcac. a f i K 0.40 

t o I r i i i u m M -0.70 
11 I akauva-5 -0.75 
12 2-Methy I Mrthciccae 
13 1-Mrr*vl ptKtutttkrem 
14 l"aka»«a-t -0 .77 
15 thMcaatfcrar -0 .92 
I * ryicar -0.S0 
17 l.2-BnuuOnN««e 0.99 
18 2.3-Br*fo<lMC»r 0-91 
19 lafciium-7 0.*5 
20 l-Mtlfcylpymic 
21 l .2-k*z |« |Mifcraixar i feA» 0.05 
22 ttaryirar - 0 1 0 
23 2 . 3 - B m / H f i t l K K a w 
24 IRknovtHT 0-65 
25 1.3.4-TnphcnylbriKcac 0 1 2 
26 '..2-teiuo|a||»ymKlRar> 0 * 2 
27 rVnltnc -0.95 
2» I n k m n m V 
29 «»-fl»en>Imc pyrrar 
30 l.l2-kViu->prrylriic 
31 AmhanihreiK 

r.»Ul 3- !•• 6-rmc fA l l travlwn peak JICJ 0.9* 

*• - MpiitW% ihjt tbrw PAH'* were not found in J MilTkKiif mimthrr of otndenum lo 
Mm .. j kub lum <>l J CIUU'NKM corrrUmn ctiemtKiil 

unknuvfi" *K cucli iiofraphK with 7.l2-dnaelhyi-i.2-ben/|«|jiiilirj«.-ciici24i 
jtti i methyl ibi»Limhrrnr i2fci. ncwncr of »hkh luv« b m idoi' itmi in lobuctw inokc 

results for pievious experimental cigarettes have never of carcinogenic constituents of smoke. Our recent 
beep good. The results of this study suggest that a observation of unexpectedly high levels of polyglycols 
better indicator of the PAII fraciion and its relationship in certain tobacco smoke condensates of the curreni 
lo biological activity would be the unidentified peak NCI series suggested a need for an analytical method for 
\}y The next slep of this study is structural identifi- identifying and quant Haling polyglycols in smokes, 
cation of the correlating constituents of the PAH We have developed a rapid analytical technique 
fraction. Gas-liquid chromatographic mass spectro- capable of identifying and quantitating several puty-
melric <GLC-MS) examination of the sample is planned glycols in tobacco smoke. The procedure is a slight 
in the near future. \W. //. GritU. G. Okrich) modification of our standard mulfKomponent TPM or 

Pob/gtycol matlitompumM amlyl in j method. Poly- condensate profiling method similar to the humeciant 
glycols such as glycerol are usually present in tobacco analysis developed by C'arugno el al . 7 One milliliter of a 
smok.: at relatively high levels. They originate for the 25 wt r< solution of tobacco smoke condensate in 
most part from poiyglycol humectants added to the 
tobacco in the manufacture of cigarettes. Although ~ 

• . , . , . . . . „ 7. V < aruciKtel ai.."(as(lir«mulo<rjpbK- Dcirf imrulion of 
prrfyglycls are not expected lo be bioJopcally active. ,t ^ T h m r , ^ y | „,,*«„> „f * » » « < H»m«,*m in 
is possible thai their presence in smoke al elevated T o b [ K U , j n d * Tohxw Smoke.- Bern. :ur T*M. ft. 79 
concentrations could affect the absorption and uptake il97n. 
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acetone water |«*5 51 and a known amount of tnidecane 
internal standard are pipetted into a 5-ml volumetric 
llask and then diluted to volume with redistilled 
pyriduie. Alter mixing, a -iOOfd aliquot rs reacted with 
200 jil of bulirunethylsiKIMril^ioroak-etamide contain­
ing I'7 trimrthy ichiofostLme tor M) rmn at 65 JC\ A 5-pl 
aliquot is injected mto a 20-It X '4-m-OD glass GLt 
column packed with 4'r OV-IOI on SO 100-mesh 
htgrt-performance Ouomosorb G. temperature pro­
grammed from I00°l" 18 mm Bothermal hold) to 2*0' 
at 2' mm. Appropriate attenuations ate made to keep 
all poly glycol peaks on scale. Application ot this 
method i«» certain smoke condensates of the current 
series confirmed our initial observation of elevated 
pid»glycol concentrations. For example, in one con­
densate, three poly glycols glycerol. 1.5-propylene 
glycol, and irtethylene glycol were present in even 
greater concentrations than that of nicotine 164 X 
mg g). and at least one other polyglycol was present at 
about one-third the nicotine concentration. The total 
weight ot the identified polyglycols constituted almost 
20'r ol the condensate. 

The importance of such multicomponeni screens is 
this demonstrated. M l is now supporting such meth­
ods to eslaMrsh the integrity ot experimental variants. 
• IV H.C**ni.C:Okrich\ 

PheiMl w h i f gulp mum jmr/tkal •urtmi. Methods 
have been devised for the multicompunent deter­
mination o| phenols in tobacco smoke and othet sample 
nuteriais such as Masunex. a by-product ot hardboard 
manufacturing. Interesi in the phenols arises trom the 
observation of significant tumor-promoting acimiy in 
the weak-acid traction of tobacco smoke condensate.*" 
The phenols may exhibit lumor-promoimg activity. 
Certain phenols, such as catechol, are considered 
cocarcinogemc. 

Our multicomponent phenol method involves both 
solvent extraction and column chromatography. The 
sample in ether is spiked with a , 4 l-labeled phenol 
tracer and is extracted with I .V YiOII. The aqueous 
lay-is are pooled, neutralized to pll 6.1. and back-
extracted mto ether to obtain a weak-acid fraction." 

8. I- I Wy rider jnd D. Hoffmann. Tatmrca ami Tnharcn 
Smntr. Acadcm*. Pics. New York. 1967. pp. 626 27. 

9. S. S. Mechi. n. L. Tb»rne. and1>. Hoffmann. "A Study of 
Tobacco Caninupencus. XIII. Tum»r r>"mn»ni|! Svbfrwrtiiat 
<rf the Wejkly Acidk I radian." / Mai. Cannv fnu. in pre« 
H97.M 

In A. t. Strain. I. I CiKiprr. JIHI R. I Sfedrrun. "Lirre 
Scale I mlmnjlmn of Cuarcire Smoke (Ondtnsaic fortherm-
oil JINI BtoiofK InvoHeatK-n*." fan, rr Rry 29, <7911969). 

Thrs fraction can be directly analyzed follow mg t:i-
methylsdyl tTMSl derrvaiization by CILC tor a few 
phenolics and phem>l. Many nnire phenols can be 
vrsualized and measured, apparently free of inter­
ferences if the weak-acid fraction is further subl'i^ction-
ated on a silica-gel column. At present, a solvent 
program consisting of benzene, various rain* of ben­
zene and methylene chloride, ether, and. finally. metha­
nol is employed.* The first subtraction, as defined by 
the , 4C" phenol tracer, consists of simple phenols and 
their methyl derivatives, the second subtraction is 
defined as the material eluling up to the methanol 
voivent step: and the final suhfraciitm consists of the 
ni; terial etuted with methanol. The second subtraction 
>. on tains Mime carry-over of simple phenols such as 
hydroqumone from the first subtraction The use ot a 
l 4(Mabeled hydruquinone tracer instead of tin. phenol 
r being c<msidered for Jefming the srniple phenolic 
subtraction. The identities of the remaining constitu­
ents of the second and third subtractions jrc not well 
known. bu« are thought to be carhoxylic acids, cyclo-
penfeneols. pyridmols. and other constiluenis. lach 
suM'racti>m rsexarmned by ( ;L( after preparation ol a 
TMS derivative by reaction with br4 tnmeihy I-
sityl NnlMof iKtceUntide 

Initial jpplicalhm ot IIMN procedure was to the vimc 
•He tobacco smoke condensates a> were used in the 
PAH Mmd assay study. <tl< profiles were generated lor 
oach subfractHm. The Minnie phenolic subtraction « i \ 
limnd to contain at least 2ll pricn.il*. with phenol, the 
thiee cresol isomeis. and certain ethyl- and mvth««xy-
phenols as the major constitiienis. Several dmieihyl and 
higher alky I phenols and catechol derivatives also were 
tenlairveh identified. The second and third subtrac­
tions were complex, but little identification was possi-
Me. 

Mind assay correlations were applied to the profiles, 
but no readily apparent correlations were observed lor 
any of the subtractions. Two cxplanalions are possible. 
Th.' vonsiiiuents visualized in the proliles may not 
actually he contributory to smoke-biological activity, 
and further subfraclionation may he necessary to 
visualize the active constituents. Alternatively, it is 
pouibtr that the active constituents of this fraction are 
on a "saturating" plateau region of the dose-response 
curve, and. therefore, the concentrations .if other 
constituents are controlling the differences in biological 
activity of these condensates. Considerable differences 
in the PAH contents of these condensates were ob­
served, suggesting that the PAH's mighi he among the 
controlling factors. Futihcr work will be necessary to 
confirm this explanation. IIV. //. (trial) 
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A i r f i s s i o n detector for gas clwootf ograofcy. Gas 
chromatographers have l.wg recognized the potential 
that a versatile, multielement detection system would 
bold. Several systems have been investigated with 
vary in; degrees of success.''"'5 With increasinf interest 
in organohalides and organometallics. an element-
specific deteclt>r should have broad application in areas 
such as tobacco-smoke chemistry and environmental 
studtes related to synthetic fossil fuels production. We 
are studying a technique that we hope will lead to a 
true n.uliidemcni detection capability. The project, 
involving both spectroscopic and chromatographic 
methodoiopes. has been one of close cooperation 
between the B*>-(kganic Analysis Section and the 
Analytical Instrumentation (iruup. 

The detector, based on a helium glow discharge, is a 
modification of a system described in last year's annual 
report'*' and Hi detail elsewhere in this report I Chap. 
11. The arc has been interfaced to a high-resoluiion gas 
chronutograph to provide for a maximum separation 
capability. The chromatograph has been modified by a 
50:50 split of the column effluent to the arc emission 
detector (AFDl and a conventional flame ioni/a:ion 
detector M I D I Thus the output of the system is a 
dual-trace chrtirnatogram. with one trace responding to 
all hydrocarbon-containing component--1 FID) and the 
other lAFDl . ideally, responding only to components 
containing the element in question. 

Most of the initial studies were conducted using !he 
system as a silicon-specific detector, monitoring 
photometrically the 2*H.2-nm silicon emission line. 
Using mixtures of iriinelhylsilylaied fatty acids and 
similar normal hydrocarbons, selectivity lor silicon was 
detern. .d to he ~.< 7 . (Selectivity refers to lh»r Al IVs 

I I \. J Mcf'ormuk. S ( Time, jnd »'. I) < o.*e. 
"Sensitive Sekctite (ias ( hromaloejjphy Detector Based on 
I mission Spetttomeuy of OU-HIK t/ompoundv" Antl. I'hrm. 
J7. I470« 19*5• 

12. R. S. Ilrjnun and A. Dynalio. "Direct Current Drnhjrec 
Sprilr.il f mission-Type Detector." 4nal. ( V « . 40.95 ( I9M). 

13. R W. Morrow. J. A. Dran. W. D. Snails, jnd M R 
(farrm. "A Silicon-Specific Deteelor Bjwdon Inrerfaiinc a t»as 
Chrnmatograth jnd a Flame r Imuran or AloWK-Abso'pOon 
Sprclromel-.r."7. Ovnmttirt. Srt. 7.572 (19691. 

14. W. h McLean. 0. L. Stanton, and (.. f. Penkcth. "A 
(Jianfifalr .- Tunable Fkmrnl-Srkctne Detector for (las 
Chronr'l "grapfcy." A-MIVU •»,432119731. 

15. V. Talmi and A. W. Andren. "Dctcrimrutinn of Selenium 
m I r.»ironmcnljl Sample* Using i\a% Chromatography with a 
Sniowjve t mission SprclromelrK Detection System." Ami. 
fhrm. 4*. 2122119741. 

16. C. Icldnun. "Drier miration of Arsenic." Anal. Chrm. 
On. Amu. ffc.jt Rrp. .Vw. M /"TV ORNI -5100. p 6 

abilii) t» discriminate between a compound containing 
the atom of interest and a compound of similar 
structure without the particular atom.) Siuc«m-specific 
detection was applied to samples of TMS-derrvatued 
tobacco smoke condensate. Response comparisons of 
•he conventional F I D with the AED iftustraied both the 
strengths and weaknesses of the "first-generation" AED 
system. Since most constituents in the smoke con­
densate possess active hydrogens and thus become 
TMS-derrvali/ed. most compounds are visualized by the 
silicon-specific detector. Constituents when are at 
moderate concentration, contain no active hydrogens, 
and are not TMS-rfcrivatizcd (e.g.. neophytadiene) are 
readily identifiable, since they are visualized by the F ID 
but not the AED. However, for nonactrve hydrogen-
containing constituents present at high concentrations, 
such as nicowie. there is still a small response by the 
AF.D. This is presumably due to an increase in overall 
spectral background radiation, since relatively large 
amounts of hydrocarbons pass through the discharge. In 
order to alleviate the problem of small, false, positive 
re nonses and to substantially boost the system's 
selectivity, spectral background corrector ireKfcficalions 
have been made in a "sc:ond-generati"jn~ system. These 
modifications are described ir. Chap. I of this report. 

The preliminary tests of this second-generation syv 
tern have been completed. With the background cor­
rector, it has been possible to completely suppress 
background radiation resulting from pure hydrocarbons 
that are at least one to two orders iff magnitude more 
concentrated ' tan the species containing the sought-for 
clement. High element selectivity and good sensitivity 
have been verified for organic compounds containing Si. 
At. and I. Some preliminary studies with a nonback-
ground-corrected system indicate that moderately sensi­
tive eiement-specifu detection appears feasible for 
compounds containing Al. Ci. P. S. CI. Br. and F. 

We are using this detection system lo investigate ind 
quantify the pmisiNe existence of arsine in the vapor 
phase of tobacco smoke. Arsenic is present in cigarettes 
in microgram quantities and presumably could be 
cimveried to arsine in the highly reductive atmosphere 
of the burning cone of the cigarette. Some preliminary 
nonchromatographk. experiments have indicated that 
abiHi; 35^ of the arsenic in the cigarette transfers to 
the mainstream vapor phase and Ihe sidestream smoke 
during normal smoking. About Mfi remains with ihe 
tinsmokcd butt. .'0*; remains in the ashes, and about 
5'" transfers lo the mainstream particulate mailer. 
(>tven ihe inherent sensitivity of the helium-glow 
discharge method for arsiiw.'* these arsenic levels 
should be within the detection capabilities of the 

http://Sprilr.il


*2 

system. attorning a dclmiuve w w i lu the question ol 
arsme M tobacco smoke. We have already attempted 
some eas-vhromatoejjpruc tbwalt/aliow of m w 
cuntawuug cumpownds. and these prdMHUry experi­
ments Mdkate d m p u d selectivity |>55) it attainable 
H M rhr » « • i • • i n . • | ^ » <•> "»•** X ^ H J m r -

without the "aecond prmuinm." baefcywund corrected 
AED- We aw • n o t e d with determination of CLC 
condNioas and procedures necessary 10 separate arsme 
from other smoke-vapor-fluae cuasutwents. l i t 4 . 
aVntirts. C FeUmm) 

SEPARATIONS AND MJCNTlFICATrONS 

L a n j m l r cf»nwral cfa» f i i l imj l i i i i «f lynclulu 
ctwde wis. AvadaMe separations methods far luuH-
derrved ma'enais arc predominantly of an analytical 
scale. There exists a substantial need for chenweal class 
separation methods which arc preparative in wale and 
brtndh applicable. O n u w omccrn in tins reprd 
arises from (he need to produce samples larpr enough 
for extensive tHotopcal and chemical characterization 
til' coal liquids, crude shale oils, naiurai petr.deuim. and 
various by-products. In addition 10 ihe prohHn of 
sample sure, attention must be pven u» the preservation 
of the sample wilegriry: thai is. the method should be 
penile. 

Encourapn*. progress has been made in the develop­
ment of a separatum scheme thai appears ti> fulfill the 
criteria outlined. The heart of the scheme is a Dextran-
derhred arl: Sephadex LII-20 f Pharmacia Fine Chemi­
cals. Sweden). This is a prl that was especially de­
veloped lor low-inolecubr-wcipHf pel Miration 
applications where 11 is desirable to use orpine sol­
vents.' T Karlier publications'*-" have suggested the 
possible utility of LII-20. Most useful among the 
properties of this prl are the behavior features observed 
when the prl is swollen and etuled with different 
solvents. By judicious choice of solvent systems, one 
can achieve lipophilic-hydniphilic. aliphatic-aroma'ic 
hydrocarhon. or molecular-si/c separations, ticnticness. 
with respect 10 chemical or physical stresses upon 
sample components, has always been a positive factor 
with polysaccharide gel*, sample integrity should be 
maintained much belter lhan in cases where heal. 

17. M. Jmislrj. *. Sodrrwani. j«J 1 . 1 . Vist-wri. "tiel 
Hfrjfion m Orpine SnfarMV'/ r*mm*t*t. lit, 21 tl%7». 

I A. 5. Marm-MwIrftvcK. J. M«M. j»J M. Saieva. .Yfft* 
f/>tn-Al»J.5»JM»72i 

19. H. J. Klirrmh jml D. Amfctrnwiv *t<l Chrnmain|tapll>' 
of ftdwclrc Atonal* Hydrocarbons." J. {Vow/we. *4. Jl I 
• 19741. 

*tioug acids, siruug baaes. «•« *m eschan^f lesut* aic 
med M sepaiaiion steps. 

Trade shale od ublamed from an ab»vpound n i - i i 
«•« the Laranwe Irnerj} Rewarch leniei '. a> been used 
as a model material 10 detekip the me bidology anj i> 
to be used here lo drustraie the procedure. Fiisl. a 
sampk ot the od 1- dried by a^eiHiopK disidbtum with 
rvnyewe at reduced pressure and low lempeiaiure 
l-W*("». Thu step miuld. ol ctwrse. lend lo reduce thc 
amouuts ol vublde cuwsUlucwis leii ru ihe sampk.but 
in the case -tl sfcak od. few cuusiuuenis arc lusf by ibis 
dehydraiion itep. The sample is placed on an Ul-2*)pel 
cuhHMi | 5 cm X I ml m wfctch ihe j d has been swnAen 
with an *5'-< meihawol l> • waier rmxiure. l p to 
several hundred grants have been placed <«i the cohmn 
at «me time with no apparent loss ol' separation or VKM 
m ibis rmtial column separain« n-llexane is used lo 
duie the sample 1500 ml hi I: m ihrs ptoivs>. the 
Upt-phmc componenis disirmuie rruue readily in the 
hevane phase than m the jtrl-supported. p>4ai. metha-
nol-waier phase. Ihdropbiuc components are distri­
buted vmte readriy m the polar phase and cannot be 
ehiied with hevme. even alter eMremdy laijy eluiion 
volumes. Thus a very rapid, larpr-scalc. rush-yield 
I virtually I W : I separation is achieved into the btwad 
clxsstlicaiion tf( hpophiuc and hyjrophdic materials. 
The hydrophrkc material left on ihe column is easdy 
recovered by back-llushim: with methanol or ciutmy 
with acetone or matures iherewf. No further work has 
been done with the hy druphdic fractnm. 

The lipophilic material l^'.V; IP shale mil is next 
subjected to a separation privedure employ inf an 
Iff-3) column m which the pel has been swdien with 
teirahy drofunr. |TIH-I. TIIF is used lo etule the sample 
I up to 4 p al one lime): a refractive index delecliK 
reveals three distinct peaks which are hifMy repro­
ducible when 4-p sample loads are placed successively 
on the ci4umn 4a sample can he placcl >m ibe cuinmn 
hefiHV the prevmus one is ehited with no overlap). 
I xaminalion of the materials cmrespimdinjE to each of 
the peaks has indicated lhal ihe firsl material is 
polymeric with respect to the pr\ poie sue (molecular 
wrifhi: >5000) and is eluied with the void volume. The 
hulk of material is cluted next, this is the low-mokc-
nlai-weiyht (>505t» lipophilic material. Kluinm occurs 
in approximate order of molecular si/c. since the pc\ 
behavior is that of a fillrainm f d or sieve when 
operated with THF. A small weijrhi of material is finmd 
in ihe third fraction. This is a class of compounds which 
can hydroprn-hond tn prl sites and is substantially 
retarded. Since this materia! did not distribute in the 
hydrophilic phase initially, it must have lipophilk 
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ilm.fe.ic:. lor exjti^o. long alkyl chains with oxygen 
m nilfoern functional groups. Detail-, tit' ibis step 
requite lurthei ,rudy. 

Following iieaimeni »n the Till- Lll-20 column, the 
lipophilic (sieved portion) liaction is eiuleii with 
isopropun«4 through an LH-2U column with the gel 
swollen by isopropanol. This system now separates, 
according to aroma lic-aiiphaiic and molecular si/e. 
properties >•! ihe ehiate components. The fust portion 
ehited contains more polymeric matcrni eluted be-
cause the gel pine si/e i* somewhat smaller in iso-
propanol ihan in TIIF. Next come the ahphaiKs. in 
reverse indei of molecular si/e. iVJIowed by aromatic* 
m oider ol ring >i/e (rmmuaromalics Inst I- A remark-
abie separation t> achieved between the aliphatic and 
aromatic components. This is true even when the 
aromalics are highly alkyl substituted, a factor which 
lowers the eluttim volume. Ileieroaiomic group* substi­
tuted on aliphalK's or aromatic s increase the cluiion 
volume, so twerlap is expected it this fraction is not 
composed entirely of li«drncjrhi«». But most hclcrn-
alomtc species should have been separated at this point 
h> ihe hpupnilic-hvdrophilK initial sepaiaoon step or 
h> the Till- slept hydrogen-bonded fraction). 

Although this separation scheme appears highly 
promising, its general applicability lo a wide range ol 
fossd-demed material remains lo he demonstrated. 
There is a likelihood thai a method exists here lor 
isolating PAH and heicroalonnc aromatic compi.r:.Js 
lor biological studies and chemical characlen/ali.<n. 
\A. R. hmn. H. R. Clark • 

CTmnkjl biulupcal chafacierization of synthetic 
cradr nib and juntiwi by-product*. This Division and 
the Biology Division have been working closely to 
develop an approach lor scrccnin:: a large variety el 
louil-derived materials to determine iheir relative hio-
logical aclivilics. Several hiolcspng ineihods are being 
explored to find an economical and rapid means lor 
predkl.ne. on a reljiive scale from k. -actmtv data, 
whether a potential health hazard exists. Fractionation 
of whole samples is an integral part ol I his approach, 
since repeated fractionation, biotesiing. and chemical 
analysis function in a feedback loop, which allows us lo 
converge «m ihose specilie components ol' a mixture 
thai produce a high rale ol biological activity. In ihis 
way. guidance is provided lo direct further fraction­
ation and idenlifkaiion efforl toward ihe identification 
of "culprits" in a complex mixture without need lo rely 
on previously esiablished toxicity dala. 

One reparation procedure20 for ihe Iraclionaiion ol 
coal-derived IMMJIJS HI in reproducible-class fractions has 
been improved and pul inlo seiiurouiine use. The 

procedure has also been adapted to the fractionation ot 
ihe organic ma iter in aqueous process streams from 
lossil-luel conversion processes. Samples which have 
been thus treated include char-coal-energy development 
l lOFDi separator liquor from coal liquefaction, 
synthane condensate from coa! gasification, and shale-
oil product water from od-shaie retorting. 

In conjunction wtih fractionation procedures, it is 
desirable lo have available mclftod-ilogKs for specific 
class analyses. PAH's constitute one important class el 
compounds which can be isolated by the procedure 
used with iobacco-smoke condensates described earlier. 
This method was applred to the determination of PAH's 
n five liquid fueb I shale oil. Synthorl. COED Syncnide. 
Louisiana Mississippi Sweet-petroleum, and mixed 
petroleums) and three synthetic-fuel by-product waters 
I shale od water. Synthane water, and COED Syncrude 
wmerI. Five microliters of the PAH fraction were 
injected into a gas chrnmatograph equipped with a 
packed ?' "< DexsU -WO column The tentative identifi­
cations were made by cochromal-^graphy. and quantifi­
cation was achieved by using standard solutions. Struc­
tural confirmations were made using GLC-MS. The 
concen train HIS of 50 PAll's in eight fossil-derived 
samples were calculated and compared. LMS-peiroleum 
or mixed petroleums contain P \ H \ in the 2- to 3-ring 
range wrih alkyl-suhstituied naphthalenes predomi­
nating. Shale IH! IS similar in this range hut has about a 
seven limes higher distribution of PAH's in the 3- to 
o-ring category. lor example. 4500 ppm py rene. 2 7 0 
ppm hen/1«| anthracene. 3Ml ppm picene. and 1500 
ppm ben/o| jcA.f|per>icne The overall PAH concen­
tration in Synthoil is somewhat less than in shale oil 
j - % i. but still about Irse I line > greater than in 
peirokrum crudes. COLD Syncrude shows relatively low 
conccnirarions ol' PAH's. Shale oil relort water shows a 
broad spectrum "t PAH materials, but the larger 
proportion falls in in the 2- lo 4-ring category. Synthane 
by-product water contains principally 2-mcihyl-
naphthakne with no detectable PAH's ol more than 
three rings. Only [race amounts n» PAH's are lound in 
C Ol D-Sy ncrude by-product waier. 

Paraffins, a major compound class of liquid or 
synthetic fuels, can be isolated by the following 
conventional procedure: an oil sample 1^1 g) is 
dissolved in ben/ene. or a syniheiic-fuel by-product 
water 11 liter> is exliacted wiih ben/ene. The ben/ene 
solution or combined ben/ene extracts are washed with 

10. I. V. Rubin. "l-rniKUiaiimi <rt Synthetic Cru* Oris from 
('ml t<n Bmkigkal Tcslint." Anal. (VIM. Dn. Anty. Frit Rep. 
V,!r. .<0. /«T.s. ORNL-MW. pp. <•! b2. 
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N J O H and M l solutions The paraffin tract**! is 
isolated bv alumna column chromatographv (neutral 
actsviix II. using hexane as the eiuime solvent. This 
method has been used (» deiermme the concentrations 
of n-alkane* HI the five ous discussed above and the 
three svnlheiic fuel bv-product waters. The most saliv 
factorx separation ot the paraffin fravtuti was obtained 
on a ''(-in. b \ 10-ft glass column packed with ?~ Dexsd 
400. Tentative identifications were made bv COCIKO-
matocraphv. and «|uan!ificalion was achieved using: 
>tandard solutions. Structural confirmations were ob­
tained usm$ GLC-MS. (t-Alkanes detected rancrd from 
C , , l l : » t o C > t H - . « . 

The concentrations ot n-aUVanes m petroleum crudes 
are similar to those lor shale oil. The overall if-atkane 
concentratKHis ot COED S\ncrude are somewhat less 
than m petrokum crude or shale od i ^ V , ) . Svnthoil 
contains onlv one-tenth the total found m shale oil The 
concentrations of «f-alkanes in shale ml by-product 
water ranee I torn 2 to I0t> pph. Such conceniralfttis are 
about 10 times greater than in OOtD-Svncrude or 
-Svnthane hv-product water. 

Su'ficieni htoioocai data have been gathered b> J. L. 
Tpki I Biology Division) to inuWate the next direction 
in chemical characterization. Most of the data have 
been obtained on fractions generated b> the acid-ba>e-
neutral fractionation scheme mentioned earlier. :* The 
Ame% t e s t . : ' a microbioJogic.il mutagenesis test, ap-
pear> to be the most useful. Mutagenic aclrvil> data are 

shown in Table 4 2 IheM.' values >how the relative 
mutagenic activitv ot the - j t i -w . tractK«ti in each 
sample. I he numbets ale calculated lr«m the relative 
weights and the specific acl iutiesot each tract**! Tins 
lactof is based »m the nuntbet ot c<4omes ft hacteiia 
growing ««i the nuliienl medium pei mriicaani ot tea 
substance. The (taction* which hate high icfame 
actrvm varv from vanple t o sample tlowevei. the 
einer-sokible base tiacium Ifiaction **• m all of the 
samples except one d>ie> contain zenith. j « l actrvilv. *» 
d-*x the neutral liaclion ot all ot the «il> These w<*ild 
appear to he the most tiuittul subjects tor further 
investigation. A> noted in a pte*m:s lepurt."" the 
neutral traction i> drvided into l<mr poiu»«ri bv ciJumn 
chf omaiogiaphv. and each •»! these, in turn, is sitb-
drtideti mio three tuMtaciMiv Mutagenic activitv » * 
lound m vutualK all of these neutral suhi*aci*«n> m ail 
lour oris te>ted. Because mam of the tractions are 
insignificant poiiHm> ol the whole material bv weight, 
the relative effect •••' tho*- Ir actuals is slight The "at­
traction can he fuither subdivided bv chnonafograpni 
on ahinuru ctdumns" and the resulting suhfractnais 

21. » X \tmn. ~Tnt DCKVIMNI •< CfcnMal Mau^ca* «w* 
latenc facKTu.- p 267 m C *"•»»*"*/ Hmutnn fhmtflrtaaJ 
Vethi-k far fhnr /> tr. turn. v.<t l . c i . A. J H b n f c i . H i — . 
New V.fk. 1*71. 

11. J. I. Mtkav. J. II. +thti.jmt l>. R. larhMW. T lui*Ki-
i/jf-m .>» X«r«cra 9>nr% m Ifcwfc B.̂ hwi f<riri4mn OMIO-. '^ ." 
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reexamined K -* Ik: I A Ruhm. B. R CnFt. J. I 

% B W H K n p M t « \ I M far a w n s ewntaanjantv 
I V i-lkM-v up>*n lerie^trul pljnl'k «»t « j fH« \ p * r v 
known •« dttprv K-J i» hr effluents m coal iHRt<T«in 
ptoci-swv are hrn~.r >nuhed b» mrmher> of the f-mir>«i-
mrnrai VK-IKOX UrtiMun The .Vnjlytiial Chemtstry 
lfctr»»«n t> pr<*idmc the technical a-msuncc nece%>ar> 
to drseZop the p-v mrlrrinc and nMuimaK \\%ierm tor 
J ptwi exposure chamber la owtrollrd aimotphrre 
containment tacniiyI drstpied !•* •br«e vludWv 

In order t • acumulale KleTpretaNe environmental 
AiU. SJ . v.>*Kentiai»ai> introduced into die chamber 
inu.l he known with reasonable prectsmu. f-urrbermore. 
any uptake iw expuis»in of psr> iiorn plants M M be 
detected by period* vampimr. trt ibr atmosphere 
Careful measurements can provide a mass balance that 
affords a m M h of drterrrnmnr. the exien t«f plant 
exposure to. •* uptake «*. ibr psrs metered into the 
system. The system has been drsiened so that a inejt 
p s or a mix lure ••! up l>» nine pies mi t be introduced 
at steady-slate delivery rar«.-s. 

One serious handhrap m drsteamc plant exposure 
experiments rs the lack of knowledge reprdmc hi>ih 
kiPsts ami leveK «>l « o w > effluents thai WHI be 
produced !n J coal c»nterMon facmry Vserihelesv 
«otne ntdicairon of hketv effluents .an br inferred Irmn 
paM experience with rc»earch-s»a$e k i w n * m afiftara-
iuse\ l-or present purpose* 3 mrtenns sysrem ban been 
developed thai «.an <uppl\ the Ii41<mrns £JM-S meth­
ane, rihslrne. mrihslamtne. hen/ene. v.lene. phenol, 
and hvdroern viltrdr 

Modr* nl drlrverv to the expivMve cbjmbet vat% 
at.v«HdnH: f« ibr pn«nrtiK\ ••! the nuKtiais. Ben/roc 
and wlene air brld in juvhuhhler lram% lhr<HHch wrnch 
rartned *<4unwi ••! air are paved (June reprodiHiNe 
v<4K-entralh>m •>! ihcse vap»r« ate pt««JiK'ed m llw> 
manner, jilbnu^h ibr avadahie omteniramm ran«r% are 
Mnaii Pnrn>4. a wild ai ri»>m lemneraiure. rs healed !•• 
a mrli. and ibr headtnate vufcime H swrpt inl» ihr 
manrlold at a *lrad> rale. I i was nrvr»«ar> i» heal ihi« 
d r f n m fcne in nreveni o«idrn«alM«i «f Ibr phemH 
vjfN«i prnw lit reaching the rruntlxld. whrre dihiiHm 
can wslain ibr vapor phav 

A «rie% i«f lea* bat brrn vompVled lo eslaHrsh ibe 
drhvrry ihara^leriMK* <»( ihr varmwi pts meterirtjc 
drricn. Ukrwtie. rmiT« p s tamnhrt ha*r brrn with-
drawn fnwi ihr thamher in m i ihr rrnrndnohrlity of 
^ampJinj: and (« in«««inui« ibr brtuvmr <if vari«n% pn 
mrsmret m ihr rmpiv chamhrr The vhambrr ha» a 
15-fr" vidumr and a «ei flow ralr «( air ihrnwjh ihr 
ihamher nf .*7 5 l i ' mm I I(th2 luer*. r.5 ihaner* pet 

nan 1. A >\nihetic >tack p i . Inwird lo 4 7 Vopm 
mnbane. S 5 Vppm ertnlenr. 0*M Vppm Rtrtb>iarfunr. 
2 Vppm hr»/e*e. I Vppn: \>lrar. 0 » Yppm pWnui. 
and 4 ' Vopnt H-S. «:jn br Hrtrodnced n i u the 
chamber. 

SamfWTk arc withdrawn b> \awmuB pa-np dW>«Mjll a 
1 mi J.>»ip aiuchrd t " a pneunutji; pv^anHHaf »ahe 
and raptJN aanJerred l« a 10^ Dt -200 cvhnw m a 
rVikm-Mmer 5**2D p i chronutuctaph. The VUHOMI t» 
M d at Ml ( tur 2 mam. then hraied ai M" torn to 
• I M I t and brtd lor 4 n w Methane and rtJnlcnr are 
ciuted at to*) l ' as wrr> sharp peaiu. nrrth a 5^ *aaV> a! 
I mm alter nnrctiun. The retentiun u n r ot brn/cne is 
" mra. «•! K>lrne. •* swi . ahd J * phenol. «».?5 mm 
Sullw c«i«|MMHb arc anaH/ed «Mng a 15-ti X \-m. 
<>*mmm packed with 2VT FFAP on 6 0 SO mrdi Cnrorn 
W-A1>-DMC"S- A llame pbotoni-trK detector B wed i«> 
••btant munmun semrtAtrv for tnlfnr cunyuundj 

Cabbration cancv f«<r lti|md» were obtxmrd p j n -
mniKj i> b> cold itappntf ihe ameralor vapor* and 
nogfcjii^. The cwr»e* for t » r > were otHanrd b> use <4 
standard p * mtxwre*- Data were compared with 
vjmpW wirhdrawn Itom the chambrt after Mirodnctng 
predrtermmew armnwm ot the indrwdual corwp.*rwi4. 
The biier were m eiwd agreement with the lormer 
except h * meih>ljminr. wfcjch dnJ not appear m the 
«.hft>mait<yraa» even at the lOppm lr«ci. Deiector 
response »> cuoccntraiion was Imear fur all component* 
except l l : S. The cahbratnm curve for I I ; S thuw* a 
re^pume appr.-xanateh propurtional to Ihe MMnre of 
ihr concenirairon The detect<« rej^*»n*e of each 
compunrni m ibr rmxiurr in the prevnee of. and in the 
abtmce of. H ; S wa% meajnred. 

Vvetal conctanon* were drawn as a r-*«di of ihrtr 
\iudirt 

I I r j rmxrure of all componrni* lexcepi l l : SK 
meihane. erh%lrne. hen/ene. and xylene rr*p«me* 
were contiani I hr after infrodiici»<n into the . 
chanibrr. 

2. Phenol did not p«e a measutabk* response before 2 
hr. I he respnn>r was erratic and padualU increased 
for about to hr until 11 hecamc constant within * 15'". 
A l i o ihe phenol bubbler was lurncJ off. the dr. J> 
of ihe phenol respiH.se was about IWR-; the rale of 
Ihr buidup. and H druonrrl Ky j i»» tor i»f 2 in I hr. 

.V Thrrr were in* srpiificani chancrs in ihr levels of 
ihr known nrpnk components upon introduction 
of H.S mto the chamber Howevrr. thrrr unknown 
componrni peaks lhal were prrsrni in ihr 
lmdi-huiiin|i rrpon of ihr chKmiaiuyram I max 
T- IMO'Cl mcreased m ihr presence of H.S. The 
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tWnuiMt ul thrst peaks »a> \ct\ lapr luia tun 
u» n . and ibr> vaiitd m raagruudr limn < l to 
—*•;. bawd on thr peak bngfci ««* bmsenc. 

4 Tbr response »4 H : S onh m ihr presentY i4 each «4 
ihr m p w component* mdwridnaBs and cuttVvmvh 
was constant except nt ifcepiesmce .4 mrtbtlannnr. 
where the mapMmJe of ihr H ; S response «j> 
cednced abunt 25 •'. No swim < u « f i « m peaks. 
except H.S. were detected in ihr p A a w i4 ihr 
organ* cvnynin.ni* ruber ntdmJnalh or c«4-
Irciraeh Thr cunceniratioa ot all components 
dnrnv mrse ie»is • » inieniionafti ai. «« K > . ihr 
M H M I T band «4" defection. Therefore, il an> snltni 
n w ^ m m p were lurmed b> ihr reaction *4 II. S 
w«h an organ* component. ihr> would br below 
tbr bunt ol detection. Thr tests must br teprated 31 
high IT vi«iCMaiii«t ••! an cixnp>«e«t% «Mh j« 
o i « of H : S tt> Jricimnr whether reacuoa 
prodncis .-outanmig sntlwr are present. 

Thr I W I stages of development will memdr msUna-
IIOU 11I j hnmhhl> control deiice and g»s >ampun$ 
under Iwtal operaimg condunnts. S w c %anrne> «4 
legnmrs mil hr placed m ibr chamber lor ihr lirs; 
expuswre test*. These m l piuhabh ^vwkike with 
nuh anMnrni jt» in drterimne hackgronnd cmidHiuu*. 
Iidkiwed K m Undue t*«i id one gas at a mnr 1.4. A 

\wtfm wf i i f i i i ni i i | 1111*1 m ( M i fwrl by-
pwwtnrl waters. An increasmg ciwcern with w-Her 
•maim and p»tenirau> hazardous cnwjrwmiiit has 
^mealed a serious need for auaUiical method*capable 
••l deierrmnmg xcpnic compounds • * « wnlr tapes nl 
..•wKenirjhna Mrrimg ibis need becomes n»*e urprni 
with ihr 'tkrSirkmu ••! widespread construction .4 
ii<*sil-i<iei ci«i*er*ii>n lacmiies. Sm»e all ihr i-MvUnj: 
vi<mrf*n« tcirhnnkipn pijn in use »jici wiihm ihr 
vjrmu> piiK.vivr*. wnnr j«Un»i4ui vi^iijoiHuiinn •>! 
pKicnl »j«r» ic«r.(crt will inrviuhiv rouli. fVn> 
uvr»>n ill hrjiih Jtnj ihr rw»ifmnkiu »ill mvrvnuir J 
\IIKI. jk.vimic. jnd r j p j mnniiiMine ptngtam in zswuc 
ihai iMUKiOpuhlc lrvci« nl v<«iiijnt«uiiim j»r 2\<Hiir«l 

The tdriHiikaimn j n j dricrrmnjiiim nl <MpnR pnl-
hiuniN m »j«rr ruvc hern apfuvchril in j KJIK-IV ••! 
»i>v Thr mrih««K <»l vb><K"r air «IMUH\ ©wrinrtl K 
ihr cnnvcniialinns jnJ prnfiriiir« ol ihr «.i>mpi<wn«Hi>l 
mirrrvl. Sincr !im cnnvrnirjluxn fMHr Ihr >rvrrr*i 
ITHIKUIIK-X. J KtnKotUalnm ticp IIMBIK prnrdr* ihr 
JIUIVMS. |-rr«|urniK n«rd coiKrniialuwi mclbmh in 
vhidr Milvrnl cxii*.l»in. Mlivairtl-Mihon jdnnplHin. 
hr4«K(U«:c sampitPf. jiKnrpiinn nn nucinrriKiilai irvn 
hrjifc. 4iul Knpht'i/alnin *V fwvr prrfiKmnl a scric* nf 

>(u«br> h> tlrhriimnc ihr ulilir. «>l J \jikri\ «-l ihi-«r 
mrlhii«k %brn jppiiCil l» :cji vjnn*c-> tinm i^-Juir 
IOIIHIU^ joii «.'tidl v-««rf>»>a pi«vw»-> 

.VlnjWil CJIKIM Al>«pi»>n » J > U~>U-J JI J> * 
ptiuiblr (emai l ntribi^l ilui vi«l«l hr jpplicJ !•• ihr 
hivKnirvi fjM r̂ «4 viifnftawniK Ihr>r >lu«K-> » o c tmi 
111 111 ij w»i h«"»i-»ct. K-VJU-KT l<>«-iiii4c«:ulji-»ndii 
P>4JI v«<nifHiaB«b »cic p>a-tt\ jtfMKhriL opr>.iJI\ 
•br* ihr J^MC«W> vMnfkM cî tLHWil hirfi ci«wcn-
Kau««> ••• viil> lufi l«» > b\ wnrHfcl in ifcjir iclmi 
»4fcfl. .-%!»•. jviivxieil vjrbnc e>r> Mk-nmplnc 10-
viitrnrk iK a i m imptKteni ci«np>waJ> » h m tMck-
rxiijchnl » J S.«\Mri jpfiwji*t>. 

Ii 4pprj(> ikii 4 mnbuil u« irmntjl «•! m»M 
%«WH»>IWIL M 4 %ndr >*T» I» »»f J^JAJMT Ubr nw>i 
ICMHI w» 4pf4>MK 4 mrthul «bKb m n p«ml KUKWJI 
nl 4 |MriK«la( i b a ul cmnpuwaik i>l Mtrioi. Rrtt-
liteK ladh vi«»i;rnli4•»••»> <4 «»C4m ctwiipiniiiaV liet-
rt4i ppn uc im»f«r| 4ir 4tnriuMr lu threwi **at\x* s i lb 
4 packrJ Trinx-t^. M4UII»I. Sa .̂." - ptrvi«K:ciilr4lnm 
>icp o am K^umcd. vimplo vjn he j iuh /rJ <4f*«l> 
4H«i vert trp»««*KiN\ Tht% inclhuj »<«i<l hr wrfl 
iHicil !•» 4H> «>i ••! mi4Ht»nn$ pin^ram in |«-i*iaV 
rapid wirrnwy lot mafm <:iwil4Riia4nt> m clllarni 
l l f C j O B 

In M*» mnhml 11I JHTCI JRJKUV 4 IVikin-t-hnrf 
nmilrl .«**20 fj* chriwnln^rafih eiyiippxrd »ilh j lime 
•••i/jtixa OriCvUM «Hl>l »a i u«r«l «iih 4 15-U ' '4-
• 1 - d ) flaw cohMHH l4b*K4^«l 4«HI pjcbrd »nh (41 Ml 
ntrtb Tcn4x4i<'. IOIIRIPKIM |aijn>nci% weir »ci as 
l>4li>»* cnhiam fcjtpctaluiK- pifpammcJ Inun IOU|* 
mm b>4iil m .»20 (' ai 4 IMCM tale «4 inviroac i4 
I' nsn. mki irmfciatttfc 41 35o"(. «lrie«in< trmyvta-
lutr 41 350 (". bdwm canirf fa% udcl ptcunrc >rl 41 Ml 
p*K Thr i.i4uinn was hakol ««ul II«<IW|4H 4l .•20*C and 
-4»r 4 «Ti>n»l4Nl ktw-kvrl iuxlmc 41 ihr m>ni vmMlivr 
«rtim£v All v«if4r vi4umrt « n c X pi. froialiwr 
idrniitK4i»>n% wrie nude Hum ici<Mnin li*nc A»U and 
ciKhfiHiulnaapitK i>«ipjirti«i »ilh tcapctn-fjaic 
vmnpi'UfHh. Snmr vhrmt-al HlrnnlKaikms wric «.~"n-
lirmrd fnun jst» dNnnulupapbK HUM *prclf«<n*rtiK 
Ifif'MSl dal4 Qaaniiialicc mra««icmrnis »cir madr 
Cfmn inr mlrpalum «4 prak area*. WKIUHJ 1. invo wnc 
nN4mcd Irnrn inircimo* <4 «iamlafd M4MIH*I 

Ownauinpaim idMawicd Irnm ihr dirrvi iRjKlirm <4 
v«ir aqHci<H» vimplci «ni» Tcna\4i<' 4ir slmmii m tig. 
4.2. Thr mml pttmmtnt feature «>l ihr»r data is ihr 
MnwUfi!y <4 ihr Iwn mal IHIUKI ch«Mnaiii|Ci4rm and ihr 
tbMrrciKr bclwrrn ihr thair and cnoi liquids. A 
hnmi4<«|Biius sciirs nl cathtnylic at Kb «:nmniuics ihr 
majiw nijEHikr cmnfmiiml class m ihr shak* walct f praks 
I. 1 .*. I- 7. 10. I.*. !•». 211. whrrcas phrmd !«»>. 
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«»-«.-iesnl | IOI. and m*p<t*M4* 11 *l arc m^w OHIMH>-
M H m the i««ai MKft. ( M m MOMIK-JRI »><inp><«Mt% 
m the coat waters arc dnuethvl- and cihyl-wdwiiivtcd 
puenufv One oni water >;><«ia*m mnwiMc an» wit* 
ni •- and*J-«jftiih.+i I '2 and 2> lespcvirvcty I. 

The remamine peak* HI tar vbromaftwam* haw ml 
vet been identified. Soxc the majur piwtsnn of d>»-
st4*rd <Hpnh materia! B polar, inn lc«:hnnuc usrie 
Jwc.i ^nifcss r» n»»f ?<p«!rd !«.' re»*sl 'br ***-&rsf*: 
«nuH am««wnt* of nonpnlar ciMpwii lv ljn»-
mufcvular-wcicni rtunpiHar o«mp"«nd*. ft* example, 
hm/ene. are obscured in the hackefmmd. htyhei-
mnieiular-wrichi ci*npminds. f««r evimpie. pniyvyclic 
hvdr«»carr*«n* »f ihiee or rone imp. me retained hv 
the column and w*<uld he undetectable in an> event at 
the Mw leveb pnetned h* their slrjht <u4iihil»liev 
Nnnpulai cumpnund* require some prccurveniralron 
before anaiyst* 

Tena* 'A' appear* ii> he the imnt «n table cidumn 
packing if aquc«u* sample* are in he injected dnectlv 
Othrt packing malctial* letain water and pve pm»f 

results. In addHtun lu it* km affoMy lo* water. 
Tcwax-fir las the advantage of a lugh operCiBg 
Knnriiimr The data rrnuried here dnwoasuate the 
unliiy «f lenax-W lor ihe dnect i iaHui «>f aguears 
>antf*r* l r . « tossd-lucl M K M . ( f .* O n * . C.-k. H»\ 

INHALATION EXPOSURE CHEMISTRY 
A N D INSTRUMENTATION 

M u — u c i the NCI • • h i h i m • i n n i i j eano-
SHB. The Smoking and Health Program of ihc 
National Cancer fnstnwtc b devctopmg and using 
wiwabunn h r a a a n to determine ihc relative 
bwdoggal effect* of tobacco s-wsfcc tram cxptrmwva-
u l cigarette*. The complexity and doetoomental 
natnre of tlse tobacco moke inhalation btonsaay 
roHbie sopo'slicafcd chemical and nMrumenta! 
methods to adequately define exposure*, h has been 
our csoonsdsibty to provsdc tins support and to 
month* the bioassay studies. NCI b sponsoring four 
.nfcab.ion bioassay studtcs: the rat inhalafion model 
«* bemf tested m studies at two laboratories. ORNI. 
and Itatlchc Northwest laboratory. Remand. 
Wa»btugton: bcaflc does arc bring exposed at TOO 
other bhoratoncs. Ha/lrton laboratories. Rcsion. 
Virginia, and the Veteran's Administration Hospital 
< V AH l. East Orange. Ne» Jersey. The three primary 
objectives of our work are: 

1. lo define and document exposure conditions to 
penmt confident mte rbboratury comparison of 
bwassay reswts. 

2. to identify and or rcsoheprobhrms as they occur 
dnrmf the btoassay experiments, and 

y to<k\eiopmr^hodok*prsrci)niredby ihcSHPto 
extend mhsbtion bkmssay capabmties 

Each laboratory b VEuted pemdicalK by ai least 
t«o ORNI sttff members. Ha/trton laboratories 
h » been %bncd (nice smce March l»76: VAH has 
been \Mtcd four limes since Nosember 1975. One 
\aii :» disvUi. inhala:Uu; bicosaay protocob was 
made lo RaiieUc Nonhncst. Ihirinf these visits, 
inhalation exposures are observed, measurements arc 
made on the smoke feneration devices, samples are 
taken, and discussions are held with laboratory 
personnel regarding identified or anticipated prob­
lems, (rfarelles scheduled for use m htoassay studies 
are sampled and bier relumed lo ORNI. foi analysis. 
Results of the srte v wis are reported lo both btoassay 
bboraiory personnel and NCI management through 
informal topical reports. Rouime momtonng is 
performed on a monthly basb for the ORNI 
exposure study. 
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One of oar M t r o b is to cttaaatc the a\eraec dose 
of tobacco»aofccoffcwd tort*cxperianrnijliaaaal. 
r im dose caa \ary over the coarse of thecxpusarc. 
aad a u n (acton lancaiac. caparettc type, exposure 
perroiinrl. aad cmiroaaa^laWaameUasAarntion. 
Social tests arc conducted duriac each vie *is* to 
nabjatc these factors. Mcasurcaarats related to 
puffiac dawactcrisfics foVaiam. frequency, and 
\ itmmct arc made om scfccicd exposure dciKc* I.-. 
dm. r a n t d tWamJaacsarcpcitocaaag aucordaw, 
to spetdkaiwas. S—fco gent rated by the exposure 
devices arc ndhmd on standard C"imaiih> fiber 
pais, acajhed to dcttrraau. TPM. extracted u«h 
clhaaol. and rc*unwd to GXNi . lot racutiac 
ditum.nataiaj and or uuriDcmaaoacat caroante-
paphic priifihua. Swaples taken at the adct of the 
machiat^ pciaw coaajoraoaof thecxposwredevice* 
«w the basts of the* ahhty to generate a CWWMCM 
sansfcc acnMoL Saanates fakes at the petal at uflach 
the smoke b defcvered to the annual alow * jianjiwa 
of the uaaaut} of smoke offered the aaaaol xn£ the 
efficKhcy of the nucha*, to dehxer the imokc alach 
a fcaciaecs. Measamaeafs 01 tuapcraturc. relative 
huuuday. and aw ftj» ai the cxposare area aaf » 
cstMBfiaf the anpnmnce of cmitoarncr.'.al effect* 
oa vanatma of smoke dose. 

Data fathered OR the sue t u n serve not oaty to 
dovamtat tohaccc jmnki dose levels hat also to 
*upport oa-sitc oMcrvanoas b> staff members 
coaccramE potential problem* 1a the exposure 
studies. For example: 

1. MtasarcaiCMs of cuprcttc static raara rate v c r i M 
that aa excessive ventdauon air flo* rate m an 
exposure aard »as rcipwajmlc for reduced 
parttcalatc dclrvcncs of the cmwette* smoked 

2. \ n inadequate vmofcmf machine air *upprv at one 
laboratory cawed suhsfaatal variation m ma­
chine puffins characteristic* aad «a* corrected. 

3 l^r^totctMo^otchvaraiiom in curette* used 
ta one of the rat inhabtioa *f udic* ua* discovered. 

4. r.rtncrMneal of Kavpbase smoke components 
occurred a* a result of attemal partKaiate 
dcposNioo M one croup of the ex pontic device* 
used 

I"arefai docvmenuimn of these kmd» of difficulties 
permits more valid MMeriahoraton comparison* of 
mhalatioR hsoassay results. It ab* demonstrate* ibe 
need for monitonftc on a more frequent hasn. 
perhaps with the aaj of corHmirouvrnomforinc 
HMtnimenuiion. 

We arc invcstigatimr, (he possibility of chance* in 
the chernical ci>mpr»ilion of «noke« produced by two 

e\pu»are doiccv MOCC >acb chaapo cvaaJ hate a 
ddctenoa» effect««« the rvlciaacc oi the NMJ-WWI\> 
Stadto are aade oa ea*- and parucatatc-f4u*c 
o»ap><«cM>. u>ute both cua%rntk>aai j n j cr\*iihcr-
ani ea> chroaxtti«eraph>- Prclanaur\ Iiadame* 
safgpnt that there arc no cr>»« ctirapina»»aai 
drflcTcavo befvera the ««oke> fcacrated h\ the 
c\po*are de%KO aad th»«e eraerated aaaVraaah tt-
cil cuadHaab. Ho«cicr. the a*eotise coaacat ot nW 
«aa»ke aeaerated h\ uac of the c*p»*»arc tk iKO i> 
shfhtH tachcr i l V . l rhaa that of aaahtaah> 
aracrated »awkc. •Inch a n he MfRdkaaf 

Wah caiteai vnwphac aKthuaVihicK>. * t* cm* 
ooufolc to «aaa4e Na.j4.iaf. »•"<•.,> ^;"^*> ^ha> 
the aaracaK arc bean; c\o»»wd- It i> acce>«afi to 
iah»t«ate aa artrfanal mftrator lor the jaiaul m 
order to tarap*c at the caaaab cut of the machiacv 
Vie are anotngiine the ctleet* ol uraalated 
breatlaac pattent« vm the aawaat of >an^e icatlaac 
the uaaata «r»n Acarr*. the ie*ah» arc prehaaaaix. 
bat ;he> w n to MBpcra that •*«•«. thalk«» brcatb» 
aoy aot remove from the c\po*arc *yocm atl >4 the 
«aa«ke partKvlafe* a%adaf4e lor smatatam 

hteaHy. rontmc moartorme opcrjtiiou «oald be 
performed by the hwcruay bboratoo at a mack 
CTcater frcifaeaey ihaa t* pmMble aah perMda: «s * 
I M I V Ikcaase of the mcffkKacy aad taae re«|aire-
.-ncMt of the procat ^amptme proecdarev boaoer. 
tar* i* aot practical IVaratc rhr. report penod. ae 
have bad a modni effort aadei »a> (> naprove the 
raMMc mnaaonae <-peraia«a» of the dug lahabtam 
cxpo>arc madano. Our initial ofciecmc •* to 
aatiaaale the proccdare lor awaianaa total laii'fce 
that the expmare doanr araeralcv A «ecoad. aad 
atore dtflicvlt. obaxlne »oald he the aafoawKcd 
ddcrmmaiion of the araoaal of satokc that the 
aanaal laaalo RefcUol rtadie* m tan croup ha%c 
%ho«n that aa optical neat «ea»or can be c*cd to 
defect aad uaaaraatc tobacco >moke m lattraatteat 
aad coatmaous mhabfaai exposare doico. I he 
senior n described m detail bier at tars report: the 
device appean promniaf lor routaar dog laaabtma 
exposure *y»term. We are constructme a prrobk* 
raodef. *tnch «v expect to (icM test oa a «te \ « H I m 
the near fatcre. Iff A Jtnkms. K. B. Qmmx. J. R. 
.VoAWri 

fat* w c^rttics lor awmlafioa uifatmr itmtm. We 
have initiated a study to dchrnam ahrther brat 
qiuMitm of chemaal carcinoprrw can be added lo 
ciprcttcs for transfer to the unokc aitnnvt sppreci-
abk decompoMion. Ammak would be exposed to 
»urh ci»areite» m an aticmpt to induce respiratory-
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tract inmur* m a short proud of urne (weeks*, f hn 

other T f n u O i less rrlctani leclmRfacs Imtratra-
cheal nManaiMiw. pcSci 

(tar i—nl work was < 
m fccntacky rekicnce qpwcncv Pre* ions I 

thx miratrachot • i o h i w i of 
IP mg of naP jdmim ncrad over a l«-

week period pvodnccd hnjn percentages of i 
at . » l o •» week* »VoJi the Walloa 

: mc est—aic mat this same h f p j > r w he 
I h> a IS-weck cvpwiTc w W a p M K > day 

m«h IS mg ol naP Inadcd mcachncarittc Ammptj. 
were Mate in load agarcUc* with do* level of fcP h% 

tracer loadmg jp furaf * n d pre* w i l y for 
'1 ' compound* m ogarcTtcs 1 

studies. > n i t loJifjtjiwiwi were s o ­
me loading loch—|f hrcausc larger volumes of 

> arc m,—vd. h wa*isrce»*acy towscatowcT 
raic and tc Mom air through the ogarcne 
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SEN! II and a prototype monitoring unit (described 
elsew here in this report) developed here to document 
smoke generation. 

The SEM II is a positive-put I. constant-pressure 
smoking device. Thirty cigarettes are loaded auto­
matically into a drum under a sealed dome !'We drum 
rotates and positions the cigarettes consecutively at a 
slider Mock that opens to the smoke delivery tube. 
Positive pressure in the dome forces air through the 
cigarette, generating the puff: puff volumes are 
regulated by the dome pressure. Each puff is of 2 sec 
duration with a l-min cycle for the drum. Smoke 
generated by J he system may be diluted to the desired 
concentration and directed either continuously to 
one unimal exposure unit or alternately to as many as 
four exposure un><« within a l-min cycle. 

Due to the constant-pressure puffing mode of the 
SE M II. it was found that puff volumes vary inversely 
with the resistance-to-draw of the individual ciga­
rettes. Other smoking devices arc essentially 
constant-volume puffing systems and do not have 
this limitation. A flow measuring device incorporat­
ing a sensitive pressure transducer was fabricated to 
define puff charactc 'sues. The response of the meas­
uring dev ice is such that we were able to profile indi­
vidual pulls 2nd measure their volumes. It was show n 
that the cigarettes were not sealing in the diaphragm 
holders, which permitted air to leak around the 
cigarettes and generate low smoke concentration. 
Corrective measures were provided by the designer. 
P'iff volume variations, caused by resistance to draw 
differences, were found to lie within ± 5 cc of the 
average puff in over 9f/7 of the tested cigarettes. 

Puff volumes » re calibrated using a bellow s system. 
The bellows is attached to the smoke delivery tube of 
the SEVf II and draws air through the cigarettes at a 
nearly constant volume. The pressure differentia! 
across the cigarettes generated by the bellows is 
monitored, and an averagediilerential is determined. 
The average produced by the bellows system is then 
established in the positive puffing mode of the SEM 
II. The previously mentioned flow measuring device 
was used to establish that the ncilows system is 
acceptable for calibration. 

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

designer, and uvrrs ol the system. A head-rcstraini 
spring was added to pre\cnt loss ol animals through 
improper positioning at the diaphragms. Leakage ol 
smoke at the diaphragms has been lowered by 
pro\ id ins tnry adjustments to accommodate animals 
ol varying sizes. Spread of animal wastes is cont rolled 
by using an open-lattice support tray: hodv wastes 
tall through the lattice and ;»re caught in a support 
pan. 

To ensure that all the mice receive unaltered 
smoke, a study was performed to determine the 
maximum number of animals that could he effec­
tively exposed in one smoke stream of the contain­
ment system without affecting smoke composition. 
I sing carbon monoxide as a smoke component 
indicator, we determined that it all the smoke from 
the SEM II is directed to one smoki outlet, up to 100 
mice could be exposed simultaneously without 
significant animal effect on the carbon monoxide 
level: with this number of animals, smoke entering 
the exposure lube would be depleted by the mice by 
less than IWr. By alternately directing the smoke 
stream in 30-scc exposure periods to two confinement 
systems. 200 mice could be exposed during one 
exposure cycle of the SEVI II. 

To prevent dehydration of irteanirnal's respiratory 
system during an exposure and to maintain constant 
relative humidity in the smoking chamber, all air 
supply to the SE M II passes through a humidif-cation 
system. Temperature changes under the dome of the 
SEM II cause a sharp drop in absolute humidity m 
the dome: this change could affect the smoking 
characteristics of the cigarettes. A separate study has 
show n that the moisture content of cigarettes drops 
rapidly at elevated temperatures even though relative 
humidity is held constant. Cigarettes held in the 
loading hopper during continuous operation could 
lose 2 to Vi by weight due 'o loss of moisture in I hr. 
A more detailed study of the effect of humidiiy upon 
the delivery of smoke is being performed to be certain 
that chemical changes in the smoke do not result from 
moisture changes in the tobacco. [J. //. Moneyhun, 
J. R. Swkely) 

Design and testing of smoke monitoring unit for 
the SEM II exposure system. A monitoring unit for 
use with the SEM II has been designed, built, and 
extensively tested. A second unit, specifically tailored 
lo actual field testing and based on experience gained 
with the prototype unit, has hern designed and is 
being fabricated for use in large-sw'f* inhalation 
studies at Microbiological Associates. Bethesda. 
Maryland. A concern in the use of tne SEM II for 
large-scale inhalation experiments is the possible 
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cllcct of either machine malfunction or operator 
error It is likely tliat occasional malfunctions or 
crror> will occur that may cause high levels of smoke 
to be presented to valuable test animals. In such 
cases, death ol animals could result from n: .otitic 
and or carbon monoxide poisoning. The monitoring 
units lor the SEM II incorporate alarms and 
automatically actuate safety systems to prevent 
accidental overexposure. The sensor instrumentation 
is interlaced with integrating and recording systems 
to provide data documenting exposure conditions. 

I he three detectors used in the monitor are: 11) a 
light-scattering device lor pa rtkulaics.(2)an infra red 
carbon monoxide analyzer, and (3) a thermal 
conductivity sensor for gas-phase hydrogen. The 
optical sensor, developed especially for tobacco-
smoke inarticulate measurements, consists of a light-
emitting diode and n high-gain phototransistor that 
measures backscatter from the smoke particulates. 
I he sensor is housed in a short section of 12-mm-
diam tubing, and the total smoke (low for one >*ank of 
animals passes through the unit. The sensor provides 
the basic rapid signal for animal safety, and its 
continuously recorded output gives the opentor a 
measure of machine performance. Basic studies of the 
sensor showed that its response is directly propor­
tional to the concentration of particulates in the 
immcdiatc vicinity (within i cm) and that it is easily 
calibrated. While the unit is subject to minor drift 
with time as a result of the buildup of tar coatings on 
its sensitive optical surfaces, ibis has not been an 
impediment to its practical application. 

Cias-phase measurements are made by drawing a 
sample from the smoke stream through a standard 
Cambridge filter and through a scrubber to remove 
carbon dioxide and water. The scrubber is necessary 
only for a valid hydrogen measurement: the carbon 
monoxide analyzer is immune to these components. 
The hydrogen measurements are made using a 
diffusion-type filament cell with tungsten-rhenium 
elements, while a nondispcrsiv; (4.7>) dual-beam 
infrared analyzer is used for carbon monoxide 
analysis. A small vacuum pump with an external 
flow-control system is used to pull the sample 
through the filter, scrubber, ami detectors. 

For purposes of recording and display, each of the 
three detector outputs is electronically amplified to a 
signal level of 0 to 100 mV. In addition, each channel 
is provided with continuous signal integration: panel 
meters continuously indicate each signal level as well 
as the integrated totals. A patch-panel network 
allows any signal or integrated total to be displayed 

digitally and or recorded on a two-pen strip-chart 
recorder. 

A normal run of the SEM II covers a period of 
about 10 mm. usually consisting of 10 puffs from each 
of 30 cigarettes. The prototype evaluation has 
involved more than 200 such runs. It was demon­
strated that the unit can rapidly detect machine 
malfunction or operator error that might endanger 
animal safety. All three measurements showed a high 
degree of reproducibility as well as proportionality to 
smoke concentration. 

The basic design of the prototype monitor is 
acceptable, and a field test model of the monitor is 
being fabricated for test in p in inhalation studies at 
Microbiological Associates. The field-tested model 
has been simplified by eliminating the hydrogen 
concentration measurement made with the prototype 
device. It was felt that the carbon monoxide 
measurement was adequate as a backup for the 
optical detector, both for safety and exposure 
documentation. The safety circuit and interlocks for 
the field test unit must incorporate features not 
provided in the prototype. In actual field practice, 
exposures to particular banks of animals alternate in 
regular short cycles. The monitor must not only 
detect abnormally high levels of particulates and 
carbon monoxide, but must also monitor the 
exposure time to make certain that both instantane­
ous and integrated exposures remain below the 
danger thresholds for the particular animals being 
exposed. While this complicates the design of the 
field test monitor, its routine operation has necessar­
ily been kept simple in order to make it suitable for 
use by operating personnel. [T. St. Gayle. C. E. 
Higginy J. R. Siokely) 

Application of a light-scattering device for detec­
tion of smoke particulates in the Walton smoke 
exposure system. One of the critical requirements in 
the operation of any exposure system is that a 
homogeneous aerosol be presented to the test 
animals. Chemical determiri-'uion of smoke concen-
.ration at any given erasure site in an exposure 
chamber is time consuming. The need for an 
analytical method for rapid and continuous measure­
ment of smoke concentration led us to investigate the 
application of a light-scattering device. Operational 
results from use of the Walton inhalation exposure 
system have shown the device to be especially suited 
to rapid smoke concentration determinations. The 
sensor was used to prove the uniformity of smoke 
concentration in the Walton chamber, to investigate 
the effect of changing puff parameters on production 
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<>l particulate nutter, and t«> establish the effect ol 
stirring on aerosol concentration and settling in the 
exposure chamber. 

I he light-scattering >enM>r consists of a commer­
cially available combination light-emitting diode 
«I i I>> phototransistordevice mounted in one ot the 
mouse exposure positions in the Walton chamber. 
Infrared light fJUOnmlcmitted by the IK I) element is 
scattered by the smoke aerosol, and the reflected light 
is detected by the phototransistor element. I he 
phototransistor output is recorded to display the 
concentration of the aerosol tn the immediate \ lcinity 
ot the sensor. typical readouts ol the sensor lor 
smoke in the Walton system are shown in Fig. 4.4. 
I he response, which increases only slightly as the 
smoke ages and agglomerates. i» directly propor­
tional lo the aerosol concentration. The specific 
response was found to be independent of cigarette 
type, with the exception ol synthetic cigarettes. 

Monitoring individual compounds in a given 
smoke is also feasible. We have found, for example, 
that sensor response and nicotine concentration in 
IK1 smoke in the chamber aredirectly related and are 
independent of the put! being monitored. It appears. 
th-;rclorc. that monitoring smoke concentration 
could give a good indication of the anounts of 
particulate components to which animals have been 
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exposed. An independent measurement establishing 
the ratio ol each component to the total particulate 
matter Irom that cigarette is all liut i» required. 

I he light sensor has also been applied :r. studying 
the effects ol changing puff parameters.>n particulate 
nutter production. I hree types ot Walton putts were 
tested: i l l constant duration, varying volume. (2) 
constant volume, varying putt time, and (5) varying 
puff time and volume \lhcn 2-sec pull volumes were 
increased trom 15 ml to 51 ml. the average sensor 
response per pull increased linearly more than 
threefold, while the total response increased Irom I .*> 
m\ to 4.4 mV. I he total response represents 
particulate matter delivery lor the entire cigarette. 
Cutting the same volume (35 ml) of air through the 
cigarette over time intervals of I to 4 sec showed 
progressive, though not proportional, increases in 
particulate delivery with increasing length ol puff. 
When the air How necessary to produce a 35-mI pull 
in 2 sec was maintained lor I -. 2-. and 3-scc putts, the 
average response per puff increased linearly from 
-0.2 to O.b mV. lhe total response doubled only, 
since fewer pulls per cigarette resulted at the longer 
pull times. iC . E. Hingin.s. J R. Stitkelr) 

Particle size characteristics of tobacco smoke. 
Particle si/e distributions ol tobacco smoke aerosols 
arc being investigated using the vnc>hy ley anoam late 
(MCA) fixation technique. Three aspects of this 
work will be discussed: (I) the methodology, 
including investigations into the validity of the 
results. (2) some general characteristics of tobacco 
smoke aerosols as determined by this technique, and 
(3) its application to the si/e distribution in specific-
smoking machines, particularly the Walton. 

\ simple syringe sampling technique is used to 
collect and fix smoke particles for microscopic 
observation. A syringe heated in an oven (MX.) is 
partially filled with air containing MCA vapor. The 
syringe is removed from the oven, and a smoke 
sample is injected into the warm MCA vapors. After 
a short reaction period the fixed panicles are expelled 
onto a nucleoporc filter, which is then processed for 
scanning-electron microscopic examination. There 
are losses of particles in the transferor smoke aerosol 
to the filter, which can be severe under some 
circumstances. Agitation of the contents of the 
syringe to mix smoke and MCA prom».'cs 'hese 
bs»cs. Plastic syringes have proved to bepartici:.drly 
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h g. 4.4. Optical sensor response curves obtained on smoke in 
the Walton horizontal exposure system. 
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unreliable: as much as M) to W ; ot the smoke may be 
lost I hesc losses a re size dependent, invalidating the 
sized distribution results. 

Acceptably quantitative results are obtained, using 
glass s\nnees (with only turbulent mixing ot smoke 
ami Mt"Aland keening the ratio ol smoke to MCA 
\apor volume small: W , or more o! the gas-phase 
smoke panicles arc collected on the filter. When 
smoke is sampled in this wav. particle size distribu­
tions show excellent reproducibility. One experi­
ment, repeated seven times. gave a geometric mean 
diameter. dr. of 0 404 z 0.025 jjm (standard devia­
tion ) and a geometric standard deviation. or. of 1.396 
t O.029. A quantitative sampling procedure has Jso 
allowed us to estimate the diameter bus introduced 
by the addition ol MCA in the fixation of gas-phase 
particles. I he data presented above were from the 
mid putts ol seven 2AI cigarettes. From the measured 
diameters we calculated the average particle volume 
) -J 6). and from the partickdensity on the filters we 
calculated the number concentration of particles in 
the chamber at the time of sampling. From these we 
estimate the total particulate mass per puff to be4.6 r 
0.9 mg This is in reasonably close agreement with the 
value ot 4.0 mg from conventional gravimetric 
11 PMl analyses. I he indicated difference translated 
to a diameter basis is about A',. 

A large number of determinations of smoke 
panicle si/e distributions were made in the past year. 
Quite generally we found that thedistribution of sizes 
is adequately approximated by a logarithmic-normal 
distribution function. A typical distribution is shown 
in Fig. 4.5.1 he lower section of this figure shows a 
histogram of the fraction of particles in various si/e 
intervals and the fitted log-normal curve (the two 
parameters </r and o, define this curve). The upper 
section is a cumulative percentage plot on logarith­
mic probability coordinates: the linearity of such a 
pic t is often taken as evidence of log-normality. 
Statistical tests for log-normality are routinely made: 
reasonably often the measured distribution does not 
conform in a strict statistical sense. Nevertheless, the 
deviations (usually a slight negative skewness) are 
seldom large enough «o invalidate the use of this 
distribution function for practical purposes. 

Rather unexpectedly, we found an almost constant 
valueofa,(l.4±0. Dfromexperimenttoexpenmcnt. 
For example, a sample of fresh KVf cigarette smoke 
may contain about 3 X 10" particles per ml with d, = 
0.30 nm and a, - 1.37. After aging for 60 sec. normal 
coagulation processes reduced the number tenfold 
and increased d, to 0.70 urn. but a, ~ 1.40 changed 
insignificantly. We found the kinetics of coagulation 
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of an unstirred smoke aerosol to be second order 
with a rate constant of approximately 0.7 x 10 " 
ml sec. This value is quite typical of aerosols in 
general.' 

The particle si/e characteristics of tobacco smoke 
were studied by a variety of methods wi»ha variety of 
results. Very often the work was directed to the 
question: What is the average particle si/e of tobacco 
smoke.' As it leaves the butt of a cigarette, tobacco 
smoke is an extremely concentrated aerosol contain­
ing as many as 10 particles per ml. The average si/c 
may double in the first second of existence. To 
measure the "initial" si/c. the smoke leaving the bun 
of the cigarette must be rapidly diluted to arrest the 
coagulation kinetics. We measured the si/e distribu­
tions of a number of cigarettes under conditions that 
approximate this rapid dilution requirement. A 
varicfv of initial sizes was found: the smallest, from a 
code 46 synthetic, was: </, = 0.16 pm. a, = 1.41. 
Conventional cigarettes yielded diameters considera­
bly larger: Kentucky IRU) 26nm. NCI code 15.4th 

2* H I (irccn and W R lane, fanuulatr (lovih. Van 
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series. 0.21 nm: Kentucky M l . 0.32 pm. No 
appreciable change in si/e »ith putt number was seen, 
but we have preliminary evidence that these initial 
sizes may depend on the manner in which the pull is 
taken 

Of practical interest are panicle si/e characteris­
tics of the tobacco smoke aerosol in existing smoke 
delivery systems, particularly with animals present in 
the system. The Walton horizontal exposure sysum 
was investigated. bc..:i with and without the presence 
of mice 112 acclimated Mack C"-»7 mice were used). 
Normally, animals are exposed to smoke for 30-sec 
periods. We extended this period to «0 sec in these 
experiments to accentuate particle si/e growth and 
possible changes from prolonged animal inhalation. 
The results, however, indicate no significant changes 
in si/e or si/e growth due to the presence of these 
animals. We found, on the basis of CO: analyses in 
the exposure chamber, that the respiration rates of 
the mice are severely curtailed on exposure to smoke. 
Based on GuytonV rule:' estimates aie that 12 free-
breathing mice should turn over about 70*7 of ihe 
contents in the exposure chamber in a GO-scc 
exposure. Measurements of comparative CO- gains 
indicate that they turn over only about 2iyV in the 
presence of smoke, an amount insufficient to 
appreciably perturb the particle si/e growth in the 
chamber. This result is supported by the measure­
ments of number concentration of smoke particles in 
the chamber. Additionally, we note an insignificant 
increase in particle si/e from 30 to 60 sec. Presumably 
the Walton system with its high-velocity stirrer and 
its high surface-to-volume ratio perturbs the particu­
late cloud sufficienrly to mask si/e growth by normal 
coagulation kinetics. (R. H Holmfrerg. L. B. Yeatis) 

BIOANALVTICAL METHODS 
AND PROJECTS 

Separation and identification of ret urinary 
constituents. A general analytical procedure was 
developed for gas chromatographic profiling of 
biochemical!) significant compounds occurring in rat 
urine. Such "metabolic profiles" may aid in elucidat­
ing smoke-related pathology in rats chronically 
exposed to cigarette smoke. The rat urine specimens 
used in this work were obtained as part of the serial 
sacrifice portion of the chronic rat exposure study 
being conducted in the Biology Division. These 

25 A. <i (iiiyion "Measur-rncn: of ihc Respiratory Volume* 
i.l lahnralnr. Animals." Am. J Phvwil ISO. 7011947) 

specimens can be div idcd into tour >et>: 11) urine Iron* 
aged nonsmoked rats (age control*!. (2) urine lrom 
aged rats placed on smoking machines without 
smoking (stress or container controls). |3) urine Irom 
aged-smoked rats, and (41 unn? Irom \oung 
nonsmoked rats. 

The first step in the analvsis of these samples is to 
fractionate the urine by gel chromatography.. using 
Sephadcx * G-25 a> a stationary phase and during 
with 0.2 M ammonium acetate buffered at pH 5. I his 
crude fractionation yields a three-peak chromato-
gram with the order of elution inversely related to 
molecular si/e. The eluted products were collected in 
two parts. (11 the fraction eluted in the void volume 
(macromoleculcs) and (2) the fraction that was 
retained by the stationary phase (peaks 2 and 3). Both 
fractions were concentrated to dryness by lyoptimiza­
tion. The macromolecular fraction was stored at 

IK C for subsequent electrophoretic analyses. Ihe 
second lyophili/ed traction was dissolved in pyridine, 
derivati/cd with bis(trimethylsiKI>Uifluordceiaminc 
and separated by gas chromatographv. employing 
3'r OV-17 on the stationary phase. Such ga> 
chromatographic profiles obtained lor the urine from 
young rats showed 32 distinct peaks. Profiles lor 
different young rats were essentially the same, 
showing differences only in absolute peak height v 
Most of these differences in absolute amounts can be 
attributed to the variation in the daily total unne 
volume excreted by individual animals. 

Urinary constituents should vary wit'.: age. 
Accordingly, the profiles of seven urine samples from 
age-control rats exhibited 57 distinct peaks for each 
of the seven samples. Samples from the smoking rats 
and stressed rats (container controls) of the same age 
were separated by gel chromatography, lyophili/cd. 
and stored at 18°C. These samples will be dcriva-
ti/ed and profiled in the near future. 

Twenty-eight peaks in the profiles have been 
tentatively identified by use of retention indices or 
chromatography with reference compounds. How­
ever, any distinct profile differences between smok­
ing, stress, and agr will be more carefully studied by 
preparing identical samples for OCMS examination. 
(/.. O. Farrar. J. E. Caitm) 

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

2ft. Registered trademark. Pharmacia f-inc Chemical*, I.'p-
psala, Sweden 
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pharmacokinetics, nicotine or cotutinc (its principal 
metabolite in mam species) levels in serum or unite 
arc probably not good measures ol smoke dose. 
However, periodic measurements of a parameter 
>uch as the chronic urinary level ot cotininc in an 
experimental animal subjected to chronic smoke 
exposure may give an indication of continuing smoke 
insult. Any changes in urinary cot mine levels might 
indicate either a change in nicotine uptake or a 
change in the ability or mechanism of metabolising 
nicotine. I hus. functional methodsforthcanalysisol 
nicotine, cotmine. and other metabolites of nicotine 
would I.-: useful tools to our support of chronic 
smoke exposure studio 

Analytical procedures tor nicotine and its metabo­
lites in physiological fluids are generally considered 
questionable because such compoundsare difficult to 
handle analytically at the low levels present in 
physiological situations In addition, nicotine is an 
almost ubiquitous compound under most conditions 
where a measurement is of interest. Thus, there are 
two requirements tor the validation of analytical 
procedures: ( I ) some internal standard must be 
carried through the procedure in order to provide a 
reliable estimate ol sample recovery, and (2) a blank 
is necessary to determine how much, if any. nicotine 
has been recovered from sources other than the 
sample. 

Our general approach tit this problem has been to 
use tracer quantities of '(."-nicotine as an internal 
standard 10 estimate recoveries from both blank sand 
samples. Alter adding the tracer, samples o! either 
scrum or urine are extracted three times with volumes 
of ben/ene equal to twice the sample volume. The 
ben/cne extracts are pooled and concentrated to near 
dryness on a rotary evaporator. After evaporation, 
the samples are dissolved in a volume of cthanol 
equal to the original sample volume. Analysis of the 
recovered sample for "C activity indicates the 
amount of sample recovered: analysis by gas 
chromatography, using specific nitrogen detection, 
indicates the total amount present in the sample. This 
procedure has been shown to be effective for nicotine 
added to scrum at the levels of interest (ng ml). 
However, there has been no validation of the 
procedure lor mctahollies because the metabolites of 
interest are not readily available. 

Two of the principal metabolites of nicotine 
(cotinine and nicotine-l'-oxide) were synthesized 
according to published methods.'''' In each case the 
starling material for the preparation was nicotine, 
and gas chromatographic analysis of each product 
showed it to contain a small amount of nicotine and 

one major peak. Future efforts must be directed 
toward the synthesis of *C metabolites. Upon 
completion of such synthesis, the recovery after 
extraction and concentration must be established, 
followed by the characterization of the response of 
the specific nitrogen detector to each of these 
metabolites, ij. £'. Catvn. B. F. Hirsch) 

Dosimetry in rats. A study is under way in the 
Biology Division that involves the chronic exposure 
of rats to inhalation of cigarette smoke. Two aspects 
ol this study are: a serial sacrifice experiment in which 
rats were exposed for predetermined periods (12.18. 
and 24 months) before sacrifice, and a lifetime study 
in which the rats will be exposed for the longest time 
interval consistent with viability and survival rate. 
Only a small amount of data was available for 
estimating dose in rats exposed on the system 
employed in this study. Thus the tracer dosimetry 
technique."" using cigarettes labeled with X-
dotriacontane (DTC). was applied to 40 rats exposed 
to two different smoke concentrations at two 
different times. Another dosimetry experiment was 
designed to ascertain the effect of containment on 
dose. 

The results of a set of four rat dosimetry 
experiments with the Maddox-ORNL exposure 
sys;-m. smoking both one and >»o cigarettes at 30-
and 40-scc puff exposure times, are summarized in 
Table 4.3. In this table the total exposure time is 
combined with smoke concentration as indicated to 
give a value called smoke exposure. Both the 
carboxy hemoglobin concentration in the blood and 
the amount of TPM deposited in the lung vary 
linearly with smoke exposure. The distribution of 
activity and. therefore. TPM within the rat was 
essentially the same for all exposures. The respiratory 
tract (exclusive of the upper airways) contained 
65'V of the total internal activity. The upper airways 
contained IOf of the internal activity: and the larynx, 
stomach, and remainder of the animal contained X. 
11. and S rr. respectively. of the total internal activity. 
The distribution of activity within the respiratory 
tract (excluding the upper airways) of the ra; was also 
determined. Typical data for this distribution are 

: * l l lav lor and V V. Boxer. -Pvrtdme-I-oxides. IV. 
Nicotine-l-oxidc. Nicotine-l'-oxide. and \icoime-l. I'-dioxide." 
J <hf. ihrm 14. : 7 5 t W » > 

:n. I R Bowman and H McKenm;.. ~l Wolimne." 
Jfc.x htm Prrp 10. V> I l<W> 

2t I B Ruhin. "A Simplified Method (or ihc Determination of 
I ahcled Mkane Hvdrocarhon* in Mammalian ln*ue and Mood 
Afler l-xposiire to Radiolahcled (.'ijarette Smoke." Inal I fit 6. 
.W?|l»7.1| 
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shown in Table 4.3. The various lobes of the lung arc 
not the same st/e. thus the left king (largest lobe) 
always had the greatest activity. However, when the 
deposition is normalised on the bans of lobe weight 
I Table 4.4). there appear to be sites of preferential 
deposition. Careful analysis of king distribution data 
from 40 rats indicates that there b better than a W 7 
probability that the waght-normaliscd deposition in 
the right superior lobe is higher than that in any other 
lobe. The weight-normali/ed deposition in the right 
inferior lobe has a 9Bff probability of being lowest of 
any lung lobe. Values determined for the right media 
lobe, post-caval lobe, and left king arc probably the 
same. 

Another set of experiments invoking rats showed 
thai the manner of animal restraint has a definite 
effect on the dose retained by the animal. The 
experiments invoked 30 rats restrained by one of 
three different methods during exposure. The 
restraint methods were: 11) the regular containment 
method used in the chronic exposure studies in which 

the rat is held in place in the containment tube by a 
sponge I movement i> almost completely restricted). 
12) the rat is held in place in the containment tube by a 
siant-taccd collar (within the containment tube, 
movement is relatively unrestricted), ami 13) the rat •> 
restrained in the containment lube simply by holding 
he nose in the chamber by means ot a ~toolh hook -

with no other restrictions in the lube. 
Two types of restraint were used in each ol three 

different exposures ol ten rats to ""•', smoke trom a 
aide In cigarette generated b\ the Maddox-ORM. 
exposure device. Imposition in the lung was 
increased by W, lor the'tooth rest rami" and by 10", 
for the slant-faced collar, relative to the regular 
containment. However, these differences may not be 
significant Of more significance is the reduction 
(53*« reduction for the slant face and 7n>; lor the 
"tooth restraint.' compared with the deposition lor 
the regular containment) of deposition in the larynx 
lor the restraint methods thai are less restrictive ol 
movement. Ihuv some consideration ol containment 

TaMe 4.J. S—J*< e i m j i i n m i »pta>e ha rtnami 

r\pr»«»re 
Time per puff" 

lire I 

Total exp»»Mire 
time 
i«fcl 

Mnofce 
vunorntralion 

I " l 

Smoke 
exposure* 

TFMdeomited 
mlunrt 

i Mr > 

< jrr»«r>rtcm.>iri"Nn 

.v> 2IO 6 4 134 Jin 1*4 • 2.5 
40 32o 5 * i * 6 340 2«V4 • 2 2 
30 :m 14)1 31 1 590 26 1 • T2 
40 32« 13.5 43.2 <MO 2* 9 • 6 * 

"Hat* ex noted i<» tmoke from one i<*lr 16 ciorccir on Maddox-ORNI. exposure devxe. 
Tmnlteexpmure = Total exposure lime x tmofce concentration'100 

TaMe 4.4. Dntrmatind «f activity * M m * the 
royiwiory tract of ranr* 

Total 

Area 
TPM TPM'iTean wcieht jctivit> in 

Area ««» «M*/*> recpiraTory Trail 
r •> 

Trachea 27 4 
Bifurcation 40 6 
\xU lohe 2«4 261 31 
fn\\<vr»\ lohe 66 294 in 
Rig hi inferior lohe 135 2 15 2i 
Riyht Mipr;mr lobe 109 4 3 0 17 
Rieht media Inbr 73 249 I I 

total 654 100 

•Kxpmed for 30 wr/oiiff on Maddnx-ORNI. expo«ire de»ke 
cmnking code 16 ciprcf lev tmnfcc concentration *»x 14.*'" 
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method may he important in evaluating larynx 
pathology. U /.' («//<<n( 

Comparative dosimetry- in hamsters and rats. I.ike 
rats, hamsters have been the subject ol studies 
concerned wit'' cigarette smoke aerosols generated 
by the Maddox-OR\l exposure device Therefore, 
with adequate data available lor both species, some 
companson seems appropriate. The internal distribu­
tion ol D I C activity is the same for both hamsters 
and rats However, the total internal deposition per 
gram ol body weight is significantly higher for 
hamsters in comparison with rats. I his difference 
may he somewhat related to the method of restraint 

I he standard restraint system for hamsters on the 
Maddox-ORNI device employs a collar and allows 
significant body movement within the containment 
tube. I he standard restraint system for rats, however, 
limits movement severely and may possibly limit the 
depth of respiration by slightly restricting expansion 
of the chest cavity. In any case, the increased body 
movement of the hamster should stimulate respira­
tion and thereby contribute to increased internal 
deposition ot the exposure aerosol. In addition to 
greater deposition per unit body weight, the rate ol 
increase in lung deposition with increasing smoke 
exposure is more than twice as great for hamsters as 
lor rats Another difference is the relative effect of 
exposure time and smoke concentration. In evaluat­
ing smoke exposure for rats, exposure rime and 
smoke conccntra;ion can be weighted equally. I «>r 
hamsters, lung deposition appears to be slightly more 
dependent on smoke concentration. I og-log plots of 
lung deposition in hamsters v s exposure time indicate 
that the time contribution to smoke exposure values 
must be weighted by some tractional exponential. 
Such variations can probably be attributed to 
breathing patterns, but other differences such as 
method of resiriM.it. greater vigor ol the hamster, ;ind 
the hamster's greater tolerance of nicotine may phy a 
rote m this time dependence variation. I he data 
conclusively demonstrate, however, that smokedoscs 
to hamsters follow much dillcrcnt patterns than do 
smoke doses to rats exposed on the Maddox-OKNI 
exposure sys:cm. [J. I.. Canm) 

Dosimetry in mice. Studies of dosimetry using 
mice arc carried out jointly with Microbiological 
Associates of Bcthcsda. Maryland, for the Council 
for tobacco Research. ISA . Our responsibilities in 
i•••» effort include cigarette selection, cigarette 
labeling, (issue analysis, and data compilation 
Animal conditioning and exposure are the responsi­
bilities of Microbiological Associates. In contrast to 
our rat and hamster studies, these mouse exposures 

have been carried out on the Walton horizontal 
smoking machine, w hich has several basic differences 
from the Maddox-ORNI. machine The studies are 
quite comprehensive and involve large numbers of 
animals, which lends a high degree of statistical 
significance to the results. During the past year, 
experiments were completed to determine the effect 
»n .n'.ernal smoke particulate deposition of the 
following parameters: I I I exposure time. (2) smoke 
concentration. (3 > sex of exposed mouse. (4) strain of 
exposed mouse. <5» type of animal containment, in) 
retention period torthreediffermt tracer compounds 
I X DTC. '('-nicotine. X-Bal**. and Ocompara­
tive retention periods tor two different mouse strains 
In all. about 400 cig?iettcs were selected and labeled, 
and 6000 tissue samples were analyzed. 

Internal deposition increased with per-put f expo­
sure time as expected. However, analysis of the data 
indicated that increasing per-puff exposure time had 
an increasingly important effect on internal deposi­
tion lor mice exposed on the Walton hon/onta! 
smoking machine. I his was not true for rats and 
hamsters exposed on the Maddox-ORNI machine 
I he second experiment was designed to measure the 
variation in deposition of ' C-1)1 (" as a lunction ol 
smi ke concentration at a single per-puff exposure-
time 130 see). Here the amount of interna! tracer 
retention was a linear lunction ot smoke concen'ra-
tion. 

Comparative dose measurements were trade on 
both »cxes ot five different strains <OH Ant. 
DBA 2. C.^BI 6. BC3M. and Bn("3!"M ol mice. 
Some sex-dependent deposition was lound lor thv 
C3H Ant and DBA 2 stra.'ns I his sex dependence, 
which is of doubtful significance, indicated an 
increased internal deposition in males compared with 
temalcs. I he cftect ot strain on deposition is 
Mgmlicant. unh the following order ,>t decreasing 
deposition C5'BI h = BC.'H - DBA 2 
C3H Ant • BM'31-1. Mice were restrained by either 
a cone-shaped containment tube or a neck-
rest raining device in one experiment: the amount ot 
internal deposition was the same for both methods ot 
restraint 

I he three experiments studying the retention 
period ol tracer compounds showed some interesting 
results In the case ot DI'C the body distribution 
changes very slowlv over a 24-hr period l-vcn the 
total-body burden ol I ) IC decreases by less rlian 20' i 
over a 24-hr period. I bus. D I ('appears to bean inett 
tracer capable ol mapping the initial late of deposited 
smoke particulate matter very well, especially when 
animals are sacrificed within I* mm alter completion 
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of the exposure. I he retention period experiments 
indicate that both X -nicotine and C -BaP are very 
poor tracer> ot the initial distribution of smoke 
particulates in the mouse. Immediately after smokc 
exposure. Iev> than 25', ot the total internal nicotine 
o» BaP activity is located in the lung. Both 
compounds apparent^ have rapid pharmacokinetics 
n the lung alter inhalation. In studies completed, leu 
than hall ol the internal activity of either of these 
compounds can be assigned to specific area* One can 
speculate that much of the nicotine may he m the 
circulatory system and other body fluids. However, a 
more careful mapping ol the distribution of both 
compounds is needed. \J t Curort) 

Evaluation of the use of an antibody to BaP to 
remove BaP from mainstream cigarette smoke. An 
antibody claimed to he specific lor BaP was raised in 
goat* by personnel at the Iniversity of Nebraska 
Medical Center at Omaha ( I N M l l . Subsequently. 
I W i t patented the idea ol using the antiserum as a 
cigarct'c filter component that might remove BaP 
from the mainstream smoke. This laboratory, at the 
request ol the NCI SUP. then assumed the role of 
assisting personnel Irom I'NVK" in evaluating the 
utility of this antiserum as a BaP scavenger in a 
cigarette filter. 

I he etticacy ot the antiserum was tested by adding 
it to the cellulose niter ot experimental tiller 
cigarettes and by adding it to Aqualihcrv~ Subse­
quently, the relative amount ol added ".Ml- X -BaP 
removed trom the mainstream smoke was compared 
with the amount ot BaP tracer removed by titters 
treated with normal saline solution I he goal-scrum-
treated cellulose filters were most ctfiocnt in 
icmov ing the X'-BaP tracer trom the smoke. It made 
little dillerence. however, whether ot rtot ;ne goat 
scrum contained antibodies to BaP. Both serum-
treated I with and without antibody' cellulose niters 
removed about 50*, ot the X"-BaP activity. I he 
saline-treated cellulose filters removed about MY, ol 
the activity Ail Aquafiiters removed about M*, ol 
the X -BaP; pretreatmeni with antibodies had no 
etlcct. 

All studies indicate that the use ol an antigcn-
antihody reaction to remove specific harmlul 
components trom mainstream cigarette smoke d«Ks 
not have great potential However, serum proteins in 
general may add to the ctticia.cy «.l a cellulose tiller. 
{J. H. Colon) 

HK Iruik-nuik. Viiutilicr t »rp<>rj|itm. N»u:MicM. Mich 



5. Quality Assurance. Safety, and Tabulation of Analyses 
I.. I. Cortxn. Quality Assurance Officer 

R Wilson. Sa len and Radiation Control Officer 

QUALITY ASSURANCE 

The Quality Assurance tQAi program has been 
strengthened during this reporting period, tach section 
•w group has developed a QA program app'opriate to its 
vioilk These programs are described in the tirsi divi­
sion wide report issued Juiy I. I'»'f». Future divisional 
QA repo.ts will be issued semiannually to highlight 
changes u the QA progrjm and t<> summarize what has 
been accomplished. 

We have ontimied to maintain a quality control 
program witnin the Analytical Services Section Cus­
tomers ha«e been supplied with control samples 'hat 
can be honied, labeled, and submitted lor analy is 
along with rejl samples. We have also added a new 
control sample to the repertory one that contains L'. 
Mo. v'r.andZr tor use by the Transuranium Laboratory 
stall. We have als recMved the limits of error experi­
enced in on, quality control program over the past two 
years and have tightened a number of values, as 
indicated in Table 5.1. 

For the National I ranium Resouices Evaluation 
(Nl'RI: > Ptog-.am. our calibration standard is v>3 : 

enriched : U ' from the National Bureau nl Standards, 
tor our internal quality control. NBS-lf»32 coal and 
NBS-lt>33 tlv ash standard reference material* are used. 
Table 5 . summarizes the quality control data 

Table >3 shows the quality level for each laboratory 
and compares the results with those from the previous 
year Lists of the different coptrol programs and the 
number of results reported for each program are given 
in Tahle 5 4. 

SAFETY 

During the past year the Analytical Chemistry Divi­
sion hid eight first aid cases, most of which involved 
minor cuts or burns on Singers. The only case that coul J 
have been senoui occurred when the bottom fell out of 
a gallon jug of chronvc acid, fortunately, little acid 
struck the employee and the safely shower was used 
promptly. The Division had one medical treatment case 
when an employee wa< injured while removing the cap 
from a bottle. There were t h t « .tmiswal occurrences. 
Two involved radiation contamination, and both were 
cleaned up with no problems The third unusual 

TaMr 5.1. Rr*hmiM in limit* of error for quality rmtlrc' program 

Method 

Orhon l i v o ih iyhl 
Chromium colorimeiric f low! 
fluoride tolumelrit 
Iron: .i i l iHimctru l low) 
Sulfur Icco 
Thorium: i-oli-nmetTK. low ihoriuin.W iir.iniiin 
I rjnium fluorimelrh. (iener.il Analyse* l..ihor;il<>. 
Nitrate mtioyten Trehnienn 
Animonij nilrofi-n Technicon 

I imn of error 
|2S). 

Old New 

h 
10 
4 

10 
15 10 
4 

10 H 
20 Id 
20 10 
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rS.2. 

Control 

r 4ttammma»mm of • 
fcy Ad^rtvi 

4neimmuttatt* 

Lowiuaimia 
N K 1632 1.40-0.1 
NftS-1632 

NBS-1633 1 1 6 - 0 2 
NBS-1633 

• I .7-1 

60 
s« 

41 <24qur i r r l 
4 0 l 3 4 q » l c r k 

41 '2d quarter) 
40(34 q u r t m 

%WTa 

in 59 
5.2? 
1403 
1413 

I I 52 
i l 64 

Rctitnr 
standard 

dotation« i 

TaHe S.3. D M n h r t m k j r hfcotiHiQ of caMn4 tests fat 
October mC-S*pttm*n 197ft 

Laboratory 
Number i>! 

Total 

control rebuilt 

d'>Hlc fixed limn* 

Quality Irvfr* I ' ) 

I 9 ' 5 I 9 ' 6 

Knvvonmen:al AnalyK* 
Ra<boa<.trvc Material* 
(jcneral Analyses 

Total* 

612 
905 
9113 

2420 

22 
39 
41 

U>2 

94 52 96 41 
K5 68 95 69 
9149 95 46 
90 94 9<r?9 

Control result* within 25 lim-K 

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

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

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

bers. A number of Division staff members arc scheduled 
to participate in the Laboratory's first jid course. 

The l«?6 Safety Committee was C..R. Wilson, 
chairman; H. W. Dunn: N. M. Ferguson. P. Gouge: 
I. Hacknev. T. R Mueller, and J. M. Peele 

SUMMARY OF ANALYSES RENDERED 

Table 5.5 contains a tabulation ol analyses performed 
by the various laboratories and/or groups within the 
Division during this reporting period. Analyses per­
formed as part of Analytical Chemistry Division pro­
grams are not included in this tabulation. 



SI 

rS.4. 
I»75-

l)ior 

Melh»d (•WMitumi V> of No uf 
muits 

Total lor 
meiliod 

Atomic jb«*p!»»i! Cadauam 2 19 
Cakium 2 70 
Chromium 1 7 
Copper • * 8 
Iron 1 25 
lr*J 
Lit hum 

; 15 
33 

Magnesium 1 60 ill I 7 
42 
31 

Zinc • » 33 350 

CokirimclrK' Berylirum ! 27 
Chromium 2 30 
lr«m i 38 
Molybdenum 2 31 
Nkkcl • » 25 
Nitrogen 3 130 
Pho%phoru* 
Sulfate 

i 

1 
98 
67 

Thorium 2 180 
Cranium y 114 
Zirconium 1 J4 774 

( Oulomcli K Cranium 3 360 360 

Claim: cmBtKin Lithium 1 14 
Potaviium 1 18 
Sodium 1 J8 60 

Hiiorimclric Cranium 3 227 227 

(.r.ivimctrk Carbon t 100 100 

Infrared absorption Carbon 1 90 90 

Vnlumclrk' lluondc 
Nitrate 
Sulfur 

1 
1 
1 

38 
32 
50 

Thorium t 157 
Cranium 1 182 459 

Total 54 2420 



Table 5,5. Summary of analytical wurk 

Numbu wi it<uln ii'imUfil hy 

tk-mrnt.il M J M Siwi'lmiwiiy (icnvul Aiulywt HJI IUUI ' I IVV MJ I I - IU IN I nviiunim'iiuUiiil M J J I ' K I H ' I I I K J I Ailnj ih.t i Aiulytn l*li) tikmiwmk.il 
Spcttrciuvtry S n m v l.jbt.ijlory tjiwwjlury Amli l l i . i l l . j lmuunin Anjlyws Ljlmtjluty I j tMUIory l i ibnulmy 

O R N l divtMunt 
Atu ly tk-al ChcmiNtiy 3.7711 4 8 2 1.4 38 16 218) 46 . . 4 ' . ' 

I 'hvmK'iil IVchnuloyy y..$M 1.1.17.1 11.82H 2 6 . 1 1 4 4 . 1 7 2 141 i j : . b 4 5 184 

v 'hcmni fy 1.547 7.14 1.77? 162 6 4 6 |IMI 1 164 1. 185 

1 iwrgy J5 2 J 

1 ngmcciing Te t l inuk ig ) 1 .77} 4 4 6 754 I I I 4 8 7 1.117 • .118' 

l;.n%irimiil«nljl Si ' i r iuv^ 7 1 8 87 1.2.15 5M4 4 i ,448 1.414 5i>4 511*4 « 

t k j l l h . 4 4 1 4 4 1 

l k M l t h M l y > k > 5 5 1 1*1 l i f t .1 1 4 1 5 6 6 14 2,1 i* 
l i u p i v t k i n tntftnccring 257 2*1 
M*t.*J-» .WHI I V r a m k i 15.1.16 M b 6 .165 711b 2.4 I I I 4 4 4 . '8l i J 5 .842 

Neut ron ftiy * . \ i i 21 Ml M 

i>p«'rj|R>n> J.154 6 7 8 1.1.18 5.611) 5.114 151 411 11.887 

P t n t k t 221 24 4 >» 
Pt in l j n d 1-g.uipment l lMl I IHI 

Sulk) S u i t J.55K 2 VI 142 HI 15 »2 1114 4.4 1« 

Th* r momKk~.tr J O - • 2 114 

liner-. 
k 25 112 l<i.< 

Lv>\ AL i in -n S v i r n i i l k U i b » u i » t y •6 I I I 41, 

.\|iH.clUnc,»u'i 241) 2 | 4 2 It) 151) ' 4 , i : » 4 : ? 4 1 .* ?«> 
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• Y i n - v i n e l i M l i n t l f i lH> | t 184 4811 
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6. Supplementary Activities 

The Division continues to maintain liaison with the academic c;>mmoniiy throujh the assistance of its Advisory 
Commitu*"* and >. on sultan is and by making available facilities and supervision for student and faculty research and 
training programs. 

ADVISORY COMMITTEE 

This year the Division Advisory Committee was composed of: 

E. C. Dunlop. Central Research Department, h. I. duPor.t de Nemours and Co.. Wilmington. Delaware. 
V. A. Fassci. Deputs Director. Ames Laboratory. tRDA. and Professor of Chemistry . Iowa State University. Ames. 
A. F. Finders. Program Director i'o; Chemical Analysis. Division of Mathematical and Physical Sciences. National 

Science Foundation. Washington. D.C. 

CONSULTANTS 

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

computer applications. 
G. Mamantov. University of Tennessee, specializes in areas of electrochemistry and molten-salt research. 

The following specialists were brought to ORNL on short-term consulting basts this past year as part of our 
Seminar Program. Details of seminars are listed in Chap. 7. 
Dr. Henry Borella. Lih'e-e•• >n. Ciermas and Greer. Santa Barbara. California. 
Professor Edward Rinehart Departing' of Physics. University of Wyoming. Laramie. 
Dr. Ronald J. Pugmire. Vice-President for Rescar h. University of Utah. Salt Lake City 
Dr. Harry S. Hertz. Chemical Division. National B.ireau of Standards Washington D.C 
Dr. Charles D. Wagner. Shell Development Company. Houston. Texas 
Dr. Eugene Barry. Department of Chemistry. University of Lowell. Lowell. Massachusetts. 
Dr. Thomas Isenhour. Department of Chemistry University of North Carolina. Chapel Hill 
Dr. Peler W. Carr. Department of Chemistry. University of Georgia. Athens. 

Dr. Philip D. LaFleur, Institute for Materials Research. National Bureau of Standards Washington. D.C. 
Dr. Lawrence W. Kessler. Sonoscan. Inc.. Bensenville. Illinois 

PARTICIPATION IN ORNL "INHOURS" PROGRAM 

Gerald Goldstein (aught a course in Liquid Chromatography, and W.Griest taught a course in Gas 
Chromatography as part of ihc Laboratory's "InHours" Continuing Education Program. One person from the 
Division completed the Liquid Chromatography course, and ten Divisional people completed the Gas Chrona-
lography course. 

8.1 
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Short Come M faMeravHatim of Mass Spectn 

%'. T. Ramey and D. C. Canada taught the American Chemkal Society short course in Interpretation or Mass 
Spectra to ux members oi the Division stall. 

GREAT LAKES COLLEGES ASSOCIATION IGLCA) EDUCATION PROGRAM 

This cooperative program is row in its seventh year. Two students were assigned to the Division durotg the tall 
l*>76 semester: S. V. Johanningsmeir from DePauw University in Greencasile. Indiana, to woik with J. R. Stokety 
and W. H. Griest on a method for the determination of glycerol and other humeciants m tobacco and tobacco 
smoke; and R. Q. Thompson from College of Wooster. Wooster. Ohio, to work with A. R. Jones on (he IHJURI 

chromatographic fractionation of coal-derived oils. 

SOUTHERN COLLEGES AND UNIVERSITIES UNION |SCUU> SCIENCE SEMESTER 

Two undergraduate students were assigned to the Division as part of the SCTl' ciioperaiive program for the 
winter f**76 semester. J. D. Meyer from Centre College in Danville. Kentucky, worked with J. R. Stokely and J. H. 
Moneyhun to develop a gas chromatographic procedure for determining hydrogen cyanide in tobacco smoke, and 
D. H. Sikes from University of the South. Sewanee. Tennessee, worked with B. R. Clark on the isolation >f orjeanic 
coropminds from water. 

IAEA FELLOWSHIP PROGRAM 

D. A. Balistoni. IAEA Fellow. Chemistry Department. National Atomic Energy Commission. Buenos Aires. 
Argentina, was assigned to the Division in August l°75 lo work with C. FeMman on the evaluation of emission 
spectroscopy sources. He completed this assignment on November 18.1976. 

P. S. Murty. IAEA Fellow. Bhahha Atomic Research Center. Bombay. India, was assigned (o the Division from 
June 1975 to September 30. 1976. He studied election spectroscopy for chemical analysis under the direction of 
L. D. Hulett 

SUMMER PROGRAM 

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

ORAU Summer Research Part icipmf 

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

Dr. Wilmer J. Stratton. Earlham College. Richmond. Indiana, worked vilh H. H. Ross on new methods for trace 
metal analysis using a microwave emission detector. On September I. 1976. he became a GLCA Visiting Faculty 
Participant and continued working on this project. 

ORAU Summer Undergraduate Research Trainees 

M. P. Barbalas, RoseHulman Institute of Technology. Terre Haute. Indiana, worked with W. R. Laing on coal 
liquefaction. 
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Lauren Duffcy. Collere •»• Charleston. Charleston. South Carolina, worked with J. R. Stokety and W. H. Griest 
•m the polyglycol analysis of i«4>acc». 

Franklin Hickman. Davidson College. Davidson. North Carolina, worked with W. R. Lamg on fuel reprocessmg. 

D. H. Sikcs front Inivetsiiy itl the South. Sewanee. Tennessee, worked with B. R.Oark on the notation of 
organic compounds from water. 

J. G. Tarter. Angelo State Universiiy. San Angelo. Texas, worked with L. D. Hulett on x-ny fluorescence. 

Temporary Sumner Cranuiw Stedrnt tm+fo)tti 

M »'. Biown. Centenary College of Louisiana. Shreveport. Louisiana, worked with H. Kubota on die analysis of 
polynuctear aromatic hydrocarbons. 

Bernard Hale. Tuskegec Institute. Alabama, worked with J.S. EMridfe on gamma-ray spectrometry of 
environmental samples. 

Jacqueline L. Kracker. Florida State University. Tallahassee. Florida, worked with J. E. Strain developing the 
high-power microwave plasma as an excitation source for spectroscopy. 

ADDITIONAL PROFESSIONAL ACTIVITIES 

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

Fiances L. Ball 

Secretary: 

Representative from EMSA 

J. A. Carter 

Secretary: 

Nominating Committee: 

J.E.Cattm 

Lecturer: 

Consultant: 

W. H. Christie 

Lecturer: 

Member: 

L .T . Coram 

Fellow-

Member: 

Chairman: 

Electron Microscopy Society of America 

Section Committee. AAAS Section on Physics (B) 

Subcommittee C5.05. Test Methods. Analytical Task Group. Committee C-26. 
ASTM 

East Tennessee Section. ACS 

ORAL' Traveling Lecture Program 

National Cancer Institute 

ORAL 1 Traveling Lecture Program 

Committee V.-A2. Surface Analysis. ASTM 

American Socie'y for Testing and Materials 

Committee K-IO. Nuclear Applications and Measurement of Radiation Effects. 
ASTM 

Subcommittee F 10.01. Fuel Burnup 
Subcommittee H 10:02. Radiation-Induced Changes in Metallic Materials 

Committee C-26. Fuel. Control, and Moderator Materials for Nuclear Reactor 
Applications. ASTM 
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D.A.I 
Member: 

JS. 
Recipient: 

Consultant: 

J.C. 

Member: 

Member: 

Secretary: 

Member: 

Cha'-man: 

Past-president: 

MR- K. fjQMfHi 

Consultant: 

Member: 

Chairman: 

Con sultan:: 

A. D.Horton 

Member: 

I . D. Hutat 
Member: 

Committees C-26. Fuel. Control, and Moderator Materials tor Nuclear Rector 
Applications, and C 26 05. Methods of Test. ASTM 

NASA Group Achievement Award. ApoUu-Soyu/ Test Project h\penmcni> 
Team. Johnson Space Center. Sept. 16.1175 

Trace Mercury Analysis. Alnuden. Span 

ERDA Mass Spectrometer Technical Group ASMS Committee VII. Studio «>l 
Solids 

Committee D-l. Paint. Varnish. Lacquer, and Related Projects 
Subcommittee D0I.43. Coalings tor Power Generation Facilities. ASTM 
Advisory Board ol Utilities Nuclear Coating Work Committee IINCWO 

Rewrite "Suggested Tests lor Codings lor Nuclear and Power (nrneutuii: 
Facilities." Subcommittee DO 1.43 

NAS-NRC Committee on Specifications and Criteria lor Biochemical 
Compounds 

Subcommittee on Nucleotides and Related Compounds 
lUB-IL'PAC Ad Hoc Committee on Radioactive and Isolopic Specifications ol 

Labelled Compounds 

Tennessee Institute ol' Chemists I AiC) 

National Cancer Institute 

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

Chemical Subgroup. Tobacco Winking Group. National Cancer Institute 
Smoking and Health Program 

National Cancer Institute 

Committee E-I u . Chromatography. ASTM 
Subcommittee E-19.07. Indexing of Chromatographic Methods. ASTM 

Editorial Board. Journal of Hkctron Spectroscopy 
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W. S-Lyo* 

Member: 

Regional Editor: 

Associate Editor: 

Special Consultant: 

Invited Participant 

W.R. 

Chair nun: 

Coordinator 

Division Representative 

W. T . Raiiwv,Jr. 

Member 

9w A* fvflywovvK 

Member 

Secretary: 

E.Rica 

Member. 

Chairman: 

H. H. R O M 

Member. 

Member. 

Committee D-5. Coal and I'uke. Subcommittee on Methodology. Task Group 
on Trace Elements. ASTM 

Committee h-10. Nuclear Applications and Measurement o! Kadutiun Effects. 
ASTM 

Subcommittee E 10:01. Fuel Bucnup 
Suhcommittee E 10:03. Tracer Applications and Activation Analysis 
Subcommittee E '0:05. Dosimetry 
Organizing Committee. 5ih International Conference un Modern Trends m 

Activation Analysis 
ANS Isotopes and Radiation Division: Executive Committee: Program 

Chairman 

Journal nf Rmbtmrnlyncal Chemistry 

Rmiixrhernkml mmi f ta i intuf inc* / Letters 

International Atomic Energy Agency. Applications ol Nuckar Methods in 
Environmental Research. Vienna. Austria March 147b 

Workshop on Health and Environmental Effects ol Coal Combustion Tech-
noiogv. lor F.RDA DBER. Knoxville. Tenn. Aug 2 6. |4?6 

SuKommit tec t Zb.05. Fuel. Control, and Moderator Materials tor Nuciear 
Reactor Applications. ASTM 

Divisional B.S. M.S. recruiting 

Coal Technology Program Steering Committee 

ASMS Committee V I . Biological Applications 
ASMS Committee on Computers and Data Processing 
ASTM Committee D-2. Task Group on Hydrocarbon Components of 

Synthetic Fuels from Coal 
ORNL Landscape and Architectural Review Committee 

Committee D-l*>. Water. ASTM 
Committee E-10. Nucieat Applications and Measuiement ol Radiation FI tec is. 

ASTM 
Environmental Sciences Division. ANS 
Committee on Environmental Analytical Methodology. ACS 

Subcommittee 4. Methods of Radiochemical Analvsis 

Executive Committee. Isotope and Radiation Division. American Nucieat 
Society 

Planning Committee. Isotopes and Radiation Division. American Nuclear 
Society 

ORNL Graduate Student Selection Panel 

ORNL Technology I'tili/ation Committee 
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N O 
Cochauman 

Cu-prmctpal Investigator: 

Anah ticai Chemi>ir\ Division 
Representative: 

Anah tical Cherrusm Division 
Representative: 

Member: 

hditorul Board: 

Sc. ic%jr>: 

Session Chairman: 

Invited Participant. 

Invited Partuipani: 

Chair nun. 

J.R.Sttfca* 
Member: 

Consultant: 

D.H. 
( oordmator 

Workshop un Health and bnvuonmental ht'lecis «l '"oaj Cnmbu\tion Tech-
notogv. lot fcRDA D K R . knowille. Tenn . Aug J ft. l<*?M»ith K I 
Van Hook) 

ORNL NSF fcATC Program I »rth R. I Van llookHuntrl IV. M. |x?M 

ORNL foal Technology Plogram Steering Committee I until Jusie I. I *»?M 

ORNL Ulir Sciences Ptogrun: Coal Conversion Technologv | until 
June 1.1«»76> 

ORNL ~ln-Hours~ Continuing k«iucaik>n Committee 
Amatytkwt Chemistry 
reHowstup Comiruiiee. Anal) ileal Chefmstrv Dtvtsiun. American Chemical 

Socet> 

General Spectrostopv Second Annual FACSS Meeting. Indunapohs. 
Induru. October l«»7> 

fcRDA DBtR Workshop un Surrogate Standards Un I V in Coal ('•in­
version Studies. June l°76 

NBS Workshop on a National Environmental Specimen Bank. August l*»7»» 

Analvtical Program. Southeastern Regional American Chemical Socieiv 
Meeting. Octobrr !*»"«> 

Committee D-22. Method* ul Sampling and Aruhsis ut A'mojpherev ASTM 

National Cancer Institute 

Divisional PhD recruiting 



7. Presentation of Research Results 

As m past year*, the Division has actively >-esponded to (be changing priorities of (he Laboratory research effort 
by changing the emphasis 01 some -tt its own programs or instituting new studies The increasing concern with 
energy nuclear as well as nonnuclear is reflected in the research results listed below. The multidtscrptinary 
approach required m many such problems rs unhealed by the number of papers and talks coauthored by members of 
other Labor?lory drvi>ion\ Such peiwms arc Jcsunjied b> an jsu-ritk 

rtUJCATIONS 

CoMributwws to 

».» IMORiu 

RnndKili.t A • 
S A krvAiMv 
M II Shank** 

« artcr. I A . 
» R Mu«R* 

ni l i 
"InterA i*«ti •>: Plutonium »ith < ":npte\iiw SuhM_ir.n"> m 5<»«J» and 

Yatural Wjtcrs" 

"Platinum Mrtah m Air PartK uiito Near a CalatviK Otwrter Trrt Silr a* 
MrjMirrd M lwr.«x IMuti.fi SSMS" 

« RUSHER 

Tranjuramum AWMrt 
in r«* f.nxtmnmtnl 
lAt A. Vienna IT*.. 
P 2-3 

Aww Ituhft Rrtrtrrk 
Ptvt'mm t Hsrmum 
Rcirtrrh Rrncif 
I'tmltmrt Roupr-
mom. 5S.C. Dec 3 5. 
1^5 

Cairn. J A • 
R I Water. 
R I I K . 
<" A fnrohard 

"A StmpMwd Separation Method for Smraltaarou* (' and Pto hnropK 
Anatv«n with a Two Starr Mm Spri trtmir frr" 

frvr Inirrn Symp am 
ttuStfetmnbatof 
ViH-fcvr Mttrrmk. 
IAF ASM 201 9. 
Vienna. I«7*.p •»*>! 

t\*let. I A . 
D I Dmmhae. 
J 1" l-ranfcfcw. 
R. * Stetrnrt 

Carter. J A 

t l i r t . R. R 

Cmlansn. D A 

Date. J M 

.D. L. 

"I fturomnrntal and I »d Maletolt Anah v t B* Miiltt-t kment Iwtope 
IMutmc. Spark Sourer Mavt Speit'-tnelry" 

iSee Franklm. J C » 

fSer CHierm. M. R.l 

•See Praiti. M. I J 

(See Huktt. I D » 

Trttt Suh%icrwrs m 
ftttwnKmrmtl 
HftlthlX. D D 
Hemp***' n . I'm* 
of Mwvri . Cotamtoa 
l* \« .p 104 

tSer Carter. J A> 

(See Franklin. J C I 

89 
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AlTHORlsl 

Dana. H.». 

IbvR I 

tUnigc. I S. 
ii. D- (THrlky.* 
K. J Nonbcwii 

EMmfer.J S 

Emery. J. 

Franklin. J. C 

rraakmt. J. C 
J A. Carter. 
D L. Duaohue. 
R. * Stebner 

Grim.». H. 

Guerm. M R.. 
J L Epkr.' 
C.-h. Ho. 
BR. Clark 

TITLt 

(See Halrti. L D.I 

(See Carter. J. A-1 

"Prtmurdnl and Cocmoeeiut RadMHicbCet m Dncarte? ami Taurtii 
Unto* Materials: Etlnuwi of Studm by Nondeitructnre >-ra> 
Spectrometry" 

lSeeO*»>Rey.G. D.t 

lSeeHukii.LD-1 

(See Carter. J. A I 

~MollKkn<enf boiope Otenon Spark Source ManSpectrometry" 

rtnLISIIER 

iSecGuena. M. R.l 

•Set Kubota. H-l 

"DetemunmK Eueitwe tmtmon* Mea-wrement Xeed* for an rrnerrjnc 
Imhnlry-Advanced K»«l turbllriualmn" 

»IH- o/A lumtrSctrm-r 
CiMt.-n-Hi*. 1975. 
p Urt7 

Aui-. 2Sni Anmual 
Confrrrnce on .Mm 

Allied T<tptes. ltov*lun. 
Tcvr*. 1975. p. 355 

Fntr ofSimp MI 
Fufitirr fmiamms 
Mtaavrmrnl ami 
Cmmrl. Hariford. 
Cum.. 1976 

Guemi. M. R. 

CiMjin. M. R. 

Gacrm. M. R-. 
W. H. Gnew. 
C * . Ho. 
». D. Smrin 

Hn.C-ft. 

Hmrfl. L D. 
I N. Dak. 
J. F. Emery. 
W S. Lyon. 
W Futkerwn* 

Itukil. L. D . 
". W. Dunn. 
J M Dak. 
J. F. Emery. 
» S l.yon. 
P S. Muriy* 

iSee kubota. H.I 

"Tobacco Smoke Characterization: A Model for Coal I mveiaclMHt-
Analylicai Research" 

'Themicai CharacterHation of i oai ConterwM P*>i Plant Material*" 

•See Guerm. M. R.i 

'TethnKturt for Characien/alton of Paniculate Mailer: Neutron 
Activation Anafyw. X-ray Photoekclron Specirincopy.Scamme 
Fkctroa Mkrmropy'* 

"The iharactcnzaiion of Solid Specimen* from Environmental Pnnutmn 
Studiet |!img Electron. X-ray. a.;- Nuclear Phywo MclhodV' 

fnx Wotkdmpon 
Analvmal .\'red$ of 
raw huturt as Applied 
In Coal l.iawefaction. 
(•reenbo. Ky . Amc. 21 
23.1974.p 170 

rW. Third HKDA 
Enrvonmmtal Prntec 
lion Conftmcr. 
ChRafo. IR . Sepi 23 
2*.1975 

fnnr. Work dnp on 
Samplm*. Anatrm. 
and Mtmilormg of 
Stack Kmatmni. 
Ekcinc Power Research 
Iniciiulr. Palo Alio. 
( alrf . April 1976. 
p 241 

Pnrr Mrmmmmm'. 
ftfifcnoH. ami Omintl 
of y.rnwonmrmal 
Mktamtt. lArA-SV-
206 I. Vienna. I "'6 
P » 
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A l T H O R H I 

Kectfi.J. R..* 
D. L. Maauag. 
R F C lawa** 

KnpoM H . 
W H GoeM. 
M R Gweru 

L»on.»'. S 

. D. I.. 

"t'orruaua Rcwlaacr lo 
Sah* Owtainwe. l > 4 ami 

TITLE 

NKfcci-Batc ARujrs lo Molten Flvofinc 

"Derermmaimi of Carcmorein m Tobacco Smckc ami Coal-Dtrmen' 
Samotn Trace Pbtjrnackar Arontalic Hydrocarbons" 

(See HmVu. L. D I 

iSeeKenrr. I. t i 

PUMJSHER 

hoc. Intern Srmm. on 
Molten Salts. The 
EJccirodvaucal 
Society. Inc.. 
WxdU«UMk D.C.. 
Aafwt 197*. 
p 315 

Conference on 
Trmcr Smhttamm 
m tntminnmnlml 
IfcaM.CotaMka. 
Mo. Jane 9-12.1976. 
p 211 

Mirock. W R 

VHIIKUU. K J 

OKetttyAi D .* 
J S FMrMbr 
K J Norrtkult 

Fntchard. f A 

rNKll. M F . 
A »' Loaprti.* 
D A t'ovanzo 
J A Conlm.* 

B D lp%ion* 

ReynoMv S A 

Rov .H H 

SholivW D 

Srel/ner. R W 

SUfff. L R .• 
R R Wj|i.m.« 
T D Redly* 
L V 1-icMv* 
R L Walker. 
W T MaHmv' 
J I Thomai* 

• See Carter. J A » 

•See thtralfe. J. S » 
iSeeOKetteyl i D» 

"RadNMMvhrie CoacemrafttHn m KRFEF Basalt Samples 15382 
andl53S6' 

iSee farter. J A » 
"Tritiwn Monitorm* System for the CR-IOGTFR Farl Irrjdanon 

Ftprmnenr" 

• See Rondwtci. F A > 

"Theory jnd Application of ferenkm Gmmmp" 

•Seelwenn. M R > 

•See Carter. J A > 
• See Franklm. J v" i 

"Xeniron Measurements nf : , 4 t ' Isotopic Abundance m l"R« 
SampkV 

Aor Lunwr Science 
VII. Lunar Science 
I w o n . Howoa. 
Te*as. 1976. p »5I 

7>»nf Am .Vurf Sot 23. 
1976.p 116 

hoc of liquid Scmtitation 
Science and Tech. 
Academic hew. >e» York. 
197*.p 79 

hoc I (Hk.4nmmlMeeting 
of .Vnrtrar Matenah 
Management. .Vtr/ 
Miter Mm-te. New 
Orleans. La . 1975 

Walker. R I (Sec Carter. J A» 

(See SlirtT. I. R > 
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AlTHOKls) TITLl- Pt'BLISHIR 

Y o u * . I P , 
R. G. H»ae.« 
R. L. FeRoav* 
M. Jioe.» 
J R I M n r n * 

"SpevtroKopa; aad X-r»> DnTractioa S f a i t j of the Broaude* of ("aaforawnv 
24* zad Farueauam 25 J~ 

Aitkin 

P*tn- -trt> Imttm 
rnmip4mltmmm 
Hement S n a p . 
W MaUrr aad 
R Bmdri.erfv 
Fhrner. I97fc. p 227 

Aaderwn.N G.« 
D D WW*.* 
D W Hobday ' 
J. F. Caloa. 
J » . Hoarmaa.' 
J W. F<ete«a.* 
J f AttnR. 
I . L . Ba». 
V L. Anderwa* 

A I M V T W O N G * 

D 0 Win* . ' 
D.W Hobday. 1 

J. F. Cafoa. 
J. » . HoBeaua.' 
J.W. ( t r i e * * . * 
I F . Anrat 
F L Bat. 
V L . Aadenon' 

Apple. R. F 

Aural. J r 

BaU.F L. 

AnaR iKal Tecamtpict lot I'HI Fr..-tioa» XIX. Tar Cyclam: Aa Automated Ami B-Kh.m. • » . 
S\ ucm lo r lyc lk Chroanioprapay" 159119751 

V u h ik.il TcihMuuot tor ("ell Fraction* XX. I ychc Affauly 
Ofoouti>a3phy Prmca^nand Apphvanom~ 

•See Hnrton. A. D.l 

(See Andrrmn. N G. 

iSee Anarr<nn. N I. } 

•See HiJIaday. D. » I 

4w/ . BftHftrm. M . 
3 7 | . I»75l 

Bile. L. ( 

Bale. I . C . 
S F Lmdbcrt.' 
A » Andre:;' 

"Oeierminaiina of fhloraie m AhMMMm Metal by Neutron Actrvatma 
AnahtrV' 

"FJemental Aaaty«r« of Water and An SoMt by Neaitvn Acinatioa 
Analyw" 

RmUrthrm. R * h w « l 
lew J». »*il9?fc> 

7 AWirww/ lltrm I I . 
I25 i l97fc i 

Botlv J L. 

Canada. D C 

Canada. D C . 
F F.. Renaew' 

Carpenter. I. A .* 
D A lee 

Catnn. I K. 

(Timlie. W M . 
D I I Smith. 
I I laonye* 

•See ( .Man/o . D. A • 

•See Let. D A. I 

"hntoae halimat a faarav lemlK Seirxlioa Tedtaajae for Man 
Chromalofraphy " 

'TGA-DTA-Mam Spectrometer Otocnalinwi of the Carbonization of 
I'raniain-Lnadrd Weak And Retw Mkrmpherrt" 

•See AnaVrmn. N . G . I 

•See Hnftaday. D. W ) 

"An Inn Micmprnoe Study of the Tentde Fadvre of a fl-Rh-W Alloy" 

./ Ckram Set 14. 
1491197*i 

55»I97*> 

J2M97ft> 

http://ik.il
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AirrHORls) 

Chmlir. W H 

Clark. B. R 

Clark. B. R . 
D A Skoop* 

Clark. B R . 
D H l < W 

tlark. B. R. 

CostaN/o. D. A. 

Cinun/o. I ) A.. 
J I Boll*. 
I). F. LaVaRe. 
I I Lay ton 

f » v T I... 
I I ) l lnlrll 

Dale. 1 M. 

O H I I I . H * 

Finery. I I 

Fnwh.C B." 
i P Young 

t ientn.R V..* 
« I I (Tirmir 
l> I I Smiih. 
1 I Imery. 
S A Reynold*. 
R I talker. 
S S Cmty.* 
P A «*nlr>* 

(ienlrv. R V .* 
» I I . ChrM**. 
I> I I Smith. 
R I Warner. 
5 S Cnsty.* 
J F MvLao*hhn* 

Gentry. R . V . * 
D H Smith. 
W H Chumr. 
S S C m r y * 

( i r in i .W H . 
H Kubnta. 
M. R. (fvrnn 

TTTLF; 

iSeeCicatry.R V. ) 

•See Ho. C - h i 

"Spectrophotometr*; Deteraunatioa of Iodide and Iodine at the PartvPcr-
Mduoa Level as a TtuDcyanate Complex" 

"Infrared Srudkrc of (Jmnoae Radical Annas and LMaMoro Generated by 
Flow-Cell FtectrolytB" 

"Infrared SprctroelrttrodtemttaJ Studies" 

«See LaVaRe. D -1 ) 

"Analy inal Methods for the Chemital Clurattrnzalioa oi HTGR Fuel" 

"Appavafiom of Si annate Flcctron MKrovupv to Root-Soil Reiationdiart 
m YeBow Poplar \l m*icT^lnm lulipiJfTa I i" 

iSeeHulrll. I . D l 

«Sre Hukt l . I . D I 

•See Gentry. R V i 

'"Fffett nf Temperature on the Self-l.ummcwenoc of S K I ; Doped with 
***Cm t>r * Fv Olnertation of Most Dried F..imion*" 

"Radmtoalo* m Coalfield Wood New FiaJerKe Rrlalinjt lo the Time of 
Cranium lntr<«l<H tion and CoalifR'ation" 

Pl'BUSHER 

'Ihtari Radtohahm" 

Altai Chrm 47. 
245X1975) 

J Ekctntn—L Chem. 
• 9 . 1 8 1 <I976) 

Dm. Abur B. I S i t ) . 
377011975) 

Am. Ceram. Sotr.. _"uff 
55.435 il976> 

SttdSa 120.195 11975. 

J Imxt Surf. Chrm 
JR.45 l l976» 

Sotnce 194. M 5 1197*. i 

*V«57. ?52M97l. i 

'Rationale in CoahtKd Wood H e * T«nc LanUsSvejtcsted fot CoalnKatwrn Fos 5* .47 J A M97S> 
and Introduction of Cranium" 

'Resolution of Poly nix kar Aromatic Hydrocarbon* by Packed Column G l C" Attmi I fit %. 949 
11975, 
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AirmoRtik 

Guerin. M R. 

Guerm.M R 
G Otench 

TITLE 

tSccGriest. W . H l 

i S c t H o . l -h » 

(See Morton. A. D> 

(See Kendntk. J.t 

iSeeRao. T .:.» 

"Direct Gas Chromato|Erapkic Determination ul Catechol m Caarette Smoke" 

PTBLISIiEK 

T»hat f> Sci XX, 
19»19751 

Goerm. M R . 
G CHemh 

Ho.C.-h.. 
B. R. Clark. 
M R. Gucrin 

HoUaday. D. ft..* 
J. E. Caton. 
E. L Bali. 
J ft. HoOeman.' 
N G. Anderson* 

Horton. A. D . 
R. E. Apple. 
A. S. Meyer. 
M R- Guerin 

Huletl. L D . 
J. M Dak. 
H. M Dunn. 
P S . Murty* 

Huleit. L D. 

Jenkins. L. M 

Jenkins. Lota. 
M. Hunt.' 
R. V Carey.' 
J. O. ftestgard* 

Jenkins. R. A.. 
ft. J. Bbcdcl* 

Kendnck. J * 
I B Rubin. 
C A Creasia.* 
ft. I Maddox. 
M R. Guerm. 
P. Nettesheini* 

Klatt. L S. 

Klalt. I.. N.. 
D. R. Connell.* 
R r Adams.* 
I I.. Mon^tbrre* 
J C. Price* 

"Gas (Tuomatopaphic DctennmaCcR of Neophy tadtrae as a Measure of the 
Terpnoid Contribution to Experimental Tobacco Smoke" 

"Drrect Analysis of Organic Compounds in Aqueous By -products trom tossil 
Furl Conversion Processes: Od Shale Retortinc. Synthane Coal Gasification, 
and COED Liquefaction" 

"Early Detection of Preynancy-AssociaUj Serum Proteins Vtinr Antiserum 
to Placental AnHptns" 

"A Puff-Averaginj! Analytical Ci|tarette Smokm* Device" 

T b r Cnaractcrualions of Solid Specimens Approachm* the ft "hole 
Problem" 

I See Cox. T. I.. I 

I See WeMcard. J O.I 

"ftorfclojd Rccordm*. A Tool for Increasm*: Laboratory Efficiency* 

"Study nf a Reafcnt. .s lactate Electrode" 

"Respiratory Tract Deposition ofSmnkc Par'icles I sine a Nasal Bypass 
I k /Kt" 

iSeeSenn. D R l 

"Vnliammetnc Charactero-ation nf a f >rsr hue Teflon Ekclrnde" 

fnrirvn I e;t IftV 
:fc5il975» 

J tnvmm Sri Hrtlth 
A l l . 4*1 ll97fc» 

Immunol (fmmun 
S.I H97fc» 

i l »75 l 

J RjJfhtnal <*«-m J4. 
.VJ$ii97*» 

lob Mf'l. 7. 
3n i l9?6t 

Ami Chem 4B. 
I240i|97ft» 

. I f r * Kntmm. Nrtllh 
J l . 131 II97fc| 

Anal Oiem. 47. 
2470M975I 
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AtTHORit i 

LaVaue. I> r 

IaVaUe. It I . 
I> A ( >nuiui>. 
» J L».kry * 
J D Seaie* 

TITLl 

(Srr t.rirM * H » 

• See ( ottaiuo. l> A.) 

"Tet,hnique> tuc IM terrnliataic Between Open and O w e d P o m on a 
MkroMoph. Stair" 

PUBLISHER 

/ Am. Ceram. Sor. S9. 
8 0 <197*, 

L>yl»n.I I 

Lee. U A 

l « . I) A.. 
» T Ramey. 
D < C'J 

l y . tn . ' * S 

l \ - n » S 

• Str < 'UMJU/O. I) A.) 

iSwCirpenttT J A » 

"ln-1 m e Monitonar <>t effluent* trom KTGR rurl Partkrir Preparation 
Plnuewr* l u i y j TMnc-oC4lathl Ma» Spcctrumctei" 

"The International Nu.leax jnd Atomic Actuation Conference at 
W h n b u r p A Repme" 

" len Year* .4 Nu..le.>nh.% Revie*»" 

Am Certm Sot.. AMI 
5 5 . 1 9 7 6 > 

Rattmnhem RaJto&uI 
Lett 2 4 . 2 4 5 11976) 

Rajkxhtm Red»>enal 
Iru 24 . 313 i l»~*» 

l y o n » S "A Olmale <lima,tern '" RaJ*thrm Rsdnttttl 
l.rrt 27 . I 5 V I I 9 ~ 6 > 

| \ . . n » S . 
II II R.>%« 

I i . i i » S 

" \u - lr->nio 

"The R,idioclK'm<iai Winter (Nymph.* 

And Chem 4 * 5 1 . 
9 6 R ) I 9 > » 

Rmtonhrm R*tn*n*l 
i.rtl 2* . I ( ir ' fc i 

l * . « i . » S 

I A . H I . R S 

"Neutron Actr»at»<>n Analyw Appbed to rt ierp and rnvn-oKment" 

•S»holar» rhr-'uih Space" 

Trans Am \uri. Sor 
21)2 . . 56 11975) 

R+lKrcH-m KaiKmmt 
Iru 2* . l « I H 9 7 « i 

• x . » I 

Meyer. A S 

M.»»re. I- I. 

MoiHe. I I . 
H S (rfHcnier* 

iSee Kendruk. I t 

iSer llori.m. A l> » 

"An Improved Inn I \chanjrr Rrun Method for Retnocal and 
Recovery •>( / i n . ( \ jntde and Cyanide from rtectroptaimf »**tr*~ 

"Removal and Recovery «•; Cyanide and low from rkvlrnpiating »a«te» 
M Solvent r xtraction" 

J f.n-mn Set 
Hedth. A11.459 
• I9' r*» 

fbrrrar * W Surfar 
l-mnhmt 63(11). 
» | | 9 ? 6 > 

(Merhh.Ci 

Payne. M C. .• 
<; S llurvi.* 
M II Nayfeh.' 
I f Judith.' 
C II Chen.* 
r B Warner.' 
i t Young 

iSer Guerm. M R ) 

kinelhc of I k l2lSt I tiny Refinance Ionization Sprclrovcopy * HIM Ret l.rtt iS. 
1154 i | 9 7 5 i 

file:///chanjrr
file:///jntde
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AITHORIS) 

Raincy.W.T. 

Rao. T. K..» 
I. B. Rubm. 
M. R. Cuerw. 
J. L. Enter* 

Reynolds. S. A. 

TTTLK 

(See Lee. D. A-> 

"Environment ii Muu, enests of Energy Rebted EtThsents" 

< See Gentry. R. V.) 

(See Scott. T G> 

PUBLISHER 

iinrtirt tJi-VU. 
Suppl..60tl9?6) 

Reynolds. S. A.. 
T. C. Scott 

Ross. H. H. 

Ross. H. H 

Rabin. I. B. 

Scott. T. G. 

Scott. T. G.. 
S. A. Reynolds 

Senn. David R..» 
P. W. Carr,* 
L. N. Kbit 

Scnn. David. R .* 
P W. Carr.* 
L. N. Kktt 

Shaw. R. W . 
M. Nkol* 

Smith. I). II.. 

Stokely.J. R.. 
H. A. Friedman* 

Walker. K L. 

Young. J. P. 

Westgard.J. O..* 
R. N. Carey.* 
D. H. l-eldbrirgge.* 
L.M Jenkins 

"Determir jtion of Plutonium in Environmental Samples Part I. 
Development of Methods" 

(See Lyon.W. S ) 

"fngh Efficiency Cerenkov Counting Using a New Vial Design" 

'.See kendnck.J I 

CceRao.T. K.) 

<>.e K-> nold*. S A > 

"Determination of P*utonium m Environmental Samples Part II. Procedures" 

"Compensation for Thermal Drift in an Optical Feedback StablihzeJ" 

"Dewrminalion of Nitrate Ion at the Part Per Billion Level in Environmental 
Samples *ith a Continuous Mow Immobilized Enzyme Reaction" 

"Phosphorescence and Triplet-Triplet Absorption Snectra of Anthracenes/10 
in Polymethylmethacrylate Under High Pressures" 

ISee Christie. W. H) 

(See Gentry. R. V.) 

"Electrochemical Studies on the Existence of Divalent Oxidation States rf 
Selected Actinides in Acetonitrile Solution" 

(SecG*nt.-y,R. V.) 

(Seelinch.C. B.I 

(See Payne. M. (*,.) 

"Performance Studies on the Technicon SMAC Analysis: Precision and 
Comparison of Values with Methods in Routine Laboratory Service" 

RmtmtcMrm. Rmdnaml 
Lett. 23.26? (1975) 

Rmlincliem Rmlkmiml. 
Lett 27.7H1976) 

RaJioehrm Rtdiotnml. 
Lett 23.175 11975) 

Okrm. Inflrum 7.1*5 
11976) 

Anal. Chem. 4H. 
954(1976) 

Chrm. Ptiyi. I.rlt. 39. 
10* (1976) 

Inorjt S'ucl. Chcm. 
I.rll 12.505(1976) 

Clin Chrm 22.4*9 
(1976) 
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AirmoRis) TITLE PUHJSHER 

J C M W I , %%. A-

* . W- L. 

T h e FltxnotfcCTa.ca> Qxkfatwn of WADH mi «» Appliulio* to » Rcaffdcg Ph.D.. Uwvcntty 
La.tarr Srmv' of Wfecoaaa, 

Haftaon (1975) 

"Afta'y sb of Cigarette Sawkr by Fowirr Transform Infrarctf Spectrometry" ffcJ>.. Uaneniry 
of T O M H M , KaoxviRe 
(1976) 

Aimioitis) 

Cauda. D C. 

Carter. J. A. 

Cartel. J. A. 

Christie. W. H. 

Corbtn. L. T. 

Cottanio. D A. 

Dyer. F. F.. 
R. P. Wkiwser.* 
W. J. Ifarlra." 
t . L. Fair*. h.W.* 
R. J. KciB.* 
H. J. * Nord«*n* 

DkkciH.J K..« 
T. A. Lowe.* 
J. W. McConrrtl.* 
I. F. Emery. 
R. W. Petit' 

RETORTS 

TITLE 

(Set Uc. D. A.) 

(See l « , D. A.) 
(Set Smith. D. H.) 
(See Walker. R. L.» 

Analytical Chemistry D&iaon Research and Development Summary 
September 1976 

(See Rainry. W. T.) 

(Set Smth. D. H.) 

(See Shall*. W. D.) 

(jer GoMbcif. G.) 
(See UVaRr. D. E ) 
(Set Lee. D. A.) 

rYt*t-lrrmiimtm.i Examination ofPemch Bottom HTGR Driver Fuel 
Element E06-0I 

RETORT NO- AND DATE 

EMridRt.J.S. 

Emery. I.V. 

Fission Product Beta and Gamma Energy Release Quarterly Progress 
Report for October December 1975 

Fission Pro,'set Bet* and Gamma Energy Krlemse Quarterly Progress 
Report for January march 1976 

Fission Product Beta ami Gamma Energy Release Quarterly Progress 
Report for April June 1976 

Fitskm Product Beta and Gamma Energy Release Quarterly Progress 
Report for July September 1976 

Preliminary Fission Product Energy Release Measurements for Thermal 
Neutron Fission of"*V 

(Sec Trombka. J. I.) 

(See Dickens. J. K.) 

ORNL/CF 76/342 
(October 1976) 

ORNL-SI26 (Apr* 1976) 

ORNL/TM-S27S 
(February 1976) 

ORNL/NURF.GftM-23 
(May 1976) 

ORNL/NUREGfTJM? 
(September 1976) 

ORNL/NUREG/TM-65 
(November 1976) 

ORNL/TM-5273 
(March 1976) 



AlTTHORti) 

jotdbcfg.C-. 
D. A-Casuiwo 

. G , 
JESuaM. 
J. L I 

JaeM.M.S..* 
J.E.VaaCitv*.Jr.. 
W.T- Ramey 

Kbtt.L-N.. 
D R. Sena.* 

Lm$.m. ft. 

LaVaRe. D. E.. 
D. A- Coftsuo, 
W. J. Lackey.* 
A. J. Capato* 

LaVale.D.E.. 
D. A. Cotfaftzo. 
W. I. Lackey.* 
i. D. STMT* 

La*. D. A . 
D. A. CaJUftZo. 
D. t. Stmio*.* 
J. A- Carpenter.* 
W. T. Ramty. 
O.C. Canada. 
J. A Carter 

Lyon. W. S. 

McKown. H. S. 

. r--. L. 

Mueller. T. R. 

Pritchard. C. A. 

Raimy, W. T. 

Raincy. W. T.. 
W M. Christie. 
C. A Priicrnrd. 
V. Lijinsky* 

TITLE 

A tenetim-rwrfctr Size Anehrzer 

fwwmrn«af Ampm\ anuwi a/aV. Crwrnjiajaf 'aw ^aatfrrcr 

Anatytkat Chrnmury 
197* 

Kewven ana Oevewafntem • 

wiuwiv ay nwiUavivlMrimr Scrttaaaajr. J 
Ar/Mriraftmr ofHetn-Tump mme Cm-Cmmatd Reactor far/ 

At £c.r«r Grfafrieri Reaction far ike Den ofWnmte 

AmtrtaofOKXL /towns Meter jfcee* 19*0 M Arww? 

7)te Drill iwanriMW of Otyeefirt rmnkk ftairtaw at HTVK Fmet* 

TicAnimme for Differenhukaj Between Open and Cknid r\tm on a 
ajepooropar seate 

ln-ljne Mo'itormt of Effhtmit from HTGM faW rVrirlr hipmmlkm 
ftumw Uung a Trnw-of-FHant Mm Spectrometer 

Ami} Ikal Chemistry Diriswtn ffrararr* and Derehpmenl Sumumry 
Aueust 1976 

(See Smith. D. H.) 

Chrmical Separation* for Ahatemmt Control of Knew pnneue* 

Checkout and Test frocednre. Fhrnntphotometer 

(Sec Ramey. W. T.) 

(See Walker. R. L.) 

(SecJudd.MS.) 
(Sec Lee. D. A) 

Mat* Spectra nf N-Ntlrow Compounds 

REPORT NO. AND DATE 

ORNL/TM-5157 
iNomakn 1*7$) 

ORNL/NSK/EATC-15 
iDrocakcr 1975) 

ORNL/TF 7*/407 
iKaumku I97*> 

ORNL/TMS420 
(Naecmoer I97*> 

ETA Fmal Report. 
GraM R-MO-tSt 
•Hay I97*> 

OR!*UCr-7*/l4t 
(May I97*» 

ORN1/TM-54S3 
(Sepmakrr 197*) 

ORNL/TM-5109 
(November I97*> 

ORNL/TM-S579 
(Aamnt I97») 

ORNL/CE-7*/J» 
(September 197*) 

ORNL/NSF/EATC 20 
(December 1975) 

ORNL/V-5I9SA-ST 
(Jane 197*) 

ORNL/TM-5500 
(September 197*) 
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A U T H O R S 

M v i D . 

Shaft*. « . D.. 
L T. Curbai 

TITLE 

Shall*. W-D. 

D.H. 

Smith. D. H . 
H. S. McKown. 
W H Outfit . 
R. L Waiter. 
J. A. Carter 

Strain. J. E. 

Trombka.J. I..* 
J. S. EMritfer. 
etal. 

Vw Hook, R. I.» 
W. D. Shalt* 

Walter. R. L. 

Water. R. I . 
C. A. Prilchard, 
J. A. drier, 
D. H. Smith 

• • / C M -

forjmmmn 197* 

for Frmmmy 197* 

197* 

for April,97* 

far Mty 197* 

SmmmtryforMy 197* 

•Sec Van Hook. R. I.) 

(Sec Warner. R. L.) 

Ituintcliom Mmmmt for ORSl. 
Mm Spectrometer 

Tom§em MM j4*Mal0ace SettsutrUy 

(SccGoMMem.G.) 

Crystal Atthmiim-Kxpermwm MA-151 

EATC Progress Report Octoorr 1974 December J973 

(See Smith. D. H.) 

hwetkmi Aspects of the Rem aVaaf Tirrfempv /bf Mm Speeirometric 
5§mpW IjOOMtng 

RETORT NO-AND DATE 

ORNL/NSF/EATC-IS 
(March I97t) 

ORNL/CF 75/12-2 
(Plumber I97S) 

ORNL/CF-74/21 
(Jamaary 197*) 

OKNLACF-Tt/tt 
iTeaeaary I9T»> 

ORNL/CF-W/1* 
(March 1*74) 

ORNL/CF 7*7111 
(Apr* 197*) 

ORML/CF-7*/l3l 
(May 197*) 

ORNL/CF-7*/l99 
(Jm> I97«) 

O*NUCF7*/J02 
(Aafssl 197*) 

ORNI/TM-MIS 
(hat 197*) 

NASA/TMX-SM73 
097*) 

ORNL/NSF/EATC-22 
(February 197*) 

ORNL/TM-5S0S 
(July 197*) 

Wjhon.G R. Sltthtictl Quolily Control Report, Anthtkmi Chemistry Dirismi, 
My through September 1975 

ORNL/CF-7S/IO-I9 
(October I97S) 
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OltAJ. PRESENTATIONS 

Asia yens, start 
The 

have preseated papers at local, axtioaal. and in a few instances, international 
variety of sabjects. reflecting da? Dmaoa's bread spectrom of activities. 

Has year's conference - die 20th - was again kdd at die Rrecnide Motor Lodge in Gathabarg. Six : 
i da? fad dace days October 12 14 Tides of diese scssmas were: Analytical CVmrary Related to Fossa 

Eaergy Technology ( I ) . Analytical Cheaastry Related to Fossil Eaergy Technology |2L Special Session on National 
Eaataanoa (MJRE). Nadear aad RaaMxaeaacal Methods. X-ny aad Spectroscopic Methods. 
I New lartraaaratatioa 

L J. ttady was Conference Cnaanaaa: W. S. Lyoa was Technical rVograai Chainaaa: aad A. L. Harrod sewed as 
Treasaier aad EaJnbits Coordantor. 

At 

AVTHOKfs) 

•oaArtti. E. A..* 
S. A- wcjmoMi 

TITLE •tUSF.NTFDAT 

f«efcl mi Lafcfilunr Oton'ilww 
iQjtianiimSttwy 

Workshop on Acta 
Seanmi Inier-
action. Seattle. Waw.. 
Feh. 10 11.1976 

•oaniritt.EA..' 

M.H.Saanto* 

of Htueaam Willi Comfitxmf SahJtancei 
I Nat anl Water*" 

IAEA/ERDA Sympo-
n N M T W M M -
MMR NvCBSeS • ! the 
Envaronnient* sen 
Francnco. N©». 
17 21.1*75 

D.T. -The 
Satiate' 

of AtMOVPhCfK Symposiam on Recent 
Dewfepaieafs m 

mot Atmospheric 
Senate ami Nilrale. 
Research Trianelr 
•arfc.N.C.Mar. 23. 
1976 

Mantes of the Dcteriwnatkm of 
Aianwpatiic Satiate" 

ORNL Analytical Chem-
•try Dmawi Anneal 
Information Meeting. 
OakRinjBT.TnM.. 
M M . 11.1976 

Bostkk.D.T.. -Tli«$f»^olHWticAiialjrmorS^i»«UaaftfcePl«a»t«i 
W. D. Roftkfc* Cea'rifafal FaM Aaatyarr System" 

Gatanhvrg Conference, 
Gathnbary. Tea*.. 
Oct. 12 14.1976 

•of Is. J. L.. 
D. A. Cottamo, 
D. E. LaVaNe. 
F. L. Layton 

Carpenter. J. A.,* 
D . A L R 

"Analytical Methows for the Chemical Characterization 
ofHTCRFaeb" 

TGA-DTA-Msss Spectrometer Observations 
of the CarfcMtaation of Uramam-Loaoca' Weak 
AcM Rctm Mkiuiphwi" 

71th Armani Mcctmf. 
American Ceramic 
Society. Cincinnati. 
Ohio. May I 6.1976 

7Mn ARMMl MCVIMJE, 
AiwrtttaM Ceramic 
Socttiy, CtoriMtof i, 
Ofcto.Msyl 6.197* 
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ALTHORlsl TITLE PRESENTED AT 

Carter. J. A 
D L 
J.C. 

Carter. J. A.. 

[Aaatraaby 
Source Mas Sacctroaartry 

"thtiaaai Metals m Ak 
aV Measarea bjt Imtope 

Spa* 

Near a Catalytic Coaverter 
SSMS" 

. N X . D K . 
3-5.1975 

Caloa.J.F.. "Ciaairtie Sauke Daasartry m Mice" 

~ Analytical Elecuophorea:' 

fatT. 

La. Aft 1-3.1*7* 

ORAUTnnaafLecti 

Coaear. 
Teaa.. Fc* I t . 1*74 

ORAU Uctare. 

Fea. 17.197a 

Calon.J. i:.. 
W. f. Dalbey.* 
t. Nettcriwaa.* 
M. R. Gacria 

CkhHir.W. H. 

Tobacco Smoke lahabtioa Doaatetry" 

Mas Aaatyaer a»a Sarfacc Aaarytkal 

CkrtMir.W.H., 
D. H. Smith 

Clark. R.R.. 
M. R. Garria. 
C.-a. Ho. 
I. 0. Rabat. 
I. L. Eplrr* 

T a e loa Mkroarobe 
Teclaaaar Aa 

"Man Spectrometry aad loa Mkroprobc Mas Aaah/aV 

"AppacatMU of loa Micro probe Man Aaah/aa" 

Taewacal iwtopcJ-Fawroaaiemal Characterizaf KM of 
Foaal Farl CoaawMoa Mafcnaa"* 

"CkrwacaMNoloaiejl Ouractertzatioft of Coal Comcmon LMJUMY* 

I Toxicology 
Workshop. Tampa. 
Fb..Oct. 20-22. 
197a 

CartariSTaV CaMafcKtMV, 
ORNL.Oak Raka*. 
Teaa..No*.9.l976 

ORAUTiiiiaaj Lcclaw 
LoatR Uaaamy. 
Loael. Maas.. Nov. 
la. 197a 

ORNLAaatyikal 
CfcniMCry Difima 
AMMO! ItlfofNIaTflDfl 

Ton.. If*. 11.1*7* 

Eiwi0/Eiivifi*ii 
nwnt Wofksliop: 
SRM's for Coal 

LMarfactloa. 
Gaaaeiiaarc. Ma1.. 
Jan. 20-21.1976 

3l*t Naitoaal Meet-
ait of tat Aaarrlcaa 
laMttatcofClKaa-
cav Eaajaam, 
Kama* City. Ma. 
Apr 13.197* 

http://NX.Dk
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Avmmts> m i t nttSCKTFDAT 

Ctofc.»R 
Fad 

• a * Coal 
•cKaKh 

ScVaaun, Sfcct-
•Vafifcrr«*> 

U n k o M o f 
FWMUFBCH 
M l b c t a l 

• fCnLVahMr-
•aa .DCNbf .9 . 
197* 

a*fc.S ft.. 
e-fc.Ha 

Ctek.l .R.. 
J. A. 
D.H 

( M K L T . 

IMOH ORNL AaafrtKal 

PiMlt SoccfaMlccfiwcJanHMiy 

"Stnioc AaMiic* of I97S" 

CoMMo. D. A. A—lyiirrf OwBiiry DwvaM lUxarca « * Dr«riapMaM A<nm«V 

"AiHirtkal Chcnwuy m ifct OCR 

"AMiyiicalCkcMiMnr Safpoft lo Ik* WTCR Kot fwfrtm" 

ntm Mccuay. Oak 

11.197* 

S.ortr.Watoa, 
taa. D.C.. May 
I 7.197a 

ORKL Amtfticd 

tmmftttmf.Oak 

Mar. 11.197* 

ORNLCfcraacal 

. Oak *»•%*. 
TrM.Aor. 21.197* 

ORNL AmtylKal 
OinMaffy 

laMM*tp1*.Mk 
KMfW v TCJM.. 

**r. 11.197* 

OftNtHTCKFari 
aWCVKtô Mfllt Fto-
ItMyv. Ttfiut.. 
Mat. 17.197* 

http://e-fc.Ha
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A I T H M H M TITLE 

afHTGKFadr 

~Ortm lofHTCKFacT 

D L 
I. A Carter. 
I.C.Fr. 

n f«H C—I ami Coal Pwimglj Aaary" 

D L. "M«li»».—••! brttfm: Pmrtw Saarfc Soarce Man Spectrometry" 
J. C. K 

.Caitf.Aaf, 
24-27.197* 

0*KL/KFA<Gcr-

OBNL.O* 
Rat*. Tom.. 
NOT. 22-23.197* 

SMTffarCaal 

DC.Jaa 
20 21.1*7* 

ORHL Aaaryuol 
CbcMMtry Dm* 

Oak R«%r. Tern.. 
Mar. 11.197* 

D M . H W.. 
L D. I M n i 

Djrer.F.F 

~X-ray H W K M M QttrtMalPC Analyst L'tmg FamnmrMal CuMlaMs' 

"from acta Cii—tie, to Ctimpmltn A Look at the I'm of 
Stmrom Atiminm A*aly*B" 

AMTTKan Nvdrar 
Society Work-

Va.Otf 4 5. 
197* 

Sovtlmvicni 
RepomlAfS 
Mectmf.G*l-

Oti. 27 29.197* 

FMrmW.J.S "AppkcMMU of iNMramenial Gamma Ray Spectrometry to a 
Vanrty of Fanronmcwial ProMemt" 

l U f a m t h i t CofMrmraiwiu m KRF.EP i t * * * Sample* I3M2 amJ I5M*" 

Gattmbarp Coft-
fcicNcc. Gal-
knbwr. Tom. 
Oct. 12 14.197* 

7ih LiMut Scimce 
Conference. 
Homton. Tex.. 
Mar 15 19.197* 

Fmery. I. F. "On-Lmr Gel Lit Gamma Spettromriry* ORNL Go^oolrd 
FaMRcactof 
Tcvfcmvji Review 
Meeimf.Ook 
Rannt. Tenn.. 
At* 2*. 197* 



AUIHORlw 

F a r m . L. G.. 
I R. StufeeW. 

210 « C « 

UTIE 

KotQeaKt l r 

~Aajtyacaira«aariij rftotti 

n t f S E X T f D A T 

XMa Twfcacv 
C h a n l c 
«r.nv*C<artr-

T C M . O C I 
IS 2». 1*7* 

ORXL Aaaly ratal 

OafcRafcr.T. 
Mat. 11 .197* 

F d r n X l . ' 
j P Yaw* 
J K. nltlSBS. 
R. G. H M T * 

GcafY.R. V.» 
W rl Ckratie 
D H. S M k . 
R L. Wafter. 
S S.CrtrtjF.* 
J. F. McLaat* 

S a c o n a f I • ISJTi 

-P»a>f R j + u h j f a r 

A O M e n a c e * 

Ort 27 2*. 1*7* 

D C . 
\ a n l i * 7 * 

GoMknc.G " T n t a f «f ttotccn* C* ifotdKtfcadrarladasUy' I 'wtanNwfcar 

<i,**rMr>. 
• • M M . React.. 
Fb. . Mar 1*7* 

"Tett aajt of Coararp lor ihr Nadcar In famy" 
Mfcuag. Nanaaa) 

CorfoiMNi F-ajpaafni 
Ranu V M J . F b . 
!*»« * I J. 1*75 

f.*vfdsfcnt. G L i — i OwMaMacTaalMc $tady of forvcydk AroaMK ItyaYoeaftofM" ORNL AmrrlKal 
favaaviry Dw-
MfN AWMMl laWr-
durum Mcelmf 
Oak RaYr. T r a a . 
Mar 1 1 . 1 * 7 * 

"Vparatm* •«( Potycydic A R M W K Hfakocaraoa* by 
Liquid f lir>mal<affjfltty" 

ITT CfcraaMry 
DrporTmrtM SrWH 
aar. Vmttnttf of 
T i a a r i i . Kans-
vOr.Fca 17 .1 *7 * 

"\ Hem 'jajMd ('hriiaurnfffaphK Method for Seaaranmi «f 
fVH.iiKir>r AroinolK' Hydro*. IT»--»M J'«o»P.>h'naTff»vfr< 
j» .Vjlhrtiarv Pkwr" 

27rtt "MMaantfc Coa-
fcrraccoaj Aaafyi^ 
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