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W. » . (ha l t s , Streets* 

The Analytical Chimlatry Division of Oak. 
lidge Rational Laboratory (OHO.) Is • large and 
diversified analytical chemistry organisation. 
As ••ch. It serves • multitude of functions for 
s cl ientele chat exists both la and oats lee 
OWL. These fenctlons fal l Into the foUowlag 
general categories. 

1. Analytli^al Research, huveleemmmt, and 
I f Use st at Ion. The division maintains a 
program to conceptualise. Investigate, 
develop, assess, improve, and Implement 
sdvanced technology for chemical and physico-
chemical smssurenemts. Emphasis Is on 
trebles* end needs Identified with OWL sad 
Department of Energy (DOC) programs, hot 
attention la also given to needs In the 
analytical sciences themselves. This program 
Is composed of medium- to long-tem projects 
and Is snpported prlnarlly by the DOC. The 
program const Stated approximately 1st of the 
FT 1980 budget. 

2. rregramamtic Besesrcb, Dsvelspasat, and 
Dt l l l sa t i e s . The division carries omt • 
vide variety of chemical work that typically 
Involves analytical research and/or develop­
ment pins the uti l isation of analytical 
results or special analytical capabilities to 
expedite programmatic Interests. The effort 
la this category cones from OWL and DOC 
prograas and from "Vork-for-Other*" agree­
ment*. Kaphas <• here Is on "applied" 

chemistry. This type of act ivity accounted 
for approximately 29Z of the division's 
badget la fT 1980. 

3. Technical Smppert. The divlalon performs 
chemical and physlcochealcal analyses and 
tes t s of virtually a l l types. Development of 
methodology Is am Inherent part of thla ac t i ­
vity because of the variety of analytical 
problems that arise la s multlprogrsa ins t i ­
tution like OWL. In general, thia work la 
short-term i s mature and comes from other 
divisions and programs within OWL. A signi­
ficant fraction originates outside of OWL 
sad involves the use ef talent and/or fac i l ­
i t i e s in which the division Is particularly 
strong or unique. This type of work 
accounted for approximately 46X of die budge* 
during FT 1980. 

*. Consultation, Collaboration, aad special 
Projects. This work Is distinguished fret 
technical support by the nature of inter­
action between the division sad i t s cl ien­
t e l e . »ork that fa l l s in thla category typi­
cal ly requires special attention sad/or 
expertise aad hence constitutes s collabo­
rative effort between the "castes rr" and 
divlalon personnel. Interactljns rsage from 
performing highly sophisticated analytical 
measurement* for or with a research staff 
member, to instructing others In the use of 
analytical equipment (plus the interpretation 
of data), to participating as analytical 

1* 
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• • • t e n of technical task forces, -sctivlties 
rang* fron epecial studies, to prograa 
dovclupnint, to the design aad fabrication of 
analytical lastrwaeatatioa for others. This 
work Involves close Interaction with the 
ataf fa of other division* at QUL aad with 
non-OWL people. Support for th is act ivi ty 
isapnoid epproxlaately 7Z of tho FT 1980 
budget. 

The Analytical Ckenlstry Division Is orga­
nized lato f ive nejor sections, euch of which 
aar carry oat aay type of • k fa l l ing l a the 
foar categories aaatieeud u*. i . Chasten 1 
throagh 5 of thla resort present progress within 
the f ive sect ion daring the period Jaaaary l ( 

19W to veceaber 3 1 , 19M. The following pern-
grapha aoaaarlse work l a the various sectloas. 

Aaalytlcal aethaaelsgy Sectloa (Chap. 1 ) . 
There are too grease la t j l e sectles: 
Analytical I as t ra—ts t loa aad Fbyaleoebealcel 
Analysis. 

Spectroscopy coatlaaes to he proalasat la the 
research ef fort of the Aaalytlcal Iastrueemt-
at loa group. Work Is underway l a alcrospectro-
photoaetr*, pbotoscoastle spectroscopy, 
reaoaaace ionization spectroscopy, plssas 
ealssloe (glow discharge) speetroscopj, the ase 
of f iber optic waveguides l a analytical spectro­
scopy, etd apectroelectrochealstry. This groap 
Is also eagaged l a the developaeat of in- l ine 
aoaltorlag lastmaentatloa for the Consolidated 
Faal geproeessln* Progma sag for the Coal Plant 
Control Project. In each of these progrsas, the 
work Is collaborative with personnel of the 
Instranintation sad Controls Division. 

Several aeconsllshaeats warrant special 
aaatlen this year. We discovered that delayed 
laslng - the t lae delay between peaclag a M-TAC 
laser sad laslng action at 1.06 i>a - Is • 
asassre of optical sbsorbsnee within the laser 
cavi ty . This aaw approach aay provide s 
kaadred-fold gain l a the sensitivity of 
ebsorbsace asssurenents over conventloul 
tecbelaue*. The concept of a laser power aster, 
based noon photoscoastlc spectroastry, was 
broaght Co f ro l t lon . Re* work coahialag astrix 
Isolation and hlgb-rssolntloa pHotescoostlc 
spectreastry was I n i t i a t e * . In - l ine asaiter* 
for "free acid" and sranlea and platoalaa, based 
oa oar concepts and research, have perforned 
well a* prototypes vr sorgo lag eaglaoerlag casts. 
Dsvelosaent of a eoapeter-eentrolled (reaete) 
plpetter was ceaaleted. A laser-generated 

watlassa l ight soarce that provides 10-ps 
palses of ap to 10 a l each and separated by S as 
was conceptualized and developed. Very sharp 
palses of this type are needed as the eoarce for 
the unleae t i ae -o f - f l lgh t optical spectroaeter 
that we reported In ear l ier anaaal report*. 

The rhyaleochealcal Analysis greap carries 
oat e variety of rather specialised nearoatlae 
service aad devdopaaat projects and aalatalaa • 
long-range research pragma.. Bering thla 
period, the groap completed the stady (reported 
las t year) of the passivation of t l tealoa 
electrodes, aalag electron epectroaetry. 
S ia i lar work Involved the ntady of nickel 
cathodes need as electron gone l a OKELA; the 
objective was to optiaize their perforaaace. 
This groap coapletcd developaeat of a aethod for 
asasnriag esbestes contest of varloae building 
aaterlala and eaaarlag that I t la less then IX. 
Cypsaa Is a n a w i coapoacnt (aad Interference) 
l a thla type of asaaareaeat, bat we detcraiaed 
that alaply banting the ssaple at 300*C la a 
ccavenlent way to reaove gjusaa Interference. 
This asbestos stedy was published. 

The highlight of the research effort la this 
groap daring the current year was the work with 
positron spectroscopy, which was supported 
I n i t i a l l y by O D l ' i exploratory stadles ("eeed-
aoney") prograa. Most of the effort has been 
devoted to developaent of a positron soarce that 
can be ased for speetroaetric experlasats. 
S. Pendyala, froa the State University of hew 
York at Predeeia, has been s close collaborator 
l a this project. Tungsten aad aolybdenaa aoder-
stors can be need to produce aoaoeaergatie 
positrons that have an intr insic fwoH lass than 
1 ef . The yields using tungsten sad aolybeeena 
are 100 tlass greater than those of en anon 
aoderatore such as angnasloa oxide. He 

purchased a high-intensity 2 2 Hs soarce of 
positrons aad prepared a practical positron gsa 
with I t . We are now Investigating positron 
spectroscopy as a surfsee analysis tool . The 
o n o - b a l l t electrostatic electron spectroaeter 
i s being need for this work. 

Previews work by this groap, on the charac­
terisat ion of f l y ash, received special recog­
nit ion this yasr when i t was published in 
tfManow and selected as the front cover 
photograph. 

Hang and je jaalaa l i a m a — t r y Iwrtlsa 
(Chap. 2 ) . The Haas aad telsslos (pectroaafry 
Sectloa coaprlees foar groups> Organic Mass 
fpeetroaetry, gleaentsl aad Ion Probs Sorfaes 
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Spectrometry, Act laid es and Inorganic Maes 
Spectrometry, and Safeguard* Maaa Spectro­
metry. 

A highlight In the Organic Haaa Spectroecopy 
Croup haa been the couatruetion and performance 
evaluation of a three-aector aaaa apectroaeter. 
Thle waa mentioned very briefly in the laat 
annual report aa a modification of oar doable-
focaelng Instrument. A unique fentnre of thin 
three-aector configuration la that the double-
focumlng eonponenta (electric aector 1 pine 
magnet) can be operated in high-resolution node, 
and aetaatable apectra of nana aeparated compo­
nent* obtained by electric aector II. this type 
of experiment la analogowa to capillary column 
gaa chronatograpby/meae apectrometry in that a 
blgb-reeolution aeparatlon device precede* maaa 
apectrometric identification. In thia caac, a 
high-resolution maaa apectrometer la the eepara-
tlon device. He have vcceaefnlly demonarrated 
tbla mode of operation, oalng a reaolvlng power 
of about 14,000. He have alao carried oar 
initial experiment* into photofragmentation 
apectrometry (PFS) with the three-aector Instru­
ment. In thia mode, the ion of intercat la ma** 
aelected by the doublefocualng component*t and a 
photon bean la aaed to activate and fragment 
ion* in the third field-free region ao that they 
can be analyzed via conventional ion kinetic 
energy acane. A laser haa been acquired eo that 
further work in PTC can be done. 

Exploratory etudiee were made to evaluate the 
potential of the ion microproba me** apectro­
meter for maea apectral atodie* of nonvolatile 
organic and/or orgaaometalllc *ubetancee. The 
ion mlcroprobe 1* attractive for thia type of 
atudy becauae it ha* high aenaltlvlty, it ha* 
the ability to aclect a variety of ionising 
reagent*, and the primary ion energy can be 
controlled. We observed an abundant secondary 
ion current that corresponded to catIonised 
organic specie* and fragmentation of the 
cationised organic substrate. Design and 
construction of a eovrce that will facilitate 
chl* type of research were initiated. 

Secondary ion mass • pactrom*try (SIM) allow* 
on* en perform mas* and leotoplc analyst* on 
sanpl** that are aoaetinea not amenable to other 
me** epectroaetrle technique*. The advantage 
here la that tedious chemical preparation step* 
may be circumvented. Thf* year we developed 
method* t».et allow the use of SDfS for the rapid 
a-j aecu-ata determination of lithium and boron 
faetopie ratio* In difficult sample type*. 
Several Immediate spplleatIons of this important 

measurement have been made, not the least ot 
which waa the analysis of samples from Three 
Mile Island (THI). 

He have continued fundamental studies in SSMS 
techalqu.ee, with the objective of improving the 
precision of thle type of analysis- A servo-
controller wee developed to maintain the spark 
gap width at a constant value, becauae gap width 
ia ordinarily an uncontrolled pareneter that 
leada to lose of analytical precision. The 
controller that we developed not only provide* a 
conetant gap width, and hence improved 
precision, but alao baa proved to be useful tor 
long exposure*, which require do** operator 
intervention. we are also oelng a faat beam 
chopper in conjunction with the gap controller. 
This allow* a more controlled portion of the 
spark pulse to be aampled and reduce* inbomo-
genelty. tesolta of analyses are being 
monitored to compare the preciaion measured with 
these alterations in operation and the preciaion 
obtained with en unaltered ansa apectrometer. 

Much progress haa been made toward estab­
lishing SSMS capabilities for highly, radioactive 
materials. A surplus instrument was acquired 
and haa now been fully tested and installed in 
our hot-cell laboratories in Building 2026. The 
ahlelded cubicle and transfer syatem haa been 
designed, and "cold" testing of the systea was 
done. He expect to complete this unique 
facility early In 1981; it should be capable of 
handling solid sample* that read * 10 mC/kg at 
1 cm. 

He have continued to develop and apply the 
realn bead technique of eanple preparation for 
laetopie characterisation and isotope dilution 
quantitation analyst* by maaa spectrometry. 
This technique has been extremely useful In our 
work with TNI Maples of various types. Minor 
isotopes In the 1Z concentration range can be 
measured with precision of +0.51, and major 
laotopea in the $0 to 99X range can be measured 
with precision of +0.1X by this technique. We 
continue efforts to demonstrate the utility of 
the resin bead sample-loading technique as a 
viable analytical tool for aaaaurlng uranium and 
Plutonium for safeguarding purposes. This year 
demonstration of the compatibility of thia 
•ample-loading technique with alngle-scaga mas* 
•pectrometrlc measurements wa* completed. He 
acquired a quadrupole mae* apectromster and 
demonstrated its utility t» an on-site analyt­
ical Instrument- He are systematically trying 
to improve the precision of the resin bead 
technique, and wa are teaching others how to 
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use it and assisting In Its implementation on a 
national and Intetnatlooal basis. It Is Inter­
esting to note that saaples of ameridum, 
carlua, and callfornluat are now routinely 
submitted to as on resin beads for lsotoplc 
analysis. This approach results In the handling 
and transferring of much smaller amounts of 
highly radioactive material, while yielding more 
reliable analytical results . 

Technical Support Section (Chap. 3). 
There are four groups In this section: General 
Analytical laboratory. Radioactive Materials 
Analytical Laboratory. Transuranium Laboratory, 
and Reactor Programs. 

Each of the groups must cope with a wide 
variety of analytical problems «v.d special 
projects. Characteristically, they must also 
participate in collaborative studies with 
•embers of other divisions and programs at ORSL. 
An important requirement Is that these groups 
must maintain an awareness of new developments 
In analytical technology and adopt them quickly, 
when appropriate. Development of a computer-
based system for making BET measurements in 
either the adsorption or desorptlon mode has 
been completed. He now have surface area 
measurement capabilities that are based on 
either pressure or weight changes. 

Other instrumentation-oriented projects 
included construction of a bipolar-pulse conduc­
t ivity detector for use In Ion chromatography, 
modification of an ion chroaatograph for glove-
box operation, and development of a baseline 
compensator for differential scanning cslorim-
etry. Instrumentation was slso developed for 
measuring carbon-14 in dlssolvar solutions and 
tritium If single irradiated microspheres. 

New equipment of various types was acquired 
by each group. Our new x-ray fluorescence 
system, acquired last year, has been used for 
diverse analytical tasks on both nonradioactive 
and radioactive materials. This system was 
designed for analyses that must be performed 
vlthln a glove box. Conceptualisation and 
design of a second system for remote analysis of 
gamma-emitting materials were Initiated this 
year. Of special significance has been the 
design and acquisition of an Inductively coupled 
plasma emission spectrometry system. It is of 
unique design and Incorporates both quantomstar 
and scanning monochromator operating capabil­
i t i e s . This system will be operative early In 
1981. 

Renovation of our hot-cell laboratories has 
been a continuing program for the part two years 

and la now virtually complete. This effort la 
paralleled by development of mlcroproceesor-
based instrumentation tor remote analysis done 
In the Analytical Instrumentation group. The 
prototype of our new computer-controlled remote 
plpetter Is in use, and work on a remote 
t ltrator i s underway. 

Blft-Orgaalc analysis Section (Chap. A). 
The work of the Bio-Organic Analysis Section i s 
programmatic in nature, with strong emphasis en 
programs related to health and the environment. 
This section develops and provides methodology, 
materials, and hardware for biological and 
envlronental studies, along with data to support 
these studies. There are three groups: 
Quantitative Hethoda and Applications, Isolation 
and Identification, and Sampling and Special 
Projects. Considerable overlay of technical 
interests exists among these groups and among 
other sections in the division. Because of the 
programmatic nature of thla work, much of the 
effort here la directed toward acquiring 
Information aa oppoaed to merely collecting 
data. Two programs — the Life Sciences 
Synthetic Fuels Program and the Inhalation 
Bloaasay Chemistry Program - realde within this 
section although portions of the work are 
carried out by other sections. 

The wotk of this section emphasises the 
recovery <*f organic compounds from complex 
mlxturea such as environmental samples, coal-
derived materials, and cigarette amok* — and 
means for determining them quantitatively. The 
high-performance liquid chromatographic behavior 
of marker compounds representing polyaromatlc 
hydrocarbons and polyaromatlc aslnes has been 
emphasized this year. Resin (Tensx) trapping of 
volati le orgenlce followed by thermal desorptlon 
and glass capillary gae chromatographic analysis 
haa been refined and implemented on a routine 
beeJf for ambient air analysis. The use of 
diffuse reflectance PTIR has been another focus 
thla year and has proved to be s simple and 
sensitive means for examining solids and/or 
solutions in s KBr matrix. This technique also 
haa potential for selective LC detection. 

An important activity within this section i s 
maintenance of a f r j s l l Fuels Rssesrch Metarlel* 
Facility for EPA. We have computerised the data 
bank related to this operation this year and 
hosted a major workshop for s set of users of 
the fac i l i ty . 

Extensive experience with separation and 
Identification procedures has been developed In 
this section and continues to be emphasised. 



xt i l 

Currently, research caatars oa methods for the 
preparative scale Isolation of biologically 
significant tonnaiiari's sad for A t discrimination 
of structural fsoaars. A highlight has bean the 
development of a procedure for dlettngulshlag 
primary, eecomdary and tertiary amines fey 
cfecalcsl loelsatiom aaaa spectrometry; ant* 
and 10)$* a n the col l ioloa gasea. Ma have 
established that polar constituents, isolated 
from the neutral aroaatlca fraction of 
coal derived o i l s by oar fractionation 
procedures, aia aapaclally mutagenic; tbasa ars 
primarily oxygenated ceaawunde. Work. Is 
eoatlaslag o« high-resolution LC with opaa 
capillary coloaaa; carraatly aa arc trying to 
develop colaaan that wi l l alios' reverse-phase 
oparatlon and banc* provide potential u t i l i t y 
with aqucouo Systran. 

A aajor new effort l i directed toward devel-
oplag ln« tnan atat Ion for generating and 
monitoring military obseoraaca (smoke screeas) 
that caa be need la anlasl Inhalation toxicology 
studies. Ha haws prepared aysteaa for gener-
atlag and delivering dleeel o i l serosol to 
rodents for inhalation bloesssy. The physical 
and cbanical characteristics of these ssroaols 
aust ba determined relative to the start lag o i l s 
and to aerosols generated In tha f ield. The 
aaapliag and chealcel characterization of 
hazardous solid wattes Is also a new activity 
this ysar; in i t ia l emphasis is on assos for 
recovering organic constituents froa diverse 
solid aatarialrf. 

Ihnlssi and IVadiacbaadcal Analysis Section 
(Chap. 5). This section is coepoeed of three 
groans: Low-Level Radiochemical Analysis, 
Radiochemical and Activation Analysis, and 
Special Projects. All three groups perfora work 
that rasgaa fro* routine rsdioehealcal analysis 
to short-tar* cvalopmeat projects. Long-term 
development and research are carried oat 
primarily la the Special rrojects grovp. 

A new eeaple preparation laboratory and 
sample racaivlng room wars put into operation 
this year in the Low-Level Radiochemical 
Analysis troop, completing several year's work 
toward upgrading fac i l i t i e s and equipment in 
this group. The Unclear Data, *D-6603 apec-
troente'* system asntloned last ysar i s fully 
operational now, and a new automated high-
capacity liquid scint i l lat ion counter was 
•cqolrtd' A concerted e'fort i s now underway to 
automate tha handling of analytical data gener­
ated by tha various laboratories in the taction. 

Three additional computer terminals were 
acquired to increase access to ORin.*a DEC System 
10 for data management. Haeh progress has been 
made with omr RO-6620 system la the Radio­
chemical and Activation Analysis group, devel­
oping It as the data processing system for 
meet cocutlng equipment In the Intermediate 
Level Laboratories, ultimately, we hope to have 
the RD-6620 system collect and analyse data and 
communicate i t directly to the division's data 
ajanagement syetoa which icatdea la the DEC-1G. 

Developmental act iv i t ies within the section 
have continued to support a number of projects 
within the laboratory, DCC-aD, and other organi­
sations where oar special capabilities or 
expertise i s applicable, lie are participating 
l a the Life SeMieee Synfuels Program ( i . e . , in 
atudies related to the health/environmental 
impact of the gaaifier at the university of 
Minnesota s t Dnluth). This work consists of 
activation analysis for trace elements tjd low-
level radiochemical analysis for important 
naturally occurring radionuclides in feed 
materlala, tare, and discharges from the plant. 
A collaborative project with IBM Corporation Is 
underway to determine citratrace v levels of 
uranium and thorium in sen<eouductor unterisls . 
Sensit ivit ies for Chess elements have been 
extended to about 0.01 ng/g by neutron activa­
tion analysis s t the High Flux Isotope Reactor. 
Developmental work for the Consolidated Fueli 
Recycle Program has resulted in laproved methods 
for determining carbon-H and lodlne-129 in 
reactor fuel diaaolver solutions. Interest In 
the determination of technetium-4* in enviro­
nmental materials has continued. Methods for 
analysis of technetium-*? in so i l s and vegeta­
tion are now fully developed and in routine use, 
end efforts srs being made to extend the method­
ology to animal t issues. Studlss of technique* 
for determining genae-emlttlng radionuclides in 
snail entasis are Hearing couplerion. This wotk 
is directed toward determining the biological 
radionuclide oat1mllatloo of wild anluelt l iving 
on the Oak Ridge ressrvstlon. A new method for 
electrolyt ic enrichment of tritium was s lso 
developed this year. It extends our sensi t iv i ty 
to the nllllbsequersl level end has bean used 
for analysis of wall waters from the Three Mile 
Island nuclear power station. 



Other Mvlaiaaal and Staff Activities. 
Chap*. 6 and 7 coctala laforaatlon that reflect* 
the work of the division a* a unit- Information 
about the quality assurance and safety prograus 
Is presented In Chap. 6, along with the tabula­
tion of analyse* rendered. Publication*, oral 
presentations, professional activities, educa­
tional progress, and senlnsrs are cited in 
Chaps. 7 and 8. Approxlaetely 109 articles and 
43 report* have been published, and 145 oral 
presentations were given during this reporting 
period. 



1 . AMLYTICAL HETHOMLOGY 

«• 5. Lyoa. Sactioa bead 

Kesearch and developaeat activities la. the Analytical Iaetraaaat at lea groap of this eee-
tloa coat las* to coacaatrata (bat aot escleelvely) oa laaar aecfoa aad tea applleattoae. 
Delayed leslag, for esaaple, la being etadled; a progrea la raaoaaaca loalsatloa spectroscopy 
for eleaant-epeclfle phototoalsatloa of aaaplaa eebeeavent to Che aase analysis of thalr 
respective laotopaa la eadetway; testing of the optoacaaatle laa**- aaatgj aeter developed last 
year baa coatlaaad; a new prograa la astrlx laolatloa optuacoeatlc apactroacopy oelng laaar 
excitation started; aad eenlpaent baa beea assembled for atady of tlaa resolved laaar apactroa­
copy. 

In-line eeasor devolopaiat baa coatlaaad with work either coapleted or la final stages for 
a free acid aoaltor, electrochealcal In-line aaaaora. araalaai and placoaloa aoaltora; a study 
of poaalbla awaae of detecting I2 la dissolved faal aolatloa en* aada. Hark oa the teeote 
Inatraawatatloa for aaalyaaa la highly radioactive eolatloae coatlaaad. Other ongoing research 
include* analytical appllcatloa of fiber optic eavegaldee, apactrocbaalcal atodles at the 
Treasvraaloa Research Laboratory, aad spectroelectrochealcal atadla* la ebloroaloalaata aelts. 
Detectloa of aalaea aad laorgaatc flaorlde la gas chromatography aaa Investigated, and poaslbla 
laproveaeate la coal baaaflclatloa atadled. 

la the Physlcocbealcal Aaalysla groap, aajor advaacee have been aada la positron spectros­
copy: laproraaaat* la yield of aoderatsd positrons, deaoaatrstlon of elastic scattering, aad 
aaa of Che OBftX teehala,ee for low see ray positron dlffractloa at scoadels University. A eaw 
prograa baa began Co aee the facilities at the lollfled tJeavy lea laaaarcb Facility for x-ray 
aad electron apactroacopy; prellalaary experlaeats are aov oaderawy. A aaaber of researchers 
la other dlvlelaas have baaa glvaa aaalstaac* by greap aaafcers who have *3sd coablaad tech-
ala»s« of craaaalssloa aad scaaalag elactroa Blcroecopy, optical elcroscopy, array flooree-
M S W , aad x-ray dlffractloa. Soon of the aaterlals stadlad la these collaboratloas are 
eebestos, SYMOC, bacteria, res la beads, el Ivor seolltee, Wb-baasd alloya, aad aoltaa aalt 
battery coapoaaats. 

1 
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H. H. Ro»». Group Leader 

Amplication of Laaer* t o 
Analyt ical Chemistry 

Belayed laaar a c t i o s and l t a appl f tat leme. 
Ve have observed that when a Bd-TAG l a s e r la 
pumped with a short-duration (r-50 na) pulse a t 
532 na. It w i l l begin las log anywhere f r o * 0 . 1 
to 10 uS l a t e r at a wavelength of 1.06 wo. Thia 
delayed laser act ion Is due to the k i n e t i c s that 
govern the ttae-dependent exc ' ted ?tatc popula­
t ions In t h i s four- leve l laser 'loot, t h i s phe-
noaenon can be uv;d t o determine rate constanta 
that connect d i f ferent energy l e v e l a of the 
Wd + 3 Ion: w» have determined the m u l t i -

4 2 
nhonon relaxat ion rate between C . . . and C . . . + 

G , s t a t e s of the Kd+5 Ion ( 1 ) . This rr te 
constant , as determined b-r our technique, la 1.6 
x 10* s - 1 . This value agrees wel l with the 
re su l t s of others who employed d i f f erent 
measurement scheme . 

we have found that th i s delayed laalng char­
a c t e r i s t i c can r.lso be u t i l i z e d for o p t i c a l 
absorption determinations. Because the time 
delay between pumping and las ing i s t l a o depen­
dent on threshold energy of the laaer cav i ty and 
therefore loaaea within the c a v i t y , Intracavi ty 
absorption measurements can be performed by 
determining thla time delay. At high pomp 
l e v e l a (and thus short delay t l m s s ) , the eampU 
absorbanee la l inear ly re la ted to the delay 
time* An experiment has been act up t o measure 
Che time delay between pomp and laaer output 
pulses as s function of Intracavity absorption 
( 2 ) . Separate photodiodee and dlacrlmlnatora 
produce tfmfng s i g n a l s from the pump and laaer 
output p u l s e s . Tha time dif ference between the 
two timing pulsea la converted Into a propor­
t iona l vol tage by a t lee - to-ampl l tude convert*? 
and measured with a pti lee-hslght analyser . Ii 
the present conf igurat ion, each channel of the 
pulse-height analyser corresponds to 1.5 a s , or 
an absorbanee of about 0 .001 . An abeorbanee 
c a l l within the cavi ty can be f i l l e d with a 
blunk or Maple so lut ion to make a 
detera inat ion . 

Tha funct l ras l re la t ionsh ip between delay 
t ine and concentration of an absoieer was s tud­
ied by measuring tha t f a s delay for a a e r i e s of 

so lu t ions of copper s u l f a t e . Excellent agree­
ment was found between measured delays and a 
t h e o r e t i c a l curve baaed on the previously 
measured TAC re laxat ion race constant ( 1 ) . The 
delay changes by ^80 na c t going from the blank 
so lu t ion to a so lut ion with an absorbance of 
O.S. with our present (preliminary) setup, a 
at l l labsorbance u n i t , or 0.001 absorbance, can 
be measured. He expect that u i t r further 
improve—uts the detect ion 11 It can be reduced 
by at l e a s t two orders of magnitude while s t i l l 
maintaining the l inear re la t ionship between 
absorbance and t i n e delay . Thus, t h i s novel 
technique could overcome the nonlinear responses 
observed in the typ ica l Intracavity absorbance 
experiment. Primary Improvements needed to 
achieve t h i s greater s e n s i t i v i t y are the reduc­
t i o n of paraatt ic losaea In the laser cavi ty and 
greater pump energy reproduc ib i l i ty . Tii« 

measurement scheme could have appl icat ion In 
trace chemical analys i s due t o I t s a b i l i t y to 
measure very low absorbance va lues . (J. M. 
Ramsey, V. B. fikitttn) 

l a s e r spectroscopic s t u d i e s . The study 
of ana ly t i ca l appl icat ions of resonance ioniza­
t i o n spectroscopy (RIS) has continued (3 ) la 
cooperation with <"•• S. Hurst's group In the 
Health and Safety Research D i v i s i o n . He have 
continued the study of VISA, RIS with ampl i f i ­
cat ion ( 4 ) , which can e f f e c t i v e l y cause one US 
a c t i v e atom to emit , for example, 10 or more 
e l ec t rons during the time of a laaer f l a s h . 
After extens ive study. It was found that the 
scheme mentioned prevloualy ( 3 ) , which involves 
the use of M0, does not e f f e c t i v e l y neutral ize 
an US-formed l ithium ion , and work with thia 
gaa has been stopped. In a cooperative study 
with T. A. C a l l co t t ' a group at Tha univers i ty of 
Teuneseee, we have made Che f i r s t s tud ies of 
applying ITS to the e lement-speci f ic photoion­
i za t ion of eeaplee subsequent to aass analysis 
of t h e i r respect ive Isotopes . Samarium stoma, 
e f fus ing from a hot source ct-saber, ware 
photoionlsed by a two-photon tIS nvoceas; the 
resonant laser was tuned to 436.* na to e x c i t e 
the " s * 7 p t rans i t ion followed by photolon-
1 sat loo from that atate ( 5 ) . Using s t l a e - o f -
f l i g h t mass analyser and a 10-na laser pu l se . It 
was poss ib le t o observe seven laotopaa of 
samarium, having an abundance of 31 or greater. 
In these f i r s t atudlea, tha e f f i c i e n c y of ion­
izat ion or the confiraation of expected i sotoplc 
abundancee WM not checked. Working with the 
Mass Spectrometry group of the Analytical 
Cheala t ry Div is ion , we have purchased a 



S^-lasec pumped tunable dye l a s e r system and 
w i l l re it t h i s study of the RlS-aass ana lys i s 
of samarium with a magnetic anas spectrometer to 
be t ter e s t a b l i s h the prec i s ion of the technique 
with respect t o the above c h a r a c t e r i s t i c s . The 
study w i l l be followed by a l a l l a r s tnd les of 
gadolinium and dysproslua to evaluate the 
element - s p e c i f i c nature of th la new technique. 

Detection of s ing le plotonion atoas by an HIS 
process 1* being s tud ied . This work Is a coop­
e r a t i v e e f for t with C. E. Beats . J r . , Physics 
D i v i s i o n , mui personnel of EGfcC, Santa Barbara, 
Ca l i forn ia . The concept, using a two-photon RIS 
•cheat (5) and generating plutonlun froa die 
alpha decay of 2**Ca, was discussed laat 
year ( 3 ) . The plutonlua r e c o i l Is rather weak, 
100 keV, so the gas In the U S chamber w i l l have 
t o be l i gh t (Be) and at low pressure ( 1 . 3 t o 2 .6 
kPa). During t h i s period I t has been demon­
s tra ted that one e lec tron can be detected under 
such condi t ions ; a new chamber for carrying out 
t h i s study has been designed, fabricated , and 
assembled. Prellalna .7 t e s t i n g of the chamber 
I s present ly underway. For counting of s i n g l e 
s t o a s , the e lec tron counter can be operated in a 
Celger mode, but both proportional and Gelger 
modes of operation w i l l be evaluated. 

Farther s tudies of later-induced nuclear 
po lar izat ion (LIRUP) have been made. The work 
i s a cooperative e f for t with C. E. Beais , J r . , 
and J. R. Beene, Physics D iv i s ion , and S. D. 
Kramer, Health and Safety Research Div i s ion . Aa 
discussed l a s t year ( 3 ) , these s tud ies have pro­
vided the f i r s t d irect experimental proof and 
measurement of the large deforest. Ion expected 
for the nucleus of f i a e l o o isomers ( 6 ) . The 
study Involves absorption of photons tuned t o 
resonant bound-bound t rans i t i ons and therefore 
can give o e c t r a l information of s h o r t - l i v e d (its 
t o as) l i f e t i m e s - This yasr the e f f e c t with 

Aa WAS ver i f i ed with a mors refined e x p e r i ­
ment s i s e tup . Consideration has a l s o been given 
t o the study of other s n o r t - l i v e d spec ie s by 
t h i s technique. Attempts to synthes ize 2 4 2 w A n 
( C . / i " l s **) t o T "Cuey have not proven suc ­
c e s s f u l by the synthe t i c routes s tudied . I t Is 
probable that franclua can be studied by the 
UNDP technique; the r e s u l t s of such a study 
w i l l y i e l d new Information alwut the op t i ca l 
spectrum of th i s s l e a s n t . (J. P. Toung) 

Optoaceastlc emmetraacepy. Opto-
aootutia ZOSVP ****& e a t e r . This l e v l c e 
d e t a i l e d in l a s t year's report ( 7 ) has received 
further characterisat ion by cart ing of repi t ion 
rata and o p t i c a l pulse- length e f f s c t s on 

ca l ibrat ion , further response l i n e a r i t y t e a t l a g , 
deteralnatlon of the actual de tec t i on H a l t , end 
construction of a f i n a l i s e d prototype unit 
These steps were necessary t o complete 
development and t o produce a working model. 

The 0A laser energy ac ter response for short 
op t i ca l pulses waa tes ted using a nitrogen laser 
with a pulse length of 8 as FWHK. The energy 
meter ca l ibrat ion factor observed was juchaaged, 
even though these pulses d i f f e r in duration by 
12 5-fold froa our l-u» l a s e r . Thus, aa 
expected, thla device measures energy/pulse and 
not peak power. 

At fast r epe t i t i on rates (>30 ppa) , c a l i b r a ­
t ion errors occur because each a c o u s t i c a l l y 
stretched pulse begins to overlap with the next 
s i gna l pulse In the t r a i n . With the microphone 
ac-coupled, response errors are n e g l i g i b l e below 
30 ppa, but beyond that r e o e t l t i o n r e t e the 
energy ae ter w i l l underestimate s l i g h t l y the 
actual energy/pulse . 

Upon c lose scrut iny the o v era l l response 
factor for our energy ae ter showed a s l i g h t 
e levat ion at low-laaer-lnput e n e r g i e s ; the 
response factor (aV/aJ) Inc.eased approximately 
1SZ over the 3 . 5 decade input energy range 
t e s t e d . This seemed suspect , so the thermopile 
used aa s stsndsrd for these data waa cal ibrated 
using e l ec tron ic s u b s t i t u t i o n power (Joule 
heat ing) as s primary standard. When the 
or ig ina l data were then corrected us ing t h i s 
standardization, the 0A energy meter respoase 
was constant within the tSZ s c a t t e r of the data 
p o i n t s . The low-Input energy extreme of data 
(0 .67 uJ) does not honest ly represent the de tec ­
t ion H a l t of our instrument. The p u l s e - t o -
pulse amplitude I n s t a b i l i t y of the dye laser 
aeasored contributes a great deal to the overal l 
noise l eve l observed. The true Instrumental 
detect ion l imi t wss measured with a s tab le 
helljm-neon l a s e r , attenuated with neutral 
density f i l t e r s and modulated with a mechanical 
chopper. The s l g n s l - t o - n o i e e r a t i o approaches 
unity for an Input pulse energy of 0 .24 uJ. 

F i n a l l y , the breadboard energy a s t e r wss con­
verted Into a prototype Instrument. A printed 
c i r c u i t board was designed and fabr icated , and a 
chass i s box ssseabled and wired. Additional 
unit* of the OA energy aa.-<>r could now be e a s i l y 
coast ruetad. 

The optoecouetlc laser a-argy meter la simple 
and lrsxpanslve . It la a . i t a b l * for quant i ta ­
t ion of the u l t r a v i o l e t , v i s i b l e , or infrared 
output of any pulsed l a s e r . Such coherent l ight 
sources find wide use In «any research and 



development area* of chemistry, physics, and 
biology. The only limitations on use of thla 
device are the alniauB laser pulse energy 
detectable and the Mariana palae energy the 
target wil l withstand without deterioration. 
ffi. V. Sfiai) 

mtrt* UoUtitm MS. In a He-
effort thla year, we are ezaalnlng the ut i l i ty 
of piezoelectric (PE) detection of OaS for 
matrix-Isolated (HI) specie*. The analytical 
application of aetrlx Isolation and Shpol'skll 
frozen solution saapllng for high-resolution 
optical spectroscopy has been reviewed by Henry 
and Haamntov (8 ) . "any organic coapooads 
dilated in frosen nmtrix Maples exhibit signif­
icantly narrower spectral bandwidth* than are 
obtainable at room temperature. Thus, HI saar 
pling can be a powerful Method for the analysis 
of nulticompooeot staples where spectral 
selectivity Is paramount. 

Wehrj, Msmantov, and co-workers have ens Toyed 
fluorescence and Fourier tranafon* infrared 
( f f l l ) spectroscopies for detection of HI sam-
ples . The former aethod results in sub-
nanograa detection for aany PAH*, with ultimate 
sensitivity achieved for eoapound* with high 
fluorescence quantaa yield*. Unfortunately not 
a l l eoapounda of interest exhibit strong 
fluorescence. Rotable exaaplee of weak- or 
nonsaltters are partially hydrogenerated PAHs 
(laportsat b>-products found In coal conversion 
products); beterostoa-substltuted aromatic 
oeterlels f=-om tb* pyridine, pyrrol, furan, aid 
tblopbene fsal l les (.owe known to be carcinogens 
and others suspected a* contributors to the 
toxicity of foss i l fuel-related aaterlals); and 
polychlorlnated blphenyls (the subject of 
intense euvlronatntal concern). For nonfluores-
cent coapouods, PTIR ha* been used as s conple-
nentary technique, but the detection Halt* 
reported are substantially higher (-vlOO ng) than 
those for flooreecence detection. Por organic 
coapownds that absorb light strongly, bat sre 
only weekly fluorescent, the excited stste 
psotophyslc* east be doainseed by rsdletloales* 
proces*e*. This fact aakes thea prlas candi­
date* for OA spectroscopy, wherein signal 
strength 1* derived fro* energy released by 
these saas dark proee****. He have coablned 
these two technique*, MI aaapllng and OA spec­
troscopy, to capitalise on the benefit* of both. 
MI saapling pernlt* high-resolution spectroscopy 
for lares aoleeoles, while 0* •pectroscopy 
provide* sensitlvs detection for nonfluorescant 
compounds. 

The Interface between these two nethods la 
PE detection. PC transduction for GA nethod* 
has been proaoted recently by workers at Bell 
Labs ( • ) . Very sensitive detection of OA spec­
troscopy for rooet-teaperature liquids end 
powders was achieved using a pulsed laser and PE 
ceramic transducers. In that work, both the 
cer»rlc transducer and the saaple were bonded to 
a quarts spacer or "buffer* slab. Acoustic 
disturbances created optically In the saaple 
were transmitted by the spacer to the detector 
with alnlaal acoustic lmpe.'ance nls vetches, 
based on the reported fractional abeorptlon 
detectablllty of 10"~5, we conservatively 
estlaate a detection H a l t of about 1 ng by 
MI/OAS for a nonfluorescent nolecule with 
e "v 10* end a aolecular weight of 200. 

We began with rooa-teaperature experlaeats to 
familiarise ourselves with PE detection of OAS 
before noving to low teaperatore conditions and 
the associated experlaental di f f icul t ies . Two 
types of PC transducer* were ut i l ized, Z-cut 
crystalline quarts and a lead slrcooste tttanate 
(PZT) dlac. Saaple* were placed directly on the 
X-eut quarts elnce It la transparent. Por the 
opaque PZT dlac, aaaplea 'lexe placed on a glaat 
window to which the PZT was acoustically bonded. 
The chief advantage at the former technique over 
the use of sn independent ceraaic transducer 
bonded to a slab la that the problems aaaoclated 
with maintaining an acoustic bond between the 
•ubstrete and the transducer at low teaperature* 
are ellain*ted. The PE quarts substrata serves 
a l l *.he functions of ssaple holds?, acoustic 
buffer a lab, and transducer. Tb* voltage pulse* 
produced optoacoustically were processed wltr a 
gated Integrator. 

leaer 0A spectra were recorded for M2O3 
powder for both Ita 510- and 579-na bands. The 
•aaplee were prepared as nulla In nlneral o i l 
and aaearsd on the trsasducsr surface. For 
the** fluid aaaplae, a cover plats sseas to be 
required to constrain the saaple. Without such 
a cover the optically driven expansions prefer­
ential ly coapre** tb* air over the open saaple 
rather than the quarts substrata on the opposite 
aid*. It Is hoped that this will not be necas-
ssry with low teapersture satrlcss , which are 
auch aor* rigid. 

Several modification* of the experlasntal 
setup ware aade to laprove the slgnal-to-
bsckgroond rati*. The final arrsngsasnt yielded 
a f/b* of about 50 for this weak absorber. The 
Z-cut quarts and PZT transducers have similar 
acoustic r**poae«s, with the cerasic device 



somewhat aorc sensitive. For comparable experl-
aaatal coadltlooa, tbc elgoal-to-aolee ratio* 
observed for M spectra arc about the aaae. 

Having achieved reasonable rfroaj-taaaaratora 
success, low teaparatare experlmente were began. 
He decided to prepare staple Shpol'ekll froxeo 
eolation s»*q>les aslog a liquid nitrogen-
shielded, liquid helium optical Dewar. This 
aaaples were prepared by freezing liquid f l las 
oa the quarts substrate la liquid altrogaa. 
Sabeeqeeat specr re war- also Measured at 77 K. 
The OA spectra* of a f rosea peatacee* saturated 
solution le dacane was atteapted f irs t . 
Paatacaaa baa aa extlactloo eoafffclaat of 5900 
1 n o r * em - 4 at 596 na, bat It la only 
eparingly soluble ta decaae. Ho 0*. signs? aas 
observed as the laser was scaaeed over the 
suspected sbsorptloa region. However, a 
floorascaace excitation apectroa was recorded 
f'jr this saapla. Several excitation bands were 
aessored with llnewldths of 10-50 car 1 . The 
Inability to d tact OA signals la east probably 
doe to the aaall amount of paatacaaa probed (low 
eosceatratloa asd thin aaapla). 

MX/OA spectra of pheaanthraa* have been 
atteapted recently with greater soceess. Its 
solubility Is each Higher than peataceae and e ^ 
14800 at 293 na. Because It was necessary to 
u t i l i ze second baraoale generation to produce 
the ultraviolet light necesssry for pbenaathreae 
spectroscopy, each less Intensity could be 
brought to bear oa the seaple. Aa «* •canned 
the absorption region, pulsed acoustic response 
was observed with sa oscilloscope and was seen 
to Increase aad decrease with the visually 
observed fluorescence aad phosphorescence 
Intensity, Ho quantitative results have ee yet 
been achieved, but clearly the Method was 
successful for phenanthrene. For this experi­
ment a cherge-seasltlve preaapllfler capable of 
operation at 77 K was designed sad used, 
because It can be located vary near the ssaple 
( i . e . , la the Dewar), cable capacitance was 
e l la Ins ted and acre sensitive aVcectfos was 
eccoapllehed. The preamplifier failed after 
several coo 1-down/waramp cycle* sad will need 
to be laproved for better re l iabi l i ty . 

Nora effort Is needed la develops sat of 
better staple preparation Methods, quantitative 
measurement of spectra of several compounds, and 
laproveajent of the cryogenic preaapllfler before 
this tachnlqos can be evaluated fcr Its 
analytical u t i l i ty . (R. V. 8hm, <3. tkutmtco, 
K. *. Houtll) 

Tina resolved leemr apsttrsscspy. Tbla 
project aw* -altinted last year to determine the 
viabi l i ty of taaporal epectroecoplc aaaaarasjaata 
l a acentltatlve and v*«litatlve chemical 
analyaee (10). The prlnary emphasl? until now 
baa been oa the conception and daveliBasat <»f 
inatraanatatlon that la capable of providing the 
neceaaary lnfoiwtiou while anlntalalag 
s lapl lc l ty rnd re l iabi l i ty (11-13). 

The In i t ia l experiaente wi l l use e node-
locfced argoa-loa laser aa a flaoreacence excita­
tion source and a croes-correlatloa detection 
schene. THia laser source provides short-
durst ion pulses (^100 pa) at a high tape t i t loo 
rata (Vl00 Mac). The detection system oust have 
correspondingly high tenporal resolution sad the 
abi l i ty to u t i l i z e data fro* the large eunber of 
experlneata being perforead par unit t ine. The 
croaa-correlation detection achena baa audi 
capabilities when Implemented with nlcrowava 
electronic coamoneata. la addition to adequate 
tcaporal resolution, a tine-resolved fluorocater 
just have good lonfasnra scas l t lv l ty . Thla wi l l 
be achieved by introducing single-photon count­
ing technlquaa into the croaa-correlation 
detection scheme. 

The single conpoaaat that Uni ts temporal 
resolution of the lnstmnsnt la the phecosultl-
pller tube. In attempting to perform these 
experiments In the cltVe-phot on-counting node, 
the pbotoujultlplier tab* snst have high gain 
(>10*) along with a broad eaaeuresjMt band­
width. Aa ICA 31024A tab* was selected for 
these experlnenta. 

A new biasing circuit was designed and con­
structed for th i s photoeoltlpliar tub*. The 
circuit u t i l i s e* a ground plans, which i s 
tenanted to the tube socket, to obtain the 
neceeeary high-frequency response. Single-
electron emission from the photocetbode produces 
an output pulse of Vl.2 a* PtflW and *100 m? peek 
amplitude across a 50-obm load ra*lstaa«a. Both 
of these characteristics are adequate far this 
application. 

The mode-locked argoa-loo laser am* tasted to 
determine i t s perfor nance. Transform-limited 
optical pulses from each a laser should be of 
th* order of 100 p* durstloa. These short-
duration pulse* are diff icult to aeesar* e lec ­
tronically. Measurements using • high speed 
photodlode and sasmilag oscilloscope reveal 
pal*** with • 140-ps PwaM and also soma pals* 
substructure oa th* trail ing edge. t t 1* 
difficult to 4edue* whether this puis* 



substructure la o p t i c a l In or ig in or l a an e l e c ­
t r i c a l r e f l e c t i o n from an Impedance mismatch- A 
nonlinear lnterferometrlc experiment has been 
s e t up to determine If the e l e c t r i c a l l y measured 
poise substructure e x i s t s In the o p t i c a l p u l s e s . 
For t h i s experiment, a Hlchelson Interferometer 
m constructed us ing porro prisms as retro 
r e f l e c t o r s rather than mirrors- The porro prism 
r e f l e c t o r s provide a beam displacement In the 
Interferometer, e l iminat ing o p t i c a l feedback 
from the Interferometer Into the l a s e r . Such 
feedback dis turbs mode-locked operat ion . The 
nonlinear medium used t o obtain the second-order 
o p t i c a l corre la t ion function i s a two-pooron 
absorber, a-RPO. Our f i r s t attempts at measure­
ments with t h i s setup were frustrated by mechan­
i c a l i n s t a b i l i t i e s . These I n s t a b i l i t i e s cause 
f r inges t o f luctuate a t the output of the In ter ­
ferometer, generating Intolerable amounts of 
noise In the two-pIiOton-lnduc*d fluorescence 
s i g n a l when attempting a point-by-polnt measure­
ment. This problem waa overcome I T driving the 
o p t i c a l t ime-delaying element of the Interferom­
e t e r at a conatant rate with a synchronous 
motor. The scanning cauaes any interference 
frlngea at the nonlinear absorber t o move 
rapidly acwoee the sample, thus t rans la t ing the 
measurement no i se to a higher frequency. The 
high-frequency nolae can then be e f f e c t i v e l y 
removed with a low-pass f i l t e r in the detect ion 
e l e c t r o n i c s . This approach alao al lows tracing 
of the second-order opt ica l autocorrelat ion 
function continuously on a s t r i p chart recorder. 

Results of the nonlinear autocorrelat ion 
experiments Indicated that the opt i ca l pulses 
d i d . In f a c t , h / t i small shoulder on one of 
t h e i r edges . This shoulder waa large ly removed 
by adjustment of the mode-locker frequency, but 
l i t t l e change waa observed In the e l e c t r o n i c a l l y 
detected s ignal* Thus, the pulse substructure 
was a t tr ibuted t o e l e c t r i c a l r e f l e c t i o n s In the 
assoc ia ted transmission l i n t s . The opt ica l 
corre la t ion measurements a l s o yie lded an accu­
rate determination of pulse duration. When the 
laaer waa wel l mode-locked, corre lat ion measure­
ment* cons la tent ly produced corralograms with 
durations of l e s s than 100 p s . Assuming the 
o p t i c a l pulses can, be described by a Cauaslan-
shaped envelope, these measurements Imply chat 
the actual pulse duration la shorter than 70 p s . 
Although t h i s number I* emellar than the typica l 
quota of 100 ps for a mods-locked argon-Ion 
laaer , It la c o n s i s t s n t with sampling o s c i l l o ­
scope measurements, whan the response time for 

the e l e c t r o n i c s Is taken into account. Theme 
measurements Indicate that performance of the 
mode-locked argoc-lon laser Is sore than 
adequate for our future s t u d i e s . (J. «f. 
Fwmty) 

Im-llme Sensor Development 

We i_re continuing our work on the development 
of In - l ine chemical measurement systems for the 
Consolidated Fuel Reprocessing Program In coop­
era t ion with the Instrumentation and Controls 
D i v i s i o n . Instrument research that was 
described i n previous reports Is now In the 
prototype s tage; new work Is primarily d irec ted 
toward the i n - l i n e determination of plutonlum at 
high coocentrattons and uranium at l e v l e v e l s . 

Free ac id monitor. The prototype free 
s c l d monitor, which Is a complete redesign of 
the or ig ina l worktop model ( 1 * ) , Is e s s e n t i a l l y 
complete. I t Is antlcip^^*:* that bench t e s t i n g 
and ca l ibra t ion wi l l begin soon. 

Electrochemical l a - l l n e mamaore. The 
I n i t i a l phase of th i s project was completed and 
the r e s u l t s summarized In an 0RRL/TM report 
( I S ) . The loss In s e n s i t i v i t y caused by organic 
imposit ion on the vi treous carbon e l ec t rode 
c o u i i not be corrected without mechanical 
resurfac ing . This fa i lure precludes the e l e c ­
trochemical determination of plutonlum In Furex 
streams. The platinum e l e c t r o d e s , however, can 
be restored through anodic and cathodlc excur­
s ions s o that q u a l i t a t i v e de tec t ion of hydra­
z i n e , hydroxyIaulne, or n i t r i t e Ion appeara 
p r a c t i c a l . 

Application of e l e c t r i c a l conductivity to the 
measurement of ac id i ty la being extended t o 
organic Purex atreams. An experimental flow 
c e l l ( c e l l constant -v. 200 c m - 1 ) that can 
measure a d d concentrations as low as 0.05 H In 
30Z TBP-dcdecan* streams wss constructed and 
c a l i b r a t e d . The strong dependence on TIP con­
centrat ion w i l l make i t necessary to c a l i b r a t e 
the monitor with each batch of TBP-dodeeane. 
The u t i l i t y of the proposed monitor la being 
evaluated In a solvent extract ion t ea t 
f a c l l < t y . 

Uranium and platoolom monitor. The con­
tinuous In- l ine determination of uranium In both 
aqueoua and organic streams by spectral methods 
has been invest igated and described In two 
reports (16 ,17V The spectrum of jraniue In 



various aqueous streams Is af fected by chaoses 
la HNO3 concentrat ion. Therefore, a dual-
wavelength photometric procedure was developed 
t o compensate for saaple a c l d i c y . However, 
aeasareaent of uranlua in TBP-di <!f.-cane screams 
la Independent of HMO3 concentration and a l s o 
Is not s i g n i f i c a n t l y af fected by rl-ictuatlona In 
other organic s treaa const i tuent i rmch as TBP, 
KFi, and DBF around design concentrations. A 
s impl i f i ed l inear ca l ibrat ion equation based on 
a s i n g l e oranyl absorbance ma*?aum I s , t h e r e ­
f o r e , s u f f i c i e n t to ca lcu la te u-v.oiua concentra­
t i o n s In organic s t r e a a s . A aultlwavelength 
f l l t - r photometer has been tarricated by the 
Instruaentation and Controls I;'vision t c aonltor 
uranium In both aqueous and organic s t reaas . 
The photometer c o n s i s t s of a stat ionary v i s i b l e 
l i g h t source and a PM tube separated by a r o t a t ­
ing f i l t e r wheel. Five interference f i l t e r s are 
s e t In the wheel to produce pulsed monoenergetlc 
l i g h t as the wheel r o t a t e s . The wavelengths of 
l igh* used for ana lys i s are se lec teJ according 
t o the type of streaa and element, e i t h e r 
uranlua or plutonlua, to be determined. In the 
case of uranlua, 416- and 426-na f i l t e r s are 
used to compensate for aqueous streams. In 
addi t ion , « 530-nii f i l t e r Is used t o aonltor 
s t r e a e turb id i ty or radiation darkening of c e l l 
windows. A microcomputer i s used to record 
independent absorbances and to perform back­
ground correct lop and c a l c u l a t i o n s . The 
remaining f i l t e r s w i l l be se l ec ted so that 
Pu(III ) and Pu(IV) can be determined s imulta­
neously in s 'reaas containing both uranlua and 
plutonlum. To date , the photometer has been 
ca l ibrated for aqueous and organic uranium-
containing streams. The Instrument can monitor 
2-200 g / l l t e r U in aqueous samples and 2-100 
g / l l t e r U in TBP-dodecane using a 1.3-am flow 
c e l l . The day-to-day reproducibi l i ty of 
measurement was til over a 30-day period. 
Photometric analyses of prepared organic and 
aqueous samples compared favorably with r e s u l t s 
using a standsrd Cary-14 spectrophotometer; a 
corre la t ion c o e f f i c i e n t of C "99 or greater was 
observed between the two s e t s of - ( s u i t s . 

The equipment and space have been obtained to 
begin a s l a l l a r spectrs l study of plutonlua in 
squeous and organic streams. When optimum wave­
lengths and ca l ibrat ion s lgor lehas are d e t e r ­
mined, the aultiwavelength spsctroaeter w i l l be 
ava i lab le for i n - l i n e plutonlua measurement. 

tad l a t loo damage t o o p t i c a l c a b l e s . 
Because many i n - l i n e spectral analyses are 
contingent on the a»« of f iber opt ic cab le s , a 

study of t h e i r transmission c h a r a c t e r i s t i c s sad 
r e s i s t a n c e to radiat ion I s In progress . Cumula­
t i v e *°Co smma-ray exposures up t o 10* Cy 
have been used to produce permanent changes l a 
o p t i c a l transmiss ion. In general , rad ia t ion 
damage progress ive ly reduces the transmission of 
quarts o p t i c a l f ibers a t wavelengths belov 400 
na . Transmission of v i s i b l e l i g h t (400 na t o 
&00 nm) la not s e r i o u s l y af fected u n t i l a t o t a l 
doae o f 10° Cy/n has been accumulated. Coup­
l i n g l e a s e s of malt i f iber cables have a lao been 
s t u d i e d . S ing le - f iber quartz cables 1 am In 
diameter are present ly und-»r Inves t iga t ion 
because of the ir p o t e n t i a l for making low-losa 
J o i n t s . 

Low-level araalma de tec t ion l a meate 
s treams. A program) has Just begun to mac time 
resolved f luorescence t o detect 10-ppm l e v e l s of 
uranium in the presence of quenching agents and 
impurit ies that f luoreacc . A very shore l a s e r 
pulse (1 n s ) from a nitrogen laser w i l l be used 
t o provide the e x c i t a t i o n energy and time 
p u l s e s . The laser i s on hand, and the h igh­
speed timing c i r c u i t r y i s being acquired. Sev­
e r a l srudles have been conducted to da te , using 
a standard fluoroaeter to examine the e f f e c t of 
various ions on the f luorescence of t race ura­
nlua under constant e x c i t a t i o n cond i t i ons . At 
constant hydrogen Ion concentration but increas ­
ing n i t r a t e concentrat ion, the uranyl f l u o r e s ­
cence decreased to e s s e n t i a l l y sero at a n i t r a t e 
concentration of 0 . 5 W. Severe quenching of the 
uranyl f luorescence waa noted In aqueous samples 
containing 1 ppm of P e ( I I l ) or 20 ppm of Mn(II), 
Cu( I I ) , or R i ( i r ) . There it experimental e v i ­
dence to indicate that temporal re so lu t ion of 
the f luorescence fol lowing a vary short e x c i t a ­
t i on pulse should reduce or e l iminate such 
quenching or competing fluorescence observed In 
conventional instrumentation. (J. F. Strain, 
V, T. Romtiek, J. M. Barney) 

Iodine a n a l y s i s . In the Consolidated 
Fuel Reprocessing F a c i l i t y , pieces of spent fuel 
elements w i l l be roasted In a i r ; the products 
w i l l be d isso lved in n i t r i c ac id . Most of the 
r e s u l t i n g M02 and f i s s i o n ptoduet iodine w i l l 
have bean v o l a t i l i s e d by t h i s t ime, but some 
w i l l inevi tably remain in s o l u t i o n . Since the 
presence of too such I 2 in the s o l u t i o n w i l l 
Inter fere with tubseqv.^nt pur i f i ca t ion s t e p s . I t 
seemed advlsabls to develop an i n - l i n e i n s t r u ­
ment t o monitor the concentration of I 2 

remaining In the d isso lved fuel s o l u t i o n . 
In view of the probable near-opacity and high 

r a d i o a c t i v i t y , 1 0 - 1 0 8 C k g - 1 h _ 1 , (108-10W 
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R/h) of this solution, i t appeared that aa 
indirect approach night be baat ( e .g . , aaaaanr-
aeat of the optical absorptivity i f I 2 vapor 
over the solution, using the bread 520-aa I 2 

bead). To do eo, h w a u r , reeulree that a 
reaedy ha foaad for aa obvious difficulty: 
overlapping of th* I 2 head by the broad nDj 
bead at 410 aa. A possible aolattoa una found 
la the fact that aa the gas teuperature r ises , 
•Oj dleaoclatea (lato colorleaa producta) 
before I 2 diasoclatee. Exploratory work was 
therefore undertaken to find, under elanlated 
working conditions. (1) whether aay auhatautial 
proportioa of the I j reaalaing after sparging 
aoaU be oxidizes to 1103. ahich eaaaot easily 
be ellaluated; (2) whether aafficieat I 2 vapor 
exists over a dleaoiver aolatioa to auk* aa 
optical abaorptloa aeaeereaeat possible; aad (3) 
whether hOj aad I j dissociate at the 
expected teaperatarea la the presence of air , 
• 2 0 Taper. OK>3 vapor, etc . 

Two-day reflaxlag of 1 ug of iodiae with 3.5 
ft Ba>3 at 80*C oxidised oaly O.OOtZ of the 
I j present. Thaa, only a tlay fraction of the 
reaalalng dissolved I j would he coa-'erted to 
aoavolatile HIO3. The absorptivity of a 12.5-
ca coluaa of the I 2 vapor ov*r a aolntiea of 
100 Kg iodiae per nl of 3,5 * BM>-» waa 

aeaawred aa a function of solatIon teaperataie. 
Optical density of the vapor ranged from 0.003 
at 22 T. to 0.04? at »0*C. Meaaareweata of the 
dissociation behavior of I 2 vapor at high 
teaperateres ware aade wader two acta of condi­
tions: (1) constant vapor preaawre of Iodine la 
the absorption ce l l and (2) constant aaee of 
iodine la the abaorptloa c e l l . In the f irst 
case, cryatala of iodine were placed In the 
theraoetatted reservoir of the ce l l (e In Fig. 
1.1). I 2 vapor at a fixed vapor preaanre 
diffused through the narrow (M>-25 aa) annular 
gap between the reservoir sad the heated aide-
are of of the ce l l - This coast n e t Ion aade i t 
possible to aaintain a teaneratare difference aa 
great as 750*C between the two portions of the 
c e l l . It la evident froa the figure that a l l of 
the vapor in the alde-sm exists at the 
teaperatare of the furnace; the light need for 
nessureatttt * -averaea only hot gaa. la the 
constant aaaa aeaaureaeeta, iodine crystala were 
sesled lato a fused s i l i c a cylinder, which was 
Inserted into the furnace. Per tb* MOj 

• t s , several al l l lgraas of K>2 (plus 
s lai lar auarts air) were sealed into 

cylinder. 
The att result of these aaaaureants waa that 

by the tlae a tenperatare of 600*C was attained. 

0RNL-0WG 80-18599 

rig . 1.1. Apparatus for aaaeurieg light sbsorptloa at high teasersturs. a - light 
sourcs; b - cel l laatlag leaa; c - f i l t er ; d - chef.:stated ethylene glycol bath; 
a - call for constant aaaple caaperatare abaorptloa aaasoreaeats (upper portion heated); 
f - fumaee; g - aachaalcal eolllaator; h - aMochrountor and detactor. 
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the M>2 bad o i M t U U ; been destroyed, bet 
•or* than 501 of the I j melecnlaa m a l a * * 
Intact. (C. rtlibm) 

ataammmw*"m> f ^BB^ffnammmmaaYAa^lmmma anayfAawlmammmmmamaT' waaWmT 

l o centimelng oa the project Initiated laat year 
t o develop apiclsllrad laotr—aelation for the 
aslane aeede of the ACS*. The laboratory faatre-
neat designed to measure tri-n*-b*tyIpmoapmate 
aad described la a previews report (1») baa been 
emed routinely for apptonlmately oaa year by the 
aaalytlcal — pport group at the Treaauraalua 
laboratory. Excellent perfnraaaci boa baea 
resorted. A decameatatlom package for the 
faetraaeat wee prepared aad placed la the OUR, 
Haeter Analytical Maaaal f i l e . Two addltloaal 
emits were coaotractad aad are tela* need by 
vmrloni groups within the Techalcal Sapport 
aactloa of the ACD. 1h« reaalta of Chle 
develormeat effort beve beea pabllabed (19). 

The aala objective for tbla year was the 
envelopment of a prototype plpetter for 
deltverlag blgnly radioactive Maple allegata la 
a reaote ewrtrnn—t. Ceatral to the general 
project plaa la the aae of a adcrocommeter-baaed 
instrument cortrailer, mew design* wil l laeor-
porate advantages lakereet la ulcroconputer-
baaed control: etaad-aloae operatloa, 
appllcatloa f lex ibi l i ty , aad doceaentatloa of 
operation. 

The Data General Corporation mlcroMTA HP/100 
microcomputer waa selected aa the general 
imetrmmeat controller for this project. Houaed 
la the MP/100 chassis are the at*02 lfr-blt 
central processing wait, 32X words of raadoa 
access memory, a digital Input/output board, an 
aayachroaooa serial eoaaoBlcetloae port, and the 
power sapply. Operator leterectlea vlth the 
system Is b> a keyboard/printer teralaal. Digi­
ta l coaanalcatloa with the plpetter Is via a 
specially designed interface board also houeed 
la the HP/100 chassis. 

The principle of operation for the plpetter 
i t displacement of li^ald with a screw-driven 
plwoger. A 1.8-degree stepplag aotor la weed to 
rotate the 1/4-20 drive screw, allowing digital 
control of the plunger movement. Tie ploager i s 
dlaenalooed to deliver 1000 wl over a travel of 
2.540 ce. Cowblnation of the above specifica­
tions produces a poaalble volume resolution of 
0.25 ul (iocreaental re sol at loo of 6.4 pa). A 
signal related to plvager position is generated 
by a linear variable differential transforear 
(IVDT) i.oupled to the plunger. Prior calibra­
tion of the LVDT la t e n s of Millivolts per 
• l l l lne t er of translstlonal notion anablea 
conflraatlon of plunger position to bt nade. 

Software for control of the plpetter in 
written In BASIC language- The operator baa the 
option of performing nay of aevcral operatloaa: 
f i l l in g the pipette, emptying; the pipette, 
plpcttlag aolntloaa, ref i l l ing the pipette, or 
printing oat a record of operatlooa for a 
partlcnlar sample. Prune* lag aaestgea from the 
controller regardlngt states fac i l i ta te operator 
iatecactloa daring a l l operations. Aseenbly 
Isagwege aoftware, lwrlalble to the operator, 
provides digital coanonlcatloa s l th the pipettor 
thrnagb the specially dealgned interface 
hardware. 

t e l l ab i l l t y of eolation pipetting la directly 
related to the accuracy aad preclaioa with which 
the plunger can be positioned. Data collected 
for these variables fadlcate a delivery accuracy 
and precision of 0.3 pi and 0.4 p i , respec­
t ive ly , for volants ranging froa 100 to 500 ul . 
A repcrt describing the prototype systea Is 
being prepared for pabllcatloa (20). 

Work la mnderway toward the coos tractloo of a 
hoc-cell version of the renote plpetter. The 
coatrol progrea wil l be etored aa firmware 
( I . e . , la erasable prograanable rer '.-only-
•enory (CPR0K) aenlcoadector aaaory devices). 
This s t i l l allows the f l ex ib i l i ty Ink-neat In 
nlcrocoapnter-baeed controller design while 
al leviating problems associated with magnetic 
data storage devices). (L. M. tlott, D. E. 
Goeringer) 

Analytical AppUcetiema ef Fiber Optic 
wavagaidee 

Two method* of aeasorlng optical absorption 
spectra with fiber optic wsvegoldes are under 
development. Both techniques use optical fibers 
to obtain spectroscopic dispersion la the tins 
domain. In one method, variation of the veloc­
i ty of a light pulse with wavelength la used to 
obtain the needed dispersion. Various wave­
length components of a polychromatic light pulse 
an detected sequentially after they have tra­
versed a long optical fiber. The wavelength of 
a particular component of the spectrum Is deter­
mined by lta time-of-fllght through the fiber. 
The second technique is called tlaa delay multi­
plexing, la this method, the light pulse to be 
measured la f irst dispersed epat lal l / by a con­
ventional diffraction grating; than the aspe­
rated apactral components are focused onto an 
array of optical fibers of laereaantelly 
Increasing lengths. Ail fibers lead to tbe seas 



detector . Light of each wavelength Interval la 
delayed by a d i f ferent amount of t ime, corre­
sponding to the length of the f iber through 
which It pease*• The detector thus Measures 
sequent ia l ly the wavelength components of the 
p u l s e . 

Prototype lnstrwaents baaed on the two t e c h ­
niques have been described In a previous report 
( 2 1 ) . Construction and evaluat ion of a 30-
chanael t l a e delay Multiplex spectrometer have 
been completed. This Instrument uses a 600-
groove/ma d i f f rac t ion grat ing to disperse and 
focus the input pulse onto an array of 30 
f i b e r s , with lengths ranging from 1 t o 59 m. 
The time delay between channels , determined by 
the 2-m length Increment, Is about 10 na . Spec­
t r a l resolut ion Is determined by the way the 
f iber a are arranged at the focal plane of the 
grat ing , 3 on per channel for the present 
conf igurat ion. Absorption apectra of uranyl 
n i t r a t e and cobalt chloride obtained with th la 
Instrument are In good agreement with those 
measured on a conventional spectrophotometer. A 
descr ipt ion of t h i s Instrument has been 
published In a recent a r t i c l e ( 2 2 ) . 

A laser-generated continuum l i g h t source with 
sob-nanosecond duration la being developed so 
that the two time domain spectrometers p r e ­
v ious ly constructed can be operated In a s i n g l e -
pulse mode. A mode-locked ueodyalom-glaes laser 
has been constructed from a Korad K-l power 
supply and laser head. The output of the laser 
la a tra in of p u l s e s , 8 ns apart , with Indi ­
v idual pulse energies of up to 10 mj. Duration 
of the pu l ses , measured by a two-photon corre la ­
t ion technique, Im about 10 pa. When the laser 
pulse tra in i s focused into a 15-ca c e l l of 
carbon te trach lor ide , a bright continuum, which 
expends from 450 to beyond 800 ne , i s generated 
which extends from 450 t o beyond 800 nm. The 
time dependence of the continuum i s again a 
s e r i e s of pulses shorter than 1 n a . The f ina l 
s tep In the source development w i l l be to switch 
a s i n g l e pulse fro* the mode-locked laser 
output t o avoid overlap between success ive 
spectra . (If. ft. VHitttn) 

Spectrophotoaetrlc Studies at the Tra 
Besearcb laboratory 

•raaloa 

In cooperation with J. R. Peterson of The 
University of Tennassea, R. C. HaIre of the 

Chemistry Division, and various visitors to the 
Transuranium Research Laboratory, studies of 
transuranium elements and related compounds have 
continued (23). In general, spectral techniques 
are used for the Identification and character­
ization of compounds that are of interest to the 
heavy element research program of the Office of 
Basic Energy Science. Because the samples to be 
studied are ottcn 1 to 10 ug In size, special 
techniques have been developed to obtain 
absorption and/or luminescent spectra on such 
aaall samples. 

Studies of the chemical consequences of 
radioactive decay In the bulk-phase solid state 
have continued, and baaed on our spectral 
studies, significant advances have been sade In 
the understanding of these processes. The first 
paper describing 0 decay of BkBrj to CfBr3 

haa been published (24). A second paper 
describing a and g~ decay In the aeries Ea •* Bk 
-» Cf haa been written. In this second paper, It 
la postulated that It alght be possible to Infer 
the crystal structure of elnstelnlua halldes by 
spectral study of the progeny halldes. Pres­
ently, the structure of elnstelnlua halldes 
cannot be experimentally determined by x-ray 
methods because of the extreme radioactivity of 
einsteinium. It Is now known that in the decay 
of Eal3, where I li f, CI, Br, or I, only 
high-temperature forms of the respective BkJ^ 
and Cf*3 are observed, based on spectral anal­
ysis. Before asking the.te assessments, it was 
found that one can see spectrsl differences in 
f-f transitions In actinlde compounds that are 
related only to the cryatal structure of that 
compound; thus, it was proven possible to deter­
mine crystal structure by spectral determina­
tion. It has further beat, established that 
within the precision of our spectral measure­
ments (possibly i 10X since It Is a single-besa 
Instrument) all progeny coapounds are accounted 
for. It has been previously thought that not 
all the BkSr3 expected haa been seen in the 
decay of EeBrj. Thla la not correct: -•« 
apparent lack of BkBrj can be explained 
because of lnsensltlvlty of the spectrin of the 
high-temperature fora of BkBrj (24). The 
spectrsl study of chemical consequences of 
radioactive decay has expanded to a study of 
ES2O3 and to other forms of radioactive 
decay. Mo conclualve result* are yet available 
In the latter study, but the first spectra of 
CfjO} ware obtained by examining samples of 
Es220) that wars several years old. r.t haa 
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s ince been found that the s p e c t r a of t h i s fora 
of Cf2<>3 Is probably a high-temperature fora 
of Cf2<>3 not e a s i l y made d i r e c t l y froa 
californium. Using our knowledge of saaarlua 
broulde spectra, we are studying the e f f e c t of 
neutron radiation on the chea lca l coapostt ion of 
1 4 7 S « B r 3 - This Isotope was chosen because 
I t w i l l not transaute with neutron Irradia t ion . 
This study i s va evaluat ion of our a b i l i t y t o 
prepare pg saaples of h a l i d e s , i rradiate then at 
the High Flux Isotope IU a c t o r , r e t r i eve thea, 
and fol low the ir subsequent cl^ealatry. 

In cooperation with C. W. B e a l l , Chealstry 
D iv i s i on , spectral s tud ie s of various ac t ln ldes 
doped in to LaP04 have been carried out . l a n -
thanlde orthothosphatet are found in nature lr 
the fora of the a lnera l aonaz l t e , which contains 
s t a b l e concentrations of a c t l n i d e s ; synthet ic 
analogs of t h i s substance represent a proals lng 
prlaary containment a e d l i a for the i s o l a t i o n of 
h i g h - l e v e l nuclear w a s t e s . .he doped c r y s t a l s 
were prepared by a f lux technique, and froa the 
c r y s t a l s grown in a i r , i t was found that U ( I I I ) 
or (IV), Pu(IV\ Np(IV), A a ( l I I ) , and Ca(III ) 
are the s tab le oxidation s t a t e s of these a c t i -
nides as grown In LaP0 4- A paper describing 
these studies has been wr i t t en . 

Spectrcphotoaetrlc deteralnat lons have been 
applied to various miscellaneous s tud ie s aa 
w e l l . By spectral ana lys i s It has been reason­
ably establ ished thst Bk(II) has been prepared 
by the reaction of BkBr^ with lanthanua or 
berkeliua a e t a l . An absorption peak at 93$ na 
seems to be c h a r a c t e r i s t i c of thla oxidat ion 
s t s t e . Catlon-catlon complexes of KpoJ with 
other e s t Ions In the s o l i d s t s t c have been 
studied by spectral observation of the ug-s ized 
c r y s t a l s . A group headed by P. C. Jkiray of The 
University of Tenneasee Is doing magnetic 
s tud ies of transcurlua compounds; the I d e n t i f i ­
cat ion of the ac t ln lde s y e c l e s present In the ir 
Instrumentation can be maoe, d i r e c t l y , by spec­
trophotometry. Several times t h i s i d e n t i f i c a ­
t ion has proven t o be u s e f u l . (J. P. Young) 

Atoalc and Molecular Spectroscopy 

Spectroelactrochealstry la chloroalmalnate 
a a l t s . Hallde melts arc widely use / i n d u s t r i ­
a l l y and are current ly of part icu lar Importance 
In the areai of molten s s l t ba t t er i e s and c a t a l ­
y s i s . We have success fu l ly developed and 

applied spectroe leetrochee teal techniques a t an 
o p t i c a l l y transparent e lectrode to t b - study of 
electrochemical reactlona In chloroalualnate 
melts (A1C13-!UC1 mixtures) . Although we have 
only used these techniques with chloroalumlnate 
mel t s , they are s u f f i c i e n t l y general to be 
e a s i l y adapted t o other molten s a l t systems. 
Thus, th i s research e f for t has resulted In 
development of a general capab i l i ty for the 
study of e l ec t rode reactions In molten s a l t 
media. n»ta l la of the experimental apparatus 
and instrumentation have been published ( 2 5 ) . 

The chea l s try of sulfur In chloroalumlnate 
melt* Is of considerable Interest as i t r e la t e s 
to the development of a sodium-sulfur(IV) molten 
s a l t bat tery ( 2 6 , 2 7 ) . Spectroelectrochemical 
s tud ie s of the oxidation of sul fur 'In t h i s 
medium have provided considerable Information 
about polyatomic sul fur cation? and the ir chemi­
c a l and electrochemical reac t ions . Discussion 
of t h i s system Is conveniently presented in 
terms of the three oxidation steps observed aa 
elemental sulfur i s oxidized to S(IV). 

A previous report (28) summarized I n i t i a l 
r e s u l t s for the f i r s t oxidation s t e p . Data 
obtained during the past year have shown that 
the chemistry Is considerably more complex than 
previously proposed. Electron spin resonance 
(ESR) and u v - v l s l b l e spectroe lectrocheaica l 
s tudies have Indicated that at least two radical 
cat ions and two or more blamagnetlc sulfur 
cat ions are formed in the f i r s t oxidation s t e p . 
The dlamagnetlc spec ies were previously thought 
to be sj+ and 2 S + ; St and S* were the proposed 
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radicals. Hyperfine ESR data obtained by Low 
and Beaudet (29) for the chemical oxidation of 
sulfur In 65X oleum have shown that the radical 
previously thought to be S\ In protmhlj S5. 
Attempts to obtain »rtalo—->us F.SR V.y per fine 
splitting dsta for 33 s < n , iloroalumlnate 
melts were unsuccessful. Clllesple et si. (30) 
reported the results from an x-ray diffraction 
study or s salt containing a polyatomic sulfur 
cation prepared by chemical oxidation of 
elemental sulfur in liquid S0 2. This cation 
was thought to contain S 2*, but was shown to be 
2+ lb 

S19. This species possesses an absorption 
band corresponding to s band observed in the 
apectroelectrlcal experiment*, strongly suggest­
ing that S 2* is also formed in chloroalumlnate 
melts. Based on this supporting Information and 
tha results obtained froa nuaeroua experiment* 
designed to ascertain concentration, tempera­
ture, and potential dependence of tha observed 



spectroscopic data; the reaction sequence for 
the first oxidation step can be summarized by 
the following scheme: 

s B : st + »-
2sj t s\t 
Sj + sf + + e~ 
<;2+ + <: * « 2 + S 8 + S a Si6 
2 + _* + 2+ 

s16 + S a J S 5 + S 1 9 + e 
4Sg+ + s 8 : ast 

The two electrochemical reactions are thought 
to occir at slightly different oxidation 
potentials. 

The aecond oxidation step results In the 
formation of monovalent sulfur, present as s|+. 
The formation of this species was observed by uv 
absorption spectre-electrochemistry. Analysis of 
absorbance-potenttal data according to the 
Kernat equation for a variety of reactions 
suggests that the reactant for thla oxidation 
step is S„ and/or Ss. There Is some spectro-

2+ scoplc evidence for the formation of S, aa an 4 interredlate. A proposed reaction sequence for 
the second oxidation step Is given below: 

s 2 + ; 2S 2 + * 2e~ 

4S5 Z 5S 2 / + be' 
2+ _ 2 + 

Si, t 2S 2 + 2e 
The third oxidat ion step y i e l d s S(IV) in the 
form SCI3 ae the product- Spectroelectrochem-
l c a l data Indicate tv»at at l eas t one other 
s p e c i e s , probably S ( I I ) , i s present In addition 
t o S2 during t h i s oxidat ion. The reaction 
sequence thus appears to be s | + -»2S(II) •* 
2S(IV). 

In summary. It Is reasonable to depict the 
oridatton of sulfur In ac id ic chloroalumlnate 
melts In terms of a decreasing number of S-S 
bonds and increasing chloride complexatlon aa 
the formal oxidation s ta te of sulfur Increaaes. 
Each sulfur oxidation wave, than, probably 
conalats of a s e r i e s of c l o s e l y spaced sequen­
t i a l oxidat ion s teps rather than s i n g l e mult i -
e l ec tron s t e p s . A manuscript d e t a i l i n g t h i s 
research has been submitted for publication 
( 3 1 ) . IV. F. HOWMII, 17. Htvnmtov, I. f. 

KUttl 
Spec i f i c detection, of amines la gas chroma­

tography. In the gas chromatographic (CC) 
ana lys i s of Syntholl f r a c t i o n s . It was desired 
t o know which of the e ther-so luble bases (ESB) 
were amines and which ware not . To determine 
t h l a , the ESB mixture waa treated with 
t r l ' l u o r o a c e t l c tnhydrlde, which forms f l u o r l n e -
cont- ining der ivat ives with primary and second­
ary amines. The CC ef f luent was s p l i t ; part 
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went to the helium glow detector (HI)) ( 3 2 ) , 
which waa used to detect f l u o r i n e , and the 
remainder went to the flame Ionization detector 
(FID). Whenever a peak on the FID tracing 
represented a primary or secondary amine, there 
waa a corrsepondlng peak on the BCD trac ing . 
Other types of compounds produced no peaks en 
the BCD chromatogram unices they contained 
f luor ine o r i g i n a l l y . A paper describing th la 
work has been published (33) . 

Determination of imorgaelc f l u o r i d e . The 
de tec t ion l imit achieved for f luorine by e x c i t ­
ing a deposit of diphenyldlf luoroal lane 
(•2SIF2) on the cathode of a helium glow 
discharge (34) waa reduced to 50 pg . Although 
a e n a l t l v l t y waa found to Increase with glow 
discharge current up to 80 mA, further increases 
( e . g . , to peak values of 250 mA} converted the 
discharge to a conventional arc , t£.tch made the 
detect ion of f luorine Impossible. I t was found 
thvt the s e s a i t l v l t y of t i l s procedure waa 
reduced when the ^ S l ^ wa< accompa>>led by 
unre«cted •2SICI2 re*g*nt. A so lu t ion to 

t h i s d i f f i c u l t y i s being fought. 
A platinum furnace of Improved design waa 

fabricated to Implement a second approach to 
de tec t ing f luorine In the glow discharge ( I . e . , 
v o l a t i l i z i n g small quant i t i e s of f luor ine -
bearing compounds Immediately upstream from the 
d i scharge ) . The new furnace Is a 3 - * 4 - * S-am 
platinum block with a shallow depression In the 
top surface . The bottom of the block Is welded 
t o a Nlchrome heating element. The so lut ion 
(1-5 til) Is deposited on the block, the solvent 
evaporated, and the assembly Inserted Into the 
d l schaige chamber. The block Is then heated by 
paasing 40 amperes through the Nlchrome element 
for about 30 s . The best r e s u l t s ( I . e . , prompt, 
h igh , and narrow peaks) were obtained by gener­
a t i n g RF aa the v o l a t i l e apectes . Although a 
residue containing 100 ng of f luorine aa NaF 
gave no response when heated alone *» above, a 
aat la fac tory emlsalon peak (685.6 nm) waa 
obtained when th<* so lut ion was treated before 
evaporation with a pH 3 c i t r a t e or phosphate 
buf fer . Since t h i s approach to the analys i s of 
water samples e l iminates the l i q u i d / l i q u i d 
ex trac t ion s t e p , e f for t s wi l l be continued to 
maximize i t s s e n s i t i v i t y . (C. Ftldmm) 

Ceel Fleet Ceatrol Bevelsimamt 

The Analytical Chemistry Divis ion Is cooper­
a t ing with the Instrumentation end Controls 
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Divis ion In a mul t (d i sc ip l inary t eaa e f fort to 
lap rove the pract ice of coal benefIc iatIon. 
Coal benef l c t a t l o n la a generic t e r a used to 
describe any nuaiber of processes by which run-
of-nlne coal la treated t o reduce the so 1 for and 
• l i tera l content , and thereby, produce a product 
that can be u t i l i s e d e i t h e r for the production 
of coke or aa a --lean fuel for e l e c t r i c power 
generation. This project la part of an e f for t 
by the Department of Energy and the Laboratory 
t o • ' - e a s e the production and use of coa l . Our 
res f ' •oa lb l l l ty Is i n the area of ana ly t i ca l 
Instruaents . The f i r s t phase of the project 
lnvo ved an assessment of the s t a t e of the a r t . 
Four a c t i v i t i e s were coapleted aa part of the 
asses ment process. An Introduction to coal 
preparation was obtained froa an intens ive 
tra in ing course conducted by per«onnel of United 
Coal Coapanies, Grundy, Virg in ia . Several coal 
benefIc lat loo plants located In Kentucky, Vest 
Virginia , and Virginia were v i s i t e d . Each plant 
possessed unique elements of advanced technology 
In coal benef lc lac ion. Major f indings froa 
these v i s i t s were that (1 ) private Industry la 
using coaputera and prograaaable l o g i c control 
systems to automatically operate coal benefIc la ­
tlon p lant s , (2) operator and plant employees 
readi ly accept the uae of t h i s technology, ( 3 ) 
nuclear-baaed densi ty gaugea perform s a t i s f a c t o ­
r i l y for the aeaauraaant of coal-water and 
magnetite-water slurry d e n a l t l e a , (*) an on- l ine 
ash aonltor y i e l d * data coaparable to ASTM 
laboratory procedures, and (5 ) the f ine coal (<( 
mm) benef ic la t lon c i r c u i t s of fer the greatest 
potent ia l for laprovlng coal benefIc lat lon 
processes . 

Literature review has concentrated on qua l i ty 
control aeasureaents for aah, su l fur , and mols-
ture . Instrumentation for on- l ine measurement 
of aah la coaaercta l ly ava i lab le and has been 
succes s fu l ly operated In coal benef lc la t lon 
plante worldwide. An on- l ine aulfur monitor, 
baaed upon measurement of prompt gamma raya 
resul t ing froa theraal neutron capture, has been 
developed and wi l l be f i e l d tasted In the c o a l -
blending f a c i l i t y a t the Monroe, Michigan, etaaa 
plant operated by Detroit Edison. This unit 
a l so contains an o n - l i n e alcrowava molstura 
aonl tor . An expanded varalon of thla syst . 'a , 
which provldea an o n - l i n e multielement capa-
o l l l t y , w i l l be f i e l d taated at the TVA ataaa 
plant at (.Inge ton, •nnessee . 

Numerous proceas contro l ln . truaents d e v e l ­
oped for use In other Induetrisk appear d i r e c t l y 
appl icable t o Che coal benef ic la t lon lnduetry. 

and engineering evaluation and t e s t i n g of these 
devices In a coal benef lc la t ion plant are 
required before a major instrument development 
program is undertaken. 

These f ind ings , along with a ^ecte of the 
coal benef l c l a t ion Indue try reviewed by other 
members of the project t eaa , have been compiled 
In a s t a t e - o f - t h e - a r t report- (t. 1. Klatt) 

PBTSICOCBMICaX AIULTSIS 

L. D. Ifalett , Cruup Leader 

Foaltroe Spectreecopy 

Positron gam. The poeltron apectroacopy 
program described In the previous annual report 
(35) has been continued. Ue have found that 
aonoenergetlc positrons can be generated by 
exposing s p e c i a l l y prepared tungsten surfaces to 
poeltron emission sources , such aa 2 2 N a or 
' 8 C o . The high-energy poeltrons enter the 
tungsten and become thermall ied. A cer ta in 
fract ion fvO.11) i s then r e - e a l t t e d Into the 
vacuum, lecaoe of tne thernmllxed pos l r .ons la 
bel ieved to be due t o the 'negat ive work {(.•ac­
t ion* e f f e c t described by Vlealnen and Hodges 
( 3 6 ) . In a recent publ icat ion (37) we have 
shown a very strong correlat ion between poeltron 
y i e l d and t h e o r e t i c a l l y calculated work func­
t ions for surfaces of tungsten, aolybdenua, and 
l r l d l u a . Mllla (38) has repotted experlaants 
that ahow y i e l d s froa copper moderator surfaces 
t o be proportional to the square root of rhe 
absolute magnitude of the ir work funct ions . The 
'negat ive work funccton" concept for pos i trons 
that have entered A soli<< and become thermaltzed 
refers to their potential enersy, which <s 
determined by the difference between a t t r a c t i v e 
forces of the surrounding e lectrons and repul-
alve forcee of the nuc le i . For certa in meL-:-
there la a net repuls ion, such that the positron 
l a spontsneously e jec ted . Thj average v e l o c i t y 
with which the positron V avss the moderator 
aurface la proportional to the square root of 
the potent ia l energy. One would expect the 
y i e l d s of positrons that escape froa the modera­
tor to bt determined by competition between the 
rates of annihi lat ion and ratae of aecepe. 
Thus, there la a rat ionale for the f inding of 
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Mills (38) that the yield Is proportional to the 
square root of the negative work function. 

We have investigated the effect of thickness 
and aatertal of the window that -ontains the 
radioactive sour-e on the yield of aouoenergetic 
positrons ejected from the Moderator (39). He 
did this in preparation for s changeover froa a 
5 8 Co source, which is wlndowless, to s 

-Ha source, which is encapsulated behind a 
12 ua Tl foil. Fllas of varying Materials rid 
thicknesses were placed between the '"Co 
source and the tungsten Moderator such that the 
fast positrons had to pass through the foils 
before entering th* Moderator. The dependence 
of Ttoderated positron intensity on window thick­
ness was found to follow a universal curve. 
When data were plotted as tl.e logarithm of 
Intensity vs window thickness, expressed as 
eg/cm"-, all ootnts fell on the sane curve, 
regardless of material. The curve was linear, 
for the most part, and was reminiscent of 
Feather plots (40) used many years ago to esti­
mate end-poin*- energies of beta emitters. The 
data did not constitute a true Feather plot, 

however. Froa universal curve we show-J 
that a ',: j II window decreases the moderated 
Dositron intensity by no more than 221 (39). 

*hen c he new 22 Ma source was loaded in 
our nonenerget ic positron gun we found that the 
moderated positron in tens i ty increased by a fac­
tor proportional to I t s fast positron f lux . For 
given a c t i v i t y , the y i e ld of fast positrons from 
—Sa is almost s ix timet, that of 5«Co. 
The half l i f e i s such more convenient a l s o : 2.6 
y compared to 71 d for **Co. He then t r i ed 
to improve moderator e f f i c i e n c y . In the f i r s t 
attempt we used f110| surfaces of s ingle crystal 
t nn?,-.ten. The result ing count rate from the gun 
w.ii it-out : 20,000 cm -I «-» Next we used 
d?>~.drlt Ic tungsten for which the s p e c i f i c Sur­
face .ire* Is much higher. Count r s t e s were 
s l i g h t l y higher, 1J7.000 c a ~ 2 s~'-. 

We grateful ly acknowledce the expert help of 
Y. K. Chang and H. Harmon of the MM. Solid 
State Division for providing the tungsten s ingle 
c r y s t a l s and a l so preparing the ir surfaces and 
Dr. J. J. Cuomo of IBM Corporation for preparing 
the dendrit ic tungsten surfaces . (J. H. DaU, 
I. :. ':•:. .'<::t, 5. rendualu (41)) 

Positron sca t ter ing . Work is now in 
progress to evaluate the ulte of low-energy pos i ­
tron* *r a surface analyt ica l t o o l . The f i r s t 
experiments Involved the s ca t t er ing of • aonoen-
erge t l r bvaa froa furfaces of tungsten and s i l i ­
con. Remit ing spectra were compared with those 

for e lec tron* re f l ec t ed from the same surfaces . 
The momoenergettc positron gun e s s be made t o 
output an e l e c t r o n beam by simply reversing the 
p o t e n t i a l . The e lectron beam Is s l i g h t l y 
broader in energy d i s t r i b u t i o n , having a FVHM of 
3 . 1 eV, compared with 2.1 eV for pos i trons . In 
F ig . 1.2 the spectra of e lectrons sad positrons 
scat tered froa tungsten are superimposed for 
comparison. In tens i ty of the e l a s t i c peak for 
the e l ec trons baa been normalised t o that of the 
pos i t rons . C las t i c peaks for both positrons and 
e lec trons occurred a., approximately 785 eV, 
which was the acce lera t ion potent ia l of the gun. 
Positrons and e l ec t rons l e f t the gum with 
energies s l i g h t l y d i f ferent froa 785 eV because 
of apposite s igns in f -rk funct ions . Energies 
of the e l a s t i c peaks of both posi trons and e l e c ­
trons have been shi f ted to 78S eV In Fig . 1 .2 . 
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Fig . 1 . 2 . Spectra of n a t r o n s •"* e l ec trons 
scattered froa a tungsten surface. Primary beam 
energy - 785 aV. P a l s t i v * t o prlazry peak, the 
in tens i ty of l o e l M t l c a U y scattered posi trons 
i s greater than that for e l e c t r o n s . 
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Structures occur rtag at energies lea* than 785 
«T l a r i g . 1.2 arc due t o i n e l a s t i c c o l l l a t o a a 
of pos i trons and e lectrons with the tungsten 
sur face . The ante energy laaa peak for both 
p a r t i c l e * occara at aa energy about 15 eT lower 
than that of the e l a s t i c peak. Be be l i eve It t o 
be doe t o the c o l l e c t i v e e x c i t a t i o n o f valence 
e l e c t rose , a process re la ted t o torn plasaoa 
e x c i t a t i o n e f f e c t that has been <»?•-=•»« ted for 
f ree e l e c t r o s netala such as alanlaan and Bag— 
o e e l e a ( 4 2 ) . T laeaon peaks' are u n i v e r s a l l y 
observed In x-ray photoelectroa sad Auger 
e l ec tron spectra . behind each aa la peak there 
la always a d i scre te energy loss peak that I s 
ve l l reao lved aad that ocesrs at energ ies aboot 
15-25 eV lower. Theoreticians have predicted 
for sany years that poaltroaa a l so went through 
soch energy l e a s e e . The spectrum i n F i g . 1.2 l a 
the f t r a t e x p l i c i t deaonat ra t ios of t h i s . For 
energy l o s s e s greater than 15 eT. the e lec tron 
apectrea decreases anaotoalcal ly in I n t e n s i t y . 
Corresponding regions in the l a l t ron spectrus) 
are higher in Intens i ty and appear t o exhibi t 
s t r e c t o r s , however. The arrows la F ig . 1.2 
denote energy lose points of 34, 37, and 47 eV 
where the spectrum appeara t o have i t s aaxiaua 
s truc ture . I t i s poss ib le that the structure Is 
due t o e x c i t a t i o n of 4f and 5p e l e c t r o a a , which 
have binding energies corresponding to the 
energy l o s s po ints of the arrows. If thla i s 
t r u e , we say have the seans of an a n a l y t i c a l 
technique- (J. ¥. Data, L. V. Hul*tt, S. 

PawfeaZa (4 V) 
law saarsj pee l t ree d i f f r a c t i o n . The 

tungsten noderator technique has been used by a 
l r s n d e l s Univers i ty group t o design a njonoaner-
g e t l c positron gun for low-energy d i f f r a c t i o n 
work. We were aware of t h i s group's e f f o r t s , 
and whan we developed the tungsten goo, we 
suggested that they try It in the ir experincuts . 
They used i t with e s s e n t i a l l y 1 sani ta te eoecees; 
they recent ly published the f i r s t recording of a 
low-eaergy positron d i f f rac t ion (IZTO) pattern 
( 4 3 ) ; Ca (100) was the f i r s t substrate used, 
Ca (111) has a l s o been reported ( 4 4 ) . The LCFD 
patterns show di f ferent structures from LEED, 
thus g iv ing coapleaentery i n f o m s t i o o . We now 
have assurance that low energy positron 
spectroscopy w i l l have at l e a s t a sna i l 
b e n e f i c i a l insec t on surface a n a l y s i s . We are 
continuing t o explore a p p l i c a t i o n s . Aa 

u l t ra -h igh vacuus b e l l Jar Is being aaaeabled 
for the purpose of doing coabtned 
p o e l t r o e - e l e c t r o a spectroscopy on the sane 
surfaces i n titu. Hors eoaparlson* of 

posftroo and e lec tron energy lo s s spectra , such 
a* la Fig. 1 .2 , w i l l be aade, threshold spectra 
w i l t he s tudied , a i LEPD/LEED aeasureuents wi l l 
he done. ( £ . V. ZuUtt. J. Y. r<iZe, c . 
PsK&wxZa (41!) 

Heavy Ion Spectroscopy 

The Hol i f l e ld Heavy Ion Research F a c i l i t y Is 
scheduled to becoae operational in January 1981. 
l o addit ion t o l t a see for fundaaental s tudies 
In nuclear, a t o n i c , and so lecu lar phys ics , th i s 
f a c i l i t y la coaal t ted very strongly to applied 
research. The Sol id State and Metals and 
Cerastes d i v i s i o n s have f a c i l i t i e s under devel -
opeent for e a t e r i a l s research, and the Analyt­
i c a l Cheniatry, Cheaistry, and Physics d iv i s ions 
have organized a Joint ef fort to evaluate ana­
l y t i c a l acthods . X-ray and e lectron spec tros ­
copy Induced by heavy ions and heavy-ion 
lithography w i l l be studied. In preparation for 
t h i s we have done soae prel ialnary experiments 
using the Oak Ridge Isochronous Cyclotron as a 
source of argon i o n s . The V, Cu, Nt>, Ta, and Pt 
targets have been boabarded with Ions having 
energies of 36 .0 , 56 .4 , 76.6 , and 101 MeV. 

The x-ray fluorescence spectra, recorded j l t h 
an energy d i spers ive spectroeeter , observed In 
our prel ia lnary heavy-Ion experiment were q u a l i ­
t a t i v e l y the sane aa those recorded routinely in 
our scanning e lec tron alcroscopy (SEM) work in 
which speclaens are boabarded with e lec tron 
beans having energies of 10-30 keV. There were 
certain d i f f erences , however. For vanadium we 
saw b and Kg peaks. For copper and nloblua we 
saw Ko aad KB and the L peaks. For t snta lua 
and platlnua the K pvaks were of too high an 
energy t o be detected , but we saw 1 and H peaks. 
For a given speetrun the order of i n t e n s i t i e s 
was always seen to be L>K or M>L: that I s , the 
Intens i ty f e l l off as the energy of the l ine 
increased. For ion-induced spectra the rate of 
f a l l - o f f Is greater than that seen for spectra 
Induced by e lec trons in the SEH. For any given 
peak ( e . g . , K) the in tens i ty f a l l s with increas ­
ing atonic nuaber, for e i ther e lectron or Ion 
boaberoeent. A cosnon explanation, q u a l i t a t i v e 
In nature, can be given for the e f f e c t s seen in 
both types of spectra: to induce x-ray t r a n s i ­
t i o n s , core e lec trons sust be reaoved froa the 
target atoea , being boabarded; e l ec tron ' h o l e s ' 
aust be produced in K, L. and M o r b l t a l s In 
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order to induce t h e i r respect ive f luorescence 
spectra. Hole production by * bombarding e l e c ­
tron stems easy to Imagine: tea force f i e l d Is 
f e l t by e lectrons of the target a t o o s , and soae 
of then are oriented s~< that tne lr blading 
energies are overcome. For a given core l e v e l , 
such as K, the binding energy Increase with 
masher sad sh ie ld ing frost the force f i e l d of the 
incoming e lectron Increases with the addit ional 
outer e l e c t r o n s . Theiefore , It l e l o g i c a l that 
cross sec t ions for x-ray e x c i t a t i o n s by e lec tron 
bombardment should go down with Increasing 
atomic numbs r ; a l s o , s ince the L and M s h e l l s 
arc clover t o the outs ide of the atom they 
should be success ive ly e a s i e r t o Ion i se . The 
para l l e l behavlcr of the ion-Induced r e s u l t s cao 
a l s o he explained In terms of 'penetrabi l i ty" of 
the target atom by the Incoming p a r t i c l e . 
Present models for core hole production by ion 
bombardment Involves a c o l l i s i o n complex with 
molecular orb l ta l s containing e l ec trons of both 
the loo and target atom. Boles In the ion er* 
transferred t o the target atom. For a nechenlee 
such as t h i s It seems reasonable that K-
vacancles should be more d i f f i c u l t to produce 
than L-vscanclea, which, in turn, are more 
d i f f i c u l t to produce than M-vacancles. As the 
atomic number of the target atom increases , 
pane t rat loo by the ion becomes more d i f f i c u l t , 
and cross sec t ion gees down. Thus, we can 
q u a l i t a t i v e l y explain our experimental r e s u l t * . 

Besvy-lon e x c i t a t i o n of x rays i s known to 
produce s a t e l l i t e s tructures in spectra that are 
dependent on chemical s t a t e s of the target atoms 
( 4 5 ) . This w i l l be a subject of our next exper­
iments, which w i l l be done with s wavelength 
d i spers ive spectrometer. The energy dlcpers lve 
spectrometer used i n our preliminary work did 
not have s u f f i c i e n t reso lut ion t o study s a t e l ­
l i t e s t ructures . He hope t o develop heavy-ion 
XkF ss s molecular as wel l as an atomic 
spectroscopy. Us w i l l a l s o do some heavy-ion 
lithography in future work. (I. D, fhtlmtt, 
J. P. Jinmg) 

Special Studies 

Transmission mad scaaalmg e l e c t r o s 
mlereecomy. Ha have been using e lectron 
microscopy snd x-ray d i f fract ion to evaluate the 
oxide f i lms produced on Incoloy 800 and 406 
s t a i n l e s s s t e e l s . The f i l a r sra being studied 
by J. D. Redman of eh Chemistry Divis ion 

because of the t r i t i u a cootainaent problems 
ant ic ipated la both f i s s i o n and thermonuclear 
reactors- The f i lm on the tncoloy 800 was 
mainly MnC-jO* while the f i lm on the 406 
s t a t a l e s s s t e e l was composed of s t l eas t two 
phases, a layer rich in s i l i c o n at the metal 
l n t er f s ce and an outer layer rich in Fe20*. 
Deposits removed from the Inside surface of the 
tube were examined by transmission electron 
microscopy. A var ie ty of materials varying In 
th i ckness , s i t e , and shape were observed; some 
l e s s than 0.2 u s In diameter while some s i n g l e -
c r y s t a l f i lms 2 .5 m were observed. Some 
depos i t s gave s i n g l e - c r y s t a l patterns that 
Indicate hexagonal crysta l s tructures . 

C. 3 . f inch , Metals and Ceramics Div i s ion , 
grew s ingle c r y s t a l s of gehleni te (Ca Al S10 ) 
us ing even- snd of f - s to ich iometr ic m e l t s . Three 
c r y s t a l s were aa.-lyxed quant i ta t ive ly by 
electron-induced fluorescence with the SEN using 
the PUIS progrsm for ca lculat ans of Al, S i , 
and Ca present . Re lat ive ly constant Ca:Al:Sl 
atom rat ios at random points In s given sample 
were observed. The s i l i c o n concentration was 
l e s s than expected, but i t wss observed that the 
melt surrounding the crys ta l s assumed a glassy 
tex tur- while the crys ta l s were being grown. 

We have examined by TEH, SCM, and ESS many 
mixtures of sodium snd uranium oxides for R. E. 
Adams, Engineering Technology Div i s ion , and 
G. W. Parker, Chemical Technology Div i s ion . 
These s tudies are related to the Aerosol Release 
and Transport Program at ORNl. This project 
involves studying the behavior at aeroso l s , in 
secondary containment environments, released 
undvr l louid-metal-cooled f s s t breeder reactor 
accident cond i t ions . It has been demonstrated 
that the sodium snd uranlua oxides do a lx ss 
shown by electron-induced x-ray fluorescence and 
mapping, as wall s s by Images obtained in the 
transmission e lectron microscope. 

R. L. walker and W. H. Christ ie of the Mas* 
and Emission Spectrometry sect ion have reported 
an e f f e c t i v e method for the concentration of 
uranium in s i n g l e ion-exchange re s in beads. 
These beads can bs ussd very conveniently ss 
point sources in mass spectrometer analyses . 
The SEM was used to fol low the course of thermal 
emission spectromstrlc analys is of uranium 
sample* loaded on the s l n c l e htsds of anion 
r s s l n . This study revealed that after heating 2 
nln or longer, the decomposed bseds tended to 
shr ive l snd crack, but most retained t h e i r 
spherical character. It was observed that , as s 
function of t ime, the beads became smaller due 
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t o evaporation and so lu t ion of car boo in 
rhenium. Thus i t appear* that th la point-source 
bead g ives up I t s content* In a contro l l ed , 
predictable fasbtoi. , which la a very dealrable 
feature In the development of accurate aasa 
spectroscopy techniques . 

The consol idat ion of RaCl c r y s t a l s while 
under s t r e s s la brine s o l u t i o n Is being studied 
In an e f for t t o bet ter understand processes 
taking place In a a l t done nuclear waste storage 
s i t e s . When a saturated brine s o l u t i o n , in 
equilibrium with s n a i l Had c r y s t a l l i t e s . I s 
placed under s t r e s s , there I s a change In the 
d i s t r i b u t i o n of p a r t i c l e s i x e s such that average 
dimensions becosc larger . A. J. Sbor and C. 
Baes of the Chemistry Divis ion are studying the 
mechanism of t h i s conso l idat ion process . D i s s o ­
lu t ion of s a a l l p a r t i c l e s followed by aeration 
of the larger , and s i n t e r i n g of two or wore 
s n a i l p a r t i c l e s are considered as a l i k e l y path. 
P a r t i c l e s of near-uniform s i z e d i s tr ibut ions 
were prepared by s i e v i n g . The i n i t i a l d i s t r i b u ­
t i o n was approximately normal (Gauaelan). Opti­
c a l microscopy showed that s i e v i n g removed the 
very small and ex tra- large part I d e a , leaving a 
d i s t r ibut ion resembling a 'square wave." These 
specimens were then dispersed In brines and 
placed under s t r e s s . In examination of the con­
so l idated p a r t i c l e s we found o p t i c a l microscopy 
t o be l e s s than s a t i s f a c t o r y because of contrast 
and depth of f i e l d l i m i t a t i o n s . Both of these 
problems are absent in scanning e lectron micros­
copy, but another d i f f i c u l t y a r i s e s beciuse of 
the necessary vacuum environment. The l iquid 
phase must be removed, and there i s strong e v i ­
dence that drying a r t i f a c t s grow In . Consolida­
t i o n specimens using dodecane a* the dispersal 
l i q u i d were performed. Evaporation of the 
dodecane before p lac ing the specimen in the 
microscope showed no evidence of residue a r t i ­
f a c t * . SEN photos suggested that s i n t e r i n g had 
occurred by merging of s a l i e n t corners of some 
of the par t i c l e* with f l a t s i d e s of o thers . 

The vacuum system on the AHR-900 scanning 
e lec tron microscope Is being redesigned using 
conf lat f langes and, in a few c a s e s , Vlton 0-
r l n g s . The new valvlng system w i l l have u l t r a -
high-vacuum, air-operated valves what w i l l 
operate through the automatic va lv lng system of 
the AMt-900. The sample chamber on th i s Instru­
ment Is very large* There w i l l be a number of 
conf lat feedthroughs of various typas and * lse* 
t*<at w i l l permit an x-ray photoelectron spec­
trometer, a microradiography system with v a r i ­
able energy source*, an e l ec tron energy-loss 

spectrometer, poss ib ly an e l ec tron d i f f r a c t i o n 
system, h igh- and low-temperature systems, and 
other equipment to be I n s t a l l e d . These systems 
w i l l be manipulated by be l lows-sea led f eed-
throogha. The Improved vacuum l e v e l should 
f a c i l i t a t e the e lec tron spectrometry attachments 
and allow the microscope t o be operated with 
reduced downtime spent on c leaning of the column 
and apertures and other maintenances. (F. L. 
Ball, ft. V. Dunn, F. L. Shmrman) 

Optical microscopy. A new Olympus s t e r e o 
microscope haa been received and Is now In 
operat ion. It has a Dolan-Jenner I n d u s t r i e s , 
I n c . , "Flber- t l te" h i g h - i n t e n s i t y Il luminator 
for re f l ec ted l i g h t and a transmitted l i g h t 
I l luminator. Visual magnifications from 3.5X t o 
160X and photographic magnifications from S.2SX 
t o 120X can be obtained. Polaroid 10- * 12.7-cm 
f i lm or 10- x 12.7-cm cut f i lm can be used. 

I t Is often very Informative to examine sam­
ples on th i s microscope before doing scanning 
e lectron microscope (SEM), transmission e lectron 
microscope (TEM), x-ray d i f f rac t ion (XRD), or x -
ray fluorescence ( X V ) work on them. If 
des ired, certain co lors or shapes of p a r t i c l e s 
can be separated manually to concentrate a par­
t i cu lar phase. Because the SEM does not show 
c o l o r . I t '.s often des irable to prepare the 
aample on a atub and take a color picture of i t 
before atart lng SEM work. Such a p ic ture la 
sometimes very helpful in character i s ing the 
p a r t i c l e s In a sample. 

Optical microscopy haa been used In some 
atudles of the Ames t e s t method, in thst the 
chemical mutagenic a c t i v i t y of po l lu tant s la 
assessed by the ir e f f e c t s on s spec ia l s t r s l n of 
bacteria that have been bred such thst they are 
not able to synthes ize h l s t l d i n e , which i s 
e s s e n t i a l for t h e i r growth and reproduction. 
Normal bacteria are able to synthes ize t h i s 
compound, but in thla s p e c i a l s t r s l n the gene 
that allows them to do so haa been bred out . In 
administering the Ames t e s t , bacteria are placed 
In an agar dish containing the suspected muta­
genic material . If there 1* no mutagenic a c t i v ­
i t y , the bacteria wlJl not grow and mult ip ly , 
but i f there I s , co lon ies of reproductive a c t i v ­
i t y w i l l b* seen. This w i l l have been caused by 
the d i f fus ion of mutagenic componenta through 
the c a l l wal la of the bacter ia and Into t h e i r 
n u c l e i . The DNA of the gene* w i l l have been 
attacked, causing them to revert to forma that 
enable the bacteria to synthes i s* h l s t l d l n e . A 
s t a t i s t i c a l analyst* of the rate of production 
of revertant colonic* i s taken as a poss ib le 
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•easure of the Mutagenic a c t i v i t y of the mete-
r l a l being t e s t e d . Before Mutagenesis can 
occur, however, components of the Material Bust 
be transported t o the c e l l wal l s of the bacte­
r i a , and t h i s should be determined by the way In 
which the Material Interacts with the agar. 
Materials that are highly Insoluble In agar, for 
example, nay never reach the bacteria and there ­
fore Bay not cause reversion even though under 
other condit ions they May be Mutagenic or even 
carcinogenic . 

Optical Microscopy t s one of the few t e c h ­
niques that can be used In accounting for how 
the agar Interacts with the Material being 
t e s t e d . In preliminary s tud ies we have examined 
soae d ispers ions of o i l , t a r , and synthe t i c 
f u e l s and the ir components in agar. He f e e l 
that we can make a contribution to Anea t e s t 
evaluation c r i t e r i a . (P. V. Dunn) 

Stsd les of s i l v e r z e o l i t e * . The conta in­
ment of methyl iodide In the processing of 
nuclear fue l s Is under study by R. T. Jubln of 
the Chemical Technology Div i s ion . He Is 
attempting t o remove CHjI from of f -gas streams 
by absorption with s i l v e r mordenlte ( s i l v e r 
z e o l i t e , AgZ). Depending on pretreatment of the 
AgZ, large var ia t ions In I t s absorption loadings 
of CH3I have been observed. Regeneration pro­
cedures of the AgZ that have been studied, using 
4.5Z of H2 in argon stream* at SOO'C, w i l l 
remove over 9BI of the absorbed CH3I, but the 
AgZ apparently I s a l tered such that I t s loading 
capaci ty t s reduced. The SEM-EDX and x-ray 
d i f f r a c t i o n techniques have been used to study 
AgZ before and a f t e r pretreatments and regenera­
t i o n . The most prominent e f f e c t that we have 
been able t o discern Is the generation of free 
s i l v e r . Pretreatment of the AgZ with *.5Z H 2 

in argon at 200*C cat. - s i l v e r nodules t o be 
produced on z e o l i t e p a r t i c l e s . SEM-EDX examina­
t i o n ind icates t h e i r average s i z e s to be 0.2 m. 
X-ray d i f f r a c t i o n of the pretreated specimen 
shows l i n e s corresponding to s i l v e r metal . 
Before pretreatment the nodule* and free-metal 
d i f f r a c t i o n l i n e s were not observed. Pretreat ­
ment causes a not iceable increase in b r l t t l c n e s s 
of the Zeo l i t e p e l l e t s , poss ibly because the AgZ 
grain boundaries are weakened by the segregated 
s i l v e r phase. After regeneration of the AgZ, 
which again involve* exposure to 4 .51 Hj In 
argon but a t a higher temperature of SOO'C, the 
SEM-EDX examination shows even larger nodule* of 
• l i v e r ; the x-ray d i f f rac t ion l ine* of free 
metal arc more Intense- (?. L. Ball, R. L. 
Shtrmn) 

Studies of mloblum-fcmsed a l l o y s . X-ray 
fluorescence can be induced by e i ther x rays or 
by a beam of e l e c t r o n s , such as that of a scan­
ning e lec tron microscopy. For elements of 
higher atomic number [Z>26(Fe)J the x-rav-
lnduced method Is usua l ly the sore s e n s i t i v e . 
For low atomic number, the electron-Induced 
method Is usual ly b e t t e r . Both methods are 
nondestructive and are of ten used In qual i ty 
assurance checks. This past year a combined 
appl icat ion of the two methods was made to 
c e r t i f y composition of nloblum-based a l l o y s 
containing Mo, Zr, and Tl . Molybdenum and 
zirconium were quant i ta t ive ly analyzed (2-5 wt 
i ) using AgK for e x c i t a t i o n . A fundamental 
parameters program was used for matrix correc­
t i o n . Titanium was quant i ta t ive ly measured (1-3 
wt Z) using the beam of the SEM for e x c i t a t i o n . 
The FRAME matrix correct ion program, supplied by 
NBS, was used. The a l l o y specimens were being 
used in superconduction experiments and had been 
subjected t o heat treatments. Our nondestruc­
t i v e t e s t s ver i f i ed that heat treatment had not 
a l t ered t h e i r compositions. (I. D. Pulett, 
J. R. St wart, Jr.) 

Asbestos . A combined sampling analys i s 
protocol has been developed for quant i tat ive 
measurement of the c h r y s o t l l e asbestos content 
of a wide variety of construction mater ia l s . 
The protocol Is designed to d i f f e r e n t i a t e 
between materials that are not asbestos contami­
nated and those that require c o s t l y spec ia l 
handling to ensure employee sa f e ty . The nature 
of the material determines specimen preparation 
techniques and the combination of ana ly t i ca l 
techniques used. The asbestos concentration 
range 0-5-5.OX was Invest igated with emphssls on 
d i f f e r e n t i a t i n g between l e v e l s below or above 1Z 
asbes tos , since that i s the EPA cutoff value for 
spec ia l handling, although the protocol could 
e a s i l y be extended to a much higher l e v e l . 
IB. W. Vuvn, J. H. Sttvart, Jr.) 

SntOC. The SYNROC ("synthetic rock") 
program Is a major e f f o r t at ORNL, dealing with 
the problem of f ixat ion and storage of nuclear 
waste . The goal i s to Incorporate the f i s s i o n 
product* • • s o l i d so lu t ions in c r y s t a l l i n e 
matrices that resemble natural minerals known to 
have survived weathering for mil l ion* of year*. 
I t la be l iev«J that c r y s t s l l l n * material , of a 
wel l -def ined and ordered s tructure , Is more 
• t a b l e and predictable in i t* behavior than 
g l a s s e s , which are undsr study at other I n s t i t u ­
t i o n s . The s o l - g e l technique, developed many 
years ago at OtNL, Is being used In the I n i t i a l 
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stages of the process. A solution of zirconium, 
calcium, titanium and barium nitrates Is sized 
with dilate quantities of simulated fission 
products such as Ru, Ho, Cs. and Hd. An ammo­
nium donor is added to the solution, and It Is 
extruded through a hypodermic nozzle Into a 
heated organic medium that causes mlcrodrop pre­
cipitation of the mixed oxides. The sol-gel 
particles arc then washed and sintered In order 
to form the STMKOC material. It Is desirable to 
use the lowest possible sintering temperature to 
minimize volatilization of the fission products. 

XRD and SEM-EDX techniques have been used to 
determine the minimum temperature (975*C) at 
which crystallliatlon will occur. The minerals, 
hollandlte (BaAljT^O^), perovsklte (CaT103), 
and zlrcooollte (CaZrT^Oy) have been found. 
The Ru, Ho, Cs, and Kb fission products are sub­
stituted In crystal lattice altea to the extent 
of about 0.5X. SEM-EDX shows the mlcrospherlcal 
particles to be of uniform composition. Thus, 
it appears that the goal of simulating the 
highly stable natural rocks Is being approached. 
(?. L. Ball, R. L. Sherman) 

Support for molten salt battery program. 
S. Cantor, C. Vallet, and J. Biaunsteln of the 
Chemistry Division have been conducting research 
In several areas of molten aalt fuel cell and 
battery technology. In the molten carbonate 
fuel cell program (46), Cantor has been studying 
a new cathode design, consisting of RIO doped 
with lithium, which converts It to a semiconduc­
tor of the form (LlWlO,) (HI 0 ); y<_0.2. 
It was necessary to determine how lithium con­
tent of the anode varied under different oper­
ating conditions of potential and LIO activity 
In the electrolyte. We found that x-ray 
diffraction la a very convenient way to specif­
ically determine the amount of lithium in the 
solid solution state. Toussaint (47) has shown 
that the lattice parameter of M O shrinks as 
lithium la substituted for "1(H) altes and has 
published a calibration curve of unit cell 
spacing va lithium concentration. For this type 
of problem the XRD method was superior to simple 
elemental analysis by atomic spectroscopy 
because In extraction of the M O anode from the 
molten salt electrolyte, soma of the LI2CO3 
contaminated the outside and would have caused 
misleading results. The XRD parameter shrinkage 
method allowed ua to distinguish between lithium 
in the solid solution state and that present as 
contamination. 

Cantor Is alao studying a molten aalt battery 
design that uaea e lithium-aluminum alloy aa 
cathode and an Iron-sulfur matrix aa an anode. 
The electrodes are physically separated by 
yttrla felt (T2Oj fibers) Impregnated with a 
molten UC1-KC1 eu tec tic (48). It is desirable 
to determine haw concentration gradients in 
lithium and potassium are set up in the yttrla 
felt aeparator aa current passes through the 
battery. This was done by simulating the bat­
tery by using electrolysis cells consisting of 
molten L1C1 and KC1 mixtures impregreted In 
yttrie felt. Immediately after passing current 
(1O.I amp/cm2) through the aeparator matrix, 
the aalt was quenched with helium, freezing In 
the concentration gradients. The cell waa then 
sectioned parallel to lta axle from one elec­
trode to the other. The SEM-EDX method waa used 
to determine potassium and chlorine concentra­
tions along the axis. It waa necessary to 
determine lithium by difference. 

When an electric current flows through a 
molten salt cell, the ions are transported by 
both diffuslonal and electrostatic forces. 
Catherine Vallet has derived, and solved numeri­
cally, a differential equation that describes 
the concentrations of ions in molten salt ce'ls 
at a function of time and distance from elec­
trode aurfacea (49,50). The equation applies 
universally to all molten aalt cells; Its param­
eters are the diffusion coefficient and electri­
cal tranaference number of the Ion being 
considered. Vallet has been studying a model 
system, consisting of mixtures of NalfOj and 
AgIK>3, at a teat of the validity of the equa­
tion. Using the SEM-EDX technique described 
above for L1C1/KC1 molten aalt cells, potassium 
and sliver concentrations were determined ss a 
function of time and distance from electrode 
surfaces. Potaaslum ion concentratlona were 
reduced at the anode and enhanced at the 
cathode; silver concentrations varied recipro­
cally. Concentration gradients, measured at 
electrode surfaces as a function of time, agreed 
wall with thoae predicted by theory. (H. I. 

Sn6Y1NBi) 
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2 . BASS AID ErllSSIOl SPECTIOHETRT 

J . A. Carter, Sectloa head 

The Naaa aad Ealealoa Soectroeetry section fa organized la three groape: Ueaeata l aad loa 
Probe Serface Spectroscopy. Orgaalc Maaa Specttoaauj. aad laorgaale aaaa Spectreaetry. Each of 
these greepa operate* a aaahtr of eopalaticated, aaaeltlwe laatraaeota to perfora energy related 
research aad develeeaaat and alao to provide technical aapport for other dlvleloae of OUT. 

Application of eecoadary loa aaaa spectreaetry (SUB) to laotoplc aaaay of boroa aad 
l l th iua In aeaplea otherwise e l f f lemit to aaalyse haa 1*4 to developaaat of a rel iable procedure 
for perforate* each aaalyaea. Ceapaterlsatloa of oar loa aleraprobe aaaa analyser hae 
significantly enhanced oar capability to perform depth p r o f i l e * , both with regard to aaal l ty of 
analyst* aad to saving of aabataatlal aaoaata of t l a a . SOS aaa eeed to lavastlgate the aatara 
of the re* la beed-ursaloar-rhealue eyatea during the eoarae of a theraal loelxatlo* aaalyala. 

A Kratoa KS-25/DS-55 gas caroaetograph-aaee epectroaeter data eyatea aaa obtalaed aad 
Instal led. Ifcl* lapertaat acealaltloa w i l l aahaafa both oar research aod ewppuci act iv i t ies la 
orgaalc aaaa apectroaetry. Coetlanad developaeat of the aaaa epectrua*uy aa i * apectroaatry 
technique reaalted la design aad contract ion of two wevefora generator*. Investigation of the 
klaet lcal ly significant C-fi-fi*' loa haa continued, work oa developing aa laatraaaat to 
perfora aecoadary loa aaaa apectroaatry oa orgaalc eaaplee haa began. A anliable aoarca he* 
beea dealgaad aad 1* aov being fabricated-

Work to bring the hot spark aoorce aaaa spectroeeter ea l lae haa coatlaaad. I t haa been 
teated under "cold* conditions aad la ready for hot testlag to begin. The eaadrwpole aaaa 
epectreaeter paaaed laboratory evaluation teats for use aa aa on-site aaaay device to analyze 
plotoalaa aad areolae for eafegaarda; I t la now ready to be installed la a wan. I t haa alao 
successfully analysed aaall boroa seaplea for poeelble poat-aecldaat ea-alte deteralaatloa of 
that alesjMt la case of a reactor eawrgeacy. Work hae coatlaaad for various aafegearda project* 
(TASTtX, VAX) concerning aonltorlng of nuclear f a e l l l t l e a wader International control . 
Evaluation of lotetloa a* a poealble spike for teak calibration ha* began; the I n i t i a l result* 
were excellent. A data network linking three aaaa apectroaetere aad coapoters waa developed and 
la now l a operation. 

Our support to the Three Ni le Island reactor alta haa continued thle year. Saaplee haw* 
been analysed for trace constituent* by a variety of aaaa apectroaetry technique*. 

23 
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Ojaanitatlvo Ha* analysis mt difficult 
••••la typea. Last year we described the use 
•f aaioadsry ioa aaa« spectrometry (SIMS) to 
tetania* leetemlc bona aad llthlaa la 
difficult sample types without tha necessity of 
sample chemistry prior to aaaaaraaaat (1). Be 
haw asm extended this method, through the use 
•f •lata— aaapla chemistry, to allow eaaatlte-
tive boroa aad llthlaa deteralaatloa. A complete 
doacrlptloa of thla method h u been published la 
AwIatioaZ OumUtrf (2). la • typical 
appllcatloe, five sasples of boroolllcato glass 
posters containing aataral boroa ears dissolved 
la aqeeowa IF sad dllvtad to volume. T«a ul of 
each sample wa» tbaa loaded oato a pyrolytlc 
earhea plsaehat; a secoad loading of 10 VJ •* 
each ssmpls took plaea at aaothar locatloa oa 
tha plsachet. Bafora drying. 10 pi of a 1 0 B 
aplka aolatioa was lajactad Into aach aaapla 
drop of the aaeoad loading while being viewed 
aader a low poser aleroscope. Ihe two aolwtlooa 
were alxed by drawing tha aolatloa ap lato the 
•pike pipette several tlaar. Spiked aad 
uasplked samples wara dried aa osoal la a 
laalaar flow hood and were sobjeetad to SIMS 
analysis- The quantitative results thas 
obtained froa ataadard Isotope dilation 
ealcalatioss are cospared with results for the 
ssee Mamies using conventional atoale 
absorptloa aatbods (Table 2.1). 

Table 2.1 Bateralastlsa of horem-SBB va AA 

Atoale 
Sample Isotope dilation absorption 
Bo. SDO (wt X I ) (wt X •) 

1 3.94 3.91 
2 3.88 3.90 
3 3.98 3.92 
4 3.87 3.90 
5 3.94 3.88 

Application of SIMS to the quantitative ds-
teralaatloa of boroa sad llthlaa la eolations of 
•akaown coaposltlos was examined by aaalyrlig a 
radioactive llqald generated la the Three Mile 

Islead aecleer reactor accident. The original 
saaple coeslsted of a highly radioactive aqoeoas 
eolation that Indicated aboot 2.6 • 10-* 
C kg—1 h-1 a l -1 of beta, gaaaa activity on 
contact with the saaale vial outface. Prior 
isotope dilation spark source ansa spectroaetry 
aad optical ealsstoa spectroaetry provided 
estimates of <5 us a l - 1 l lthlua aad 3400 g 
•1—1 boroa la the solution. One hundred I>1 of 
this solution, after acidification end dilution, 
was obtelned for SIMS analysis. Ten vl was 
reeovad aad spiked with a 99.999 stoa X 6 U 
spike solution, aad the reaslnlng 90 pi was 
spiked with e 92.41 atoa X 1 0 B spike eolation. 
These solutions were allowed to stand overnight 
to insure Isotoplc equilibration. Approximately 
1 HI of each was then loaded oato a pyrolytlc 
graphite plaachet along with natural boron sad 
l l thlaa standards- This resulted In e staple 
that gave s coablned beta, gaaaa activity of 
approximately 2.6 x 10~ 7 C k g - 1 h - 1 . The 
saaple was subjected to SIMS analysis using 16.5 
keV, 1 nA, 0^ priaary besa, which was raatered 
over an area 200 ua » 160 \m on the saaple 
surface. Analytical results for both Isotoplc 
sad quantitative analyses for boron and llthlua 
obtained vis SIMS are reported In Table 2 .2 . 
Results obtolnsd fro* other techniques on 
allquots of the sane saaple are shown for 
coaparlson. Repetitive saslyses of a oorael 
l lthlua stsadsrd deaonstrated that the 7 L1/°U 
ratio could be determined with a precision of 
about 1.0X. 

An advantage of the SIMS aethod for this kind 
of analysis i s the feet that very low levels of 
radiation were actually handled due to the 
ultrahigh sensit ivity of SIMS for llthlua sad 
boron. A further advantsge Is that no detect­
able Instrumental contaalnatlon was produced 
daring the sns lys ls . In this analysis we e s t l -
aste that less then one ten thoussndths of the 
eaaple was consuaed by the sputtering process. 
In conventlone1 there* 1 or spark source asss 
spectrometry, s slgnlflesntly higher fraction 
(froa 1 to I00X) of the saaple U spread shout 
the Instrument Ion source region by the nature 
of the lonlsatloo process evaporation or bulk 
eputterlng. Although we do not recoeaend using 
this spproech for slphs-smltters like plutoalua, 
we have shown that s routine SIMS Instrument can 
be used on properly diluted radioactive saaples 
without fear of Instrumental coataalastlon. 
(V. H. ChrtitU, n g. Kby) 
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Table 2.2 Aaalyala *t a then* a l l* la 
water aeapla; a caensrlna *f 

O B with ether 

Method 
Total • Ieotople B 
(u«/g> U B / 1 0 1 ( - to . ) 

Iaotepe dilation 
Spark eoarce anea 

eptcttonatry 

Mlcrotltratioa 
Maaaltol procednr* 

Iaotopa dilution 
SDB 

3314 

35*5 

3211 
3235 

2978 
3050 

%4 

4.07 

Total Li Ieotopic LI 
(vt/g) atoa fraction 

Plana ealealon 
epectroaatry ^5 -

laotop* dilation 4.6* * U <0.02 
SUB t l «99.9S 

SUB lnveetigetlee af reela Wad th*mal 
lam oalttora. Secondary Ion aaaa epactroaetry 
and scanning alactroa aleroecopy have been oaad 
to follow the course of typical theraal ealaelon 
aae* epectronwtrlc analyaaa of araalaa aaaplee 
loadad on elngle anion raaln baada. A datailad 
description of thla Investigation has baaa pwb-
llahad la th« Int. J. M m Sptotrom. Ion 
Vhyt. (3 ) . In oar laboratory, Walker at a l . 
(4) extended tha raaln bead technique to Inelada 
both chanleal aaparatlon and aaaa apactroaatrlc 
fllaaant loading. Thla aetbod la finding wide 
application in a variety of nuclear prograna. 
In tha laboratory, aach baad serves am one 
saaal* for a aaas apaetronatar; typically 1-3 
ag aach of amnion and pletonlaa ara adaorbad 
on a baad. Saaalee loaded on raaln baada raaolt 
la loalcatloa efficiencies about an ordar of 
nagoltoda hlghar t! an thoaa loadad as aolattona. 
Thla eaa ha part'ally explained by tha fact 
that, alnca tha baada ara 100-200 vm In 

dleaatar. thay n a m at good approxlaectone to a 
point aoare* far tha ton optica of tha nana 
apactro—tar. Another poaalbla coatrlbatloa 
would bo tha carbon of tha baad serving aa a 
•or* afflelant reducing agent for uranlwjt and 
piotoalwa aa coopered with tha traditional ra-
ewetloa nathod of haatlag la tha vapor of aw 
onaataratad hydrocarbon. 

To Investigate thla nmttar, wa wand SUB to 
follow a aarlaa of resin baada traatad to slant-
lata a typical theraal amlaalon analyala. Tha 
aaloa raala baada (Powan 1, 2Z croaa-llakad) 
war* loadad with araalaa In tha etaaderd nay. 
We choaa tha U S 0-500 ataadard ( 2 3 5 Q / 2 3 8 D -
0.9997) hieauat w» fait that two paaka of equal 
Intaaalty wight btlp reeolve aablgaltlaa In th* 
SMS apactra. should thay oeear. Tha fllaaaate 
noraally used In our tharaal aalaaloa work ara 
V-shaped rhenium- Bacaaaa tha SUB laatrunant 
reqwlree a raaaonably flat surface, w* loadad 
tha baada on flat rbanlwa fllaarjtta, which war* 
•pot waldad oa holdara that watt alao aoltabla 
for direct Insertion In th* scanning alactroa 
alcroacopa. Th* uraaluerloeded baada, on f i l a -

ata, wara placed In an auxiliary 
ayataa, whoa* baa* praaawra waa <l * 10-° Pa. 
After baaa praaaar* was raachad, tha taaparatara 
of aach fl laamt waa alowly increased. A praa­
aar* barat signalled dtcoapoaltlon of tha baad; 
haatlag «w atoppad on two fllaaant* at thla 
point. Tha othars w*ra haatad to 1700* C, th* 
noraal tanparatora for laotoplc analyala of 
aranlaa, and laf t thar* for parlodo ranging from 
2 aln to 2 h. Tha pressor* daring thla tin* waa 
<1 » 10-6Pa. Baada wara choaaa to ba epproxl-
aataly tha aaaa alse; aaaaarad dlaa*t*ra raagad 
froa 195 to 321 ua. 

A alsabla fraction of tha baada waa loat, 
which la not noraally a problaa with tha 
9-eheped filaaaota oaad In tha tharaal eolation 
aaaa spectrometer. Sine* l i t t l a or no araalaa 
waa detected on thaae fllaaeute during SIM 
analyala. It aaaaa probable that tha baada le f t 
th* fllaaant aarly la th* heating cycle, prob­
ably daring decoapoeltloe of tha baad. 

While aaltabl* for novating la tha acaanlag 
electron alcroscop*, th* fllaaant holder* coald 
not ba directly Uaerted into tha Ion olero-
probe. Tha rhanloa fllaaaata to which tha raala 
beads were attached war* therefore carefslly 
reamed froa the aultlpln header to which thay 
ware epot-welded. The fllaaeota wara straight­
ened onder a low-power alcroscope (6X) natag 
alerotoola. The straightened fllaaest* were 
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then attached to a flat mount 2.5 ca In dlaaeter 
•slag conducting silver paint. Only the ends of 
the filaments were attached to the mount lag 
cylinder, and great care was exercised to avoid 
getting paint on or near the resin beads, lead 
samples Mounted In this fashion presented no 
major difficulties In terms of sputtered ion 
yields for SDtS analysis. The biggest diffi­
culty arose because of the site of the bead 
itself. Beads analyzed were typically hemis­
pheres or fractious thereof. SIMS requires a 
flat surf see for analysts, and deviations from 
that norm produce corresponding anomalies In the 
efficiency of secondary Ion extraction. Sous of 
the beads projected as much as 100 wm above the 
rhenium surface, and this height altered the 
electrostatic field between the sample and ion 
extraction electrode. To avoid these difficul­
ties, the scanning circuit controlling the 
primary ion beam was modified to allow line 
scans to N> made In directions both orthogonal 
and parallel to the extraction electrode. 
T-dlrectioo scans, which moved the primary beam 
in a direction parallel to the secondary Ion 
extraction electrode, produced the most reliable 
linear profile data. 

SINS was used to examine elemental distri­
butions on the filaments. Complete mass scans 
revealed no elements present in significant 
quantities other than uranium, carbon, and 
rhenium. Ion micrographs showing distribution 
of carbon and uranium on the bead and adjacent 
filament demonstrated that both elements »re 
confined to the region of the bead, and each ion 
image coincided with the location of the bead 
observed through the Ion nleroprobe's optical 
mtcroacope. The apparent Increased concen­
trations of both elements noted near the center 
of the bead were due to the enhanced Ion extrac­
tion efficiency of the pickup electrode In the 
region closest to It. Localised concentrations 
of uranium were observed on some beads; these 
were always at the bead/filament Interface. No 
migration of either carbon or uranium along 
grain boundaries of the filament was observed 
for any bead-filament combination studied. 

A region near the bead was scanned. The edge 
of the rastered srea was a few v i from the bead, 
and the center was a little over 100 pa distant. 
Uranium gave too floating s signal to yield an 
ion image. This suggested that no appreciable 
uranium diffused into the rhenium filament. 
Carbon gave a uniform signal over the entire 
area. Rhenium displayed varying sputtered ion 

Intensities aa a fuictton of crystal orienta­
tion, which la a common phenomenon In SIMS. 

Thus, even near the bead, no significant 
migration of uranium had occurred. This Is 
confirmed by linear profiles generated by 
scanning the primary beam across the bead (Fig. 
2.1), which ahow both U+ and C+ reaching 
background levels a few u m from the edge of the 
bead. Distribution of uranium through the bead 
seems to be quite uniform, whereas a fraction of 
the beads ahowed enhanced U+ signals at the 
edges. 

A very thin layer of uranium (a few mono­
layers) was observed over the entire length of 
each rhenium filament. To preclude the possi­
bility of cross-contamlmation in the filament 
heating proceaa aa the source of this uranium, 
one bead was loaded with MBS 0-010 (1Z 2 3 5 U ) and 
heated for 30 mln adjacent to two filaments upon 
which beads containing UBS U-S00 were being 
heated. Only the 1Z isotope was observed on the 
first f11ameat, eliminating cross-contamination 
as a possibility. 

Inspect ion of the back of a rhenium filament 
with an optical microscope revealed a disturbed 
region congruent with the area occupied by the 
bead on the top surface. Investigation with 
SIMS revealed a high carbon content !n this 
area. This study was made using a 0. bran at 
16 keV; C~ waa monitored because the Intensity 
of this Ion is about 100 times greater than that 
of C+. Traces across this region were 
qualitatively alnllar to that shown for C+ In 
Fig. 2.1, with the carbon signal rising more 
than two orders of magnitude above background in 
each case; U+ waa obaerved only a* a thin 
surface layer. Thus carbon, with its high 
mobility in rhenium, diffuses through the 
0.003-cm thickness of the filament In <0.5 h, 
while uranium does not penetrste that distance 
In 2 h. 

SSt investigation of a bead heated for one 
hour at 1700* C showed a hemispherical h»- ' 
skeleton in contact with the rhenium surf see. 
It appears that the carbon of this skeleton 
leaves the parent body more rapidly from the 
area of the bead-filament Interface than It does 
from raglona not in contact with the filament. 
Diffusion of carbon into the rhenium substrate 
and evaporation of carbon from the Interface 
region, where the bead Is hottest, are two 
mechanisms that help explain this observation. 

A by-product of this lnveetl'jatlon revealed 
the capability of our Ion aicroprobe to deter­
mine lsotoplc ratios on very small uranium 
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samples- Twenty measurements of the 2 35^/2 38 \j 
were made while In l inear p r o f i l e node. We 
est imate sputtering a voluae of 90 um', while 
the t o t a l volume of the bead was 4 * 10 m • 
Aaaumlng a to ta l adaorptloo of 1-3 ng 0 , t h i s 
repreaents 20-60 « 1 0 ~ 6 ng, or 20-60 fg of 
uranluai. The average of the ra t io s we obtained 
waa 1.012 + 0.01S ( l a ) ; the UBS c e r t i f i e d value 
l a 0.9997. 

He conclude from t h i s study that Ionizat ion 
of uranion In the res in bead-rhenium systea 
occurs at the fllament-bead Interface . He haae 
t h i s conclusion on the fact that uranium does 
not algrate away froa the lamed l a t e area of the 
bead t o any appreciable e x t e n t . In addi t ion , 
the work function of the Re-C composite surface 
la higher tlvtn that of pure rhenlua or pure 
carbon. The faha-Laagaolr equation waa used to 
e s t l a a t e the ra t io of s ing ly ctiarged Ions to 
neutral atcae expected fro* the three surfaces . 
Using work functions of 4 . 6 , 5 .43 , and 5.84 for 
C, Re, and Re-C, respec t ive ly , we calculated 
that for IT*71T t h i s ra t io was an order of mag­
nitude higher for Re-C than for carbon. The 
Ionization potent ia l of uranluai waa taken to be 
6 .2 eV. The fact that uranium remains uniformly 
?-- the residual carSon matrix of the bead, even 
though the bead Is l e s s than IX f u l l y loaded, 
l ^ l c a t e s that uranium migrates s lowly to the 
Interface region as the bead material evaporates 
and di f fuses Into the rhenlua matrix. In 
addi t ion , t h i s slow migration provides aaple 
exposure of uranium to a "-•'uclng medium and 
thus minimizes i t s los t as oxlt'e s p e c i e s . The 
bead thus serves as a raservrlr of uranium, 
maintaining a f a i r l y steady c'li of neutral 
atoas to the r e g l m of aaxlrja Ionizat ion over 
long periods. 

The Ion micrographs and l inear p r o f i l e s mad* 
during th i s study show no migration of uranium 
away froa the Immediate v i c i n i t y of the bead, 
even along grain boundaries. Optical microscopy 
•hows that a bead i s small with respect to the 
s i z e of a typ ica l rhenium c r y s t a l l i t e ( i . e . , 
filament treated as previously descr ibed) . It 
i s thus meaningless t o speak of ionizat ion from 
po lyeryata l l lns rhenium in t h i s context . 
McHugh (5) has deaonstratsd that zone-refined 
rhenlua, as t h i s was, shows a marked preference 
for (001) crys ta l or ientat ion In tha plane of 
the surface. The roughened surfaces of soma of 
the c r y s t a l l l t a s lead us to be l i eve that or ien­
t a t i o n s other than (001) occur with enough 
frequency to a f fec t Ionization e f f i c i e n c i e s of 
uranium from beads mounted e n t i r e l y on such 

c r y s t a l s ; thla f inding supports those described 
by McHugh. Thus, i f a means were avai lable for 
I d e n t i f i c a t i o n of e f f i c i e n t l y too ls .ng c r y s t a l ­
l i t e s , It would be poss ible to l>ad the bead 
d i r e c t l y onto the grain of cholcr and achieve 
aore e f f i c i e n t and reproducible i on iza t ion . 
(V. H. OtrittU, D. R. Smith, R. E. Efci,/ 

Depth e r e f l l l a g s tad ias of pmecoveltelc 
e e v l e e e . We have continue/, our co l laborat ive 
e f f o r t with workers In the Solid State Divialoo 
ualng SII6 to study Ion 1-atlantatton aa a sur­
face modification method and to develop depth 
p r o f i l i n g techniques for t V atudy of photovol­
t a i c d e v i c e s . The general e f f e c t of dopant 
red i s tr ibut ion via l a s e r »T-<»iing baa been the 
subject of a recent SIHS inves t iga t ion , and we 
have published the re su l t s of t h i s study In 
Surface Seitne* ( 6 ) . In a continuing study 
we have uaed SIHS to depth prof i le ln-vac-o 
laser-annealed aamplea of boron-Implanted s i l i ­
con. A s i n g l e chip of the as-Implanted materi­
a l waa al igned In the vacuum laser aaneallnr 
apparatua so that three d i scre te areas could be 
Ident i f i ed and subjected t o 1, 5, or 10 d i s c r e t e 
l a s e r p u l s e s . Table 2.3 g ives resul ts from SIMS 
depth p r o f i l i n g s tudies of t h i s sample on two 
datea . 

Table 2 . 3 SUB resmlts for regions snaaalid 
with a s l t l p l e l a s e r peleea 

Re la t ive 
Saaple pro f i l e area Z B retent ion 

B In SI 
as- lcplantad 20.1 100 
1-pulse 21.1 105 
5-pulse 21.6 107 
10-pulae 19.8 99 

7 5 Aa in SI 
as-lmplanted 56.0 100 
1 pulse 52.2 93 
5 pulse 46.5 83 
10 pulse 38.1 68 
15 pulse 37.8 67 

These ln-vacuo annealing re su l t s agree with 
previous i n - a i r la ser annealing where no boron 
waa observed t o be v o l a t i l i s e d out of the near 
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surface region of the s i l i c o n c r y s t a l - STJB-
obtalned p r o f i l e s show a u l t l p l e - p a l s e l a s e r 
annealing t o achieve a nearly rectangular 
d1strlbatIon for lau- iaplanted boron In s i l i c o n . 
Workers i e the Sol id State Div is ion have shown 
that t h l a type of dopant d i s t r i b u t i o n hae 
anperlor e l e c t r i c a l propert ies in photovol ta ic 
a p p l i c a t i o n s . 

He have a lao need SDK to perforn depth pro­
f i l i n g a tod ies on ln-vncoo laser-annasled 
samples of As-laplanted s i l i c o n . In contrast 
t o the reaa l ta obtained for l n - a t r l a s e r anneal­
ing , we found that a lgn l f l cant arsenic loan can 
occnr when annealing in-vecuo. Table 2.4 
records the r e s u l t s of fonr depth prof l l en 
•eaaared on the Ae-loo-laplanted s i l i c o n prior 
t o l a s e r annealing. 

Table 2.4 
75 

SUB depth p r o f i l e r e a e l t a : 
As-lapleat»d standard* 

Saaple Relat ive p r o f i l e mrm* 

54.1 
60.2 
55.6 
54.1 

Avg. 56.0 * 2 . " 

A s i n g l e chip of the as - lap lanteJ n a t e r l a l 
• a s al igned In tha vacuum laser annealing appar­
atus so that four d i scre te (quadrants) areae 
could be Ident i f ied and then subjected to 1 , 5 , 
10, or 15 dlacrete la ser pu l se s . Tha average 
peak area of 56.0 • 2 .9 e s tab l i shed tha e x p e r i ­
mentally determined standard area for a known 
dose of 8.3 « 1 0 1 6 7 S As atoms em-2 . Peak 
areaa determined for the regions annealed with 
mult iple laser shots and corresponding percent 
arsenic retent ion values are shown In Table 2 . 3 . 
Samples laser-annealed In a i r show no apprecia­
ble arsenic loaa. 

Quantified SIMS depth prof i lea for theaa four 
eaaplea were compared to Rutherford backseattar 
prof l i a s (determined by C. W. White) and were 
found t o be In agreement (atoms c m - 3 ) wi th in 
10-15Z In a l l ca se s . The SIMS p r o f i l e s shov « 
s i g n i f i c a n t l y fas ter backside drop-off for tha 
10- and 15-pulse samples, r e f l e c t i n g higher 
depth reso lut ion of tha SIMS technique. The 

re su l t s of thla atudy have been publlahed In 
Solid staim Technology ( 7 ) . 

He have need the SIMS technique t o study 
l a t e r a l and depth d i s tr ibut ion of magneelum and 
s i l i c o n before and a f t e r la ser annealing. 
Samples implanted with S% were examined using 
(*2* primary beams. The aa-lnplanted samples 
(5 x 1 0 1 5 atoms c m - 2 , 70 kcT) showed normal 
Csosalan depth dlatr lbnt lona In accordance with 
Llndhard, Scharff, and Senlott theory. a f t e r 
laser annealing, s i g n i f i c a n t magnesium movement 
toward the surface la Indicated by SIMS depth 
prof I l e a . The d i s t r i b u t i o n s are doable humped 
with a peak near the surface (10 nm) and the 
main peak at about 150 mm. Studies of the 
l a t e r a l d l s t r l b u t l o s of magnesium using Ian 
Imaging technique* show megnaelun to be segrega­
ted Into la leads approximately 10 pa In diameter 
separated by 10-15 urn. These Islands are com­
p l e t e l y spattered away af ter removing approxi­
mately 2 nm of the sample surface . After laser 
annealing, consol idat ion and regrowth of these 
l s lande la noted. lb s Islands are reduced In 
number by a factor of 2 and now extend l a depth 
t o about 10 nn. Below these depths (2 na for 
as-Implanted and 10 nm for laser-annealed 
aaap les ) , the l a t e r a l d i s tr ibut ion i s uniform. 
Lateral segregation obaerved In the ae- laplaated 
samples suggests considerable mobil i ty for 
megnealua atoms due to the large degree of 
l a t t i c e dlaorder preaent In t h i s solid/vacuum 
Interface region during ion lnplantat lon . 
(V. fl. Chi-imtU, F. F. Sty). 

Cosamterlsatlsa for r e a l - t l a a . s n l t l -
•laaaml osmcs armf l l l ag . During the paat year 
we have continued to improve the d i g i t a l l ink 
between the PDP-11/34 computer and the (on 
mlcroprobe s c a l e r output. The sca ler output wan 
sooa found to be Incapable of providing high 
enough data ratea to al low convenient mass 
scanning. Therefore, an ana log- to -d lg lca l 

converter (ADC) Interfaced d i r e c t l y t o the 
computer was t i e d to the Hall-probe output of 
the secondary mass analyzing magnet. A chopper-
s t a b i l i s e d operational amplif ier waa added t o 
aatch the output of the Hall probe (0-1 V) with 
the Input conversion range of the ADC (-5 V t o 5 
V). Under computer control the conversion t l a a 
waa 235 with a resolut ion of 4096 (12 b i t ) . 
The d i g i t i s e d value waa converted to a mass by 
means of a quadratic equation, determined by 
leas t - squares f i t to a set of known masses. A 
second ADC waa Interfaced t o the detector s igna l 
output. A mass scanning program waa writ ten to 
control these two ADCe and the automatic magnet 
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scanning of the ion mlcroprobe mass analyzer 
(DMA). 

In order to provide the beat Information for 
a H a l t e d number of elements, a peak-hopping 
scheme was needed. This means s e t t i n g the 
magnet to a part icular mass and c o l l e c t i n g data 
via a gated s c a l e r . A d l g l t a l - t o - a n a l o g con­
verter (DAC) on the computer was t i ed into the 
magnet control c i r c u i t through a d i f f e r e n t i a l 
amplif ier. Due to the Hal ted reso lut ion of the 
DAC ('.2 b i t ) , * s e l e c t o r was added t o provide 
varying o f f s e t s and mass ranges. After am 
additional gate l i n e was added t o the Amadex 
sca ler , :he multielement peak-hopping/ 
depthpiof l l lng software was wr i t t en . 

A magnet scan range, su i tab le for Che sample 
being 'itudled. Is manually switch ae lee t e d . The 
computer uses a previously stored quadratic 
equation to determine approximate d l g l t a l - t o -
analog converter (DAC) s e t t i n g s for each mass of 
interest - The program then ateps through the 
desired masses (up to 15) , and the operator can 
observe mass centering on an osc i l l o scope and 
manually make small adjustments to the DAC 
se t t ings for each mass via a keyboard If 
necessary. When a l l peaks are set up properly, 
the sample i s shifted to the region to be depth 
prof i led, and depth pro f i l ing Is commenced. 

The data logging program la set up t o check a 
disk f l i c for previously stored parameters. If 
the part icular a l l o y type i s found In the disk 
f i l e , the program automatically s e l e c t s correct 
masses to be monitored, aa wel l as proper 
Indexed s e n s i t i v i t y factors and lsotoptc and 
atomic abundances to be used In subsequent c a l ­
cu la t ions . The program ateps through the 
desired mass pe.iks, recording count rate data 
.ir,,i counting r i s e s . Typical ly , the magnet Is 
switched to a peak, allowed to s t a b i l i z e (5 s ) 
while data are recorded for 10 s , and then 
proceeds to the remaining masses. after 
stepping through the desired masses, recorded 
data are stored t o d i sk . Calculations sre done 
Immediately, and elemental compositions are 
Hated on the system pr inter . The program 
repeats thla sequence so that compositions 
versus sputter depth are recorded for as long as 
the operator d e s i r e s . When data-taking Is t e r ­
minated, a table Is printed out showing s e n s i ­
t i v i t y factor Index r s t t o s and elemental 
compositions .is a function of time. 

One of our continuing projects has been the 
study of oxide films on Ineoloy-SOO and s imilar 
a l l o y s . In these p r o f i l i n g s tudies we have 
shown that the surface oxide i s highly earlehed 

In chromium and manganese. The depth prof i l e 
was dlacoatlmued before the unaltered base metal 
composition mam reached. Since oax magnet 
acannlng technique la r e l a t i v e l y slow, we have 
incorporated a time interpolat ion routine iato 
the cc leulat lomel program* s o that 
t ime-corrected depth pro f i l e s cam he produced. 
(F. J. Hrrmnek, ft. g. gbg. V. B. ChfUtU) 

Ceslma l ea eemree la is l smaeaa. Hark Is 
continuing oa the cesium ion source , which 
rep laces the normal duoplssmsfrom source and 
provides enhanced s e n s i t i v i t i e s for e l e c t r o ­
negat ive spec i e s and increased spat t er r a t e s . 
He f a i t the cesium source capable of batter 
internatty thaa presently avai lable for standard 
operatloa (2 t o 3 *A/cm z l a a 10-12 m focused 
s p o t ) . Iom-optlcal s tad ias quickly revealed 
that moat of the base was l o t t through over 
convergence sad aperturlng. Further s tudies 
showed that most of these looses could be 
avoided by a alapla redesign of an extract ion 
e l e c t r o d e , law parts have been fabricated and 
w i l l be teated as soon aa t l a a can be scheduled 
on the DMA. (R. J. Varmoek, g. *. 
CkrimtU) 

Smart ssatLa aaaa apactreaetry far highly 
rad leac t lve a e t e r i a l a . A f a c i l i t y t o provide 
analyses for highly radioactive a l p h a - s a l t t lag 
samples Is searing completion. A spark-source 
mass spectrograph has been coupled t o spec ia l 
s h i e l d i n g and eaaple handling f i x t u r e s so that 
h l g t - l e v e l s o l i d s can be sa fe ly handled and 
analysed ( 8 ) . Although of general u t i l i t y for 
any hazardous saaple types , the f a c i l i t y w i l l be 
primarily used to provide badly aaadad analyses 
of undiluted nuclear fuel reprocessing so lut ions 
snd s o l i d s . 

Work t h i s year has been devoted to assembly, 
alignment, and t e s t i n g at building 2026. R a l l s , 
a l lowing the aass spectrometer to be •owed, ware 
I n s t a l l e d . A s t s l n l e s e - s t e e l eontalnaant l iner 
was than al igned with s apeclal coupling be 1 lows 
t o an adjacent hot c a l l . The source of the mass 
spectrometer was interfaced to the l l a s r . Ths 
l i n e r and source region ware than shielded with 
lead brick. With the aass spectrometer la 
p o s i t i o n , a l l serv ices necessary for I t s opera­
t i o n ware Ins ta l l ed — e l e c t r i c a l , pneumatic, 
water, sad vacoua. After sseded repair* and 
modif icat ions ware complete, the aass spectroee-
t s r was thoroughly checked for sa t i s fac tory 
operat loa . 

The ion source had t o be rad ica l ly redesigned 
due to remote opsratloa and sh ie ld ing rsqulrs -
a e a t s . E l e c t r i c a l l y actuated gimbals war* 



designed t o operate through a vacuum Interface , 
t o a l i gn the sample e l ec t rodes onto the opt i ca l 
ax i s of Che lnatruanat, and t o adjust the 
e lectrode gap t o proTlde good sparking condi -
t l o a a . Electrodes are loaded with reaote 
master-s lave meatsmlators, which w i l l a l s o 
parfora amy aaadad repa ir or replacement epera-
t l o a s . The soarce design i s hased oa glaed 
p l e x i g l a s s " pieces aad spot-welded sheet metal 
parts to provide hoth an economical aad 
disposable system. 

F laa l co ld t e s t l o g f o r the s a t i r e f a c i l i t y la 
complete, aad hot operation I s ant ic ipated l a 
the rery aeer future- Complete operating pro­
cedures are being w r i t t e n from hoth a n a l y t i c a l 
aad safe ty standpoints . Open approval, the unit 
w i l l ha sealed by I n s t a l l i n g s h i e l d windows aad 
coaaected with the hot c e l l s t o begin hot t e a t -
l a g aad hot operation. (tt. J. Uarmaek, 9. H. 
CkrlrtU, J. 4 . Cbxtmr) 
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lam chemistry. Our s tudies of the 
chemistry o f gas phase loos have focused on the 
a s e of ae tas table d i s s o c i a t i o n s t o characterise 
( 1 ) the react ing configuration of Isomeric 
C^HyO* ions aad (2 ) the react ion channels of 
aromatic amines. The CjB-jO* work Is an exten­
s ion of that reported l a s t year ( 9 ) . The 
k i n e t i c energy released (T) whan a aetas table 
l e a fragmented was used a s an Indication of the 
structure undergoing reac t ion . 

Oar new r e s u l t s , in co l laborat ion with Prof. 
B . S. Trainer of Purdue Univers i ty , Involve the 
a se of Ion cyclotron resonance (ICX) spectrome­
t r y . In t h i s study the Ions were generated In 
the ICE and photodlssociated. I n i t i a l r e s u l t s 
show some conf l i c t with oar re su l t s using 
k i n e t i c energy re lease measurements of metasta-
b le d i s s o c i a t i o n s . The major difference Is that 
the photod'.*soclatlou spectrum of protonated 
heass ldehyia (presumably having the same s t r u c ­
ture as the 0 7 8 7 0 + lorn derived from benzyl 
a l c o h o l ) I s the same as that of o -creso l . This 
ind icates they have the same structure , while 
OUT k i n e t i c energy re lease maaaursments show 
that C7B7O+ from bansyl a lcohol (T - 195 meV) 
d i f f e r s la etructure from -7-creeol (T - 350). 

This Inconsistency nay be at tr ibutable to the 
f a c t that the ion l i f e t i m e la the ICt Is on the 
order of B i l l i s econds ee contrasted t o micro­
second l i f e t i m e s In the mass spectrometrle 

metaatable d i s s o c i a t i o n s . The ICR-generated 
Ions would then have such longer t ines in which 
t o IsomerIze. Evidence thac a slow l s o a e r t z a -
t l o n Is taking place la the fact that about 401 
of the Ions undergo photodlsaoctatton In the 
ICk, aad that It la preeuaed that the other 601 
has not undergone lsomerlzat ion or has t soaer -
ized to a d i f ferent s tructure . 

The study of aroaat ic amine* has as a goal 
the d i r e c t ana lys i s of coup lex mixtures of aro­
matic amines by KS/HS, without prior sample 
cleanup or f rac t ionat ion . To achieve t h i s goa l , 
i t la necessary that isomeric prlaary, second­
ary , and t er t iary aalnes have unique reaction 
channels so that they can be ident i f i ed in the 
presence of each other. 

The resul ts thus far obtained are encourag­
i n g . The secondary aalne, n - e t h y l a n l l t n e , shows 
aa i t s major fragmentation the lots of CH- , 
g i v i n g an Ion at m/z 106; the Isomeric t e r t i a r y 
amine, n, n-dlmethylanll lne, has as i t s major 
metaatable t rans i t ions loss of NH3 and HCK, 
g iv ing Ions at n/z 103 and 94 . 

Crude co l l i s ion- induced d i s s o c i a t i o n e x p e r i ­
ments a l so Indicated that n-e thy lanl l lne can be 
d i f f erent ia ted from ring-subst i tuted e t h y l a n l -
l l n e s . If these r e s u l t s prove to be general ly 
app l i cab le , KS/HS analys i s of alxtures conta in­
ing aromatic aalnes should be f e a s i b l e . ID. H. 
Russe l l , t . H. MeBay) 

"mm spectromstry/mass apectromttry with 
the t r i p l e - s e c t o r spectrometer. The new 
t r i p l e - s e c t o r mass spectrometer (10) has been 
modified during the year, and several Ion 
chemistry studies have been i n i t i a t e d . 

One of the prime areas of in teres t i s the 
rapidly expanding f i e l d of mass spectroaetry/ 
mass spectrometry (MS/MS, a l so known as KIKES). 
This technique involves the operation of a 
mul t i - s ec tor mass spectrometer aa two independ­
ent mass ans lyzers . The f i r s t of these 
analysers acts as s separator, separating out 
the Ion of In teres t . The second one analyzes 
the fragment ions genereted froa the Ion s e l e c t ­
ed la the f i r s t s t e p . This mode of operation 
can be used for ana lys i s of complex alxtures and 
for ass is tance in determination of Ion s t r u c ­
t u r e , among other th ings . 

One of the principal sdvantages of our three -
sec tor KS/HS instruments i s the a b i l i t y to use 
the f i r s t two sectors as a h igh-reso lut ion 
Instrument in h igh-reso lut ion MS/MS (HRMS/MS). 
As KS/KS i s analogous to CC/HS, HRMS/MS It 
analogoua to cap i l l ary column CC/HS. Several 
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HMS/KS experiment* have been performed with 
emphasis on oxygen and nitrogen laobara ( e . g . , 
C 7 H 7 0* /C-H^ + . nominal m/x of 107) . The I n i t i a l 
r e su l t s are qui te proalslng «a there was ample 
s e n s i t i v i t y a t a reso lv ing power of 15,000 t o 
characterize both Isobars a t av/z 107 In a 
mixture containing ten parts of benzylamlne to 1 
part p -creao l . 

Ve have a l s o need the t r i p l e - s e c t o r spectrom­
e ter In the study of consecutive mestastable 
t rans i t ion* by s e t t i n g the sec tor* t o pas* only 
thoce loos undergoing chosen t rans i t ions wi thin 
the t t a e range of severa l microseconds. With a 
t r i p l e - s e c t o r Instrument, and thus three f i e l d -
free regions , there are three poss ib le e x p e r i ­
mental approaches to study cocsecut lve meteeta-
ble d i s s o c i a t i o n s , two of which are unambiguous. 
This Is In contrast to doublesector Instruments 
In which only one, poss ibly ambiguous, e x p e r i ­
mental scheme e x i s t s . 

He have thus far concentrated on only one 
approach, la which the f i r s t metaatable d i s s o c i ­
a t ion occur* In the f i r s t f i e l d - f r e e region mat 
the second metastable d i s s o c i a t i o n occurs In the 
third f i e l d - f r e e region. Primary advantage of 
t h i s mode of operation Is that an ion formed, 
from a s p e c i f i c precursor Ion can be atudled 
without Interference from other Isomers, 
provided that they are not generated v ia I d e n t i ­
ca l fragmentations. As an example, the C-jB^O* 
Ion formed f*-om e thy l phenol (a/z - 122) can be 
studied without Interference from C7H7O+ formed 
from chlorobenzyl a lcohol ( a / s - 142) by s e l e c t ­
ing the t r a n s i t i o n of 122+ t o 107+ In the f i r s t 
f i e l d - f r e e region and then detect ing the 
t rans i t ions of 107'' In the third f i e l d - f r e e 
region. 

Performance of the t r i p l e - s e c t o r lactrument 
has been Improved by several new addit ions t o 
the e l e c t r o n i c s . Host notable was the construc­
t i o n of two ramp generators (11) t o control scan 
funct ions . Also , s f a s t r o l l - o f f current t o 
voltage ampli f ier with a range of four orders of 
magnitude has been b u i l t and added to the de tec ­
t ion c i r c u i t r y t o prevtnt a l i a s i n g of the s ignal 
during s i g n a l averaging. (D. 7. Ruuill, V. T 
Rairuty, C. L. Gtt'th) 

I n s t a l l a t i o n of Knees W-25/D8-55 a>-s 
chromatography mass spectre—iter data system. 
The Xratos MS-25 double focusing, low-resolution 
spectrometer has been Ins ta l l ed In the Organic 
Hass Spectrometry Croup (9735) . This Instrument 
Is being used both In support and raaaarch 
programs. A modified Parkin Elmer Sigma-3 ga* 
chrometogriph I s Interfaced to the Ion source 

and amy be used with pecked or capi l lary columns 
through e i ther a je t separator or d irect In le t 
l i n e . A s o l i d s - l i q u i d probe Is a l so used for 
In le t of samples. Data acquis i t ion and process ­
ing Is vfs a Kratoa DS-55 Jata eysvem. 

The spectrometer Is furnished with movable 
e l i t e to permit ope-atlon at three mesa reso lu­
t i o n s of 800, 1400, and 2800 at d i f ferent s i l t 
wldtha with transmissions of 1, 0 . 4 , and 0 .02 , 
r e s p e c t i v e l y . The instrument Is extremely sen­
s i t i v e because of the double-focusing configura­
t i o n with hexapole l e n s . He have measured 
s e n a l t l v l t y aa high as 3.25 » 1 0 ~ 9 C u g - 1 with 
the e lec tron bombardment source and a mult ip l ier 
gain of 105. 

He alao uae the spectrometer la chemical Ion­
i z a t i o n (CI) made with three reagent gaaes 
s e l e c t a b l e from the console . Rapid switching 
between CI and e lectron bombardment Ionization 
(EI) I s a l so p o s s i b l e , such that both CI end EI 
spectra can be obtained from a s ing le chromato­
graphic peak. We have measured s e n s i t i v i t i e s 
us ing a packed column and found that 100 pg of 
methyl s tearate gave a peak height of 65 aV at 
m/z 298 with a mul t ip l i er gain of 10 s . Coder 
the same condi t ions , laooctane-CI yielded an 
80-nV peak. 

The DS-55 data system Is composed of a Data 
General Hova 4X central processor with 64K of 
16-bi t memory, a Tektronix 4010 v isual display 
u n i t , a Data General 30-cps Dasher ( t e l e t y p e ) , a 
dual dens i ty f ixed plus removable disk dr ive , 
and a Kratoa data acquis i t ion Interface capable 
of 50-kRz sample r a t e . The system Is a lao 
configured to operate the Veraatec p r i n t e r / 
p l o t t e r of DS-50 aystea, If des ired . 

The system runs under control of the Data 
Central Real-time Disk Operating System (RD0S) 
with a wlce range of commands for handling data 
and peripheral hardware. KDOS supports program 
development t o o l s , such aa Fortran and Algol 
compilers , text e d i t o r , e t c . The DS-55 commands 
provide for data acquis i t ion and rea l - t lmt 
processing as wel l s s post-run processing. A 
v s r l e t y of InterScan ( r e a l - t i n e ) optloos allows 
p l o t t i n g or printout during co l l ec t ion of data. 
Control of the major spectronetr lc operating 
parameters Is through a matrix board that la 
preset for ten d i f ferent program*. Foreground-
background operation Is poss ible with the VD0 as 
console and the t e l e t y p e operating la f ore ­
ground. Thus, data acquis i t ion with real-t lm* 
report* and post-run processing are sccompllshsd 
simultaneously. 



The system hae beea need In support analyses 
for ataff members in other d iv i s ions aa wel l aa 
In co l laborat ion with MS-50 high-reeolut l sa 
ana lyses . He are presently s tar t ing a co l labor­
a t i v e prograa with personnel from The University 
of Tennessee, Exxon Corporation, and OWL 
Cheats try Div is ion on the study of products 
obtained froa pyrolyals of coa ls that have been 
deuterated in s p e c i f i c f u n c t i o n a l i t i e s . We hope 
t o reveal i n t e r e s t i n g d e t a i l s on the structure 
of coal by trac ing the reaction pathways of 
deuterated s p e c i e s . We have i n s t a l l e d a 
Chemical Data Pyroprebe In the chroaatograph 
Injector and a fused a l l i e s cap i l l ary coluan for 
coapooent separat ion. Pyrolyses of untreated 
and deuterated coa l samples are being carried 
out under various t iae-teaperature combinations, 
and product compositions are determined. 
IE. H. MeBay, V. f. Axinsy, D. H. Huttll, 
C. L. Glith). 

Precialaa t r l a a g s l a r vavefora gemarstor 
(Modal OMI, /79-UM5) . For our HEMS/HS ( 1 0 ) , 
we needed a tr iangular waveform generator. The 
spec ia l requirements were (1 ) long-tern s lope 
s t a b i l i t y , (2 ) s e l e c t a b l e r i s i n g snd f a l l i n g 
s ides t o the t r i a n g l e , (3) long-term dc l e v e l 
s t a b i l i t y , ( 4 ) a wide s e l e c t i o n of repeatsble 
s lopea, (5) s e l e c t i o n of an i n i t i a l or s t a t i c 
vol tage , and (6 ) programmable ramp H a l t s for 
sny s l ope . The generator would be used t o scan 
e i t h e r the magnetic f i e l d or the voltage between 
the platea of the e l e c t r o a t a t i c analyser (ESA). 
Slow scan rates were need* * for magnet scanning; 
f a i r l y rapid scans of the ESA would permit a 
l i v e o s c i l l o s c o p e display. 

The actual instrument has the following 
charac ter i s t i c* ; 

1 . Independently s « > c t s b l e rates of r i s e 
( f a l l ) from 1 V/s to 888 V/s . A 1-2-4-5-
8 sequence i s used, r s su l t lng in 431 wave 
shapes. 

2. Dri f t . When adequately warmed up, d r i f t 
ra te l a 2 uV I r 1 at constant vo l tage . 
Ramp rat* reproducibi l i ty la 99.95X or 
b e t t e r . 

3 . Output. +10 V, 200 aA. 
4 . At maximum r a t c - o f - r l a e , overehoot beyond 

s e l e c t e d cutoff voltage la 25 aV. 
5. Free running or cvtoff after 0 . 5 , 1 , 2, 

or 4 c y c l e s . 
6. Se lectable i n i t i a l , upper, and lower acan 

l i m i t s . 
7. Se lectable i n i t i a l scan direct ion with 

error de t se t lon for I l l o g i c a l condit ions . 
8. True analog raap. 

9 . Reversing raid "hold* froa front panel. 
In our HRMS/KS «ork we used a a lgnal averager 

to c o l l e c t data. l > e 12-btt reaolut lon of t h i s 
device H a l t e d us c de tec t ion of errors of 
+0.05X. Our measure of s t a b i l i t y waa the width 
of a maas peak at ha l f maximum (V9() for data 
taken over a few short c y c l e * compared with the 
WHM for data taken over a period of an hour or 
two. Within the prec is ion of the maas s p e c t r s l 
experiment, i t was not poss ib le to e s t a b l i s h 
that the waveform generator had dr i f ted more 
than +0.05Z. (T. 3. Mueller, P. H. Russell) 

Programmable ramp gaaerator (model 0 U L / 7 9 -
9537) . A raap generator waa needed for the 
HKMS/MS (10) work that would provide d i g i t a l l y 
addressed voltages for operation of the 
apectroaeter by a computer and would Improve the 
long-term s t a b i l i t y of vo l tages applied to the 
e l e c t r o a t a t i c analyser p la tea (ESA) ao that 
higher reso lut ion could be a t ta ined . 

In the prototype, thumbwheel switches are 
uaed to enter values of the l n l t l s l p o t e n t i a l , 
the gain of the sweep (ramp) d l g i t a l - t o - a o a l o g 
converter (DAC), and the number of stepa/sweep. 
In the computerized vers ion , these values w i l l 
be entered e i t h e r from the control panel or from 
the computer The ramp generator has a c r y s t s l -
contro l led c lock, but there are provis ions for 
an external c lock ( e . g . , a computer-aupplled 
p u l s e ) . 

Dwell times of 1 t o 10C s are provided to 
g ive a wide f l e x i b i l i t y of acan ratea for data 
a q u l a l t l o n . An aux i l iary feature that haa 
proven very useful i s an analog voltage 
generator that can be switched in to replace the 
d i g i t a l l y generated s i g na l . With a resolut ion 
of better than 1'5000, thla feature allows one 
to locate a peaV snd t o t rans la te thla voltage 
Into i t s d i g i t a l equivalent for entry Into the 
thumbwheel switches - O^her a n c i l l a r y features 
Include two awltchable outputs , monitors that 
dlapley sweep d i rec t ion , halt /sweep mode, 
programmed delay a c t i v e , atep pulse t ime, and 
ampli f ier overload cond i t i ons . Output* for 
"sweep increment," "sweep count," and "halt" and 
Inputs for "stsrt" and "stop" are alao provided 
a t TTL l e v e l s . An snalog meter al lows one to 
fol low prograa* of very slow sweeps in terms 
of the fract ion of tha s e l e c t e d ramp smplltude. 
A provis ion la a l s o Included for viewing the 
contents of varloua raglaters on a f l v e - d l g l t 
LED readout. A preset counter al lows a 

predetermined number of sweeps to be s e l e c t e d 
or . In tha usual mode, dlaplays tha sweep count. 
A descript ion of ths Instrument la being 
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prepared for publ icat ion . Work performed with 
I t was reported at the ASMS meet tag la Hay 
( 1 1 ) . (T. P. MiMlUr, D. 8. Hitmmlt) 

Orgaalc SDB Instraaaatat loa . Development 
i s underway on a new Ionizat ion source that 
e x t r a c t s , acce leratea , and recuses secondary 
loos sputtered froa a surface a f t e r lapact by a 
bean of primary Ions of a few (0 -5 ) keV k i n e t i c 
energy. For soae t l a e , secondary Ion aaas spec­
trometers (SIMS) such aa Ion alcroprobes aod Ion 
microscopes hare been used for surface Imaging 
and analys is of Inorganic samples. Design of 
the new source Is bet ter su i ted for nonvolat i le 
organic molecular and pseudoaoleculax loos (12) 
froa a surface where target Imaging la not 
required. 

The design requires that prlaary Ions s t r i k e 
the target at 70* from the target normal. Such 
oblique Incidence Is known to Improve secondary 
Ion y i e l d ( 1 3 ) . By comparison, normal or near-
normal Incidence la used In mlcroprohea to 
Improve spa t ia l r e so lu t ion . 

Secondary Ion extract ion and acce lerat ion (up 
t o 10 keV) are provided by two Independent ion 
lena s y s t e a s . t h i s feature pera l t s ana lys i s of 
the e f f e c t s of prlaary Ion k ine t i c energy, 
secondary Ion y i e l d , fragmentation, e t c . , 
part icu lar ly at low primary Ion energy. 

Ion optica of the secondary loo extract ion 
aystem were designed with the Interact ive Ion 
o p t i c s prograa SDHON ( l a ) . Unlike conventional 
ion sources, we use cy l indr i ca l rather than 
rectangular symmetry. This la cons is tent with 
c y l i n d r i c a l symmetry of the acce lerat ing optica 
but not with rectangular symmetry of the asss 
spectroaeter . The advantage of th i s approach la 
that a l l secondary Ions are kept near the aaan 
Ion a x i s , whereas In conventional (rectangularly 
symmetric) loo sources , there Is no "s" focus. 
Secondly, generation of the tranafer opt ics 
( c y l i n d r i c a l t o rectangular symmetry) w i l l be 
straightforward because a high percentage of 
secondary lone w i l l be paraxia l . 

Sample Introduction w i l l be via direct-probe 
i n s e r t i o n through a vacuum lock, rather than the 
carousel approach of many alcroprobes . This 
pera l t s a ln laa l saapla handling and rapid 
turnaround. 

By virtue of the common source design of the 
OUNL s i n g l e - , double- , and t r i p l e - s e c t o r mass 
spectrometers, t h i s Ion source i s compatible 
with thea a l l . The source and supporting s truc­
tures w i l l be mounted on wheals t o f s e l l l t a t e 
Interchange. 

While there la a paucity of l i t e r a t u r e on 
orgaalc SIKS, the technique appears promising 
for analys i s of tolypeptldea at wel l aa organlcs 
adsorbed t o va-ioue a a t r l c e s . The technique 
should a l s o be valuable In analys i s of c a t a l y t i c 
e f f e c t s between a ae ta l surface and organic 
layer . The f l e x i b i l i t y of the device a l s o 
pera l t s study of the mechanisms involved with 
organic secondary ion formation. 

There amy be other appl icat ions aa w e l l . For 
example. In preliminary s tudies , SINS waa fount* 
to be use fu l In laotoplc ra t io measurements ( s ee 
above) . Because extract ion and acce lerat ion are 
performed Independently, t h i s type of source any 
we l l show reduced aaas discrimination In the 
voltage scanning techniques employed In Isotope 
r a t i o meaaureaenta. In a g"ieral way, t h i s 
aource should serve s s a t o o l for the develop­
ment of SIMS methodology she .-ever target imaging 
i s not required. (P. J. Todd, V. H. 
Ckristi*) 

Uga-raaolntimn organic aaas spectrometry. 
Several Bonif icat ions to the Kratoa KS-SO/DS-
50 ayatea have been completed during the paat 
year , and d e f i n i t e laproveaent In operation has 
resu l ted . Ins ta l la t ion of a new TTT board In 
the Tektronix 4010 terminal with necessary 
aoftware changes has converted rhe data system 
to a standard ayatea configuration. The data 
s y s t e a has operated without d i f f i c u l t y alnce 
modif icat ion. Ins ta l l a t i on of the second disk 
drive waa completed with changes In software t o 
permit the use of one disk for software and one 
disk for data acquis i t ion and s torage . Since 
both dlaks are removable, the ayatea la much 
more v e r s a t i l e and dependable, with such greater 
data atorage capab i l i t y . Since the new Data 
General Ecl ipse sys tea has a s l a l l a r dlak d e l v e , 
we expect to tranafer DS-SO data and/or softwsre 
t o magnetic tape for long-term atorage and, 
thereby, e l l a l n a t e the need for many dlska. An 
a l l - g l a s s heated In le t sys tea was designed and 
I n s t a l l e d for use with gases or v o l a t i l e saaplea 
and has been used rout inely with s a t i s f a c t o r y 
r e s u l t s . 

The spectrometer has been used In the s t a t i c 
mode at resolut ions up to JO,000 and In the 
dynamic mode at a resolut ion of 10,000 and a 
scan rate of 10 a per decade. Rather high noise 
l e v e l s preclude the use of higher re so lu t ions 
and sake tuna-up d i f f i c u l t . Inatrument per for ­
mance waa cheeked recently by a Kratos engineer, 
who w i l l recommend service to bring tho i n s t r u ­
ment up to or lg lns l s p e c i f i c a t i o n s . 



We have uaed the MS-50 primarily In a c t a s t a ­
b le scanning modes and for determination of 
appearance po ten t ia l s . Data have been used In 
conjunction with those froa the t r i p l e - s e c t o r 
Instrument In Ion chemistry s t u d i e s . (E. H. 
HeBay, D. R. Rutsetl, W. T. Bainey) 

Organic aasa spectroaetry rapport work. 
The Organic Mass Spectrometry Group has cont in­
ued to give ass l s t snce to a var ie ty of programs 
In need of Ident i f icat ion of organic compounds. 
The major e f fort during t h i s year has been 
devoted to projects or ig inat ing In the Analy t i ­
c a l Chealstry Divis ion. In addit ion, we have 
handled analyses for Metals and Ceramics, 
Environmental Sciences , Operatlona, Health and 
Safety Research, and Biology d i v i s i o n s , am well 
aa the T-12 and ORDCP analyt ica l laborator ies . 
The DuPont 4MB aass spectrometer has been used 
In the majority of these ana lyse s , although on 
many of the samples the h igh-reso lut ion MS-SO 
waa a l so used. We have continued t o give 
p r i o r i t y support to members of the Blo-Organlc 
Analysis sect ion of ACT), e s p e c i a l l y C.-h. Ho and 
B. A. Toaklns. A large number of GCMS analyses 
were carried out on a var ie ty of synthet ic fuel 
f rac t ions with in teres t In Ident i f i ca t ion of 
compound types such aa hydrocarbons, phenols, 
amines, azarenea, e t c 

Low-resolution mass spectra were a lso used to 
confirm the Identity of a large number of Inter ­
mediates and f ina l products for F . F. Knapp and 
co-workers In the Health an<*. Safety Research 
Div i s ion . All compounds were aetalorganlca 
containing Se, Te, Sn, or S in s tab le molei—_ar 
s tructures of expected usefulness In diagnosis 
or treatment In animal t e s t a . We were able to 
confirm the ident i ty of most compounds using 
low- snd high-resolut ion aass spectroaetry, 
thereby confirming the reaction pathway for 
preparation of the coapounde. These reaction 
pathwaya could then be used t o prepare compounds 
containing radioisotopes for anlaal t e s t s . 
Coapounds such as subst i tuted s t e r o i d s , fa t ty 
ac ids and eatera, barbiturate*, and others gave 
s a t i s f a c t o r y r e s u l t s . 

We hsve alao continued our aupport of EPA 
personnel st Research Triangle Park. We com­
ple ted qual i ta t ive analyses on the f ence - l ine 
measurements, but were not asked to quantify the 
r e s u l t s . We s l s o ass i s ted the Advanced 
Analyt ical Techniques Group at EPA/RTF by 
preparation of a s e r i e s of standards containing 

pol lutants on NBS atandard urban par t i cu la te 
matter. These standards were to be uaed in 
evaluation of a n a l y t i c a l procedures. (C. A. 
Prit&uzrd, E. U. MeBay, V. T. ftziitauj 

Data Cemeral computer system. Recently we 
were sble to acquire a uaed Data General Ecl ipse 
S/130 computer system. The s y s t e a c o n s i s t s of 
the fol lowing: 

1. S/130 - en tra l processor (CPU) 
2 . 96 KB HOS Meaory 
3 . Data General 5 KB fixed disk plus 5 MB 

top- loading reaovable disk 
4 . 300 LPM l i n e printer 
5. Nine-track, 800 BPl aagnetlc tape 

ays t e a 
6. Diablo, 2-5 MB front- loading disk 

drive 
7. VTXJ w/keybcrd 
8 . RD0S, a rea l - t ime dlak operating 

s y s t e a 
This Is the third Dsta Ceneral sys tea to be 

I n s t a l l e d In the Organic Maaa Spectroaetry l ab ­
oratory. The f i r s t s y s t e a waa baaed on a H0VA 
2; the second on s M0VA 4. These are dedicated 
t o the MS-50 and MS-2S organic spectrometers, 
r e s p e c t i v e l y . 

The DS-50 system has two removable, f ront -
loading Diablo d i s k s . The other system has a 
f ixed disk and a top-loading reaovable dlak. 
Having both typea of d i sc drives on the Ec l ipse , 
we Intend to use It aa an exchange device for 
moving programs froa one system to another. A 
second use w i l l be for rapid printout of data 
v ia the l i n e pr in ter . The aagnetlc tape unit i s 
Intended for archival atorage requirements. 

Within the next year we w i l l be in ter fac ing 
two spectroaeters to the Ec l ipse . I t i s intend­
ed that each apectroaeter w i l l have a s a a l l 
l o c a l l y dedicated computer for i t s operat ion. 
These w i l l be Interfaced with the Ecllpae aa 
extens ive c a l c u l a t i o n , proceaalng, and atorage 
needs a r i s e . We are '.n the process of learning 
the RDOS and aachlne l eve l programming 
techniques . (T. R. Mueller, V. T. Raiiuy, 
E. ft. fict^y) 

TjmtCAsTIC MASS SrtCTBOMBTKT 

Qaadrnpmle «aaa spectroaetry for the Office) 
of Safeguards sad Secmrlty. V* srs currently 
evaluat ing a quadrupole mass spectroaeter for 
potent ia l uae aa an o n - s i t e Inspection device 
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for determination of uranium and plutoslem 
leotoplc ratloa. The l m r w i u t arrival oa May 
9, 1M0. 

The inatnaaaat, a Balzara euadrupole aaaa 
apectroaatar, «aa chosen becaaac It la approxi­
mately aa order of magnitude aor* sensitive than 
lnetrumeata from other vendora- Thia, plaa 
digitizing the output of the multiplier detec­
tor, allows as to perform routine laotople 
analysis of raata head uranium emd plutonlum 
aaaplaa. which typically contain 1-3 ag of each 
attaint . A Tektroalx 31 calculator, which la 
loaded from a cassette tape, serves aa a data 
collection device and aa a acaa controller for 
the aasa spectrometer. 

The saaple lasertloa probe, especially 
designed by the vendor for this application, la 
coapect, easy to ese , aod reasoaably foolproof. 
Insertion of a new asaple aad subsequent evacua-
tloa to operating pressure takes about • ala. 
Pilsaeat pretreatment to asaare reliable lea 
currenta aad to nlalalxe leotoplc fractionation 
requires about 5 ala, aad data acquisition 7 to 
10 ala. Taos, the total tla* required for aa 
analysis la 15-20 ain per sample-

The lastruaaat la aooated la containers that 
nltlaately wi l l be novated In a aobil* Tan. The 
Tea baa arrived, aad Installation is underway. 

We aade a brief atud) of the Instrument'a 
abil i ty to aeasare boron isotople ratloa. The 
need for a technique to %sLlaate total boron la 
water was evident at the tlaa of the Three Mile 
Island Incident. He have found that 100 ng of 1 
la sufficient eaaple and that the 1 0 B / U » ratio 
(i0.25) wa« -Manured to a precision of +11. 
Thus, through the use of aa enriched ^ op Ike, 
we should be able to provide on-site boron 
ana ITS la If s la l lar events la the future require 
I t . (J. R. Vulton, P. n. Smith, R. S. MeKotm, 
R. Si—on*) 

•ass spactraaatry la sap part of Iat*rna-
t lsaal tafagearea Projects Offlea* The 
original TASTEX Task J experiaeat Involved 
saapllng spent fuels by Japanese personnel at 
their Total reprocessing plant aad shipping the 
saaples on res la beads to OWL for analysis. 
The results of this ezperlaent were mixed. One 
area of difficulty was coataalnatloa at the 
saapllag s i t e , where kllograaa of aaterlal are 
handled (In contrast to the aaaograa quantities 
on the rasla beads). We thus developed a bulk 
faapllng process acre laauaa to such probleaa 
than the original one. In this technique, 
approslaataly 1000 beads (rather than 10) are 
exposed to the saaple, agitated for 10 aln. 

washed, and net aside for transfer to the aaaa 
apectreaatry Inventory. We evolved the 
necessary hot-call procedures, as wall m the 
•ore conventional ones- J. A. Carter aad W. t . 
Mustek went to Japan to Instruct Japanese staff 
la the technique. The Japanese eobseeuently 
took asaples aad are presently waiting permis­
sion to ship then. This tecanleme la la the 
process of being adopted as an ASTH procedure. 

The second aaapling of the WAX reprocessing 
faci l i ty In Karlsruhe, Seat Germany, was accom­
plished by International Atomic tnergy Agency 
(IAEA) personnel, (lost of the samples have been 
analyzed, and diff icult ies s t i l l remain, we are 
hopeful that the balk aaapltag technique 
described above will alleviate cost of the 
problems. 

Support continues for the IAEA aaaa spec-
troaeter that we Installed four yeara ago. 
D. H. Smith visited the IAEA laboratory aad 
evaluated a l l aspects of Instrumental perfor­
mance (with D. L. Domohue, currently oa leave of 
absence to the IAEA). The Instrument mas re-
atorcd to original apeclflcatloas, aad various 
suggestions for improving laboratory routine 
were made. It una gratifying to Learn that the 
instrument had analysed over 2300 saaplea la the 
past year with only two days down-tlae. 

We supplied uranium and plutonlum saaplea to 
WIS for Joint certification of fsotople content. 
These samples are on renin leads and are to be 
aaed by the IAEA la a round-robin exercise to 
evaluate latarlaboratory reaulta froa samples 
loaded la this way. (D. B. SHth, R. I. 
Valkjgr, ft. S. Hctoun. J. A. Oeufr, V. R. 
Miafefc, H. Simuns, ff. C. Smith, E. G. MilUr) 

•ass apsttrsaatry develspmaaf to Improve 
precislea. A major effort Is underway to 
laprove the precision routinely obtainable oa 
leotoplc ratio aaasureaents. Thle wil l u l t i ­
mately Involve crit ical lnveatlgatlon of al l 
phases of Ion formation, transmission, and 
detection. The two araaa that received the aost 
atteatloa this year ware fllaaaat ehealatry and 
aaaa scanning aode. It has been known for soma 
tlaa that eaiaaion of Fa* sod 0* can be 
echanced by adding a layer of rhenium over the 
eaaple. Techniques previously developed used 
vacuum '15) or eXectrodspoeitloa (16) to produce 
s uniform layer of rhenium over aaaplea of 
uranium and plutonlua. These techniques are not 
eaay to Implement la the laboratory, and It was 
decided to look for a simpler method. Rhealua 
powder slurried with .across was added to the 
fllaaaat over plutonlua or uranlua loaded oa 
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n o l o beeda. It lad to significant inhisciaiat 
of lorn cBlaaloa and redact loa of laotoptc frac­
tionation. Thla resulted la aa taprnteaant la 
precision of roughly a factor of too. The 
purpose of the sucrose wee to provide the carboa 
to yield a Ke-C oolatloo, which baa a higher 
•orb, foactloa thaa pare polycryetalllae 
rheaiaa. 

The technique baa aot fat boea developed to 
the point where It la aaltabla for roatlaa aaa; 
work oa thla project la coatlaulae. with that 
teal la alad. Safeguards la particular wil l 
baaaflt froa aoeb a developaaat, bat a* boo* to 
extend tha application of thla techaleue to 
aeaplte froa aeay sources. 

The aecead aspect of aaaa specuseatry to 
receive considerable attaatloa tbla peat year 
waa that of aaaa ecaaalag. Pregraaawtlc changes 
•are ande la aoftwere controlling tha aaaap, 
aoch that alteraata acaaa go a* and thaa aaaa la 
aaaa. Thla baa tha effect of dletributiag tha 
acaaa of eacn laotope eyaaetrlcslly with tlaa 
aad thaa averaging oat the effect of loag-tera 
beaa laatablllt lea. 

The enhanced loa beaa atvbll lty reuniting 
frta the addition of a rbealaa-eucroae slurry 
allowed preclae Investigation, of foccalag coadl-
tlooa la the lea aooree. Thla led to tha deelga 
aad coaatroctloa of a aew high-voltage divider 
that ylclda aore atable laotopl". rat loa thaa the 
previous design. 

Coaalderatloaa of poise ehape aad elgnal-to-
aolae paraaatera la the detection eyatea lad to 
eavelopeeat of new divider aetwork for the 
electron anltlpllar detector. 

The elngle-stage aaaa apactroaater waa 
converted to aagnetic acaaalag with a view to 
assenting tha reduction In blaa achieved by 
ellalaatloa of voltage scanning, laaolta la 
thla regard were aoaawhat aaMgnoua, bat 
convertlag oar lnatroaenta to thla kind of acaa­
alng la e t l l l under conalderatlon. 

Another project carried oat on the slngle-
atage aaaa spectroaatar waa evaluation of a 
two-ftlaaanc aonrce arraagaaaat. Precision* 
obtained wore aot aa good aa thoae obtained froa 
raaln bead staples, and 100 ng waa the alnlana 
aaooat of eenple required to give a atable Ion 
Veea. Oar conclaalon waa that the ezpendltore 
la tiae reonlred for aa to perfect the technique 
at 0HWL waa too great to aafce farther Inveetlga-
tlon worthwhile. A "turret' source, on which 
such esperlaent* will be reported, has bean 
ordered froa VC Mlcroaees. This eoaaerclel unit 
allows highly accurate reproduction of fl laaeat-

eoarce gooaetry aad ahoald load to bettor 
precis loa. (V. *. 9tUk. B. S. NMGMM, t. L. 
Vuttev, J. A. Carter, W. Siammm. U. C. 
Smith) 

view of lajprnrad atablllty of the loa beaa la 
oar aoarca aa described elsewhere, aa Initiated 
aa laveetlgatloa lato the whole eaeetloa of 
aoarce design. The deslgao of aoarcaa froa 
other laboratorlea ware obtained aad coopered 
with oara. Aa lea alaaUtloa coapater prograa 
called S O a n aaa obtained to evaluate focoslag 
charactarlatlca of the umrloaa ayateaa. Thla 
prograa wil l alao be eaed to help develop 
designs worthy of experlaautal cvalaatloa. 

The STJOOI piograa waa aodlflad to aake It 
aaltabla for aaa with the lapat output davieea 
ea otr PDP-11 e cape vera. Electrode couflgura-
t loa, oeulpoteatlal coataara, aad loa trajac-
torlea ena even be dlaplayad on a storage vlaual 
d lap lay wait or plotted on paper. Thla prograa 
waa of cooolderable help la aealgalag tha aaw 
source divider paaal. (M. S. MsKowt, D. t. 
Smith, P. J. Todd) 

Caapatarliad apar it lag aystea far taadaa 
aaaa epectreaetara. Interfacing of two of ear 
aaltlatage aaaa epectroantera to DKC MDC 
alcrocoaautere la coaplete. The KDTCe have 
vlaual display unite with keyboerde. 3ZK. of 
core, aad dual floppy disk drives. Aa aaaeably 
language code coatrola the sweep control paael 
and accepts data for a given scan. Tha data for 
each run are etored an dlecs under nalnllae 
(Fortran) prograa eoatrol. After data froa a l l 
aaaalea have bean collected, they are 
traaaf erred to tha boat coaputer, a ISC 
PDP-11/34, via locally designed r raamif i iTlmi 
network. Data procaaalng aad report writing 
then proceed autoaatlrally oa the boat eoaputer. 
Coaaunlcatioa la possible In both directloae 
between the boat coaputar aad either MUX;. 
Operation of the network la elaple aad baa thaa 
far been virtually error free. (R. / . 

itemaek, B. S. HaKoun, T. K. UmlUr, P. ft*. 
Smith) 

Baa of • • I t i snaea i s i c* aeaalru data trem 
a aaae aasttraaatat aad to caltalata aaaala aaar» 
soaltlaa. A ftockwell AHr-«5 (M300) alcrocoa-
puter waa Interfaced to a aaaa epectroaeter for 
data acquisition aad aubsoqueat proeasalag. A 
report, l latlng up to flftoaa eoaponents aad tha 
percentage of each species preaeat, la 
generated. 

We have a Vacuua Canaratora Nodal MM1201 aaaa 
speetroaetsr efcat hee a aoaaer of prograaalaa, 
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featara* b u i l t In. I t la used mostly for aasay­
ing cyl inder gases-

The microcomputer ayatea contain* on one 
board the mlcr proces sor (which forms the heart 
of the system) . Input/output (I /O) p o r t s , a text 
e d i t o r , a program aaaeabler, a rather good 
version of BASIC, a ayatea monitor program, 4096 
(4K) bytes of random access memory (1AM), an LEO 
readout, a 20-column pr inter , aa wel l aa 
features that are not needed In th i s 
appl icat ion- A typewriter-type keyboard that 
can be located ap t o two met're from the board 
provides communication between the operator and 
the computer. Programs can be stored on and 
read from c a s s e t t e tapes . The recorder 

Interfacing la a l so on the board, as la an 
Interface f o r a e r i a l I/O v ia a 20-aA current 
loop . The I/O porta can be aoftware programmed, 
b l t - b y - b l t , to be e i t h e r inputs or outputs -
Interrupt de tec t ion Is a l so provided. By 
combining 88 aicrocoded Instruct ions with an 
execut ive rout ine wri t ten In BASIC, we were able 
t o s a t i s f y the requirements for the appl icat ion . 
Data acqu i s I t loo time la l e s s than 100 mS/peak. 

A very simple Interlace between computer and 
spectroaeter was fabricated. Data are atored 
temporarily under machine language control ; 
batween acquis i t lone, a BASIC routine recon­
s truct* the data as a var iable . Background data 
and s e n s i t i v i t y factors arc stored outside of 
the BASIC prograa ao that they are protected If 
programa are a l t ered . These data are atored and 
reca l l ed v i a abort machine language routines 
c a l l e d by BASIC. Although only « of oo-board 
RAM la used, programming allows the operator ten 
optlona for a l t e r i n g prograa execution or for 
l i s t i n g data . 

Ve f e e l that thla l a a very c o e t - e f f e c t l v e 
s o l u t i o n to our problem. Less than »lx we* v i 
• lapsed from inception of the project u n t i l the 
f i r s t data war* processed. A more deta i led 
descr ipt ion of th la work has been prepared for 
publ icat ion- (T. R. MuilUr, J. R. Sift, 
I. K. Btrtmrn) 

Dissalvmr t*ak c a l l b e a t l s a aalag l a t a t l a a . 
An Isotope d i l u t i o n technique using lutetlum 

has been u t i l i s e d for t o t a l so lut ion volume sod 
s o l u t i o n weight determinations. This approach 
has bean compared rfith conventional cal ibrat ion 
aethode. In a jo in t e f for t with the Cheni-.al 
Technology D i v i s i o n , for accountabi l i ty aeasure-
aents on three batches of d issolved spent fuel 
froa the Dreedea-1 reactor . In order t o sake 
a c c o u n t a b i l i t y c a l c u l a t i o n s , the t o t s l volume 
or weight of a d l s s o l v e r s o l u t i o n , as wall as 

the concentration of uranium and plutonlun, auat 
be a c c - i n t e l y measured. Use of other elements 
such aa LI, Mg, and Sr has been reported for 
t h i s determination, but a l l of these have 
disadvantages associated with the ir measurement 
and ubiquitous occurrence- Lutetlum waa 
se l ec ted with the fol lowing expected advantagea: 
(1 ) I t has two natural ly occurring laotopea of 
widely di f ferent abundances ( I . e . , 175:97-4Z, 
176:2 .61) , ( 2 ) enriched Lu Is avai lable aa 
the laotope sp ike , (3 ) I t i s not produced In 
f i s s i o n , and (4) It loo l i e s e a s i l y by thermal 
emission and could be measured without chemical 
separation. 

The method Involves addit ion of normal 
lutetlum in 3 S HSOj to the d l s so lver s o l u t i o n , 
which Is then mixed by a i r sparging. He added 
<30 mg of normal lutetlum per l i t e r of d l s so lver 
so lut ion for these t e s t a - Sme.'l samples were 
withdrawn for f l a a l l e and l u t e t l u a analyses by 
Isotope d i l u t i o n . Weighed al iquot* of d l sso lver 
so lut ion ( i 0 . 5 ml) were spiked with enriched 
1 7 6 L u and d i luted to 100 ml. One u l of thla 
so lut ion containing "-0.2 ng of normal Lu and 
t-0.4 ng of 1 7 6 L u spike c o n s t i t u t e s a filament 
loading for the 175/176 r a t i o measurement on one 
of our two-stage h l g h - s e n s l t l v l t y neas 
spectrometers. Ho chemical separation la 

required. Weight of the d l s so lver so lut ion can 
be ca lculated from the known 175/176 ra t io of 
normal, sp ike , and the measured ra t io of the 
saaple/apike mixture. For volume ca lcu lat ion 
the density must a l so be measured, a poss ible 
source of error . However, density la not 
neceaaary to ca lcu la te the t o t a l f i s s i l e content 
of the d l s so lver tank If so lu t ion weight i s 
used, and th i s method Is recommended for 
accountabi l i ty . 

The re su l t s of measured volumes for the three 
batches of d l s so lver so lut ion by both aethoda of 
ca l ibrat ion are given In Table 2 . 5 . 

In the chemical proceaalng plant , spent fuel 
waa dissolved In tank T-555 and transferred to 
a feed tank, T-556. Measurements for volume and 
weight of so lut ion ware estimated for each tank. 
The conventional method of estimating volume and 
weight wss based on d i f f e r e n t i a l preaaure 
aeasureaents across the l iquid l eve l and denalty 
probes by means of a h igh-prec is ion manometer. 
After calculat ion of the so lut ion volume, appro­
priate correct ions were applied- In the case of 
the so lut ions In T-555, the only correction was 
subtraction for estimated volume of the fuel rod 
h u l l s . A potent ia l source o* error waa the 
p o s s i b i l i t y for retent ion of a ir bubbles within t 
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the empty hulls. Correction factors applied to 
the solutions la T-556 Included allowances for 
the voluae of previously reanved staples and for 
residual amounts of solutloo left in T-555-

Table 2.5. Results: deteraiaatloa of 
dlssslver solatia* vulmae 

Method 
Batch Tank Conventional Lu-IDHS 

4-DS-l T-555 10.15 10.29 
T-556 12.05 12.21 

4-OS-2 T-555 8.79 8-55 
T-556 8.48 9.00 

4-DS-3 T-555 8.4* 8.13 
T-556 9.36 9.51 

The estimation of so lut ion voluae and weight by 
the lu te t lua- l socope d i lu t ion method requires no 
correct ions and thus should have better accuracy. 
In the three batches t e s t e d , the lute t lua aethod 
checked aore c lo se ly to material balance 
ca l cu la t ions than the conventional aethod. 
Precis ion of the lu t e t lua method for each of the 
three batches was +1* baaed on three 
determinations. Although t h i s Is the f i r s t 
attempt at tank ca l ibrat ion i.slng l u t e t l u a , the 
apparent success of these t e s t s warrants further 
development and evaluation of the aethod for 
accountabi l i ty measurements. (ft. I. Walk**, 
J. A. Carter, R. G. Hill**, H. C. Smith, W. n. 
Mueick) 
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3. TECHNICAL SUPPORT 
L. T. Corbln, Sectloo Head 

The 78,000 analyaes perforaed within the General Analytical Laboratory cooatltnted a 251 
Increase over laat year. A correepondlng lncreaae In analytical requests forwarded to other 
laboratorlae waa alao noted. Hew equipment Included a direct Injection nodule for the Oceano-
graphlc Intarnatlooal carbon analyzer, a caacaded aultlatage electronic f i l ter for the vacuua 
f salon eyetea, an aralne generator with a hellua-glow discharge excitation unit, a T«<:hnlcoa 
block digester, an autoaatlc hydride generator for the atoalc abaorptloa spectrophotoeeter, a 
Dlonex nodel 16 Ion chroaatograph, and bench-top charcoal-filtered hoods. Continued eupport 
provided to outside agenclea Included aercury analyaea for the Virginia Water Control Board; 
l l thlua, aercury, fluoride, chloride, aolature, lead, zinc, and llthlua hydroxide for tha 
Tennessee Valley Authority; and special analyaea for the Three Mile Island (TMI) nuclear 
station. 

In tha Radioactive Materlale Analytical Laboratory, new equlpaent Included an x-ray fluo-
reacence (XRP) analyxer, oxygen-to-aatal analyzer, fiber optic apectrophotoaeter, and a pulse-
height analyzer. XRF waa used to aolve difficult analytical probleas in fuel reprocessing, 
waate aanageacnt, and resource recovery. Support of TMI continued with the analysis of water, 
sludge, and eetala froa the reactor alta. Inatruaentatlon waa developed to aeaaure C-l* In dla-
solver solutions and trltlua In single Irradiated alcroepherea. Capabilities ware expanded In 
nuclear coatings work with the addition of a superheater to tha dealga-basla-accldent epperetua 
and construction of an apparatua to aeaaura chloride releaaa froa Irradiated panela. 

The Traneuranlua Analysis Laboratory perforaed 35,000 aaalyaea during the year. Moat of 
these were In support of tranauranlua eleaant production, power reactor fuel reprocessing atud-
iea, and aoaltorlng plant effluents. Rev equlpaent Included a dielectric constant aster, a 
low-level alpha counter, and a gaaaa spectroaetry aystea. 

Tha Reactor Prograas Croup continued to provide analytical aupport to ongoing reactor tech­
nology davelopaent prograaa. Principal "laboratory-oriented" research and developaant efforte 
have been directed toward the Consolidated Fuel Reprocessing, nlgh-Teaperature Gas-Cooled 
Reactor, and Alternative Hlgh-Level Waate Foraa Davelopaent prograas. In addition, the group 
has provided davelopaent of aathoda to aaet the needs of the service laboratories. Specific 
atudlea ware theraal and aaaa apectroastrlc analyses for characterisation of raactor fuel and 
radioactive waata foraa, klnetlca of theraal denlrratlon and dehydration of uranyl nitrate 
hydrates, and reaction of augar and nitric acid. &,.--<flc aathoda of analyals Included tha 
deteralnatlona for dlbutylphosphorlc acid by Ion chroaatogr.-phy, Cr(VI) In process solutions, 
radlolyals products (CI2, R^Oj, C1C>3—, and CIO4-) In Irradiated brine, gaaaoua prod­
uces for tha coabustlon of Irradiated carbide fuel, and spark-Induced by-products of sulfur 
hevafluoride. Inatruaentatlon efforta ware directed toward davelopaent of a blpoler-pulea con­
ductivity detector for Ion chroaatography, a baseline coapensator for differential scanning 
celorlaetry, and aodlflcaefon of an Ion chroaatograph for glove-box operation and Ineraaaad 
sensit ivity and aaapla throughput. 

Expansion of the Data Managaaant Syataa continued with the addition of an analyals catalog 
and the cost dietrlbutlon prograa. 

41 
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DATA Muucnmrr SYSTEM 

Programming for the Data Manager«nt Syetea 
(DHS) began in 1975, and the system waa placed 
In uae in 1976. Four years later the systea has 
aatured and fewer additions are being aade- A 
new analysis request sheet was designed to en­
courage customers to use coaputer-coapatlble 
sample codes. 

A feature called "analysis catalog," similar 
to "custoaer catalog," has been progressed. 
This will allow the recall, by a single nuaber, 
of frequently used combinations of analysis re­
quests. For exaaple, all the radionuclides re­
ported froa a routine gaaaa scan can be recalled 
as a unit. 

A new prograa BILLST has been written to 
calculate analytical charges using standard 
tlaes for routine analyses. This change will 
standardize custoaer costs to a greater extent 
and will allow sore precise estimation of 
charges for budget purposes. 

RADIOACTIVE MATERIALS 
AXALTTICAL LABORATORY 

W. R. Lalng, Croup Leader 

Upgrade of Hot Facilities 

Work continued In several areas of our plan 
to upgrade equipment for hot cells and glove 
boxes. The status of each ltea Is as follows: 

Fiber optic spectrophotometer. A 10-a 
glass fiber optic bundle for the Brlnkaan color-
laeter has been tested. It was found that the 
Instrument light source had Insufficient Inten­
sity to operate with the 10-a fiber optic. 
Additionally, wavelengths above and below the 
500-550-na band were aeverely attenuated, which 
would Halt use of the fiber optic even with a 
more Intense source. This test verified our 
previous opinion that long fiber optics oust be 
constructed of quartz. The Instrument has been 
transferred to the TRlf laboratory for further 
tests with the 1-m fiber optic. 

Oxygen-to-aatal ratio. A new oxygen-to-
•etal (0/H) apparatus has been asseabled, placed 
In an Inert ataosphere glove box, and evaluated. 
The procedure will use water-saturated 4Z 
H2~Ar gas to convert an oxide saaple to Its 
stoichiometric composition In a single step. 
Change In weight of the saaple will be used to 
calculate the 0/M ratio. 

Z-ra* flooresceace. The x-ray fluores­
cence JtF) systea for glove-box operatlun has 
been tested extensively with cold samples and la 
now In operation with plutonlua-bearlng materi­
als. Saaple preparation Is done In one glove 
box, and the solutions, contained In mylar-
covered plastic cups, are passed through a 
transfer port Into the glove box containing the 
XRF unit. 

Clow-box Initri—nf si Inn Several 
instruments have been modified for glove-box 
operation and are Bearing the testing stage. 
These Include a mercury poroslaeter, a hydrogen 
analyzer, and a sealed-reflux systea. Glove 
boxes are on order for moisture and gas release 
equipment. 

Other lnstrvasatatloa. A Tracor pulse-
height analyzer and a Ludlua scaler replaced 
outdated counters this year. A Barber-Coleman 
gas chroaatograph and a Shi madzu Integrator have 
been Installed In a glove-box laboratory for use 
with samples containing small amounts of 
radioactivity. 

Balldlng 2026 Maintenance 

Considerable progress has been aade th<s year 
on upgrading the building systems. All cell 
filters have been replaced. A scheduled rough­
ing filter change for the main filter bank was 
delayed when It was learned that replacements 
for present filters were no longer available. A 
new systea has been designed, and frames are 
being constructed to allow the use of less 
expensive disposable filters. 

Cells 2 and 6, storage, aockup, and decontam­
ination cells were cleaned thoroughly, and all 
unused equlpaent was sent to the burial ground. 
Cell 2 was painted. All manipulators have been 
refurbished with new bearings, swivels, 
switches, and tapes as needed. The drive 
mechanism for the west intercell conveyor wa» 
repaired. 

An engineer was authorized to conduct a 
heating and ventilation audit of the building to 
determine whether the systea was being operated 
properly and to make recommendations for repair, 
upgrade, and energy conservation. The filter 
changes mentioned previously were one of his 
suggestions. All transmitters have been recali­
brated, and the controllers have been replaced 
with more aoder-. units. Significant improvement 
In energy consumption Is slready evident, and 
additional ssvlngs chould tesult when the 



roughing fitters are changed and the system 
balance is coapleted. 

Radioactive Materials Analysis 

An x-ray fluorescence Instrument, consisting 
of a United Scientific nodel 440 spectroaeter 
and a Tracor-Northern model 4000 computer, was 
placed into operation during the year. A common 
power supply and computer control two spectrom­
eters — one for cold samples and one located in 
a glove box for alpha-containing material. XRF 
has been applied to a number of sample types 
that would present formidable problems for chem­
ical analysis. These applications Include the 
measurement of (1) 0, Pu, Th, ir, Ru, and Re in 
aqueous and organic solutions; (2) Al, Ba, Si, 
Cs, Zi, and Ti in solutions and solids from 
waste fixation and resource recovery; and (3) 
chloride and sulfur In coal liquefaction 
screams. Qualitative scans have been made on a 
variety of metals, deposits, and vegetation. 

The ln-cell carbon-14 apparatus was rede­
signed to include a trap between the reflux con­
denser and the COj absorber. The trap, filled 
with 6 .V H2SO4, was used to scrub ruthenium 
from the gas stream of dlsaolver solution sam­
ples. At the sane time, the procedure was 
changed to use persulfate oxidant rather than 
silver-catalyzed dlchromate. This same appara­
tus was used to determine total organic carbon 
of dissolver solutions from carbide fuels. 

Samples of water, sludge, and metal from the 
containment building at the Three Mile Island 
nuclear plant were received for analysis and 
distribution. As many as 30 analyses — utiliz­
ing wet chemistry, physical measurements, spark-
source mass spectrometry. Ion chromatography, 
cass spectrometry, activation analysis, and 
gamma spectrometry — were required 'or aome 
samples. 

An apparacus for the measurement of tritium 
in a single irradiated microsphere has been con­
structed. The microsphere la placed in an In­
dentation in an anvil block, which is moved into 
position in & tube furnace. A solenoid-operated 
plunger crushes the sample, which la then oxi­
dized by water-saturated air at 1000'C. The 
trltlsted water produced is retained in a cold 
trap for counting. Recovery of tritium from 
labeled compounds averaged 95Z, and the repro­
ducibility of tritium results from particles 
with the same radiation history has been within 
15*. 
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The volumetric uranium procedure was modified 
t o allow t i t r a t i o n of the reduced uranium with • 
1.97 al/cm Mlcrometrlc syr inge . This modif ica­
t i o n , although l e s s precise than the weighed 
t l t r a n t procedure, was adequate to meet custoaer 
needs and was used to determine the uranium 
content of 400 samples. 

The conventional weighed t l t r a n t volumetric 
uranium procedure was used t o analyze a d i s -
so lver so lu t ion on four occasions over a period 
of 33 days . The average uranium content , 76.99 
• g / m l , showed no change over t h i s period. The 
twelve a l lquots had a r e l a t i v e standard d e v i a ­
t i o n of 0.12Z. 

After observing the success of applied Teflon 
coat ings In corrosion prevention In the General 
Analyt ical Laboratory, some equipment has been 
prepared for t e s t i n g In the Radioactive Materi­
a l s Analyt ical Laboratory (RMAL). An aluminum 
heater block and three hot p la t e s have been 
Teflon-coated and wi l l be u«id In glove-box and 
h o t - c e l l app l i ca t ions . 

The greatest radiation exposure to RMAL per­
sonnel occurs when waste i s removed from the 
c e l l s to the dumpster for bur ia l . Although 
Improved techniques have reduced the exposure, 
there remains room for Improvement- A design 
for a shielded wast? carrier has been made, and 
a mockup constructed for t e s t i n g . 

Testing of Coatings 

Several nuclear coatings customers have e x ­
pressed an Interest in obtaining c'nlorlde r e ­
l ease values at radiation exposures up to 10? 
Gy. A s t a i n l e s s s t e e l cyl inder with an 0-rlng 
sea l was fabricated and conditioned with a 
d i l u t e chloride so lut ion at the high-f lux radia­
t ion f a c i l i t y . Standards »nd blanks were i r ­
radiated, and recoveries of 95Z or greater were 
obtained. Coated s t e e l panels were tested at 
exposure l e v e l s from 10' to 10 Gy. Results 
Indicated that chloride re lease ta I n i t i a l l y 
very rapid and decreases with time. 

A superheater has been Ins ta l l ed In the 
des lgn-bas ls -acc ldent (DBA) t e s t f a c i l i t y for 
nuclear coat ings . This addition wi l l al low the 
t e s t i n g of coat ings at temperatures up to 195*C 
to more c l o s e l y simulate reactor accident 
cond i t i ons . 

S i l i c o n e rubber specimens were tested for the 
e f f e c t s of radiation on their mechanical proper­
t i e s . Samples were exposed to both neutron and 
gamma fluxes and tested for t e n s i l e s trength , 
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elongation, and compreastblllty. The aechantcal 
property tests were dooe by Metal* and Ceramic* 
Division personnel. (?.. F. Apcle! 

C O O U aamU.TTI.CaJ. LaMUIOR 

E. R. Riekard, Croup Leader 

The number o f a n a l y t i c a l requesta handled by 
the General Analytical Laboratory (CAL). or a s ­
signed to other laborator ies . Increased sharply 
during the year. This Increaae waa due p r i n c i ­
pa l ly to three projects : a sample-Intensive 
study of a b loden l t r l f t ca t lon p i l o t p lant , an 
Invest igat ion Into the chemical apeclea that ac­
count for corroe lv l ty of d i s t i l l a t e o l l a , and a 
Laboratory-wide sampling of o l l a for po lychlort -
nated blphenyl a n a l y s i s . During the year, two 
serv i ce contracts with commercial laboratorlea 
were used during peak load perloda to mit igate 
the Impact of personnel loaaea. Some of the 
in t ere s t ing ana ly t i ca l projects and probleaa 
encountered during the year are reported here. 

Cemeral Amalyees 

A gas chromatograph waa assembled and evalu­
ated for the ana lys i s of gaseous products from 
the combustion of uranium carbide- A t ea t of 
the ayatem using a novel a l n g l e - l n j e c t l o n t e c h ­
nique yielded a 95Z confidence H a l t of +1.2Z 
for the CO and +0.8Z for the C0 2 In a mixture 
of 60Z CO-40Z C0 2 - The a l n g l e - l n j e c t l o n t e c h ­
nique waa made poaelble by using the reference 
aide of a thermal conduct iv i ty detector with 
matched theralatora and two columns connected to 
the detector . 

The deteralnatlon of dlbutylphoaphorlc (DBF) 
acid In solut lona containing r e l a t i v e l y high 
concentratlona of n i t r i c acid by Ion chromatog­
raphy had been d i f f i c u l t In the paat . Removal 
of th la n i t r a t e Interference has been achieved 
through th* us* of SEP-PAW Cjg ravmrse-
phase realn cartr ldgaa . The r e e l n , whan watted 
only with methanol, retain* DBF but al lows 
quant i ta t ive e l u t l o n of n i t ra te with water. 
Approximately 90Z of the DBP waa elutad with 
methanol. 

A cascaded multletage e l e c t r o n i c f i l t e r hae 
been added to th* vacuum fualon system t o remove 
Una and high-frequency n o i s e . It it now pos­
s i b l e to ee l ec t a a a t t l n g that w i l l paaa the 
chromatographic peak of hydrogen, n i trogen, and 

oxygen without d i s t o r t i o n , yet f i l t e r high-
frequency noise components of the analyte 
s i g n a l . Thla feature s i g n i f i c a n t l y improved our 
capab i l i t y to analyze metals with very low gas 
content . 

Carbon waa determined In mercuric Iodide 
c r y s t a l s by flowing oxygen through a combustion 
tube heated with a c lam-shel l furnace. A cold 
trap waa employed to remove mercury and Iodine 
before the coabuatton gases entered a Leco 
carbon analyzer for CO2 measurement. 

numerous f l y aah aaaples were prepared for 
ana lys i s by Inductively coupled plasma spectros ­
copy, uelng a method adapted from that used by 
the NUKE program for stream sediments. This 
d laso lu t lon- l each method uses digest ion with hot 
n i t r i c and hydrofluoric a c i d s . A special 2 .5 -
cm-thick aluminum plate — with tin Imbedded 
thermocouple, receaaed w e l l s 1.2-cm deep for 
Teflon beakers, and coated throughout with 
Teflon — maintained the d iges t ion temperature 
dealred for cons is tency. 

Operator Input of s(aulated d i s t i l l a t i o n data 
waa el iminated by employing a BASIC language 
program written for a Slgma-10 chromatographic 
data ayatea. The data ayatem, with a pr inter / 
p l o t t e r , removed a potent ia l source of error and 
ahortened ana ly t i ca l t ime. 

Sal t samples from a proposed waste depoaltory 
were analyzed for s u l f i t e , carbonate, moisture, 
and weight loas a t d i f f erent temperatures. 
Other s a l t samples subjected to gamma radiation 
were analyzed for hydrogen peroxide, chlor ine , 
perchlorate , and chlorate content. 

Extenelve analyaes were made on "as-
received* m l d d l e - d l a t l l l a t e o l l a from the Ft. 
Lewla coal l iquefact ion plant In order t o deter­
mine which chemical apecle* accounted for a c c e l ­
erated eorroelon r i t e s . Total oxygen, nitrogen, 
c h l o r i n e , su l fur , and Iron were determined in 
both the o i l * and water wash so lut lona . Water 
waahea of o i l s appeared to reduce corroalvtty of 
the o i l by s tr ipping s ign i f i cant percentage* of 
c h l o r i n e , leaaer amount* of su l fur , and the aame 
order of magnitude of nitrogen (on an atomic 
percent b a s i s ) . Further studies are in 

progreaa• 

Bavlrommmatal aaalyeee 

A blodenl tr l f Icatlon p i l o t plant required 
approximately tan thousand analyaee over an 
extended operating period. Ethanol (a food sup­
plement for the working b a c t e r i a ) , n i t r a t e , 
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nitrite, •—imla, total organic carbon, and 
phosphate were determined dally on alx to twelve 
staples over a elx-month period-

Photographic waste solutions were analyzed 
for silver and cyanide content in suppori of 
atodles dealing with waste solution clean p. 
Cyanide was distilled froa the solutions ind 
measured with an loo-select lire electrode. 
Stiver, both soluble and Insoluble, was deter­
mined by atomic absorption spectrophotometry. 

A Joint effort of the Analytical Chemistry 
Division and the Environmental Sciences Division 
(BSD) with the Tennessee Valley Authority, waa 
undertaken to evaluate the effectlvenees of 
analytical methodologies for making mesanremeate 
of trace elements in leschatea of coal-type 
materials. Analyses of leachates prepared by 
ESD for arsenic, barium, cadmium, chromium, 
copper, lead, mercury, nickel, silver, and zinc 
content have been completed by our Environmental 
Analyses laboratory and a TVA laboratory. 
Result* of the study indicated £ood inter-
laboratory agreement. 

Organic material In certain waters and soil 
leachates Imparts a color that Interferes with 
the methyl thymol blue procedure for sulfate. 
Programmatic needs dictate that sulfate analyses 
not be compromised by employing clarifying 
treatments that form sulfate froa other sulfur 
species. After many tests, a SEP-PAW C l 8 

reverse-phase resin cartridge waa found to 
remove the organic Interference at pH 1.7. Such 
pretreatment proved acceptable and aolved a 
long-standing problem. 

Assembly of an arslne generator coupled to a 
helium-glow discharge excitation systea has been 
completed, evaluated, and put into service. The 
unit has met all expectations for determining 
total arsenic and the arsenic form (apacls-
tlon). 

tuanuMtm lu inis LAMUTOIT 

J. H. Cooper, Croup Leader 

Moat of the effort of the Transuranium (TRU) 
Production Plant this past year was directed 
toward production of tranecurium elements and 
the atudy of powar reactor fuel element repro­
cessing. These two progrsas generated the 
majority of aaaplA* snalyzed by the Tranauranlua 
Analysis Laboratory. Two different campaigns 
for the production of californium (about 1 g 
total) generated 12,000 analyses, and the 

solvent- extraction atadlea in power reactor fmel 
reprocets'ng generated about 6000 analyses. 

One unique aspect of fuel reprocessing 
a todies waa the teating of a device for mom-
destructive analysis (RDA) of fuel elements. A 
cooperative effort among the Chemical Tech­
nology, Instrumentatloo and Controls, and 
Analytical Chemiatry dlvlslona was necessary tor 
testing of the MSA device. The Tranaaraalmm 
Analysis Laboratory was responsible for coordi­
nation of the destructive analysis efforts among 
our laboratory, the Radioactive Material* 
Analytical Laboratory, and the Mass and Emieelom 
Spectrometry Laboratory. After the fuel ele­
ments were assayed by BOA, they were dissolved 
by TKD operations personnel. Samples, with 
appropriate 'spikes," were analyzed for density, 
uranium, plutooium, and lutetlum. A known 
amount of lutetlum had been added to the dla-
aolved fuel solution to enable us to make a 
check on the total volume tff solution. Agree­
ment between the HDA and the chemical determina­
tion of uranium and plutonlum waa within IX. 

Daring laboratory atudlea of the behavior of 
plutonlum In fuel reprocessing, we were re­
quested to determine the valence states of pin-
ton lua In many samples. By measuring absorp­
tion spectra of the plutonlua solutions, we were 
able to determine not only the valency of the 
plutonlua but also the presence of plutonlua 
polymer. This method of analysis Is valuable 
not only because of Its nondestructive nature 
but also because of It* short turnaround time. 
The only sample preparation step required Is 
that of dilution of high-concentration plutonlum 
samp las. 

The Tranauranlum Analysis Laboratory Is 
frequently requested to assist In preparation of 
speclsl msterlala containing radioactivity. An 
example of thla special activity uss our prepa­
ration of a solution of ^ 4 IAa In sodlua 
cltrste. The AaOj (Insoluble In sodtua ci-
trste) wss dissolved in concentrated nitric 
acid. The resulting solution was evaporated to 
reaove most of the scld and waa adjuated to the 
proper pH by addition of a saturated solution of 
sodlua cltrste. The final solution was diluted 
to 300 ml and an aaerlciua concentration of 
3.7 x 107 Bq/al. In addition to the prepara­
tion of thla special solution, we often aliquot 
and dispense many other tranauranlua elements 
for shipment. 

updating of equipment is necessary for high-
quality analytical results. The Transuranium 
Analysis Laboratory has procured severs1 Items 



46 

of equipment t o help maintain the q u a l i t y of our 
ana lyses . A d i e l e c t r i c constant meter, designed 
and bu i l t In the Analyt ical Chemistry Div i s ion , 
Is nov be lag used for measurement of t r l b u t y l -
phosphste concentration In organic d i l u e n t s . An 
alpha counter that uses a disposable phosphor Is 
now In use to provide low-level alpha a c t i v i t y 
measurements tn l iqu id e f f luent s from the Labor­
a tory . We have acquired a l l components for a 
gamma spectrometry system that u t i l i z e s a Ce(Ll) 
detector and a computer analyzer (HD-6600). 
Personnel are now being trained In the use of 
t h i s system. Some h o t - c e l l equipment I s being 
redesigned to give more r e l i a b l e operation. The 
prototype of a remote p lpet tor has been con­
structed and Is being t e s t e d . A new t i t r a t i o n 
system Is being designed for use In our labora­
tory . To Implement the determination of ac id i ty 
during design and construction of t h i s system, 
we have ordered a commercial automatic t l t r a t o r 
for use on o u t - o f - c e l l samples. 

REACTOR PROGRAMS 

D. A. Costsnzo, Croup Leader 

The primary function of the Reactor Programs 
Group i s tc provide ana ly t i ca l support to on­
going reactor technology development programs, 
which include the Consolidated Fuel Reprocess­
ing Progras (CFRP), High-Temperature Gas-Cooled 
Reactor (HTCR) Progras, and the Alternative 
Hlgh-Level Waste Forms Development Program. 
'Laboratory-oriented" reaearch and development 
In support of these programs Is s l s o performed 
in oth"?r sec t ions (snd reported e lsewhere) . 
This group a l s o performs methods development t o 
meet the needs of the service laborator ies . 

Consolidated Fuel Reprocessing 
Program Stadias 

Reference sample p lan , HEF-aodlfiad flow­
sheet (200 s e r i e s ) . A reference sample plan 
for a n a l y t i c a l chemistry and process control 
requirements of the proposed CTRP Hot Experimen­
t a l F a c i l i t y (HEP), a p i l o t - s c a l e fuel reproc­
e s s i n g demonstration p l a n t , has been Issued ( 1 ) . 
The plan provides sn assessment of the l eve l of 
ana ly t i ca l support required for the process by 
descr ib ing projected l o c a t i o n s , physical charac­
t e r i s t i c s , unit frequency of sampling and analy­
s i s necessary for plant control and material 
a c c o u n t a b i l i t y . With that Information, planning 

for equipment, personnel, aad operating c o s t s 
necessary to meet conceptual design requirements 
was completed. The plan a lsn shows a v a i l a b i l i t y 
of ana ly t i ca l methods aad of sensors for I n - l i n e 
app l i ca t ion , as well as t t e s tatus of research 
and development of new analyt ica l techniques sad 
new In- l ine sensors . (J. L. Marley, E. D. 
North (2)) 

O V smalyt lcal —mm act laboratory. The 
ana ly t i ca l support laboratory located l a 
Building 7603 provides technical support to CFRP 
engineering development tasks by providing on-
s i t e a n a l y t i c a l serv ice aad by carrying oat 
spec ia l projects to meet the needs of engineer­
ing s t u d i e s . During 1979, 2280 analyses were 
performed, primarily la support of the rotary 
d l s s o l v e r . Iodine absorption, and volox ld lzer 
s t u d i e s . The fol lowing spec ia l "laboratory-
oriented" projects were completed: (1) c o l l e c ­
t ion of data to determine the f e r r i c n i t r a t e -
conduct iv i ty-densi ty re la t ionships at 45 , 70, 
and 95*C (the information was needed for i n s t r u ­
ment development), ( 2 ) performing a scoping e x ­
periment to determine the f e a s i b i l i t y of obta in­
ing s i g n i f i c a n t volume reduction (-UCI) for 
boric acid-borax so lut ions to s ld In the evalua­
t ion of waste-handling processes for the Three 
Mile Island reactor s i t e , ( 3 ) comparison of the 
e f f e c t i v e n e s s of calcium oxide, magnesium oxide , 
and calcium su l fa te for the absorption of 
tr i t ium as HT0. (J. L. Marley) 

Thermal analys i s s t a d i a s . Thermal analy­
s i s (TA) and mass spectrometry (MS) have been 
used to study a variety of uranium compounds in 
support of CFRP process research snd development 
snd product conversion s t u d i e s . A DuPont 990 
thermal analyzer, which Includes a thermogravl-
metric analyzer (TGA), a d i f f e r e n t i a l thermal 
gravimetric analyzer (DTA), a d i f f erent ia l scan­
ning calorimeter (DSC), and a Bendlx MA-2 t lme-
o f - f l i g h t mass spectrometer, was used. 

A k i n e t i c study was made of the dehydration 
and den i t rat Ion of uranyl n i tra te hexahydrale 
(UMn). A stepwise dehydration of WB followed 
by n i tra te decomposition was observed In TC and 
DSC analyses . The DSC analyses at d i f ferent 
heating rates ware the bas is of the k i n e t i c 
determination of ac t iva t ion energies using the 
method of Sakamoto, at a l . ( 3 ) . Evolved gas 
analys i s (EGA-MS) of DNH by MS at l inear pro­
grammed heating rates confirmed the fol lowing 
react ions: 

UO 2(W0 1) 2.6H 2O-»UOj(«O3) 2.3H 2O + 3H?O 72 kJ/mol 
U03(l»3)2"3n?0 + U02(1»3)2'2H20 + H 20 85 kJ/mol 
U0 2 (N0 3 ) 2 . 2H 2 0- ' IK> 2 (»0 3 )2 'H 2 0 + H 2 0 128 kJ/mol 



W>2<*t>3)2*H2O*t)02(l»3)2+"2O .33 kj/mol 
0 0 2 ( » 3 ) j - D 0 3 - H W r 173 kj/mol 

DSC data for the dehydration and thermal 
decomposition o f uranyl n i t r a t e hydrate* have 
been produced for f i v e heating r a t e s - These 
aonlsoeheraal data are being evaluated using the 
rate conation proposed by Se*tak and 
Berggren ( 4 ) : 

da/dt * X r t ; o m ( l - a ) n M n ( l - 3 ) J P , 

where 

a - the degree of conversion, 
dafdi m the rate of reac t ion , and 
Kit) m the temperature-dependent rate 

constant . 

The m, n, and p parameters are estimated by 
taking the logarithm of both s ides of the 
Sestak-Berggren equation to make the equation 
l inear and using l inear regression to estimate 
the c o e f f i c i e n t s , with one value of - i , n , and p 
always being zero . In addi t ion , t h i s method 
g ive s est imates of the ac t iva t ion energy and 
preexponentlal parameters of the Arrhenlus rate 
constant . 

Preliminary ana lys i s of the data Indicates 
that dehydration of uranyl n i t r a t e hydrstes Is 
contro l led by s nucleat lon process according t o 
an exponential law; In contrast , the thermal 
decomposition I s a ph**e-boundary-controlled 
process . The vs lue of ac t iva t ion energy Is very 
s e n s i t i v e t o the type of process assumed; fur ­
ther inves t iga t ion* are being conducted to 
determine the correct process . 

Several s tud ie s have been made on the thermal 
ana lys i s of other uranium compounds. One study 
was sad* on a s e r i e s of four samples: (1) 25Z 
U03-75X 0 0 2 ( " 0 3 ) 2 . (2) "H u l»3 , (3) Nh\ l» 2 ( ! l03)3-
H 2 0, and (*) (MH I >) 200 2(II03) I,*R 20. The TA data 
showed react ion temperatures for dehydration, 
d e n l t r s t l o n , and 0 0 3 - > 0 3 O 8 reduction processes . 
The s ign i f i cant masses reported by EGA-MS were 
"*, Wn*, " H 2

+ , «H3 + , H 2 0 + , « 2 + , H0 + , 0 2 + , H 2 0 + , 
and « 0 j + . 

Studies were made on ac id -ds f i c l en t uranyl 
n l t r a t s (ADO) by TA. Difference* between AW 
samples dried from methanol and samples dried 
from aqueous so lut ions were compared. TCA 
thermograms were d i s t i n c t l y d i f ferent for AW 
obtained by evaporation from methanol a ad AW 
evaporated from aqueous s o l u t i o n s . DSC data for 
aqueous-svaporated AW sample* exhibited only 

endotherms; in contras t , each methanol-
r.vaporated sample exhibi ted a large exotherm at 
75*C, which Indicated the reduction of nt trate 
by methanol. The MS data substantiated the TC 
and DSC data . 

Another set of s l a l l a r analyses was done on a 
sample of UO^NOj^-rCHjCOOH. These analyses 
show that uranyl n i t r a t e coordinated with ace t i c 
ac id Is more s t s b l e than uranyl n i trate coordi­
nated with methanol or water and has thermograms 
more l i k e 0O 2 (HO 3 ) ; -xR-u than UO ; (K0 3 ) . .xCH.OH. 
The major decomposition reaction temperature 
was 350*C for the a c e t i c ac id UO^fNO^); complex. 
CD. A. lee, C. K. 3atiKe (SJ! 

Studies on t h e react ion of sugar with 
n i t r i c a c i d . The react ion of sugar with con­
centrated n i t r i c acid was c l o s e l y examined at 
temperatures of 100 and 110'C and in the pres­
ence of low l e v e l s of Iron [0-0 .2 y F e ( I I I ) ] . 
These experimental parmeters simulated so lut ion 
condit ions for a proposed process t o denl'.vate 
h igh ly ac id ic radioact ive n i t r a t e waste. 

Under these cond i t ions , the den i t rat Ion of 
n i t r i c acid by react ion with sucrose Is an ex­
tremely complex s e r i e s of hydrolysis and oxida­
t i o n r e a c t i o n s , and no simple mechanistic t rea t ­
ment Is s u i t a b l e . However, the overal l reaction 
can be defined (for a 24-hour reaction period) 
by the following equation: 

: ^ 4 i - K(t) [A\[C\ , 

where 
Kit) - time-dependent rate coe f f i c i ent in 

l - m o l - U l n - 1 , 
A - residual hydrogen ion concentration 

i n mol /1 , and 
C - residual carbon concentration in 

mol /1 . 

The rate c o e f f i c i e n t [K(t) I mathematically de­
l i n e a t e s the change from a rapid i n i t i a l reac­
t i on t o a slower digest ion react ion. For re la ­
t i v e l y short reaction t imes , the rs te c o e f f i ­
c i ent may be used as a second-order rate con­
s t a n t . Rate constants for t h i s "second-order 
react ion" are ca lculated to be from 0.49 
x 10-* to 1.88 * 10-* l -mol - l mln-1, de­
pending on temperature of the reaction and con­
centrat ion of i r o n ( I I I ) present In the n i t r i c 
s c l d . The re lat ionship of the rate constant , K, 
with i r o n ( r i l ) at 100*C la 

K - 0 .60» lCr1' + 5 . 6 0 * lCT J ' [Fe( irn J . 



E f f i c i e n c i e s of the acid k i l l r e a c t l o a , ex-
preaeed as s o l e s of n i t r i c ac id consumed/mole of 
carbon added, ringed froa 2.56 to 2.93 (o - 26 t o 
35 moles of acid/mole of aucroae). CC. S. 
Hac-ouj-.i: 

Io* chromatography. One disadvantage of 
the commercial Dfonez loa chroaatograph la pump— 
pulse noise encountered at high s e n s i t i v i t y of 
the conductivi ty detector [ e . g . , 1 uS (1 uaho) 
f u l l s c a l e ] . To a l l e v i a t e t h i s problea, both 
our aodel 10 and aodel 16 Ion chroaatographs 
have been equipped with pulse daapers (ava i lab le 
froa Clenco S c i e n t i f i c , I n c . ) . The r e s u l t of 
the pulse dampers has been an improvement i n 
s igns1 - to -no i se ra t io by a factor of IS on the 
1-uS f u l l - s c a l e range. 

To Increase saaple throughput and e l l e l n a t e 
aanual in jec t ion of saap le s , the Haters I n t e l l i ­
gent aaaple processor (WISP), aodel 710A, a v a i l ­
ab le froa Watirs Assoc ia tes , I n c . , vas l a t e r -
faced to our aodel 16 Ion chroaatograph. This 
saaple processing unit has a capacity of 48 s t a ­
p les per carriage and permits aatoaat tc , unat­
tended, overnight operation of the instrument. 

A aodel 10 Ion chroaatograph waa aodl f l ed for 
glove-box use . The co luans , in jec tor va lve , 
coluan switching va lves , and conductivity c e l l 
were removed froa the aaln lnstruaent and en­
c losed In a aeparate s t a i n l e s s s t e e l cabinet -
Four f ee t of a i r and l iqu id l ine comprise the 
connections of the reaote cabinet and instrument 
c o n t r o l s . A four-wire low-capacitance shielded 
cable waa used t o connect the detector c e l l t o 
the e l e c t r o n i c s . (J- N. Keller) 

Determination of Cr(TI) la msclear f s e l 
reprocess lag aa lat lona . Because Cr(VI) s c -
c e l e r a t e s the corrosion of s t a i n l e s s s t e e l proc­
e s s v e s s e l s , a aethod was devised for the de ter ­
mination of Cr(VI) In simulated nuclear fuel 
element d i s s o l v e r so lut ions containing high con­
centrat ions o f n i t r i c ac id , corroaion products, 
and f i s s i o n products. The aethod Involves the 
separat ion of aoat c a t i o n s . Including C r ( I I I ) , 
by prec ip i ta t ion at hydroxides froa basic s o l u ­
t i o n . Ruthenium, which la not reaoved by this 
f i r s t separat ion , i s oxidised by argentic oxide 
and la subsequently reaoved by fuming the s o l u ­
t i o n with s u l f u r i c a c i d . The chroalua that 
reaalna in the realdue la then aasayed by a 
standard «-dlphenylcarbaslde spectrophotoaetrlc 
technique. The aethod la accurate to +3 ug/al 
at the 10 to 100 ug/al l e v e l of Cr(VI) In the 
t e s t a l i q u o t . <C. .:. Ma^Dougtill) 

Alternat ive Ugh-Level Baste Forms 
Development Program Stee l e* 

Thermal analyses «f STJaTOC- Thermal 
ana lys i s s tudies for the Alternative High-level 
Waate Forma Development Frograa have been eede 
or Internal ge la t ion SIHKOC microspheres -
STU0C la a mineral-type ceramic being evaluated 
aa a waate form to Immobilize radioact ive waste 
for ult imate disc j s a l . Wet tad dried saaples of 
washed and unwashed ge l led microspheres have 
been examined by TCA, DSC. DTA, and EGA-MS. 
Theraograas froa each technique were obtained by 
linear-programme it heat ing. From p r o f i l e s of the 
thermograms, the pyrolysls react ions were pro­
posed. For STHVOC s o l - g e l saap le s , the DSC and 
DTA therangraaa were not very d e f i n i t i v e . Host 
of the data were taken from TCA end EGA-MS 
theraograas. 

Water was a major component evolved — even 
froa dried (200*C) microspheres. Each of the 
DSC and DTA thermograms had a large endotherm 
for re lease of water near 100*C. Closer exami­
nation of TCA and EGA-MS p r o f i l e s revealed the 
re lease of d i f ferent sources of water — outer -
sphere, Inner-sphere, and that formed from the 
combustion of organic materials and dehydration 
of metal hydroxides. 

For unwashed microspheres there were residual 
quant i t i e s of the or ig ina l g e l a t i o n chemicals 
and the ir chemical reaction producta. These 
included urea and I t s decomposition compounds, 
ammonia, and formaldehyde from the hydrolys is of 
hexamethylenetetramlne (IWTA). After the evo lu­
t ion of outer-sphere water, ammonia was released 
upon further heating. The EGA-MS theraograa for 
aaaonla had two peaks. This suggests that the 
f i r s t peak was due to aaaonla from HMTA hydroly­
s i s end the second from urea decomposition. The 
re lease of CO and C0 2 near 300*C indicated the 
combust loo of organic r e s i d u a l s . At t h i s r»r-
perature, a large number of organic aaaaes were 
released for unwsahed alcroapheres. However, 
for washed microspheres the organic products 
ware prac t i ca l ly n i l . Washed microspheres re ­
leased mostly water and small concentrations of 
MH3, CO, and CO .̂ 

A k i n e t i c study of some of the decomposition 
reactions was conducted by the aethod of 
Sakamoto at a l . (3 ) using MS. Maas spec tra l 
scans vera made at aaveral d i f ferent heating 
r a t e s . Arrheniue plots were aaJe of the loga ­
rithm of the heating rate against the 



reciprocal of the absolute temperature for peak 
Ion current i n t e n s i t i e s of each particular mass. 
Act ivat ion energies were deteralned from the 
s lope of these p l o t s : outer-sphere water - 36 
kJ/mol, CO froa urea decomposition - 179 kJ/mol, 
and C0 2 from organic coabustloa - 293 k j / a o l . 
(D. A. Lee, ¥.. £. Kr.ipsahild (61) 

Qmaal-laotheraml drylag of s o l - g e l STHtOC 
alcroapheres . During the drying process , 
STNROC alcrospheres tend to crack due to e x c e s ­
s i v e gas re l ease - To prevent cracking of the 
alcroapheres, two quasi-isothermal drying s y s ­
tems were developed to control the rate at which 
gas Is evolved. 

The f i r s t system uses a DuPont theraogravl-
a e t r l c analyzer Interfaced with a Macsya II 
microcomputer. This system, ca l l ed the thermo-
gravlaetr lc -constant weight l o s s (TCA-CWL) 
system, was used to determine the drying condi ­
t i ons necessary to minimize cracking of the 
a lcrospheres . The sys tea monitors t o t a l weight 
l o s s and contro ls the rate of heating through a 
feedback loop. Intact microspheres wtre o b ­
tained when they were predrled at 100'C for 48 h 
and then dried a t a control led temperature t o 
maintain a constant weight l o s s rate of 0 .4 
wt Z/aln. The heating cyc le obtained froa the 
TCA-CWL sys tea was programmed onto a 3.8-cm 
Astro furnace. In th i s furnace, larger (100 g) 
batches of unwashed spheres were succes s fu l ly 
dried and s intered with only alnor cracking. 
However, porosi ty s tudies Indicated that densi ty 
of the spheres was low. 

To further study the problem, evolved gas 
froa the TCA furnace was fed Into a t ime-of-
f l i g h t mass spectroaeter (TOFMS). The mass 
spectrometer analyzed the gases and their rates 
of evolut ion as they were produced during TGA-
CVL drying. Results Indicated that the large 
rate of ammonia evolution was reponslble for 
most of the weight loss of the s s a p l e . 

A second sys tea , ca l led the mass 
spectrometer-constant weight loss (HS-CWL) 
s y s t e a , was set up to control heating rate by 
monitoring the rate at which s p e c i f i c gaseous 
components were re leased . Using the TOFMS, the 
heating cyc le was control led by the rate of am-
aonla evolved. An argon leak was used to c a l i ­
brate the Instrument and normalize the data . 
(K. P. Cross (7), D. A. Lee) 

Baae l lae -dr l f t ceaaaasator for • rarfcla-
• l a e r DSC-IB d i f f e r e n t i a l scanalag e a l o r l -
aater . Basel ine drift, tor an extended tem­
perature range on the DSC-1B, has bean a trou­
blesome problea for aany years. The source of 
the dr i f t Is probably a combination of 

e l ec tron ic d r i f t , thermal I n s t a b i l i t y , and mis­
matched thermistors . To avoid internal modifi­
cat ion of the Instrument e l e c t r o n i c s , a s tap le 
dr i f t compensator, connected to the output of 
the Instrument, was proposed. Adjustment of the 
Instrument provides a dr i f t with f a i r l y coaatant 
a lope . By approximating the d r i f t s lope wltS a 
ramp generator and taking the d i f ference bef/een 
the two s i g n a l s , a constant basel ine ca'. be 
obtained. 

The base l ine compensating c i r c u i t was con­
structed and connected to the DSC-1B. I n i t i a l 
evaluation of the c i r c u i t was s u c c e s s f u l , and a 
f a i r l y constant basel ine was obtained for a tem­
perature scan of 350 to 700 K. However, a prob­
l e a that prevents reproducible s e t t i n g of the 
constant base l ine dr i f t appears to ex la t with 
the front panel controls uf the DSC-1B. This 
project Is s t i l l In progress . A report on the 
b a s e l l n e - d r l f t compensator Is In preparation and 
w i l l be submitted to Analytical Cherristry-
U. M. Keller, 0. E. Gorder fS), G. R. vaah_ 
(9)) 

Leaching s tad ias of STJMtOC. Leaching 
s tudies were undertaken to determine the 
s u i t a b i l i t y of STNROC for disposal of 
radioact ive waste . STNROC i s a s o l i d i f i e d waste 
f i xa t ion product foraed froa a mixture of a 
number of ox ides , p r i n c i p a l l y AI2O3, BaO, 
CaO, T10j , and ZrOj- I t Is one of several 
materials recommended for use In Immobilizing 
h i g h - l e v e l nuclesr waste . One of the most 
laportant c r i t e r i a for a good vas le f ixat ion 
material la low t e a c h a b i l i t y . 

Leaching s tudies of STTO0C p e l l e t s spiked 
with U-238, Pu-239, Am-241, ar„! Ca-244, which 
were begun In the l a s t quarter of 1979 and 
reported in the 1979 annual report ( 1 0 ) , are 
continuing. Additional leaching s tudies on 
unsplked STNROC alcrospheres were carried out 
during the past year. Delonlzed water and 
simulated ground water were used as leachants; 
leaches were conducted at temperatures of 23, 
70, and 90*C. Leachants ware analyzed for the 
main components of STNROC by atomic absorption, 
x-ray f luorescence , flame emiss ion. Inductively 
coupled plasma, and ac t iva t ion analyses . (P. L. 
Lay ton) 

Hlga-Teamsratara Cas-Coelad 
Baactsr Prograa Stas ia* 

Crapalta ox ldat lea s t a s i a s . In a jo int 
e f for t with the Katals and Cersmlcs Division and 
the Chealcal Technology D iv i s i on , laboratory 



experiments are underway to study the oxidation 
of reactor-grade graphites by moisture and the 
e f f e c t t h i s oxidation has on s tructural proper­
t i e s of the graphi te . These oxidation s tudies 
are carried jut In a c losed- loop apparatus using 
helium as a carr ier gas . The operating condi­
t i o n s of teaperature. gas flow, and moisture in 
the he l lua sweep gat are varied t o simulate the 
secondary coolant In an HTG8- Craphlte spec ies 
are to be characterized for d e n s i t y , surface 
area, tad porosi ty before and a f t e r treataent 
( 1 1 ) . 

Construction and evaluat ion of the antoaated 
BET-type surface area apparatus are coaplete . 
The sys tea can aeasure s p e c i f i c surfaces as 
• a a l l as 0 .5 a 2 and has an accuracy and prec i ­
s i on of be t ter than +0.02 a 2 . Larger surfaces 
up t o 1000 a 2 can be aeasured vlch a s accuracy 
and prec is ion of +0-5Z. In addition to oxida­
t ion s t u d i e s , the sys tea has been used to aeas­
ure a nuaber of spec ia l saap les , including soae 
h i g h l y act ivated charcoals (-900 a 2 / g ) and 
soae Iridium powders ( 0 - 5 m- /g ) . He are a l so 
par t i c ipa t ing in an ASTH round robin to study 
steasureaent of surface areas of reactor-grade 
graphite s a a p l e s . The apparatus I s a l s o uaed to 
aeasure hel lua d e n s i t i e s of the s a a p l e s . Sol ids 
in the range of 1-20 g/cm 3 can be aeasured 
with a precis ion and accuracy of +0-005 

g / c a ' . v . :;. •:•>.-:>-.: 

Special Projects 

Thermal ana lyses . The use of TA to solve 
process chemistry problems has Increased s i g n i f ­
i c a n t l y during th i s period. The nuaber of cus­
tomers, the variety of Materials and react ions , 
and the nuaber of ana ly t i ca l instruments and 
acces sor i e s used have a l l Increased. More than 
one technique has been used fjx each ana lys i s . 
Comparison of the analyses V>y TCA, DTA, DSC, snd 
MS has been useful Si e luc idat ing chemical and 
phys ica l r eac t ions . 

Theraal analyses were made of nixed (U-Th) 
nltrate-wf<4N03 ( s o l u t i o n , s lurry , and moist 
powder) samples. The only difference In the 
s a a p l e s was the amount of NH^. The thermo­
grams from DSC analyses became more complex as 
NH 4

+ concentration Increased. From MS date 
i t was determined chat NH3 coaplexlng with 
U-Th Ions was Increased as the NH 4

+ t -nc«n-
t r a t l o n Increased. In thef t systems u was 
found that NH^NOj decomposition was not 

50 

simply *H t!«03~ K20 + 2M20 because X 2 , 
3H3, and KO were a l s o re leased . 

Urania gel microspheres froa General Atomic 
(CA) Corporation were compared with GRXI. uranla 
microspheres- The CA material contained much 
more carbonaceous materials snd other fragments 
than the ORKL mater ia l . The MS, DSC. and TCA 
analyses were s i g n i f i c a n t l y d i f ferent for the 
two mater ia l s . 

Saaples of VO, + C from CA were s intered-
After s i n t e r i n g , the saaples were heated In 
Ar-0.5Z CO. Ar-2Z CO, A r - « H-., and Ar- Small 
d i f ferences In peak temperatures of Che MS ther­
mograms were noted for masses 12, 16, 18, and 
44, but no di f ferences could be detected for the 
four saaples in the ir TCA and DSC analyses . 

Tb203 prepared in the Chemistry Division 
froa a carbonate so lu t ion was analyzed by TCA 
and MS. Froa MS data i t was concluded that 
principal decomposition products were C0 2 and 
HjO- These data Indicate that the composition 
of the compound was Tb^O^TC^-Zlty), 
which was described by Sastry , e t a l . ( 1 2 ) . 

Preparations of uranium and thorium molyb-
d a t e s , as wel l as aolybdenua oxides for the 
CFRP, have been studied by TA. TCA, DSC, and 
ECA-MS thermograms were used to characterize 
these mater ia l s . 

TCA and MS s tudies were made on the decompo­
s i t i o n of sodium n i t ra te for denltrat lon of 
Savannah River n i t r a t e wastes . Reactions s t u ­
died were the reduction of NaNO* by sul fur in 
LI2CO3, the reduction of KaN03 by carbon 
In tdjCO^, tne reduction of 841(03 with 
iron powder, and the thermal decomposition of 
NaIK)3 in the presence of freshly precipi tated 
aluminum a " ' c a r e - Other poss ib le reactions for 
Ha!K>3 decomposition were a l so proposed. 
(D. A. ZJP.€) 

A blpolar-palse coodmctlvlty detector for 
lorn chromatography'. Ion chromatography em­
ploys s background suppressor column to e l i m i ­
nate or decrease background conductivity due to 
the e luant . There are several disadvantages 
associated with employing a suppressor coluan: 
(1) decrease in e f f i c i e n c y ; (2 ) H a l t e d choice 
of mobile phase; (3) requ i s i t e regeneration of 
the suppressor; and (4 ) ana lys i s complications 
due to Ion exc lus ion , ox idat ion , and I n s o l u b i l i ­
t i e s of sample i o n s . One approach to e l imina­
t ion of the suppressor coluan Is to employ a 
bipolar-pulse technique far the measurement of 
conductivity ( 1 3 ) . This technique Involves the 
appl icat ion of two s u c c e s s i v e , constant dc 



voltage pulses of equal but opposite po lar i ty to 
the conductivity c e l l and measurement of current 
flowing through the c e l l at the end of the s e c ­
ond pulse . One of the main advantages of the 
bipolar-pulse technique over conventional a.; 
techniques la that the duty c y c l e of dc pulses 
applied to the c e l l can be varied t o minimize 
so lut ion heating. With ac methoda of conductiv­
i t y measurement, continuous power Is applied to 
the c e l l . 

The des ign, construct ion, and evaluation of 
a prototype were completed. Athough the proto­
type produced encouraging data, the ampl i f iers 
employed did not have the speed or current capa­
b i l i t i e s to handle highly conductive so lu t ions 
(greater than 5 »«? a a l t ) . A new des ign, employ­
ing high-speed, high-current ampl i f i e r s , has 
been completed, t h i s design haa been a Joint 
e f for t between the Instrumentation and Controls 
Divis ion and Analyt ical Chemistry D i v i s i o n . 
Evaluation of th i s prototype Is s t i l l in prog­
r e s s . A report on appl icat ion o f the b ipo lar -
pulse technique to Ion chromatography haa been 
accepted for publicat ion In Analytical 
Cryenistn. (J. Y. Keller) 

Dovolnpmiat of a monitor for spark-lmememd 
by producta of s a l f a r hexaflmorlms. Tre 25-MV 
tanden accelerator of the Hol l f l e ld Heavy-Ion 
Research F a c i l i t y employs sulfur hexafluorlde as 
an Insulating gas. When high-vol tage corona 
discharge or e l e c t r i c a l arcing occurs In the 
su l fur hexafluorlde atmosphere of the acce l era ­
t o r , degradation of the gas occurs and r e s u l t s 
in format ton of various by-products through d i s ­
soc ia t ion and Ionization reac t ions . Although 
sul fur hexafluorlde Is Inert and nontoxic , the 
spark-Induced by-products may be highly corro­
s i v e and t o x i c . These by-products are primarily 
responsible for corrosion of acce lerator hard­
ware and e l e c t r i c a l I n s t a b i l i t i e s that degrade 
performance of the acce l era tor . I t Is therefore 
des irable to have a monitor for these spark-
Induced by-products so that appropriate ac t ions 
can be taken when there la a buildup of 
by-products. 

Various techniques for q u a l i t a t i v e and quan­
t i t a t i v e ana lys i s of SP$ by-products have been 
reported. However, the techniques lack e i t h e r 
the s e n s i t i v i t y or s e l e c t i v i t y required. Al ­
though analys i s of each Individual by-product 
might be des irab le , a mora pract ical view may be 
t o employ a method that provldea a measure of 
the to ta l contamination of S P 0 . To obtain a 
measurement of to ta l SF 6 contamination, one 
may take advantage of high r e a c t i v i t y of the 

by-producta. High r e a c t i v i t y can cause cons id ­
erable problems with Instrument techniques, such 
aa TR, GC, and MS. These problems may be due to 
Instrument corrosion and a r t i f a c t s re su l t ing 
from the sampling technique. 

By allowing the by-products to hydrolyze In 
an aqueoue s o l u t i o n , one may analyze for f l u o ­
r ide and obtain a measurement of the t o t a l hy-
drolyzable f luoride (THF). Our design of a THF 
monitor, i n which by-products are allowed to 
hydrolyze, employs a Hall e l e c t r o l y t i c conduc­
t i v i t y detector (BFXO) ( l a ) . 

A Tracor model 700 HECD was used for con­
s t ruc t ion of a THF monitor. The conduct iv i ty 
c e l l was connected to a flow of helium through 
an a l l -Te f lon sample loop (200 u l ) Injector . 
The c e l l e l e c t r o l y t e waa 50/50 ethanol/water. 
Trace Impurities In SFj were generated In the 
laboratory by discharging a Tesla c o l l through 
50 ml of SFg for severa l minutes. Samples of 
the contaminated SFj were then Injected Into 
the helium flow. S e n s i t i v i t y t o the by-products 
was e x c e l l e n t , l e s s than 0.01 ug/nV hydrolyzable 
f luor ide with a high atteouatlon of the detector 
s i g n a l . A brief report of our I n i t i a l s tudies 
on monitoring SFj by-products Is puollshed In 
the proceedings of a recent EPRI workshop ( 1 5 ) . 
V. y. KelUr, /?. V. Hohrbery '.!€): 

Examination of irradiated br ines . Storage 
of radioactive waste In s a l t repos i tor ie s has 
spurred Interes t In the products formed by 
rad lo ly s l s of chloride s o l u t i o n s . 

Hfcroanalyt lcal techniques for the aasay of 
free CI2, «2C2» CW*~. and CIO3- In 
Irradiated brine so lu t ions were developed In 
support of Chemical Technology Division radlo ly­
s l s s t u d i e s . Concentrations of the epeclea of 
lntereat were not expected to exceed 2 ug/al In 
saturated br ine , which great ly l l r l t e d the 
choice of analyt ica l methods. 

A spectrophotometry technique u t i l i z i n g 
o - t o l i d l n e was chosen for determination of free 
ch l o r i ne . In neutral s o l u t i o n s , o - t o l l d l n e 
reacts with free chlorine t o form a green-
colored complex. Absorbance of the c o l o r -
developed so lut ion obeys Beer's law at 625 rm. 
Quantit ies of chlorine from 0.1 to 6 ug In the 
t e s t al iquot were determined with a precis ion of 
about +5X. normally, a buffer s t a b i l i z e r would 
be u t i l i z e d to minimize low-pH Interference or 
hlgh-pH fading. However, the buffer formrd s 
turbid so lut ion when brine waa added. There­
f o r e , no buffer was used, and a l l color develop­
ment waa care fu l ly timed. Strong oxidiz ing 
agents ( e . g . , B r 2 , C10 2 , I j , O3, e t c . ) 



tmterfere, bat the ir reduced forms do not . 
Chlorate too as to 10 »g/ml doe* aot Inter fere . 
Hydrogen peroxide, a l so t y p i c a l l y present In 
Irradiated brine s o l u t i o n s , does not Interfere 
In the ana lys i s ~«r se. However, peroxide does 
quant i ta t i ve ly react with ch lor ine . The pres ­
ence of peroxide s i g n a l s the absence of free 
ch lor ine . 

A technique aalng the oxidat ion of Fe ( I I ) 
with HJOJ, followed by spectrophotometry 
determination of the Fe ( I I I ) -xy leno l orange com­
p l e x , waa chosen for the determination of hydro­
gen peroxide. Hydrogen peroxide. In d i l a t e 
H 2 SO t ( 0 . 0 5 5 ) . ox id i ze s F e ( I l ) to F e ( I I I ) . 
Under these condi t ions , the Fe ( I I I ) forms a com­
p lex with xyl*nol orange (X0), which exhibi t s an 
absorption pea'c at 540 na. The absorbance i s 
d l r e c ' i y proportional to Fe ( I I I ) concentrat ion, 
which I s In turn d i r e c t l y related t o the o r i g i ­
na l concentration of H 2 0 2 . Any redox rea­
gent that Interacts with the F e ( I I I ) / F * ( I I ) 
couple Interferes in the technique. Quantit ies 
of Hj0 2 from 0.1 to 3 yg In the tes t a l iquot 
are determined with a precis ion of about +SX. 
Free chlor ine and chlorate i o n , t y p i c a l l y 
present In Irradiated brine so lu t ions , do not 
Interfere i n the a n a l y s i s . 

Chlorate ton was a l s o determined apectro-
photometrlcal ly . In moderately concentrated 
H 2 S 0 4 ( J « ) , chlorate ton ox id izes F e ( I I ) t o 
F e ( I I I ) . A few drops of 0 .* X 0 s 0 4 in 
H2SO4 are used to cata lyze the ox idat ion . 
The Fe ( I I I ) that Is produced forms a complex 
with thiocyanate , which exhibi ts an absorption 
maximum at 480 nm. The absorbance Is d i r e c t l y 
proportional to the F e ( I I I ) concentration, which 
la In turn d i r e c t l y re lated to the or ig ina l con­
centrat ion of C103~. Any redox reagent that 
lnteracta with the F e ( I I I ) / F e ( I I ) couple Inter­
f ere s in the technique. Both H2O2 and free 
CI2 react with F e ( I I ) under the described con­
d i t i o n s to p o s i t i v e l y b ias the chlorate asssy . 
Since each e f f e c t la quant i ta t ive , however, that 
b i a s may be aubtractad and the chlorate assayed. 
Quantit ies of C10j — from 0.2 to 10 ug In the 
t e s t a l iquot were determined with a precision of 
about +101. 

An loo chromatographic technique waa chosen 
for the determination o f perchlorat* Ion. A 
Dlonex model 10 I'm chroaetograph was f i t t e d 
with a low-capacity anion exchange separator 
column (#20232) and a cat ion suppressor column 
In the Ag + form- The eluant waa 0 .00} M Hal 
( 2 . 3 ml/mln). Under these condi t ions , the per-
chlorate e l u t e s In about 3-4 aln and la well 
saparatad fro* ch lor ide . No d i l u t i o n of the 

sample Is necessary, and 0.2 ug/ml CIO3 - can 
be determined with a prec is ion of +15 percent. 

For each of the spectrophotrometrtc methods, 
a s l i g h t enhancement of the absorbance of the 
colored complex was noted with Increasing 
amounts of chlor ide Ion. Therefore, the t o t a l 
quantity of chloride ion was maintained at 
1.09 V la the color-developed t e s t so lut ion by 
addition of saturated MgCl2 s o l u t i o n . (C. 5. 

Determination of SOj and SO3 l a gas 
esarnies. Th» Metal* and Ceramics Divis ion la 
studying the s t a b i l i t y of various materials In 
an H2SO4 environment. These s t u d i e s have 
d irec t a p p l i c a b i l i t y to the H2 production 
processes under inves t iga t ion by General 
E lec tr i c Corporation, General Atomic Company, 
and Los Alamos S c i e n t i f i c laboratory. Conse­
quently, we adapted two techniques t o assay 
gases for S0 2 and SO3. 

Sulfur dioxide Is measured by c o l l e c t i n g the 
gas in HaOH s o l u t i o n . The mixture i s adjusted 
to a s l i g h t l y ac id pH, and the S0 2 Is t i t r a t e d 
lodometrlcal ly . Quantit ies of S0 2 up to 1 g 
may be determined with a precis ion of +5X. 

To determine t o t a l sulfur content (as SO3) 
In a gaa mixture, the sample i s reacted with 31 
H 2 0 2 . This ox id izes the S 0 2 t o SO3, and 
a l l SO-j Is absorbed In the aqueous s o l u t i o n . 
If no other ac id gases are present in the 
sample, t o ta l su l fur can be determined by 
t i t r a t i n g the H2SO4 with standard base. If , 
however, other acid gases (such as nitrogen 
oxides) are preaent In the sample, t o t a l sulfur 
must be determined by t i t r a t i n g for s u l f a t e . 
The method recommended for S O * 2 - determina­
t ion la t i t r a t i o n with BaCl 2 by using tetrahy-
droxyqulnone as an Indicator ( 1 7 ) . (C. .7. 
HaaDcuaall) 

P a r t i c l e s i z e distr lbmtloa of sraalam smtsl 
asd araaimm dioxide powders. A KIcromeritlcs 
Sedigraph 5000/CB p a r t i c l e s i z e analyzer, which 
was located In a glove box and used for many 
years to examine radioact ive mater ia l s , waa up­
graded and placed Into routine operation for the 
measurement of p a r t i c l e s i z e d i s tr ibut ion of 
U0 2 and uranium metal powder samples. Par t i ­
c l e s i z e Is based on the rate of sedimentation. 
A new sedimentation c e l l containing small s t e e l 
b a l l s was I n s t a l l e d , and several e l ec tronic com­
ponents replaced. A g l s s s bead standard (MBS 
SRH 1003) was used to ca l ibrate the Instrument 
over the p a r t i c l e diameter rang* 5-30 urn. 

The Instrument was employed t o determine 
p a r t i c l e s lz« d i s t r i b u t i o n of a number of sam­
ples of U0 2 and uranium metal. A 40Z glycerol 



eo la t ion containing 0.016Z Daxad-23, • d i s p e r s ­
ing agent , use need t o d i sperse the UO2 eam-
p i e s (dens i ty - 10.96 g / c a 3 ) ; no problems Mere 
encountered. However, d i spers ion of the uraolua 
metal samples (density - 19.03 g /cm 3 ) was 
a a l t e s problem- Even when en 801 g l y e e r o l -
0.016X Daxad-23 s o l a t l o o was employed. I t was 
not iced t h s t s portion of the sanple coold not 
be suspended by aagnetlc s t i r r i n g prior t o i n ­
troducing the mixture Into the sedimentation 
c e l l * A commercial d ispers ing agent , Sedlperse 
A-12, has been ordered and w i l l be t e s t ed with 
t h e amnios) n e t a l asnples as soon as a v a i l a b l e . 
(P. L. Lxytonl 
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4 . BIO/ORGANIC ANALYSIS SECTION 

H. R. Guerin, Section Head 

Work in the Bio/Organic section can be broadly divided into three classifications: Quanti­
tative Methods and Applications, Isolation and Identification, and Sampling and Special 
Projects, these are not clear-cut distinctions, however, since aethods or techniques developed 
in one prograa are often used in another. Close coaaur.icetioa between workers in different pro­
grams results in synergistic effects on section activities. 

Techniques used for quantitative aethods include Fourier transform infrared spectroscopy, 
high-performance liquid chromatography, and resin trapping followed by thermal deaorption and 
capillary column gas chromatography. The first two technique; are primarily investigative 
tools, while the latter is used more for routine determinations of organovolatiles. 

Isolation and identification studies rely heavily on preparative-scale liquid chromatog­
raphy, nuclear magnetic resonance spectrometry, and gat chromatography-cheaical ionization aaaa 
spectroaetry. A primary goal of this work is to isolaLe biologically aigrificant compounds and 
to discriminate between structural isomers. In atteapting to distinguish amine isomers, for 
example, ammonia-chemical ionization mass spectrometry hat proved quite effective. Our involve­
ment in these activities has grown, not only because of increasing environmental coapliance 
regulations and expanded ORNL programs using organics, but alao because we have developed tech­
niques and acquired equipment to perform the needed analyses. Such preparedneas is a result of 
the synergisa mentioned earlier. 

The section has also a large and varied program in aaapling and special projects. Some of 
this applied work is in support of environmental, occupational health, and toxicology prograa*. 
A new major prograa is concerned with generating and nonitorir.g ailitary obscurants for animal 
inhalation toxicology. In*trumentation to generate and deliver a diesel oil aeroaol to rodents 
waa developed, as well as aethods to characterize the aerosol. Synfuels research haa centered 
on identification and aeasureaent of mutagen*. For shale oil we have compiled data on a unique 
set of shale-derived oils. 

Running through these and all our programs is the thread of mutual aupport and sharing of 
information. Though we perform a great variety of research for a number of different customers, 
our ultiaate aia is to use knowledge, techniques, and experience gained in each of these effort* 
in a way to maximize technology transfer throughout all program*. 
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quijrnTAim MTBODS AID APPUCATIOK 

Higk-Performemce Liqei* Chromatographic 
I s o l a t i o n and Determination of Mutagens 

in Hatnral aad Synthetic Foss i l Feels 

Polycyc l ic aromatic hydrocarbon* (PAH) and 
polycyc l ic aromatic eainet (PAA) are two claaaei 
of part icularly mutagenic compounds that are 
preaent in natural and aynthetic f o s a i l fue l* . 
Becauae there are many individual compound!, we 
are developing methods to quantitate "marker" 
compounds of both c lasaea . Benzota)pyrene 
(BaP) i* used ae a PAH marker, and the isomers 
a-naphthylamine (a-HA) and 6 -naphthylaaine ( 6 -
KA) appear t o be useful markers for the PAAs. 

We find high-pressure l iquid chromatography 
(HPLC) t o be an e f fec t ive means o f i s o l a t i n g 
and/or detecting theae compounds ( 1 , 2 ) . The 
i s o l a t i o n s are achieved using a semipreparative-
sca le bonded-phase column, whereas the a n a l y t i ­
c a l determinations are performed using an 
a n a l y t i c a l - s c a l e , reversed-phase column. Use of 
a fluorescence detector to monitor the ef f luent 
oZ the analyt ica l column permits a s e l e c t i v i t y 
that cannot be achieved with the more common 
single-^ evelength uv detec tors . Recovery of 
analyte i s determined using csrbon-14-labeled 
tracer-: added to the sample before i s o l a t i o n . 

ti,e i s determined by f i r s t inject ing a spiked 
al iquot onto a bonded polar amino-cyano (PAC) 
roluan, e lut ing the sample with 61 (v /v) Methyl­
ene chloride/pentane, and c o l l e c t i n g the BaP-
enriched fract ion. This i s o l a t e i s Chen 
injected onto an ana ly t i ca l - sca le octadecyl 
a i lane ODS-RPLC column and eluted with 25X ( v / v ) 
w a t e r / a c e t o n i t r i l e . The eff luent ia monitored 
at e x c i t a t i o n and emiasion wavelengths of 365 
and 425 nm, respect ive ly . 

BaP i» recovered quant i tat ive ly (>95X) from 
a l l o i l s studied to date. The BaP concentra­
t ions determined by t h i s procedure agree wel l 
(absolute resu l t s generally within +201 and 
sample correlat ion coe f f i c i en t of 0.984 for 
eighteen samples) with those determined by a 
reference procedure ( 3 ) . An aliquot may be 
i s o l a t e d .ad ana'ysed in three houra using Che 
new method. 

The a-NA and 8-HA may be i so la ted and 
detected s imi lar ly . The two PAA markers are 
e luted from a aemipreparative-scale aainosilane 
column with 50X (v /v ) pentane/methylens 
chlor ide . The f ina l determination i s par formed 

using the a n a l y t i c a l - s c a l e ODS-HPLC column with 
a 50/40/10X ( v / v ) mixture of water/methanol/ 
a c e t o n i t r i l e made to 0.06 H in ammonium 
hydroxide. The recovery of a-HA t y p i c a l l y 
exceeds 90Z. Although the aminosilane column 
resolves these markers by no better than about 
S0Z, they may be dist inguished spectroscopica l ly 
with no mutual interference by choosing an 
optimized pair of exc i ta t ion /emiss ion f l u o r e s ­
cence wavelengths. The appropriate wavelengths 
for a-HA are 310/500 nm; those for B-HA are 
270/405 nm. 

We intend t o analyze many of the samples 
previously examined for BaP content for both 
a-HA and 3-HA and to compare the data ao 
obtained with our "reference" procedure. In 
addit ion, we are re f in ing the HPLC procedure ao 
that BaP, a-MA, and B-HA i s o l a t e s are generated 
in a s ing le pass . The procedure may be further 
extended to include the mutagenic aminoanthra-
cenes and a marker apeciea for the neutral polar 
f rac t ion . (B. A. Tonkins, V. H. Oetnan (4), 
R. R. Reagan, J. E. Caton, R. Kubota) 

Fourier Transform Infrared Spectroscopy 

Fourier transform infrared (FT1R) spec tros ­
copy has been applied t o several projects 
including the Foss i l Fuels Research Materials 
F a c i l i t y , s tudies of the nature of the sorption 
charac ter i s t i c s of f ly ash, analyses of super 
low tar c i g a r e t t e s , character izat ion of f o s s i l 
fuel f r s c t i e n s separated by senipreparative 
l iquid chromatography, and numerous misce l lan­
eous e f f o r t s . 

Our 7TIR. capabi l i ty has been great ly enhanced 
during the paat year by addit ion of a diffu*.* 
ref lectance attachment. This allows the 
spectrum of so l id samples to be obtained e i ther 
in i t s native form or dispersed i n , for example, 
M r . Because the procedure involves re f l ec t ion 
rather than transmission, i t can be applied to 
both opaque and insoluble samples after minimal 
•ample preparation. Another advantage of 
d i f fuse reflectar.ee i s an ennanced s i g n a l - t o -
noise r a t i o , which in many caess allows the 
measurement of sptctra l bands with peak absorb-
ancet of l e s s than 0.G01 absorbance u n i t . This 
ttchnique has been e s p e c i a l l y useful in studies 
of the nature of sorption character ia t i c s of f ly 
ash where careful comparisons have been made for 
di f ferent f ly ashes and for a given f l y ash 
after heating ( to remove - o l a t i l e corpoujds and 
ult imately to rsmove a l l organic carbon) and 

http://reflectar.ee
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ex trac t ion . Comparisons u t i l i z i n g spectral 
•ubtract ion have y ie lded spectra that are 
ind ica t ive of the types of organic compounds 
that are "sorbed" on the surr'ace of the f l y aah. 

Diffuse ref lectance hat a l so proved useful 
for characteriz ing the fract ions of f o s s i l - f u e l -
derived products froa seaipreparative l iqu id 
chromatography. One separation scheme y i e l d s 
f i ve f rac t ions : (1) a l iphat i c hydrocarbons, ( 2 ) 
aromatic hydrocarbons, (3) medium po lar i ty 
compounds such as amines and he terocyc l i c 
compounds, (4) highly polar compounds including 
phenols and c r e a o l s , and (5) extremely polar t o 
ion ic compounds such as a c i d s . These fractiona 
have unique infrared spectral features that have 
e a s i l y been documented by adding several dropa 
of the fract ion to 300 mg of KBr and obtaining 
the d i f f u s e ref lectance spectrum. No further 
sample preparation i s necessary. This work i s 
taken as a pract ica l beginning toward coupling 
l iquid chromatographic separations with wide-
range infrared spectral de tec t ion . Advantages 
of the diffuae ref lectance technique for 
analyais of l iquid chromatographic e luants 
include not only good s e n s i t i v i t y (enhanced 
s i g n a l - t o - n o i s e rat io ) and ease of sample 
preparation but alao ease in e l iminat ing 
v o l a t i l e solvent* from the l e s s v o l a t i l e e lu ted 
c o n s t i t u e n t s . A fract ion can be sampled for 
d i f fuse ref lectance infrared analyais by adding 
t h . e e drops of the eluted fraction to a di f fuae 
ref lectance sample cup containing powdered KBr. 
The tample cup and i t a contents are heated for 5 
min in an oven at 100'C to v o l a t i l i z e the 
ao lvent . The Kubelka-Hunfc plot (S) of the 
r e s u l t i n g spectrum (with powdered KBr used for 
the reference spectrum) showed a background 
noise of l e s s than 0.0001 absorbance u n i t . The 
de tec t ion l imit for an aromatic hydrocarbon such 
a* benzo(a)pyrene was approximately 0.S ug. 

There are two diaadvantages to the use of 
d i f fuse ref lectance for analys is of l iqu id 
chromatographic separations: (1) solvent 
removal (or sample l o s s ) when the e luted sample 
ha* a v o l a t i l i t y similar to the e l u t i n g solvent 
system and (2) i n a b i l i t y to to lerate water in 
the e l u t i n g solvent system. The f i r s t disadvan­
tage ia minor because other techniques such as 
gas chromatography-mass spectrometry are more 
applicable t o v o l a t i l e sample components. The 
aecond disadvantage i s of much greater concern 
because r»vcr»»d--phnf e aeparations involving 
water as part of the e lut ing aolvent mixture are 
••ployed quite ex tens ive ly in analyt ical l iquid 

chromatography. Water presents a s i g n i f i c a n t 
interference to any infrared technique, inc lud­
ing diffuae re f l e c tance . At present , the most 
adequate method of thoroughly e l iminat ing the 
water interference i s by l y o p h i l i z a t i o n . The 
diffuae ref lectance technique appeara to be the 
most promising approach to combining l iqu id 
chromatography with infrared spectral measure­
ments. The f i r s t commercial interface should be 
ava i lab le by the time th i s report ia i ssued. 

Reo-ies** for s erv i ce s and programmatic 
appl icat ions involving FT1R increased s i g n i f i ­
cant ly in t h i s reporting per iod. FTIE i s 
finding quantit* ive as well as q u a l i t a t i v e 
a p p l i c a b i l i t y . Research ia to focus on coupled 
chromatography/FTIR. (J. B. Caton, V. H. 
G-rieet, S. H. Harmon) 

t e a i n Collect ion and Caa Chromatographic 
Analysis of Vapor-rbaae Orgamica 

The health and environmental e f f e c t * of 
vapor-phase organic* are important in such areaa 
as occupational exposure, ambient air p o l l u t i o n , 
and tobacco smoking. We have developed a 
part i cu lar ly useful method for the c o l l e c t i o n 
and analysis of these vapor-phase organica by 
use of the sorbent re s in , Tenax*. 

Col lect ion of vapor-phase organica from 
ambient air i s accomplished with the Honeyhun 
sampling system ( 6 ) , which mounts on the s ide of 
a conventional high-volume air sampler. Vapor-
phase organic* co l l ec ted by the Tenax* 
cartridgea are e f f i c i e n t l y analyzed by our 
thermal-desorption gas chromatograph (CC) 
procedure ( 7 ) . This method involve* taking a 
100-mg portion of well-mixed Tenax* from the 
trap , adding an internal standard before thermal 
desorption of the organics onto a glaas 
c a p i l l a r y CC column, temperature programming the 
column, and detect ing the separated organica by 
flame ion izat ion . 

A wide range of vapor-phase organica i s 
determined by our method. Examination of 
samples co l l ec ted near a coal gaa i f i er revealed 
the presence of benzene, to luene , the xy lenes , 
seven Cj-benzenes including ruaene and 
mes i ty lene , several d i a r o m a t i c , phenol, and the 
c r e s o l s . at air concentrations ranging from 0.01 
Co 9 yg/m 3 of a i r . Except for the phenol*, 
( 8 ) most of these same compounds hava bean 
observed previously (9) in urbsn atmosphere*. 
The t h i r t y GC peaks ident i f i ed comprise 70 to 
80Z of the to ta l chromatographic peak area of 
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the CC p r o f i l e . Compounds present in the 
greatest amount were to luene , *t-xylene, a 
Cj-benzene, naphthalene, beuzaldehyde, and 
acetophenone. All were preaent in concentra­
t ion* a thouaand-fold greater than p a r t i c u l a t e -
phaae components, auch aa the paraffina and 
PAH*. 

Examination of front and backup cartridge* 
froa 24-h aabient a ir saapling indicated that 
several of the aoet v o l a t i l e vapor-phase 
organic* broke through the front cartridge 
during the saapling period. Breakthrough 
(percent of an*lyte in backup trap va front 
trap) for benzene and toluene of ten waa 100Z, 
but breakthrough for the xylenes waa leaa than 
10Z, and for lea* v o l a t i l e organica there wa* 
e s s e n t i a l l y no breakthrough. Thus, for extended 
periods of c o l l e c t i o n , a backup trap composed of 
a aore e f f i c i e n t sorbent (auch aa the carbona­
ceous Ambersorb) for the aost v o l a t i l e c o n s t i t ­
uent* i* required. 

Precision of the analyaia was determined by 
rep l icate analyse* of a ( i n g l e eample. Using an 
internal standard, we found the average r e l a t i v e 
atanljrd deviat ion for a l l coaponenta mentioned 
above to be +5X. 

An indication of the accuracy of our theraal 
desorption method waa obtained by analyzing 
Tenax* trapa spiked with 2 pg, 8 pg, 40 us, and 
2 ag each of benzene, to luene , m-xylene, and 
naphthalene, which repreaent the typ ica l range 
of vapor phaae organic*. The 2 - t o 40-ug 
aaounta (panned the range of aaounts co l l ec ted 
in the f i e ld during 24-h saapl ing . The 2-ag 
loading represented a hypothetical "worat case" 
t o *ee i f r i ch ly laden ataospheres could be 
•aapled and subsequently analyzed accurately. 
Recoveries ranged froa 78 t o 123Z, with re la t ive 
atandard deviation* of MOZ. Thia *ugge*t* that 
the procedure ia accurate aa well aa p r e c i i e . 

Tenax* trapping i* alao very useful in the 
analys is of vapor-phase organics in c igaret te 
saoke. The c igare t te i s conventional ly saoked 
through a Cambridge f i l t e r backed up by a saa l l 
Tenax* trap ( the type used in theraal deaorption 
CC). For ex treas ly low tar de l ivery c i g a r e t t e s , 
gas-phase coaponsnts can be deaorbed d i r e c t l y 
froa the trap and be analyzed with high 
s e n s i t i v i t y by gas chromatography. In the case 
of high tar de l ivery c i g a r e t t e s , the exposed 
Tenax* must be di luted and aixed with fresh 
Tenax* before a n a l y s i s . Analysis of backup 
traps indicate* that the a ingle Tenax* trap is 
s u f f i c i e n t for c o l l e c t i o n of a l l but the aost 
v o l a t i l e ( e . g . , methane-acetone) organics . 

This procedure has been success fu l ly applied 
t o the analyaia of vapor-phase organics from 
c i g a r e t t e s de l i ver ing tar in the range of 10 ug 
t o 33 mg/c igaret te . For c igare t tes de l iver ing 
<1 ag of t a r , i t i s the only analyt ica l aethod 
we have with s u f f i c i e n t a e n a i t i v i t y to measure 
organic const i tuent* in the smoke of a s ing le 
c i g a r e t t e . 

Our method ia currently being used in support 
of the ORHL S i te Specif ic Assessment Progrri and 
in apecial s tudies and internal serv ices dealing 
with occupational or environmental a i r contam­
i n a t i o n . The method i s being extended to 
include element s e l e c t i v e detect ion with f i r s t 
a t tent ion being given to organosol fur compounds. 
(C. T.. Rigging) 

Analytical Caaaiarry of Cigarette amok* 

Data have been generated in support of s e v ­
e r a l internat ional epidemiology s t u d i e s . 
Approxiaately 120 brands of c igare t te s froa 
Germany, I t a l y , Scotland, India, Hong Kong, 
Singapore, Malaysia, Indonesia, and the United 
States have been analyzed for the ir d e l i v e r i e s 
of t a r , n i c o t i n e , carbon monoxide, and carbon 
d i o x i d e . D e l i v e r i e s varied a u f f i c i e n t l y between 
producta t o require adjuating the number of 
c igare t t e s smoked per analys is and the a n a l y t i ­
c a l procedures themaelvea. The marketing of 
"ultralow" tar c igaret tea (<_1 mg t a r / c i g a r e t t e ) 
has required the development of improved analy­
t i c a l procedurea. Conventional procedure* for 
the determination of tar and nicot ine are not 
applicable to such product*. Spectrophotometric 
procedure* appear promising for measuring low-
t a r d e l i v e r i e a , although there are questions as 
t o exact ly what these spectral "tar" measure­
ments are quantifying. Similarly, very low 
n ico t ine d e l i v e r i e a aay have to be aeaaured by 
HPLC with uv or fluorescence detection or by CC 
with theraionic nitrogen-phosphorus d e t e c t i o n . 

A s i a i l a r s i tua t ion e x i s t s for gas-phase 
c o n s t i t u e n t s . The conventional CC method for 
measuring carbon monoxide and carbon dioxide 
f a i l s to provide s u f f i c i e n t s e n s i t i v i t y for the 
ul tralow tar c i g a r e t t e * . However, an environ­
mental monitoring dev i ce , the "Ecolyzer," does 
have s u f f i c i e n t s e n s i t i v i t y with an e l e c t r o ­
chemical de tec tor . He have recently developed 
(10) a cheailuminescence method for measuring 
oxide* of nitrogen in smoke gss phase. This new 
aethod is aore s p e c i f i c snd r e l i s b l e than the 
older Saltsaan colorimetric method and does 
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pro- lie enough s e n s i t i v i t y for Che ultralow tar 
c i g a r e t t e smoke analyses . A proaising Method 
tor the determination of gas phase cerbonyl 
compounds it described elsewhere in th i s report . 

He a l so are ref ining CC multicomponent 
analys i s aethods for pro f i l ing the smoke 
part icu late and gas-phase const i tuents for a 
•ore comprehensive analys i s of tobacco smoke. 
Gas -phase organics from even the lowest tar 
c i g a r e t t e s can now be determined by resin 
trapping as described e a r l i e r . 

Our tar -prof i l ing method involves the gas 
chromatographic analysis o~ t r i a e t h y l s i l y l 
der ivat ized t o t a l part i cu la te a a t t e r . Because 
the to ta l tar del ivery i s not injected in to the 
CC, t h i s aethod i s not as s e n s i t i v e as the gaa-
phase aethod. However, i f 10 t o 20 c igare t tes 
are saoked per pad, the aethod can detect the 
aajor particulate-phase organics froa even the 
lowest tar -de l ivery c i g a r e t t e . This aethod wi l l 
require a saat l degree of further refineaent 
before i t can be placed into routine use. The 
aain problem i s that impurities in the d e r i v a t i -
zat ion reagent chroaatographically interfere 
with the analys is of phenols. 

We are continuing to develop aethods of 
su i tab le s e n s i t i v i t y and discrimination to 
provide r e l i a b l e quant i tat ive r e s u l t s . The 
aethods are being applied t o determining the 
coaparative coapoaition of new products and the 
inf luence of aaoking parameters on smoke 
coapos i t ion . (A. H. Ma.rt.ha.il, G. M. Henderson, 
Sm Em ffijWKJK, Jm Em CCltOH, W* fl m Gl*i*3ttw / ? • A m 

Jenkins, C. E. Biggine) 

Recovery and Quantitation of Orgasics oa 
Bespirsble Par t i c l e s 

He have developed more e f f i c i e n t methodology 
for the ex trac t ion , fract ionat ion, and quantita­
t ion of particulate-phase organics . The aethods 
involve u l trasonic tx t rac t ion and HPLC as an 
a l ternate to the tradi t ional acid/baae fract ion­
a t ion (11) of Soxhl'it e x t r a c t s . 

The organics aie recovered froa the f i l t e r 
pad or bulk part iculate sample by u l t r s s o n i c s -
t ion with bencene in a water-jacketed s intered-
g l a s s funnel. Three e x t r a c t i o n s , each with 100 
a l of benzene, y ie ld quant i tat ive recovery of 
benzo(a)pyrene (BaP) froa air par t i cu la te s , 
as indicated by l iquid s c i n t i l l a t i o n counting of 
a carbon-14-1abeled BaP tracer added to the psd 
before ex trac t ion . More polar solvents ( e . g . , 
aseotropic benzene/aethanol) are currently being 

teated for their extract ion e f f i c i e n c y for more 
polar organics , such as carboxyl ic ac ids . 

After concentrating the extracts to 0 . 1 - 0 . 5 
a l , d irect GC ana lys i s al lows a survey of the 
aajor chroaatographable organics , such aa the 
paraffins and phthalates- Derivat izat ion of the 
crude extracta at th ia point aay be useful in CC 
determination of aajor polar c o n s t i t u e n t s , such 
as carboxylic acids or phenols. 

I d e n t i f i c a t i o n tnd quant i tat ion of s p e c i f i c 
chemical subclasses i s f a c i l i t a t e d by f r a c t i o n ­
at ion of the part i cu la te extracts using 
sea ipreparat ive-sca le HPLC with a bonded cyano/ 
amino s i lane column. Using hexane as the f i r s t 
so lvent , two separate fract ions corresponding to 
alkanes and PAHs (plus soae phthalates) are 
e lu ted . Analysis of the alkanes it conveniently 
accomplished by GC with a cap i l l ary coluan, and 
"clean" prof i l e s are readi ly generated. The PAH 
fraction is analyzed by e i ther cap i l lary coluan 
CC, or if Che PAH concentration* are too low 

for CC a n a l y s i s , reversed-phase HPLC using a 
DuPont Zorb •:• octadecyl s i l a n e coluan and 

fluorescence detect ion (>.„„ - 360 nm, ."• - 425 
ex tis 

na) . The l a t t e r provides a very s e n s i t i v e 
ana lya i s , but i t is s e l e c t i v e for only a few 
PAHs, such »« benzopyrene and bonzofluoranthene 
i s o a e r s . In contras t , the CC aethod allows a 
more comprehensive but l e s s s e n s i t i v e analyais 
of PAHs. 

Using incress ing concentrationa of methylene 
chloride in the hexane, increas ingly polar 
chemical c lass fract ions of part iculate organics 
are obtained from Che seaipreparative normal 
phase HPLC separs t ion . The 50/50 ( v / v ) 
methylene chloride/hexane fraction containa 
nitrogen heterocyc l ica and the reaainder of the 
phthalatea, and i t is readi ly analyzed by g la s s 
c a p i l l s r y column CC. The remaining par t i cu la te 
organic fract ions are eluted from Che acaiprep-
arat ive HPLC coluan with 90/10 methylene 
chloride/hexane and then 80/10/10 isopropanol/ 
methylene chloride/hexane. The former fract ion 
i s expected to conts in polar organica such as 
phenols, and the l e t t e r , even more polar and 
poss ibly aacroaolecul«r coapounda. These two 
c l s s s e s of cons t i tuent s are not readi ly analyzed 
by GC and analyt ica l HPLC is more sppropris te . 

We find that t h i s combination of HPLC and GC 
has a wide a p p l i c a b i l i t y to the determination of 
part iculate phase organics . The major organica 
on airborne part i c l ea co l l ec ted near a coal 
g a s i f i e r were found to be n-parsff ins ( froa 
CJQ to at l east C35, each at 0 .4-40 

http://Ma.rt.ha.il
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n g / a 3 of a ir ) and phthalatea (usually 
butylbenzyl- and b i* [2-e thy l hexyl lphthalate* at 
«• auch as 120 n g / a 3 ) ( 1 2 ) . The n-
paraffina a l»o are aajor const i tuent* of the 
extracta of raw and retorted s h a l e . He have 
•easured them at l e v e l * of 3-130 ug/g in the 
foraer and 1-30 Dg/e in the l a t t e r . The aajor 
organic* from coal f ly aah alao are doainated by 
the n-paraffine at auch lower l eve la (1 to 
800 ng/g in various f l y aah sample*), bat they 
are aore coaplex itnd variable in overal l com­
pos i t ion ( 1 3 ) . 

The po lycyc l ic aroaatic hydrocarbons (PAH*) 
in ambient a i r near a coal g a a i f i e r are foand Co 
be the t h r e e - through s i x - r i n g parent PAH* 
(tO.05-3 n g / a 3 ) ; only a few s iap ly alkylated 
derivativea are preaent. For coal f ly aah, the 
PAH concentration* are auch lower ( e . g . , -vl ng/g 
in aoae aaap le s ) . The high e e n a i t i v i t y of HPLC 
with fluoreacence detect ion allow* the *aaple to 
be kept to a manageable aixe ( t25 g ) . 

Of the aore polar const i tuent* , only the 
fract ion containing n-heteroeycl ic* ha* been 
exabined in coae d e t a i l . An air part iculate 
saaple co l l ec ted downwind of a coal g a t i f i e r wa* 
enriched (13) in heavi ly alkylated (Cj-
C13) pyridine* and alkylated (C-j-Cg) 
quinoline*. The concentration* appear to be 
at l e a s t equal to those of the PAHs ( to 3 ng/ra 3 ) . 

Generally, summation of the l e v e l s of these 
known c l a s s e s of organic* in a ir par t i c l e* or 
f ly ash doe* not account for a l l the organic 
carbon preaent. The final fraction from the 
temipreparative HPLC apparently cons i s t s of 
" intractable* ," which comprise a considerable 
percentage of the part iculate organic*, but 
which are r e l a t i v e l y undefined at to composi­
t i o n . Reaearch next year w i l l focus on the 
analyt ica l chemiacry of thete compound*, par t i c ­
u lar ly thoae or ig inat ing in both airborne par­
t i c l e * and coal f l y a*h. IV. H. CH*$t, 
J. E. Caton, R. R. Reagan, J. S. Hike) 

Synfmala laaearch faamle Mamagaamnt 

Research (14) in to the potent ia l health and 
environmental e f f e c t * of aynfuel* technologic* 
i« tupported through the research (ample (upply 
and information transfer t e r v i c e t of our Pot t i l 
fuel* Research Hater ia l t F a c i l i t y . Material* 
•u i tab le for method* development, comparison* of 
tynfuel* verau* petroleum, and for informal 
interla'ooratory comparison are aade avai lable to 

qual i f ied researcher*. The core aspect of th i s 
• erv i ce i s research aaaple management. 

Our repository contains approximately 220 
d i f ferent type* of aaaples . Records Bust be 
kept of the current inventory and status of each 
aaaple . We have now implemented a computerized 
ayatem for improved management of such record*. 
The system makes use of the Laboratory's EEC-I0 
computer and i s access ible on the Bio/Organic 
Analysis Section Lanier word processor and on a 
Tektronix terminal. The current inventory and 
a l l sample transaction* t o date have been 
entered into the *y*tem and include data on the 
•ource , "history," sample number, descr ip t ion , 
l oca t ion , and aaount of each aaaple, in addition 
t o sample transaction data on requestor, sample 
name/number, aaount, atudy, and date shipped. 
Row, ss each new sample tranaaction ia entered 
in to the system and recorded, the inventory for 
that sample i s automatically adjusted to show 
the new, correct aaount. The ayetea a l so has 
provis ions for providing printouts of the 
inventory and sample transactions of any desired 
aaaple or set of sample*. S imi lar ly , printouts 
can be made of a l l aaaple* received by a p a r t i c ­
ular inveat igator . This fac i l e acces* t o 
current , updated inventory and trantactiona 
information haa allowed rapid response t o 
request* from the (ample suppliers for s ta tus 
repor t s . 

A similar arrangement with an exiat ing l ab ­
oratory data management system has been made for 
keeping records of a l l data reports received 
from the study of repository mater ia l s . Records 
are kept of Che i n v e s t i g a t o r , h i s address, 
report t i t l e snd ful l c i t a t i o n , keywords for the 
study, and the repository sample* considered in 
the report . Similarly to the inventory/ trans­
act ion systea , computer searches can be made by 
•ample, inves t iga tor , or study keyword. The 
f a c i l i t y i s able to issue completely computer­
ized status records to the ssmple suppliers and 
funding agencies , showing inventory/sample 
transsct ion/data report* received. 

Additional information transfer wa* achieved 
through a *yapo*iua, "Health Effecta Invest iga­
t ion of Oil Shale Development," which was held 
in Cstlinburg, Tenneacee, l a s t June. The i n v e s ­
t i g a t o r s , sample suppl iers , and funding agenciea 
part ic ipat ing in the study of a special aaaple 
auite exchanged findinga and diacussed r e s u l t s . 
Proceedings ( IS) of the symposium were pub­
l i s h e d . 

Other iaportant sspect* of sample aanageaent 
r.rt *ttidie* of Maple aliquot homogeneity and 
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periodic measurement of staple s tebi l i ty . High-
priority saaplee (those undergoing widespread or 
detailed stud/) such am the crude and refined 
shale o i l saaples from the Paraho/SOHTO/U. S. 
levy suite and the Cooperative Research 
Katerials (CUfs) are given special attention. 
The tests (not al l are being applied to each 
saaple) include physical measurements of viscos­
i ty; density; poor point; flash point; sinulsted 
dist i l lat ion and heating value; and cheaicel 
measurements including ultimate analysis 
(percent C, H, • , S, and 0) , direct CC profile, 
an NAA scan of the elemental composition, and an 
PTIK apectrua. Specific cheaical constituents 
to he measured include beuso(a)pyrene, 
^tenol and the cresols, and a/S-naphthylaainee. 
Beadapace volst i les and cheaical claaa distribu­
tion also are being determined. These teats 
were designed to provide extensive characterisa­
tion of the saaples and to allow detection of 
changea that aigat accompany degradation, 
evaporative loss , or contamination during 
storage. 

Thus far, the crude and refined shale o i l 
suite has undergone a stability characterisation 
at one year of storage (16). Of the sasll-scale 
saaple aliquote stored to aeet iaaediate d i s t r i ­
bution requests, only the viscosity appears to 
have increaaed and by a small aaouut (10-301). 
These aaaples sre kept under sn argon blanket in 
borosilicate glassware, at -30*C in the dark. 
Other aliquots are being stored under different 
conditions ( e .g . , container aaterial and temper­
ature) to test the effects of such storage 
variables upon apparent stabi l i ty . After one 
year, few differencea have been detected. The 
knowledge gained froa the stability characteri­
sation of these aateris ls helps to indicate the 
optimum storage conditions for other important 
sample suites to be obtained in the future. It 
also will determine whether it i s possible to 
carry out long-term bioasaays requiring repeated 
use of a given ssapla for a year or aor«. (L. 
B. Ttattt, Jr., V. B. Oittt, P. A. Tilton 
Cl7)t 

The Iaolatioa of Poly eye l ie Aroaetic 
Bydrecarboas froa Aqueous Sammies 

The general methodology for analysing aqueous 
samples for polycyclic aromatic hydrocarbons 
(PAHs) aay be divided into three steps: (1) 
isolation of the components of interest froa the 
aqueous media, (2) concentration of the isolated 

sample int j the appropriate solvent, sad (3) 
determinati^^ if the PABa of internet in the 
concentrate. V\e isolation step uawally gives 
r ise to the most problems. Therefore, eight 
different atthods for the isolation of PABa from 
aqueous aedia were coapared and evaluated. 
Theae included three extraction aethods, two 
aethods employing polystyrene adsorbent resins 
and three different approaches involving 
Cjg-silica materials ro—only used in 
reversed-phaae liquid chromatography. The 
extraction aethods were applied to synthetic 
water aaaples to which known aaounts of 16 
different PAHs (EPA Priority Pollutants) were 
added and also to industrial waste water eeaplee 
received aa pert of an ASTM round robin analysis 
concerned with the determination of PABa in 
water. The recoveries for each of the PAB 
Priority Pollutants varied depending oa the 
extraction aethod but usually ranged between the 
recoveries shown for l*C-naphthalene and 
l*C-ocnso(a)pyrene ehown in Table 4 .1 . 
This table alao incorporates a brief description 
of the isolation aethoda that have been 
described in greater detail in other 
publications (18,19). 

Methods involving extraction (Boa. 1, 2, and 
3) were judged auperior with Method Bo. 1 (Table 
4.1) generally being preferred because i t com­
bines good recoveries with eaee of sample manip­
ulation and short analysis t iaa. The reein 
aethoda (Bos. 4 and 5) and reversed-pha^e 
aethoda (Boa. 6, 7, and 8) are generally infer­
ior. The reveraed-phase aathods involving i so ­
lation on a guard column (Boa. 7 and 8) aay 
present a convenient approach to quick, relative 
comparisons of PAH* in water because the concen­
tration atep has been eliminated and PAHs i so la ­
ted onto the reveraed-phaae guard column can be 
directly analysed by EPIC. I J. E. Catm, 
2. X. Somas (20), ff. Kubota, V. H. OU$t, 
H. P. Maakartnte) 

U0LAXI0* ABB XKBTZriCalTO* 

Aaaaala Chemical leaisatiea Basa SeaetreeMtry 
(CM) far Che Direct Char • scar i sst iea e>f AadaM 

Previcua work has shown that the acetone 
aubfraction of the ether-soluble bass fraction 
of several crude foaall fuel* possesses very 
high bacterial autagenie activity (21,2'2) 
Analysis of these sub fractions has shown that 
they are composed principally of priaary 
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Table 4 . 1 . Suaaary of dif ferent aetbode for i s o l a t i o n of P4He 
from jqaeous saaplea 

Percentage recovery 

Ho. Description of method 1 4 C-tafD 1 4 C-»ap 4 

1 1.0 a l of water extracted three t iaea by vigorous 96 73 
s t i r r i n g for 10 a in with SO a l of CH2Cl2 *° 
2-1 separatory funnel."1' 

2 3 .8 1 of water doubly extracted with 100 91 87 
a l of CH 2Cl 2 by s t i r r i n g for 24 h in a 4-1 
Erlenaeyer flask.** 

3 0.5 I of water al adjuated pH and fixed ionic 100 100 
strength extracted f ive t iaea with 100 a l of e i t h e r 
CH2C12 or cyclohexane. 

4 Hater drained through glaaa coluan (30-ca 83 HD 
< 1.7-ca ID) packed with XAD-2. PAHa 
recovered froa IAD-2 in 100 a l tetrahydro-
furan (THF) followed by 125 a l ether or by 
sequential e iut ion with 50 »1 aethanol, 
100 a l THF, 150 a l e ther , and 10 a l CHjClj. 

5 Water drained through a prepacked XAD-2 coluan. 89 50 
PAHs Hackvashed froa coluan with two 10-al 
portions of cethanol and three 10-al portion* of 
CH2Cl2.<* 

6 Hater drained through Sep-Pak* Cjg cartridge 81 WD 
PAHa recovered in two 10-al aethanol washes and 
three 10-al CHjCl 2 washes . -

7 Hater saaple waa puaped through a Iheodyne 43 HD 
Cjg cartr idge . Cartridge pluabed into 
reversed-phase analyt ica l HPLC sys tea as a guard 
coluan with PAHa on cartr idge being e luted 
d i r e c t l y onto the analyt ica l coluan. 

0 Method saae as No. 7 except that a 5-ca x 2-aa ID 
coluan packed with Whataan CO:Pell 0DS ->as sub­
s t i t u t e d for the C|g car tr idge . 

^Percentage recovery indicatea the fract ion of addel a c t i v i t y avai lable at the f inal quant it s t ­
ing atep in the analyais procedure. WD indicates that no recovery deteraination waa Bade. 
'*C-bento(a)pyrene. 
1 4 C-naphthalene. 

"Samples were concentrated under dry flowing n i f o g e n at reduced teaperature and treasure. 
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aroaatic aainea (PAAa) and azaarenei . The e l e c ­
tron impact ionizat ion (EI) aaaa apectra of a 
PAA and an azaarene that have the seam mass are 
v i r t u a l l y ident ica l becauae both exhibit atrong 
parent iona at the same aaes-to-charge ra t io 
with l i t t l e additional fragmentation. Becauae 
of t h i a , the s e l e c t i v i t y o f ammonia cheaiical 
ion izat ion haa been adapted and developed for 
the d i r e c t aaaa apectral character izat ion of 
nitrogen-containing coapounda. 

The aaaonia cheaicai ion izat ion (HH3 CI) of 
the nitrogen-containing coapounda ia accomp­
l i shed by reaction with ammonium iona (HH4*) 
formed in the ion aource at 0 .1 -0 .2 t o r r . That 
i a , 

where n may be zero, one, or two, correspond­
ing to a t e r t i a r y , aecondary, o-» primary amine, 
r e s p e c t i v e l y ( 2 3 ) . If laaonia-d^ (HD3) ia 
uaed aa the ionization reagent, not only i a the 
aaine ionized by tranafer o f a deuterium ion , 
but hydrogen atoaa on the nitrogen atom exchange 
with the deuterium atoaa of the aaaonia aa 
we l l : 

Thua, the reault ing deuterated ion e x h i b i t s a 
change in aaaa froa the NH3 CI apectrua o f 
one, two, or three aaaa uni te , indicat ing that 
the compound ia a t e r t i a r y , aecondary, or 
priaary aaine, reapect ive ly . An addi t ional 
feature of HH3/ND3 CMS ia chat only the 
protonated (deuterated) apeciei i a obaerved in 
the mass reault ing •pectrua, with no i n t e r f e r ­
ence from fragmentation. 

Previous applicationa of t h i s technique have 
been l imi ted to a l iphat ic amines ( 2 3 ) . Experi­
ments uaing aaine-aubstituted p o l y c y c l i c 
aromatic hydrocarbons demonstrated that NH3/ 
ND3 CI could be used to characterize theae 
aroaatic aaines alao. Azaarenea, with the 
nitrogen within the aromatic ring, were found t o 
ionize a* wel l , y ie lding a change of one aaaa 
unit upon going froa NB3 to RD3. Studiea 
with aaineaubatituted azaarenea showed that only 
the aaina group, which ia aore basic than the 
ring ni trogen, ia ionized, Disaino-subst i tuted 
aromatic compounde were found to ionize at only 
one of the aaine groups (presumably the aore 
baaie a i t e ) . However, hydrogen atom* attached 
to the nonionized aaina group also exchange with 

deuterium atoaa of the HD3, allowing charac­
t e r i z a t i o n of both aaine groups. 

Ammonia chemical i on i za t ion haa been s u c c e s s ­
fu l ly applied to the character izat ion of acetone 
aubfractiona of f ive foaai l fue ls (74) . These 
aubfractiona were found to contain primarily 
PAAs and azaarene*, but a number of secondary 
aaine and secondary amine-aubetituted azaarenea 
( i . e . , two nitrogen atoms per molecule) were 
detected in some of the subtract ions . Ammonia 
chemical ionizat ion haa a l s o beea uaed in the 
characterizat ion of nitrogen-containing 
compound: in the neutral fract ions of f o s a i l 
fue l s (25) and in the character izat ion of a 
cr icket teratogen (described elsewhere in t h i s 
r epor t ) . 

This technique has proven to be useful in the 
characterizat iona of nitrogen-containing com­
pounds, which are d i f f i c u l t to diatinguiah using 
other methods. Only compounds more baaic than 
HH *̂ are i on ized; thua, moat non-nitrogen-
containing coapounda, such aa alkanea and PARs, 
are not obaerved in the reault ing mass chrometo-
gram. This has been shown to be useful in the 
analyais of nitrogen-containing compounds in 
complex mixtures without extensive sample 
preparation. Conjugated aroaatic ketones, such 
as benzanthrone, are the only non-nitrogen-
containing compounds that have been found to be 
ionized by HH4*. However, these ketones can 
usua l ly be diatinguished from saines and 
azaarenes by molecular weight. 

One l imitat ion of the technique is the ambi­
gui ty in d i f f e r e n t i a t i n g t e r t i a r y aroaatic 
amines and azaarenes. However, in the analyaia 
of synthet ic f u e l s , i t has pvevioualy been shown 
(26) thst these a a t e r i a l s contain l i t t l e i f any 
t e r t i a r y aromatic aainea. 

Work i s continuing in the further development 
of ammonia cheaicai ion izat ion aasa spectrometry 
as an analyt ical t o o l . (M. V. Buchanan) 

Ident i f i ca t ion of aaatral Aromatic-Polar 
Compounds in fyafaela 

The neutral components of c o a l - and s h a l e -
derived petroleua aubs t i tu tes are thought to 
contain iaportant carcinogena and autagena. 
Sequential Sephadex L.H-20 and a i l i c i c acid 
chroaatography was found to be an e f f e c t i v e 
means of separating neutral fractiona into 
a l i p h a t i c a , aroaatic hydrocarbons, neutral 
azaarenes, «nd neutral arcaat ic polar c o n s t i t ­
uents . Aaws bioaasays of the neutral subfrac-
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t iaaa of a l l iaveat igated petrolema eubet i tatee 
have indicated that greater a a t e g e a i c i t i e a are 
exhibi ted by the eewtral aromatic polar comet i t -
maate than by the aromatic hydrocarboaa or 
a e e t r a l exaareaes . A actable bioaaaay reae l t ia 
« decreeee i a a c t i v i t y with enbfractiomatioe; 
tbat i a , eanmed a e t i v i t i e e of aabfractioaa do 
mot camel thoee o f the aafr tc t ioaated neutral 
f rac t ion . Thia aaggeate c i t h e r the loea of 
a c t i v e coaaoaeats i a the aubfract ioaat ioa acheat 
or a rather important eymergiaa aaoag a tatra l 
t rac t ioa cons o n s e t s . 

The r e l i a b i l i t y o f oar f rac t ioaa t ioa proce­
dure aaa f i r a t exeaiaed (27) by analysing each 
frac t ioa prod weed froa aa B-Coal aaaple . Ihe 
a l i p h a t i c fract ion was foaad t o coaaiat of the 
•ava l hoaologoae aer ies of s tra ight chaia 
hydrocarbons, raagiag froa C|2 t o C34. 
«a v a i l ae alfcyl-oabetitated eieyclohexaaee sad 
•e tareted ferhydrof laoraaaa, perhydroeathra-
caaaa/phra aathraaaa, aad perhydroflooraatheaea/ 
pyrcaes . The aaaa apectral aaalyais of gas 
rhroaarugrsphanit cons t i tuents of the polyero-
a a t i c fract ioa showed that t h i a fract ioa coo-
Caiaa aroaatic coaet i taeata of froa too to s i x 
r iage i a a t i e . This fract ioa ia free o f sa tur­
ated compounds, heteroatoa-cootaia iug , mat 
polar-subet i tntcd po lycyc l i c aroaat ics according 
Co a lactroa impact aaaa apactroaatry. Electron 
iapact aad aaaoaia cheaical ionizat ion aaaa 
•pectroaetr ic aaalyaea o f the neotral axearene 
•abfrac t ioa iad ica te that v i r t u a l l y a l l chroaat-
ogrsphable c o a s t i t o e a t s contain the iadole-type 
aecoadary aaiae f o a c t i o a a l i t y . Infrared absorp­
t i o n beads at 3410 c a - 1 conf ira the K-S 
func t iona l i ty . The aroaatic polar subtraction 
coata ias pr iaar i l y oxygenated coapooads. These 
• e r e aoat ly aydroxyl-oubetituted or earbonyl-
containing po lycyc l i c aroaatic compound*. There 
vera aoaa a lky1-subst i tuted priaary aroaatic 
aainee aad asaaraaaa as v e i l . 

Soaa o f the coapouads in the neutral aroaatic 
polar fract ions of f ive foaai l fue l s (three coal 
o i l * , one shale o i l , and one petroleoa) have 
been i d e n t i f i e d os ing a v a r i e t y of apectroacopic 
t ecba iquee , inc luding both e l ec tron iapact and 
cbea ica l i oo i ra t ion OC/MS, aad infrared 
spectroscopy. The three coal o i l a contain cae -
Co foar-r iag aroaat ic hydroxy eoapooada, whereas 
Che shale aad petroleua fract ions contain 
compounda with oaly one or two aroaatic r ings . 
•Titrogeu coacaiaing coapoow'*, iac ludiag priaary 
aroaatic anion* aad/or bas ic asaareaoa, are 
detected ia a l l f i ve f rac t ions by aaaoola 
cbeaical i o o i s a t i o o aaaa apactroattry . The 

petroleaa f rac t ioa coataiaa oaly aabat i tated 
a n i l i n e s aad no bas ic exaareata. The other four 
fract ion* contain aaal l aaoaata of two— to 
three-r ing priaary aroaatic aaiaea and two- t o 
four-ring basic axaartaaa. abvever, two of the 
coal fractioaa coatain >10X asapyreaee. These 
saae two fractioaa a l so coatain Aabatitated 
beexeathromes aad beaxopyreae-oaca. (C.-h. 
Ho, H. R. Omrin, B. P. Cttfi*. H. T. Buefcoazx.* 

Syathmsie mf Cisa mull Car Chsaicel 
sad Sialef ical aaalyais 

Pro*leas frequently ar i se ia detera ia iag Che 
s tructural d e t a i l of a uiapouad or c laaa of coa -
poaade i so la ted froa complex orgaaic a i x t o r e a . 
Stractaral i d e n t i f i c a t i o n ia baaed oa aeaeure-
aeaca of cheaical and physical p r o p e r t i e s . 
Vhile much can be learned froa ab initio 
interpretat ion of data , subtle s tructural 
d i f ferences require a reference compound for 
unequivocal i d e n t i f i c a t i o n . In the complex 
orgaaic aixturea wa frequently deal w i t i , few 
compounds o f any given claaa are commercially 
a v a i l a b l e . Those compounds that are ava i lab le 
are a o a t l y low molecular weight, unanbetitnted 
or a iaply subs t i tu ted , sod poorly representat ive 
of real samples, which are usual ly h ighly sub­
s t i t u t e d , higher in molecular weight, aad often 
mult i funct ional . For th i s reason aad beceuae of 
a b e s i c in teres t in s t ruc ture -b io log ica l a c t i v ­
i t y r e l a t i o n s h i p s , d iscret ionary model compound 
synthes i s has become a part of cheaical charac­
t e r i s a t i o n and bioassey support a c t i v i t i e s . 

Compounds haviag part icu lar ly s i g n i f i c a n t 
relevance because of the ir high b i o l o g i c a l 
a c t i v i t y and abundance ia fo s s i l -der ived crude 
o i l a are the priaary eroarr.ic aninea. I s o l a t e ! 
of priaary aroaatic eaiaea are crude and would 
contain secondary and aoaa t er t i ary aainee i f 
they ware presenc in the or ig inal aaaple. Some 
aaiaas of the l a t t e r two claaaes ware eynthe-
siaad t o determine t h e i r b io log i ca l a c t i v i t a s 
and, hence, the ir poss ible importance in aroaa­
t i c aaiaa i s o l a t e s . Two secondary amines (R-
aechyl-2-aainof luorene, aethyl-1-eainopyreae) 
and two t e r t i a r y aainee (aj ,*-diaethyl -2-enino-
f luorene, " ,» -d iaethy l - l - ea ioopyrene) ware 
tya thas i t ed . Synthesis followed the route of 
aeehyl addition to the priaary amines by 
reaction with aethyl iodide . Puri t ies of the 
products were determined uaing thin layer 
chromatography (TLC), CC, aad MS. Thia proce-
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dare usual ly produced a a ix tcre of secondary and 
t e r t i a r y aaioea. 

toes ces ts of the pare compounds proved 
important. Basalts of the 2-aainofluorene 
(35,000 rev/ag) priaary amine exhib i ted about 
the same a c t i v i t y aa the secondary ( l - w e t h y l - 2 -
aaiBofloorene (30,000 rev /ag ) ) and t e r t i a r y 
[•,R-diaethyl-2-aainoflooreme (35,000 r e v / a g ) ] 
amiaee. the saae trend waa observed '>r the 
amioopyrcoe aer ie* . It i s therefore eaaent ia l 
that analyt ica l chemical aethods be avai lable to 
d is t inguish the amines s ince Ames t e s t i n g does 
not discriminate bet Veen thra. 

Other coaponnd types have been synthesized to 
support various aapecta of character izat ion 
work. Soae of these are a i t ro - sube t i tu ted 
polycycl ic aroaatic hydrocarbons, long-chain 
alkyl subst i tuted pyr id ines , and "-heterocycl ic 
hoaologoes of bcazo(a)pyrene. In addi t ion , 
momooctade.y! phosphoric acid was synthesized 
for asking che zirconium aal t that i s to be used 
aa an HPLC reveraed-phaae column packing. 
(C.-h. Ho, B. R. Clark, B. D. Barktnbut) 

Iso lat ion and I d e n t i f i c a t i o n of a 
Cricket Teratogen 

B. T. Walton of the Environmental Sciences 
Division has observed gross abnormalities in 
cr i cke t s [Acheta domuticu* (L.I] r e s u l t i n g 
froa eggs that are incubated i n sand treated 
v i th an aqueous so lut ion of i a p u r i t i e s found in 
s commercial acridine sample. We have been 
a a s i s t i n g in iden t i f i ca t i on of the teratogenic 
compound (it) in the acridine sample and have a l so 
extended th i s work to study the poss ib le 
presence of similar teratogena in synthet ic 
f u e l s . 

Impurities in the commercial sample of 
scridine represented l e s s than two percent of 
the original material . To i s o l a t e enough of the 
teratogenic material for spectroscopic i d e n t i f i -
c s t i on , approxiastely 25 g of the impure 
acridine was fractionated using a Waters LC-500 
preparst ivs-scale high-performance l iquid 
chromatogrsph. The acridine waa e luted f irat 
using 23 1 of benzene. Then the solvent was 
switched, f i r s t to s c e t o n i t r i l e , than t o 
methanol, to e lute the remaining components. 
Eight cuts were taketi in t o t a l and each of the 
e ight fractions was tasted by B. T. Walton for 
s p o s i t i v e raaponse froa the cr icket aggs. The 
f i r s t cut proved to be the only ac t ive fract ion . 
Thin layer chromatography (0.25-ma-thick s i l i c a 

gel C p l a t e s , e la ted with 90:5:5 chloroform/ 
methanol / a c e t i c ac id ) shoved that fract ion I 
contained one aajor compound and about nine 
other minor cometitneuta. The major compound 
( t f - 0 .74) waa shown to be the ac t ive t e r a t o ­
gen. When analyzed by ammonia chemical i o n i z a t ­
ion CC/HS, thia compound waa found to be an 
ataarene with a molecular weight of 179. Thus, 
i t was thought to be one of the seven isomers of 
acr id ine . 

Fraction I waa aeparated further to iao la te 
the ac t ive compound for further spectroscopic 
ana lys i s using a eemipreparative s i l i c a HPLC 
column e l a t e d with s mixture of e thylacetate in 
methylene c h l o r i d e . The largeat peak waa 
c e l i a c t e d . and i t a I 3 C M t spectrum was 
studied ea d e t a i l e d in a following s e c t i o n . 
Thus, i t waa deduced that the i so la ted compound 
waa 5,6-benzoquinol ine. This waa ver i f i ed using 
a commercial aaaple of thia compound. At the 
pre icnt t ime, thia i so la ted material ia being 
teated on cr icket embryos to check i f i t i s 
indeed responsible for the teratogenic a c t i v i t y . 

A s e r i e s of three whole o i l s and the ir sub­
tract ione have a lao been teated using cr icket 
eabryoa. These three o i l s included c o a l - , 
s h a l e - , and petroleum-derived l i q u i d s . Of the 
three whole o i l s , only the coal-derived l iquid 
produced abnormal c r i c k e t s . Neither the whole 
petroleum l iquid nor any of i ta seven fract ions 
were a c t i v e . The whole ahale o i l vaa i n a c t i v e , 
aa were aix of i t a seven fract ions . However, 
the e ther-so luble base fraction of the shale o i l 
was a c t i v e . Likewise, only the e ther-so luble 
base frsct ion of the coal l iquid wss found to be 
a c t i v e ; i t waa aeparated further into three 
aubfractiona. Of these three subtract ions , only 
the acetone cut waa a c t i v e . This c u t , which 
containa pr inc ipa l ly primary aroaatic aainea and 
asaarenes , has previously been found to exhibit 
s i g n i f i c a n t bac ter ia l mutagenic a c t i v i t y . Work 
ia continuing in the aaaeaaaent of synthet ic 
fue ls using cr icket embryos. (M. V. Buehoovn, 

A. Ft. Jons*) 

Preparative-Scale Purif icat ion and 
I so la t ion Methods 

Many projects and outside woik requests r e ­
quire preparat ive-scale amounts nf substances 
for a variety of a tud ies . Typical requirements 
are the aeparation of trace i a p u r i t i e s froa 
"pure" substances; the i s o l a t i o n of a c laas of 
compounds for b io log ica l and cheaical character-
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i zac ion; the fract ionat ion of complex mixtures; 
aad the i s o l a t i o n and concentration of trace 
substances froa gases , waters, b io log i ca l 
f l u i d s , and s o l i d p a r t i c l e s . 

A procedure has been developed for routine 
fract ionat ion of coaplex organic mixtures for 
Aaes tes t ing with the intention of finding b i o ­
l o g i c a l l y act ive components ( 2 8 ) . the f i r s t 
s teps after a vacuus d e v o l a t i l i z a t i o n of a 5-g 
saaple sre continuous extract ions of an ether 
so lut ion of the devo la t i l t zed saaple f i r s t with 
hydrochloric acid and thea with sodiusi hydrox­
i d e . The bases and acids are recovered by back-
extract ion into ether froa the hydrochloric acid 
and sodium hydroxide phases, a f ter pH adjus t ­
ments to 11 and 1 respec t ive ly . Heutral compon­
ents remain in the s tar t ing ether so lu t ion , are 
concentrated by evaporation of the e ther , and 
are placed on a Sephadex LH-20 column (5 cc * 
I a ) . Elution of the neutral components with 
isopropanol y i e l d s four fract ions: a l i p h a t i c s , 
aono- and di -aromat ics , polyaroaat ics , and a 
res idue. These are defined by e lu t ion volumes 
obtained with '*C-labeled hexadecane, 

toluene and phenanthrene, used to "cal ibrate" 
the column before each separation. A large data 
base of fractional weight percentages and 
s p e c i f i c Ames t e s t a c t i v i t i e s has been bu i l t 
from the application of this procedure to a host 
i f petroleum subs t i tu te s and petroleums (28) . 

Other preparat ive-scale methods are used 
l e s s frequently, but add a good deal of breadth 
to overal l c a p a b i l i t i e s . The acquis i t ion of a 
Waters LC-500 l iqu id chromatograph has been 
useful in performing polar/nonpolar and 
al iphat ic /aromatic separations rapidly with 
large samples ( tens of grams). Also, th i s 
instrument i s t a i l o r e d to the separation of 
impurities into a concentrate suitable for 
chemical characterizat ion and/or bioassay 
s t u d i e s . A teratogenic impurity was separated 
from a 98.SI pure commercial acridine (reported 
elsewhere in t h i s s e c t i o n ) . 

Methods for i s o l a t i o n of spec i f i c c las ses of 
compounds have been developed. Basic frsct ions 
are now separated rout inely from foss i l -der ived 
materia ls using a two-column chromatographic 
approach ( 2 9 ) . An ether-soluble base i so la t e 
(from the "routine fractionation procedure" 
above) i s e luted on basic alumina with benzene, 
followed by ethanol . The ethanol eluate i s 
further separated on a Sephadex LH-20 column 
eluted with isopropanol, followed by acetone. 
It i s th i s acetone fraction that has received 
much at tent ion because of i t s extremely high 

mutagenic a c t i v i t y . The benzene fraction 
contains most of the azaarenes in the basic 
f rac t ion . 

Neutral fractions are being separated rather 
rout ine ly to give desired a l i p h a t i c , aromatic, 
neutral-azaarene, and neutral polar fractiona 
( 2 0 ) . This procedure employs a two-colum 
e lu t ion on Sephadex IH-20/isopropanol (to 
separate r. l iphatics) followed b» e lu t ioo on 
a i l i c i c acid with a benzene/hexane step gradient 
t o give the l a t t e r three f rac t ions . 

Other p u r i f i c a t i o n / i s o l a t i o n methods under 
continuing development include the removal of 
organics from aqueous sample* (waters , ur ine , 
and l eachates ) , the concentration of organic* in 
gas streams on various adsorbants, and the 
removal and concentration of organics from so l id 
surfaces . 

Another category of material* that has 
required preparat ive-scale i s o l a t i o n of major 
components, as well a* concentration of impuri­
t i e s , i s that of colored dye mixes used in 
mi l i tary s ignal smokes. A se t of four smoke 
a i x e s was provided by the U.S. Department of 
Defense. These were red, v i o l e t , yellow, and 
green mixtures, and were composed of anthrone-
and anthraquinone-derived dyes . Vacuum sublima­
t i o n , d i f f e r e n t i a l s o l u b i l i t y , Soxhlet extrac­
t i o n , column and thin layer chromatography, and 
combinations of these techniques were used for 
the separat ions . The red smoke mix was composed 
only of 1-aethylaminoanthraquinone (HAA) aa the 
colored cons t i tuent , but a l s o contained about 
20Z of a black inso luble , nonvolat i l e material . 
This mixture was separated into a fraction 
enriched in the aore v o l a t i l e impur i t i e s , a 
v o l a t i l e purified MAA fraction and a nonvolat i le 
fract ion by vacuum sublimation. The v i o l e t 
smoke mix was composed of MAA and 1,4-diamino-
2,3-dihydroanthraquinone (DDA). These two 

compounds were separated r e l a t i v e l y e a s i l y by 
d i f f e r e n t i a l s o l u b i l i t y because the MAA is about 
70-fold more soluble in chloroform than DDA. A 
complicating factor in this mixture is the ease 
with which DDA i$ oxidized to 1,4-dlamlnoanthra-
quinone (DAA), which is s u b s t a n t i a l l y more 
soluble than the DDA. However, DAA could be 
separated froa MAA and DDA by preparative-scale 
th in layer chromatography on s i l i c a layers . The 
yellow smoke mix i s composed of beozanthrone 
(BZA) and dibenzochrysanedione (DBC). The DBC 
i s insoluble and nonvolat i le compared Co BZA. 
Both vacuum sublimation and d i f f e r e n t i a l 
s o l u b i l i t y technique* were used with th i s 
mixture because i t was discovered that 



o/ 

a aoluble , n o o r o l a t i l e impurity was preaent la 
the or ig ina l DBC, and t h i s material waa concen­
trated in to a separate fract ion. The green 
aaoke s i x contained 1 ,4 -d i -p - to lu id ino-
anthraquinone, aa wel l aa BZA and DBC in a 
70:20:10 r a t i o . The PTA and BZA have approxi­
mately the aaae s o l u b i l i t y in chloroform, and 
they v o l a t i l i z e together under the condition* 
used for vacuum sublimation. The bulk of Che 
PTA vaa aeparated f ro* the other major compon­
ents as well aa the impurities by column chroma­
tography on baaic alumina. In a l l of the aaoke 
aixea excect the red, the chloroform insoluble 
material vaa aeparated by Soxhlet e x t r a c t i o n . 
Pract ions prepared by these aethods were charac­
ter ized chemically by a number of ana ly t i ca l 
technique* and were assayed for the ir b io log i ca l 
a c t i v i t y by the Ames tea t for mutagenesis. 
IB. R. CLoA., C.-k. Ho, A. R. Jaw, I. B. 
Rubin) 

Applicatioaa of nuclear Magma t i c 
Easoaaaea Spectrometry 

Nuclear magnetic resonance (HMO hea been 
used in a number of projecta aince the FX90Q 
FTHMK vat acquired one year ago. A multinuclear 
probe hat been added t o the instrument, and now 
e l l a c t i v e nuc le i between 6.5 and 90 MHz (at 
21.5 KCa) are observable. The major uae of the 
NMR in t h i s f i r s t year has been i d e n t i f i c a t i o n 
of the components of four colored smoke a i r e s 
used by the Department of Defenae. The aaoke 
mixes were separated into fraction* using a 
combination of d i f f e r e n t i a l s o l u b i l i t y , vacuum 
sublimation, and preparative chromatography, aa 
described in the preceding d i scuss ion . The dye 
fract ions ware f i r s t studied by combined ga* 
chroaatography/aaaa spectrometry to e s t a b l i s h 
the compound type . 

Both *H and 1 3 C HKK vera u**d to help 
e luc idate the actual structure of the compounds. 
All of the compound* studied were derivat ive* of 
anthraquinonas, and many exhibited low s o l u b i l ­
i t y in most common s o l v e n t s . For th i s reason, 
l 3 C spectra vera accumulated for 24 h or 
even longer. Special pulsing techniques were 
a l so used to obaerva the compound of in teres t in 
the presence of a prominent solvent s i g na l . 
Even $o, one compound, dibencoehrysenedione, was 
s u f f i c i e n t l y insoluble that i t s ! 3C spectrum 
va* only obtained using a so l id sample probe 
(courtesy of JEOL, I n c . ) . 

The * 'c spectral l i n e s of three o f the 
so luble dye componenta, 1-methylaminoanthra-
quinone, l,4-diaaino-2,3-dihydroanthraquinoam 
and 1,4-p-toluidinoanthraquinone, have been 
assigned using proton-decoupled spectra and 
T\ measurements. A nuaber of the aajor 
impurit ies preaent in the dyes have a l s o been 
i d e n t i f i e d . For example, a purple compound was 
i s o l a t e d in the l ,4-diamino-2-3-dihydroanthra-
quinone ( I in Fig. 4 . 1 ) , which i s yellow-brown. 
The 1 3 C spectrum of the unknown compound 
showed that i t was s imilar i n structure to I , 
but the two carbon l i n e s found at 27 .5 rpa in I 
had moved t o the aromatic region at 128.6 ppm. 
The unknown compound was thus ident i f i ed aa 1 ,4-
diaminoanthraqainone ( I t ) . 

Another project that involved l^C MMK in 
the s tructural ident i f i ca t ion of an unknown waa 
the atudy of an inaect teratogen in a commercial 
sample of acr idine , as discussed e a r l i e r . 
Because both the e lec tron impact and chemical 
i o n i z a t i o n maas spectra of the teratogen were 
i d e n t i c a l to acridine, which has seven isomers, 
1 3 C HMR waa used t o ident i fy the correct 
isomer. The 1 3 C chemical sh i f t value* for 
acridine are given in F ig . 4.1 ( I I I ) . Because 
acridine i s symmetric, only aeven l ines are 
observed. The unknown compound, however, 

appeared to be nonsymaetric, with thirteen l i n e s 
in i t s l^C spectrum, nine protonated and 
four nonprotonated. Two of the l i n e s were 
sh i f t ed downfield, suggesting a poss ible p e r i -
in terac t ion within the molecule, unlike 7 , 8 -
benxoquinoline (IV). Two l i n e s , one protonated 
and one nonprotonated, were shi f ted downfield, 
indicat ing that a nitrogen atom was adjacent to 
a carbon attached to a hydrogen and a bridging 
carbon. The molecule was thus ident i f i ed as 
5,6-bencoquinoline (V). 

Although moat of the work on the instruaent 
involves 1 3 C and 'H spectra , use of the 
au l t inuc lear probe i s increas ing. To he lp 
d i s t ingu i sh pos i t ional isomers of aromatic 
amines, a number of these compounds have been 
derivat ixed with tr i f Iuoroacety l imidazole . The 
'H and 1 3 C spectra of the underivatized 
isomeric compounds are very s imi lar . However, 
" F spectra of the derivatized tminea y i e ld 
good separation of pos i t ional isomers. For 
example, the spectra of 1- and 2-aaino anthra­
cene (which *r» s i n g l e t s ) are separated by 
approximately 30 He. Further work is continuing 
in t h i s area of darivat ic ing compound* t o 
maxiait* the phyai'-t.l d i f ferences aaong vary 
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Fig. 4.1. Chemical shifts in C NMR spectra.a 
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similar materials, tl. *. Xubin, ¥. V. 
Buchanan) 

SAMPLING AND SPECIAL PtOJICTS 

F i e l d and Inhalation Exposure Sampling 

Special eaiphaiis i s placed on the c o l l e c t i o n 
of s tap le* so as to a in ia i ze the cheaical and 
physical impact of the c o l l e c t i o n process . This 
i s of part icular importance where inhalable 
aeroso l s are concerned, s ince the mechanism and 
aagnitude of lung deposit ion and retent ion may 
be dependent on whether the particular c o n s t i t ­
uent i s present in the gas or p a r t i c l e phase. 
Development of ana ly t i ca l aethoda is u sua l ly 
geared toward compatibi l i ty with small , chem­
i c a l l y complex saaples . Use of monitoring 
instrumentation i s designed to replace the need 
for frequent cheaical sampling. 

Our program r e s p o n s i b i l i t i e s have lead to a 
number of f i e l d sampling expedi t ions . In the 
area of s o l i d waste character izat ion, visiti 
have been made to several municipal and indus­
t r i a l waate disposal s i t e s . Samples of the 
waste, surrounding s o i l , groundwater, and l e a c h -
ate have been acquired in order to deteraine the 
extent of migration of various organic and 
inorganic const i tuents from the waate into the 
surrounding environment. We make comparisons of 
the coaposi t ion of natural leachates with that 
of thoae generated in the laboratory froa the 
actual wastes using simulated leaching proce­
dures. Data acquired are used to evaluate t*e 
e f f i c a c i e s of these simulation procedures. 
Generally, we have found that const i tuent 
migration i s highly s i t e and waste dependent. 
In a l l c a s e s , nstural leachates have been 
conaiderably aore d i lu te than laboratory l e a c h ­
ates of the wastes . 

He have had a continuing involvement for 
several ;, ears with tobacco smoke inhalat ion 
bioaasays being sponsored by the National Cancer 
I n s t i t u t e and the Council for Tobacco Research-
USA, Inc . The object ive of our research haa 
been to chemically and phys ica l ly define the 
"'.nhalation exposure. Laboratories conducting 
the animal expoaurea are v i a i t e d , and smoke 
saaplea acquired for cheaical analyaia at OBNL. 
Since aachine/aaoke/aniaal interactiona can 
a l t e r the apparent cheaical coaposit ion of the 
smoke, saaplea are withdrawn from the exposure 
sys teas so aa to mimic the aniaal withdrawal 
patterna as c l o s e l y as prac t i ca l . In the case 

of the dog exposures, tobacco smoke i s withdrawn 
froa the smoking aachinea through a glaaa f iber 
Cambridge f i l t e r pad with a large aniaal r e s p i r ­
ator. Gaseous conati tuents are c o l l e c t e d in gas 
sampling baga. 

Experiaents have indicated t h a t , whereas 
blood remains an appropriate physiological 
aatr ix for aeaaureaent of aaoke carbon monoxide 
uptake, 24-h urine saaples are more appropriate 
for measuring the animal's nicot ine dose. Data 
froa these experiments have ind ica tr l that only 
s l i g h t l y more than hal f of the smoke that would 
have been estimated from laboratory experiments 
i s actual ly offered the animals for inhalat ion . 
Further, i t appeara that the animals retain only 
a third of the smoke particulatea offered them. 
Caaeoua component* of the *mok<> may be retmiaed 
to a greater extent than the part iculate phase. 
Over the course of the bioassay, smoke exposure 
aachine maintenance aay contribute aa much to 
r e l a t i v e v a r i a b i l i t y of the exposure aa do 
differences in individual aniaal inhalation 
patterna. 

The Department of Defenae i s t e s t ing an 
obscurant aerosol generated by pumping dieael 
fuel into the exhaust manifold of a tank. In 
order to aasesa the cheaistry of potent ia l troop 
exposures, saaples of the aaoke aerosol emanat­
ing froa a tank were co l lected by sec t ion s t a f f 
during the Smoke Week III exerc i ses held at 
Eglin Air Force Base in August. Because the 
smoke containa both l iquid and gaaeoua phases, 
sampling tra ins designed to c o l l e c t part icu­
l a t e s , volet i l e a , and "permanent g a « - / were 
employed. The samplers conaiated jr saa l l pumps 
drawing the saoke through g lass fiber pads and 
cartridgea containing Tenax*. Caaea were 

co l l ec ted in saapling bags. Experiaents with 
laboratory-generated aeroaola indicated that 
part iculate c o l l e c t i o n s must be performed at 
flows of 2 1/ain or l e s s . Otherwise, aore 
v o l a t i l e conat i tuent s , o r i g i n a l l y dissolved in 
the part iculate phase, would be evaporated froa 
the f i l t e r s during the c o l l e c t i o n process . 
Safety hazarda on the f ie ld saapling grid during 
actual perioda of saoke generation ncress i tated 
the remote operation o£ al l of the samplers. 
Because we expected saa l l chemically coaplax 
saaples , we used s t iered analyt ica l scheme: 
asaples of aerosol ( e i ther laboratory or r e a l ' 
world) are fractionated uaing a n a l y t i c s ' - e c a l e 
high-performance l iquid chromatography, followed 
by high-resolut ion gas chroaatographic a i u l y s i * . 

We find that approximately 70-80X of the 
aerosol l iqu id phase is composed of a l iphat ic 
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hydrocarbon*, while aoat of th<\ remainder 
consists of alkyl substituted on';-, two-, and 
three-ring aromatic compounds. 'Ihen comparing 
the chemistry of the real-world aerosol with 
that of the aerosol generated in tht laboratory, 
•ost of the differences between the ."wo can be 
ascribed to differences in the diesol fuels 
employed or the sample acquisition conditions. 

Instrumentation for remote sampling and mon­
itoring are an iaiportant adjunct to on-si:e 
experimentation, taring the past year, we con­
structed a set of vapor-phase sampling units for 
the Environmental Sciences Division, simi 1:- to 
those built for the EPA Kosovo Gasifie: stuo.7 
(31). Laminar flow measurement/integration 
systems, originally constructed to measure 
sampling rates in a pigeon tobacco smoke inhala­
tion exposure, are now used throughout the group 
and aection. A most recent application is the 
highly accurate measurement of puff duration on 
the Phipps and Bird analytical smoking machine. 
Ve have recently placed an instrumental exposure 
system monitor (ESM) at the beagle dog tobacco 
smoke inhalation bioassay at the Veteran'a 
Administration Hospital (VAH), East Orange, New 
Jersey. The device, baaed on the optical 
particulate sensor used in many of our tobacco 
smoke studies (32), is designed to measure the 
smoke output of the exposure systems. Smoke is 
withdrawn past a sensor with a built-in pump. 
Instantaneous smoke concentration is integrated 
to provide a determination of the total particu­
late matter weight offered the animal. Data are 
recorded for individual exposure systems by VAH 
staff and returned to ORNL for evaluation. In 
place since October, the ESM is already provid­
ing a measure of the daily variability in 
expoaure smoke levels, which would otherwise rot 
have been obtained. (R. A. Jenkins) 

Mathodology for the Analyaia of 
Hatardoma Solid Waates 

Pollution associated with the disposal of 
hitardous solid wastes has become a major envir­
onmental problem. Analytical chemistry of the 
solid wastes is confounded by the great divers­
ity of physical matrices encountered. Samples 
range froa aqueous sludges to semisolid oily 
liquids. Furthermore, the means of entry of the 
individual pollutants into the environment tends 
to be either by leaching into groundwster or by 
volatilisation into the atmosphere. The 
analytical challenge becomes, first, the quali­

tative and quantitative determination of 
individual compounds in the solid waste and, 
second, determination of the compounda in 
environmental media. Our initial work focused 
on developing procedures to recover organics 
from solid wastes. 

Historically, the primary method for extract­
ing organics from solids involved Soxhlet 
extraction with methylene chloride. With solid 
wastes, significant water content is common. 
Results obtained using e Soxhlet extractor are 
difficult to interpret because of channeling of 
the solvent through the solid, which results in 
incomplete solvent-sample contact Therefore, 
we developed an extraction method that utilizes 
acid m d base equilibrations with the solid, 
followed by equilibration of the solid with an 
organic solvent. This methodology results in 
three fractions for subsequent analysis: acids, 
bases, and neutrals. 

A gravimetric comparison of our method versus 
Soxhlet extraction was carried out using aix 
solid wastes. The wastes represented a variety 
of physical states. In every case, the amount 
and number of organi- constituents extracted by 
the sequential scheme was considerably greater 
than that extracted by the Soxhlet. The magni­
tude of the difference ranged from factors of 
2 to 50. In every case, the content of the 
"ntutral" fraction alone exceeded the total 
extracted by the Soxhlet, on the basis of tots' 
mass, as well as the quantity of individual 
constituents. In addition, this system provides 
a convenient Iractionatior., which greatly 
simplifies the final analysis. 

A second extraction technique, aqueous/ 
organic co-distillation, haa been studied as a 
means of extracting snd analyzing organic mate­
rials in solid wastes without contacting the 
waste with organic solvent. The extraction is 
conducted as follows: the solid waate is added 
to a flask containing water, the flask is con­
nected to a dual reflux column with the opposite 
flask containing an immiscib'.e organic solvent; 
both flasks «r« heated, and the vapors 
co-condense and are returned to their respective 
vessels. 

The solid waste samples described above were 
extracted using this technique. These extracts 
were compare, with Soxhlet extracts, a* well u 
with laboratory-generated aqueous leachates. In 
general, the distillation method extracted a 
higher level of organic material than the 
aqueoua leaching, although chemical compositions 
were qualitatively similar. The axtracta did 
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net contain as much organic matter as did the 
Soxhlet extract. thus, the distillation 
approach is a convenient means of screening 
solid wastes for potentially leachable 
•aterials. 

Future studies will involve the comparison of 
•ore environmentally relevant extraction tech­
niques with the total content studies in an 
attempt to determine that constituents are 
likely Co be released into the environment. We 
are currently pursuing methods for the visuali­
zation of constituents which may be volatilized 
and lost during evaporative concentration. Also 
under development are techniques for the 
measurement of the " -"tractable" or higher 
molecular weight cons uents of the orgsnic 
extract. These mater.ais are apparently a 
a. nificant percentage of the toMl mass and 
hav«_ not been adequately characterized. 
(H. P. Maekarinea, R. W. Harvey) 

Determination of Low Molecular Height 
Carbonyla in Tobacco Smoke by HPLC 

Current procedures for determining gas-phase 
carbonyl compounds in tobacco smoke involve 
cryothermal trapping of the sample on the head 
of a CC column and subsequent elution by pro­
gramming the column temperature. The method 
permits analysis cf only one brand of cigarettes 
per day and requires empirical standardization 
againtt a reference cigarette for calibration. 
We have found HPLC separation and determination 
of the carbonyls as their dinitrophenylhydra-
zones (DNPH) to be a touch improved procedure. 

Early studies showed that DNPH derivatives of 
acetaldehyde, acrolein, propionaldehyde, ace­
tone, and formaldehyde could be easily resolved 
by reverse-phase HPLC, eluting with 70:30 
methanol:vater from an n ~ c 1 8 bonded 
phase column. However, quantitative results 
were variable and consistently low relative to 
those obtained uaing the cryothermal CC method. 
The difficulty was traced to incomplete and 
variable trapping of the gas phase carbonyls in 
the smoke being sampled. Initially, trapping 
was accomplished by bubbling the diluted gas 
phaae through dinitrophenylhydrazine solution. 
To improve the collection efficiency, a 
procedure was deviaed whereby the gas phase of 
the smoke was introduced, puff-by-puff, into a 
partially evacuated flask containing both the 
aqueous DNPH derivatizing solution and the 
chloroform extractant. Vigorous agitation of 

the trapping solution increases contact between 
the gas and liquid phases. This enhances the 
rate of conversion of the carbonyls to their 
DMPH analogs and prevents aide reactions with 
other gas-phase constituents. 

Deliveries of acetaldehyde and acrolein, as 
determined by -he new procedure, compare favor­
ably with those measured by cryotbemal CC. For 
example, the HPLC uethod yielded value* for the 
Kentucky Reference 1S1 cigarette of 1360 aid 118 
ug per cigarette for acetaldehyde and acrolein, 
respectively, compared with 1220 and 123 ug by 
gaa chromatography. Relative standard devia­
tions for the HPLC-based method are +12Z. The 
new procedure offers several advantages. Moat 
important, authentic atandard cc- pounds can be 
employed for calibration. Since the trapping/ 
derivatization and analysis are separate 
procedures, multiple analyses can be run on the 
same cigarette. Automated sample injection 
providea for greater aample" throughput. Alao, 
by reevacuating the flask and smoking several 
cigarettes into the same derivatizing aolution, 
senaitivity can be improved to the point Miere 
carbonyl deliveries can be determined for >- tra-
low "tar" cigarettea. In addition, the method 
offers the promise of more efficient trapping — 
and thus more accurate determination — of gaa 
phase carbonyls in other concentrated organic 
aerosols, including military obacurant smokes 
and woodburning stove effluents. (D. I. 
Harming, M. P. Haskarinee, A. H. Marshall, ft. A. 
Jenkirm} 

Advances in High-Besolatioa Liquid 
Chromatography 

There ha» been increaaing interest in nonvol­
atile (polar or high ooleeular weight) compounds 
becauae of their apparent contribution to the 
biological activity of complex mixtures. Thesft 
properties preclude the use of gas chromatog­
raphy aa an analytical method. Liquid chroma­
tography (LC) offera a better approach to the 
reaolution of these constituent* but suffers 
from two fundamental limitations: lack of total 
resolving power and lack of universal detection 
systems. The problem of detection conceivably 
could be overcome by the use of a mass spectrom­
eter, although there are practical problem*. 
This work has freused on *:he development of 
column technology for LC that <«ould result in 
higher separation power, as well u increased 
compatibility with mass spectrometrie detection. 
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Several approaches to increased resolut ion 
v i th LC columns e x i s t ; each haa i ta advantages 
and disadvantages. The moat straightforward of 
these i s to increase the length of the column. 
This approach has the advantage that materials 
and instrumentation are readi ly ava i lab le . 
However, increasing the length of the column 
ex trac t s a high price in terms o f pressure drop, 
and currently u t i l i z e d packing techniques must 
be reconsidered. A study was made to determine 
the a u i t a b i l i t y of several packing techniques 
for producing packed columns greater than 1 a in 
length. A T>flon* tebe waa inserted in to a 
a t a i n l e s s s t e e l jacke t , and the column was 
packed under a variety of conditiona of flow, 
aolvent , and pressure. The tube waa then 

removed, and the packing uniformity examined. 
It waa found that a slow, upward packing 
resulted in the highest degree of packing 
uniformity. This i s the opposite of the packing 
system generally used in ana ly t i ca l LC. The 
columns produced had fa i r ly high e f f i c i ency 
(approaching twice the mean p a r t i c l e diameter), 
but very high pre isure drops. The to ta l 
e f f i c i ency poss ible with such columns is l imited 
t o T-200,000 theoret ica l p l a t e s . In addit ion, 
long analys is times r e s u l t . 

The more promising approach seems to be the 
use of open-tubular columns. Such columns are 
now widely used in GC. This technology haa the 
potent ia l to provide very high (>10° p la tes ) 
e f f i c i e n c y , without inordinately long ' n a l y s i s 
t imes. However, d i f fus ion rates of so lutes in 
l iquids are much slower than those in gases . 
In order to compensate for lower dif fusion rste 
in the l iquid mobile phase, the internal 
diameter of an open tubular LC column must be on 
the order of 10-50 ua or about one-tenth that of 
an open tubular GC column. This reduces the 
loading capacity and means that extra-column 
dead volume must be minimized. Detection must 
be highly s e n s i t i v e , yet must not produce band-
broadening. We have developed open tutular 
columns with porous s i l i c a in t er ior surfaceb, 
which have exhibited superior e f f i c i e n c y with 
moderate loading capaci ty , in the normal phase 
(nonpolar organic mobile phase) mode. These 
columns »rt produced by deposi t ion of s lsyer of 
sodium s i l i c a t e on the i n t e r i o r surface of 
cap i l l ary tubing. The water i s driven off by 
heating, and the cap i l l ary i s drawn by a 
technique analogous to that used in open-tubular 
GC. The plate heights measured on such columns 
are approximately four t inea the column 
diameter. 

The best hope for a "universal" low-volume 
detector appears to be the electrochemical c e l l . 
However, thia system requires the use of aqueous 
mobile phases. These are only compatible with 
s o - c s l l e d reverse-phase columns. Attempts to 
produce reverse-phase columns with the porous 
s i l i c a technology were unsuccessful . We have 
therefore begun to inves t iga te the use of 
bis(octadecylphospho)-zirconium(IV), a c r y s t a l ­
l ine s o l i d , for producing a reverse-phase 
surface on the open-tubular columns. This 
material has been synthesized at ORNL (33) . 
Results to date indicate that the material can 
be deposited on microparticulate s i l i c a and that 
the r e s u l t i n g HPLC columns have very high 
capac i ty . Thus, the material of fers an a t t rac ­
t i v e a l t ernat ive t o conventional bonded-phase 
s i l i c a s , ss well ss potential for the production 
of reverse-phase open tubular LC columns. 
(M. P. Haaltarinec) 

An Aerosol Generator to . the Production 
of Concentrated Oil Aeroaols 

The mi l i tary has shown a renewed interest in 
the use of smokes and obscurants for screening 
purposes in warfare. This , coupled with present 
day concerns for environmental and occupational 
exposure s a f e t y , has prompted the Army to 
inves t igate the r i sks associated with passive 
and/or accidental exposures to these smokes. As 
part of th i s program, we have undertaken j o i n t l y 
with the Biology Division an invest igat ion of 
the inhalat ion toxicology of one of these 
obscurants. This smoke is produced from d i e s e l -
povired tanks from diesel o i l . The same o i l 
that powers the tank i s pumped into the hot 
manifold d i r e c t l y after the engine, where i t 
vaporizes . Vapors are carried through the 

exhaust system and forcibly ejected, along with 
normal exhaust g a s e s , into the a i r . The vapors 
immediately condense to form a dense aerosol 
used for mi l i tary screening purposes. It should 
be emphasized thst th i s smoke i s primarily 
droplets of d i e s e l o i l in the micron and 
submicron s i z e range. The black sooty part ic les 
of normal d i e se l exhausts make up only a minor 
fract ion of i t . 

This report describes our e f forts to develop 
a generator that adequately simulates thia 
generation process in a laboratory environment 
and to phys ica l ly characterize the aerosol 
produced. The lerosol i s produced by an 
evaporation-condensation process in a generator 
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simulating the manifold of a tank, albeit on a 
much reduced acale. The generator i* 
constructed froai a one-meter-long section of 
2.5-ca OD of stainless ateel tubing. A one-
kilowatt Vycor immersion heater is mounted 
inside the tubing to simulate the "manifold" 
heating. A carrier gas to simulate the exhaust 
gases passes along the heater where it is heated 
to 600*C. (Presently we are using nitrogen as 
the carrier gas.) The temperature is controlled 
by means of a thermocouple controller. Diesel 
oil is pumped into the manifold, impinges on the 
end of the heater where it is volatilised, and 
is carried down the tube, A thermostatically 
controlled heater surrounding the laat two-
thirds of the manifold is used Co keep the 
exiting vapors at 350*C to prevent premature 
condensation. The hot gases and vapors exit 
countercurrently into the- dovnfloving air 
supply, where they mix turbulently and cool 
rapidly to form a dense aerosol. The aerosol 
concentrstion is regulated either by varying the 
injection rate of Che diesel oil using low-
volume metering pumps or by varying the flow of 
the condensing sir. Typically, aeroaol concen­
trations from less than one milligram per liter 
to greater than 30 can be produced. 

Particle size distributions have been iti-
mated using a cascade impactor operating at one 
liter per minute flow rate. Direct weighing of 
the impactor stages was found to be unreliable. 
Consequently we have used a computer assisted, 
low-resolution gas chromatographic technique for 
estimating the amount of oil collected on each 
stage. The glass stage plates are ionersed in 
carbon disulfide co dissolve the oil. An 
aliquot is injected into a CC, operating 
isothermal ly with a short column so that the 
entire band is --luted in 2.5 tain. The output 
signal of the CC u amplified and fed into an 
analog-to-digital con.»rcer of a MIMC-11 
computer. BASIC programs i:«ve been written to 
facilitate analysis of the chromatograa. The 
spectrum is displayed on a graphic terminal vi'h 
sufficient resolution Co separate the solvent 
peak from the oil band. The solvent peak is 
discarded and the contribution from the oil 
peaks is numerically integrated and quantitated 
by comparing this srea with that from standard­
ized solutions of the same oil type. Particle 
size distributions were found to be approxi­
mately logarithmic normal, with low polydis-
persity (geometric standard deviations of ^1.5). 
Mass median aerodynamic diameters vary consider­
ably, primarily depending on aerosol sge and 

concentrstion. In the flowing stream immedi­
ately after the condensation region, median 
diameters of 0.4 urn were found. In a static 
chamber, particle growth to approximately 2 pa 
was observed in one-half hour. This growth at 
high-aerosol concentrations, 5 mg/l, is in 
semiquantitative agreement with chat predicted 
from simple second order theory. (B. V. 
ffolmbe'rg, -J. P. Moneyhun) 

As Inhalation Exposure System for 
Toxicological Studies of Diesel Oil Aerosols 

Existing exposure facilities in the Biology 
Division have been modified in order to study 
the toxicological effects of a diesel oil aero­
aol. Rochester-type exposure chambers of 
approximately one cubic meter volume presently 
inscalled in Building 9211 at Y-12 were chosen 
for this study. Generators have been installed 
at the top of each chamber to supply the diesel 
oil aerosol. The chamber system operates at a 
constant air flow of 420 liters per minute. The 
aerosol concentration is regulated using low-
volume metering pumps to supply oil to the 
generators. Oil flow rates from 0.5 to 10 ml 
per minute produce aerosol concentrations from I 
to 20 mg/I. 

It was found that Che existing chamber design 
was not adequate to distribute the aerosol uni­
formly throughout the exposure volume. The 
aerosol stream did not follow or spread out in 
the tapered top section. Rather, it entered as 
a discrete plume, flowing to the bottom, where 
the chamber only slowly approached a uniform 
concentration by turbulence. Thi» of course 
posed a serious threat of nonuniform exposure of 
animals. To correct this problem, an assembly 
consisting of a dispersing cone and two laminar-
izing screens was designed and installed in the 
upper section of the chamber. With this 
addition, aerosol concentrations were found to 
be uniform throughout the chamber within I0Z. 
These aerosol concentration profiles were 
monitored both photographically and with an 
array of six C.syle/ORW, particle sensors mounted 
in the chamber. With this laminar flow, some 
particle size growth has been seen in the 
aerosol as it progresses from top (inlet) to 
bottom. For example, at 3 mg/l mass median 
aerodynamic diameters of 0.6 )jm were found at 
the top, growing to 0.9 \,m nesr the bottom. 

The exposure facility has been designed to 
accommodate the lengthy exposures to highly con-
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centrated diesel oil aeroaols that may occur 
during these chronic exposure studies. The 
spent aerosol — that which passes through the 
chambers — gust be properly dispose J of. Under 
some realistic exposure conditions, over one 
liter of liquid diesel oil vill be contused in a 
single chamber during a six-hour exposure. We 
have found that the absolute filters of the 
existing facility will plug in a fraction of 
that tiae. Further, it would be unacceptable to 
directly vent these fuses in the crowded labora­
tory environment. Me have found that coalescing 
filters (Baltson Company) are ideally suited for 
this use. He have installed somewhat oversixed 
arrays of these filters just after each chamber 
to keep the pressure drop through them within 
acceptable bounds. To date they have performed 
better than acticipated. they remove greater 
than 99.51 of the aerosol and have yet shown no 
deterioration with -ise. 

A monitoring/safety system has been d signed 
for use during the chronic exposures. Geyle/ 
ORKL particle sensors will be used as on-line 
monitors of aerosol concentration. For redun­
dancy, two will be installed in esch chamber, 
and their signals recorded on dual pen recordera 
to provide a permanent analog record of each 
expoaure. The pnysical arrangement of the 
expoaure facility, each chamber located in a 
separate room, makes supervision during lengthy 
exposure* difficult end labor intensive. Tu 
alleviate some of this difficulty, signals will 
be fed to a central station (s nesrby office) 
where panel meters and alarms will be provided 
for convenient monitoring of all four exposure 
rooms. Alarm monitors will signal and (hut down 
the exposure *y*tem in the event of the follow­
ing faults: (1) high aerosol concentration 
(2) low carrier gas manifold pressure, (3) loss 
of negative pressure in a chamber, or (4) an 
open door on the chambers. (J. H. Moneyhun, 
R. V. Holmberg, T. M. Gayle) 

PBOCtAKS 

8ynfuels Program 

Several activities highlight the syntuels 
component of our work during this period. A 
major effort continue* to be the identification 
of biologically active constituents in s variety 
of aynfuel-related materials (34). Crude coal-
derived oils, a suite of refined and crude shale 
oil products from the Paraho operation, and a 
number ot natural petroleum crudes sre receiving 

special attention. The importance of aromatic 
amines (35) has been demonstrated further by 
examining additional oils and synthesizing and 
teating model compounds. Recent work haa 
focused on determining the relative importance 
of primary aromatic amines compared with second­
ary and tertiary aromatic amines in the basic 
fraction (36) and on the importance of nitrogen-
containing aromatic compounds in the neutral 
fraction (37). In addition, we have found that 
the neutral polar materials have a special sig­
nificance in terms of activity (38). The impor­
tance of this class of compounds may exceed that 
of the alkaline mutagens (39). 

The application and development of chemical 
claaa fractionation methods alao continue aa 
major activitiea in the synfuels srea. Examples 
of applied studies include the following: (l) a 
suite of shale oil samples from the Paraho site 
was fractionated as part of a multilaboratory 
activity in the characterization (both chemical 
and biological) of raw and refined products 
being tested by the Havy for their suitability 
as fuels; (2) several samples of feed waters and 
waste waters from coal converaion sites were 
fractionated in cooperation with the Chemical 
Technology Division for their evaluation in the 
Ames test system; (3) a suite of samplea from 
the bench-sca'.e H-Coal Plant waa analyzed and 
biologically characterized in order to provide a 
preliminary indication of what the materials, 
produced at the 600 ton/day pilot plant in C*»-
lettsburg, Kentucky, might look like; (4) a 
variety of samples from the Hilsonville SRC 
plant were fractionated in support of corrosion 
studies in the Metals and Ceramics Division; and 
(5) a variety of other materials were fraction­
ated in this period in order to establish a 
broader data base of weight yields vs chemical 
class and biological activity vs chemical class. 
In seeking answers to the broad question of the 
validity of biological ssaays, we maintain a 
continuing interest in the problems of dos<-
etry, in particular with the Aaes plate assay. 
Synfucls are composed of a variety of compounds 
having different physical and chemical proper­
ties; therefore, we expect that the uptake of 
these materials in any bioassay system will be a 
function of the physical-chemical nature of l!i« 
sample. Pilot studies have shown that oils are 
dispensed inhomogeneously in the bioasssy media 
used for .me* testing. Tn addition to looking 
at the problems related to the dosimetry 
involved ir. bioasssy*, we sre also developing 
methods by which synfuel-relsted materials can 
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be simply prepared for bioaesay, circumventing 
the tedious and lengthy fractionation proce­
dures, which have been applied for most of the 
crude materials we have aaaayed up to this 
time. 

The repository function remain* an important 
part of our program. He have obtained an 
additional large number of (ample* in the paat 
year, and a aerioua effect has begun to charac­
terize the more important aample* with regard to 
their chemical and physical stabilities. A 
nunber of requests, both in-house and out-of-
houae, have been made for samples, and a signif-
icant data base is being accumulated on aome of 
the more important samples. He have been, 
through the repository function, a focal point 
in the study of the Paraho suite of oil shale 
related samples. A symposium waa held this paat 
aummer to bring together the variou* investiga­
tor* who have been studying the Paraho (ample*, 
and a proceedings volume is being issued which 
summarize* the results to date. 

A major portion of the work now involvea 
site-specific related assessment research and 
services. A very large amount of analytical 
work is to be carried our both in this section 
and in other sectiona of the Analytic::! 
Chemistry Division. At the present tiae, ORNL 
is responsible for carrying out the health and 
environmental assessment programs at the 
Uni«ersit7 of Minnesota-Ouluth (UMD) low-Btu 
gasifier (40) and Jt the 600 ton/day pilot plant 
of the H-Coal process in Catlettsburg, Kentucky. 
The assessment program at the UMD site haa 
proceeded spasmodically over the past two years. 
Although the periods of operation have been 
ah-rt and intermittent, we have accumulated a 
'.arge amount of data on the varicua saaplas that 
we have obtained in those past periods. In the 
ni»xt year the focus of effort will be 30 charac­
terization of the gaa phaae acreaa*, both the 
process streams and the flue gases at that 
facility. Activities in support of the H-Coal 
pilot plant facility have concentrated on 
implementing the plan and preparing for a large 
activity in aampling and analysis. This is 
expected to be « very significant activity in 
the coming year. (B. R. ClarV., M. ff. 
Ouerin) 

Inhalation tioasssy Chemistry Program 

Inhalation bioassay chesitCry deal* with the 
generation, monitoring, and characterization of 

exposure atmospheres for inhalation toxicology. 
Concepts and methods for determining the actual 
dosages achieved during exposure are also devel­
oped and applied in support of the biological 
experimentation. Cigarette smoke continues to 
bt studied in our program. Military obscurant* 
have received increasing attention in this 
reporting period. Discussioos sre in progress 
to extend studies to a consideration of fugitive 
emissions and other inhalation hazards associ­
ated with fossil fuels conversion processes. 
Research is carried out. in collaboration with 
inhalation toxicologists in the ORSL Biology 
Division and at other inatitutions. Our respon­
sibility is to ensure that the material teated 
ia relevant to the human aituation. 

Syatema have been constructed and installed 
to supply inhalation expoaure chambers in the 
ORHL Biology Division with uniform diesel oil 
serosols. The ayateme include aerosol fcenera-
tors, instrumental monitors- of aerosol concen­
tration, and spent aerosol collection trups. 
Three systems sre currently in use to acquire 
baseline biological data. The uniformity of the 
aeroaols throughout the chamber, the physical 
and chemical properties of the aerosol, and 
changes .n aerosol composition with tiae are 
under investigation. The aerosol consists of 
liquid droplets composed primarily cf unchanged 
diesel oil suspended in the air. Some of the 
more volatile components, depleted from the 
particles, are found in the vapor phase. 
Psrticle sice as determined by cascade impaction 
i* well within the respirable range. 

The need to determine the relevance of the 
teat material to actual exposure environment* 
led to two field sampling efforts. The fi*-?: 
experiment involved sampling a diesel oil smoke 
introduced into a wind tunnel from an M-6C 
battle tank at the Edgewood Arsenal, Aberdeen 
Proving Ground, Maryland. An additional ssaple 
wss obtsined from a 40-m* static expoaure 
chaaber filled with smoke from the same tank 
during the same visit. The second experiment 
involved ambient air saapling und instruaental 
monitoring of the diesel oil smoke produced 
during Army-sponsored field trials of a variety 
of obacurants at the Eglin Air Fo.r.e Baee, Pt. 
Walton Beach, Florida. Particle tnd vapor-phase 
ssaple* were collected for analysis *t both 
sites. Carbon monoxide and nitrogen oxide 
concentrations were monitored continuously st 
the Eglin site. Results were disappointing at 
both §it«$ because sampling time was very 
limited. Result* suggest, however, that field 



76 

aerosols are s imi lar to our experimental aeroaol 
in that they conaist mostly of unaltered dieael 
o i l . Difference* due t o the pretence of diecel 
exhaust in the f i e l d aeroaola could not be 
addressed becauae of the email samples avai lable 
for a n a l y s i s . 

Ve continue to develop doaiaetry aethod* for 
both the d ieae l o i l aeroaol and tobacco smokes. 
Decachlorobiphenyl (DCBP) ia being atudied aa a 
d i e a e l o i l p a r t i c l e t racer . The DCBP ia added 
t o the o i l and tranafer* to the o i l part i c l e* 
upon aeroao l i za t ion . Method* are being 
developed to quant i ta t ive ly determine DCBP in 
animal t i s s u e s and body f luida and to demon­
s t r a t e i t a preaence in only the p a r t i c l e phase 
of the aeroaol . Doaimetry accompanying the 
exposure of doga to c i g a r e t t e (moke ia being 
addreaaed through method* for the determination 
of blood and ur*ne concentration* o f n icot ine 
a l k a l o i d s , blood l e v e l * of carboxyhemoglobin, 
and concentrationa of carbon monoxide in exhaled 
a i r . Me find that aa l i t t l e a« 3CX of the smoke 
offered Che animals ia actual ly reta ined. We 
a l t o find that the degree of retention depend* 
on the nature of the c igare t te smoke; low tar / 
n ico t ine amokea appear to be more readi ly t o l e r ­
ated and therefore are retained to * greater 
degree than are higher tar /n icot ine amokes. 

Studie* of human dosimetry continued to 
rece ive aome at tent ion a* part of the program. 
Chromatographic prof i l e* of urinary v o l a t i l e * 
from a amall group of pooled smoker/nonamoker 
urine samples ahowed no major difference* ia 
composition. Method* are currently being devel ­
oped for a more deta i led analysis of urinary 
componenta related to smoke expoaure. An 
e s p e c i a l l y in t ere s t ing experiment carried out in 
th ia period involved the i s o l a t i o n , acid-base-
neutral reparation, and Ames teat ing of organic* 
concentrated frcm pooled *moker/non*moker urine 
samples. Mutagenicity waa found only in the 
baaic fract ion and only in the samples from 
smoker*. This observation auggescs cautative 
• ; e n t s and analyt ica l methods in need of 
development t o ident i fy the actual mutagens. 

Our major accomplishment in b 'ossssy 
monitoring research ia the successful f ie ld 
t r i a l of our instruments! parric le monitor for 
the continuoua measurement of c igaret te smoke. 
The instrument, baaed on hack-scattered infrared 
l i g h t , produced exce l l en t approximation* of 
" t s r ' de l ivery in laboratory t r i a l s and operated 
r e l i a b l y at the inhalat ion expoaure t e s t ing 
laboratory. 

Our long-atanding interact ion with Microbio­
log i ca l Associates (MBA) for the Council for 
Tobacco Research-USA, Inc . , is coming to a 
c l o a e . MBA haa been asked to terminate i t s 
atudiea. We are aas iat ing in the f inal phases 
of Che project by preparing operating manuals 
for the instrumentation we have developed and by 
qual i ty assuring final experiments. 

The inhalation bioaaaay chemistry program i s 
being strengthened by the addition of personnel 
and special f a c i l i t i e s . Major new i n i t i a t i v e s 
are underway for the Department of the Army in 
atudiea of phosphorous smokes. It a lso appears 
l i k e l y that the inhalat ion toxico logy of 
synthet ic f o s s i l fuels materials wi l l be r e c e i v ­
ing considerable a t t en t i o n . {¥. .?. Gue^in, 
R. V. Zolmbera, R. .4. e'enfcine > 

Environmental Analytical Chemistry Program 

Our program addresses analyt ica l research and 
special services required to determine organic 
compounds in ambient and occupations! environ­
ments. Current project* address the analyt ica l 
chemiatry of c igare t t e smoke, air contaminants, 
s o l i d wastes, and to a lesser ex tent , water 
p o l l u t i o n . 

Our c igare t te amoke project nas changed in 
reaponae to the changing need's of the Smoking 
and Health Program (S4HP). The S&HP now 
requirea analyt ical chemistry in support of i t s 
international epidemiology s t u d i e s , to provide 
ear ly and r e l i a b l e resu l t s on the c h a r a c t e r i s ­
t i c s of newly introduced c i g a r e t t e s , and to 
address the issue of smoker comp^r.sat ion to 
u l tra- low del ivery c i g a r e t t e s . the ulcra-low 
de l ivery (< ! mg t a r / c i g a r e t t e ) c igare t te* c h a l ­
lenge the s e n s i t i v i t y of many standard a n a l y t i ­
cal procedure*. Cigarette engineering (mostly 
physical manipulations) u«*d to produce such 
producta challenge the relevance of current 
experimental smoking methods. 

Epidemiological atudiea are supported by the 
aemiroutine analys is of commercial c i g a r e t t e * 
from throughout Lhe world using standard amoking 
and analyaea methods. Newly introduced 
c igare t te* are characterized by their d e l i v e r i e s 
of t s r , n i c o t i n e , carbon monoxide, hydrogen 
cyanide, oxide* of nitrogen, and acrolein uaing 
standard oethods. Method* 'or the determination 
of each of these const i tuents in the «moke* of 
u l tra- low del ivery c igare t te* are currently 
being o>veloped as part of th i s project , A* »re 
methods for the chromatographic visual izac ion of 
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t o t a l organic natter . Smoker compensation ia 
being invest igated by analyzing c igare t t e smokes 
produced using a var i e ty o f smoking condi t ions . 
Major accomplishments in the past year include 
developing methods for the quantitation of 
acro le in and other gas-phase carbonyls in low-
del ivery c igare t t e saoke ( 4 1 , 4 2 ) , va l idat ing the 
u t i l i t y of chemiluminescent determinations of 
nitrogen oxides in low de l ivery products ( 4 3 ) , 
developing spectroscopic methods for the es t ima­
t ion of tar d e l i v e r i e s , snd finding that subt le 
changes in smoking conditions can y i e l d great ly 
increased quanti t ies o f tox ic const i tuents per 
c i g a r e t t e . 

A systematic approach to die determination of 
organic a ir contaminants i s evolving (44) aa a 
re su l t of several s tudiea . K sampling device 
(45) designed and constructed here to c o l l e c t 
vapor-phase organic po l lutants waa used by an 
EPA contractor to aaaple the a i r in the v i c i n i t y 
of a foreign commercial c o a l - g a s i f i c a t i o n p lant . 
Samples of the part iculate matter ( c o l l e c t e d on 
standard h i -vo l f i l t e r pads) and vapor-phase 
organics were forwarded to us for a n a l y s i s . Our 
r e s u l t s (44) agreed well with those determined 
by an EPA contractor and our method allowed 
improved s e n a i t i v i t y , prec i s ion , and reso lu t ion . 
Part iculate organic matter i s now removed with 
good recovery, c lass separated by HPLC, and 
quant i ta t ive ly analyzed by high reso lut ion CC or 
LC. We have also demonstrated (45,46) the 
a b i l i t y t o carry out rep l icate thermal desorp-
t ion analyses of vapor phase const i tuents and 
have developed a ca l ibrat ion method allowing 
high-precis i^n quant i tat ive determinations of 
se lec ted compounds. The approach i a expected to 
be equal ly applicable t o respirable contaminants 
in workplace environments. 

Reanrch into the charac ter i s t i c s of s o l i d 
wastes has emphasized the development of methods 
to recover orgsnics for subsequent a n a l y s i s . 
Diffuse re f l ec t snce infrared spectroscopy ties 
been found e spec ia l l y useful for characteriz ing 
organics adsorbed on f l y ash (47 ) . Applying the 
technique to fly .;*-. from various sources and 
s f t e r various solvent or h«*t treatments shows 
the s o r p t i v i t y of the ash to br d i rec t ly related 
to the quantity and kind of carbonaceous matter 
on the surfsce . Traditional Soxhlet e x t r a c t i o n , 
u l t r a s o n i c - a s s i s t e d solvent ex trac t ion , thermal 
desorption, and preseure-asxisted column extrac­
t ion have been found su i tab le for the reaoval of 
se lec ted ronpound types from the ash. Indus­
t r i a l sod municipal s o l i d wastes pose special 
problems because of the ir d ivers i ty and inbomo-

gene i ty . Aqueous/organic solvent p a r t i t i o n aatf 
combined steam d i a t i l l a t i o n - a o l v e n t p a r t i t i o n 
have been found e f f e c t i v e (48) for removing many 
of the organic contaminant* for f»irth*r 
ana lya i s . The re la t ionsh ip of such extract ion 
procedurea to both experimental aqueoua l e a c h -
atea and to natural leaching ia being examined 
( 4 9 ) . 

Problems associated with the analyais of 
aqueous aamples for organic contaminants are 
alao being eys temat ica l ly addressed (SO). 
Studies are driven by the need for trace 
analyses of natural waters and treated process 
e f f l u e n t s and the need to recover organics from 
aqueoua leachatea of ao l id waatea. Aqueous-
organic par t i t i on remains the moat genera l ly 
usefu l method for recovering organics; recover­
i e s are high and the method i s appl icable to 
a c i d i c , a l k a l i n e , and neutral contaminants. 
Concentration onto a small reversed-phaae l iquid 
chromatographic packing cartr idge ia found 
e s p e c i a l l y ussful for neutral contaminants. 
The approach ia somewhat s e l e c t i v e for neutrala 
and allows direct coupling of the trap to an 
ana ly t i ca l l iquid chromatograph. These methods 
snd polymeric res in sdsorption are a l so being 
compared for the ir general e f f ec t iveness in 
preparing concentrates for b i o l o g i c a l t e a t i n g . 

A general observation of importance ia that 
larger masses of organics are removed from many 
environmental aamples than can be accounted for 
by the individual const i tuents ul t imate ly de ter ­
mined. In extreme c a s e s , l e s s than 20X of the 
material ia v iaual ized ( S I ) . Me suspect that 
much of thia discrepancy i s due to the presence 
of polar , mseromoleculsr, or other compounds 
i n s u f f i c i e n t l y v o l a t i l e to be seen upon gaa 
chromatography and nor containing chromophores 
required to be detected w i n g cowmen l iquid 
chromatography methods. Xsthods for the d e t e r ­
mination of such compounds arc scheduled to 
rece ive ine/eaeed a t t ent ion in rhe next report­
ing perit.-f. (It. R. (Xtertr., V. H. Grtsit, M. P. 
Matkartnee, 1. A. Jenkiru) 
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5. NUCLEAR AND RADIOCHEMICAL ANALYSIS 
J . R. S t o k e l y , S e c t i o n Head 

The Nuclear and Radiochemical Analysis sec t ion continues to provide general radioanalyt lcal 
and ac t iva t ion analysis support for a number of JRNL and Nuclear D l v l s l o - programs. This 
support ranges from routine ana lys i s of samples to long-term development projects - The sec t ion 
has three groups: Radiochemical and Activation jia l y s i s , Low-Level Radiochemical Analys is , and 
Special Projects . Over the pas", three years , the sec t ion has emphasized upgrading and 
d i v e r s i f i c a t i o n of general support analys is c a p a b i l i t i e s . Much progress has been made in these 
areas , and the sec t ion has evolved into a highly productive u n i t , which handles most routine 
radiochemical analyses and short-term development work in an e f f i c i e n t , competent manner. With 
the basic radioanalyt ica l c a p a b i l i t i e s wel l in-hand, present endeavors are to strengthen the 
long-term research c a p a b i l i t i e s and programmatic aspects of the s e c t i o n ' s work. 

A continuing a c t i v i t y is to improve the laboratory f a c i l i t i e s and instrumentation used by 
the sec t ion . A concerted ef fort i s now underway to automate the handling of routine analys is 
data generated by various laboratories In the s ec t i o n . Three addit ional computer terminals have 
been procured for use with the DEC-10 computer to process and store ana ly t i ca l data. The ND-
6620 data acquis i t ion system located In the Radiochemical and Activat ion Analysis group is being 
developed Into a general data-processing system for most counting instrumentation located at our 
laboratory at Building 3019. Future plans c a l l for connection of the ND-6620 to the DEC-10 
computer for d irec t transfer of analyt ica l data to the d i v i s i o n ' s Data Management System. In 
the Low-Level Radiochemical Analysis group, a new sample preparation laboratory and sample 
rece iv ing room were put into operation th i s year. These new f a c i l i t i e s have Increased the 
overal l e f f i c i e n c y and c a p a b i l i t i e s of the low-level group. Also , an automated, high-sample-
capacity l iquid s c i n t i l l a t i o n counter was procured for use In the low-level group, replacing an 
old manually operated un i t . 

Development a c t i v i t i e s have continued to support a number of projects within the Labora­
tory, t'CC-ND, and other organizations where our special c a p a b i l i t i e s or expert i se Is appl icable . 
We are supplying radtoanUy t i c a l development support for the D0E-8ponsor»d health and environ­
mental assessment of the coal g a s l f i e r plant at the University of Minnesota. This work cons is t s 
of act ivat ion analys is of trace elements and low-level radiochemical analys is of Important 
naturally occurring radionuclides in feed mater ia l s , t a r s , and discharges from the plant . A 
co l laborat ive project with IBM Corporation i s underway to determine ul tratrace l e v e l s of uranium 
and thorium in semiconductor components. S e n s i t i v i t i e s for these elements have been extended to 
about 0.01 ng/g by neutron ac t ivat ion ana lys i s at the High Flux Isotope Reactor. Development 
support for the Consolidated Fuels Recycle Program has resul ted in improved methods for analys is 
of carbon-14 and iodlne-129 in dissolved reactor fuel s o l u t i o n s . Interest in analys is of 
technetlum-99 in environmental materia ls has continued. Methods for analys is of technetiua-99 
in s o i l s and vegetat ion ha-.'e become fu l ly developed and are 1" routine use; e f f o r t s are being 
made to extend analys is methodology to animal t i s s u e s . A project to develop techniques for 
determination of gamma-emitting radionuclides in small anioals i s nearing completion. This 
project Is directed at determination of the b io log ica l rad iomcl ld? ass imi lat ion of wild animals 
l i v ing on the Oak Ridge reservat ion. A new method for e l e c t r o l y t i c enrichment of trit ium was 
developed th i s year. This method extends our s e n s i t i v i t y to the sub-pir.ocurle leve l and has 
been used for analys i s of well water from Three Mil* Island (TMI). 
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RADIOCHEMICAL AUD ACTIVATION ANALYSIS 

Sample Analysis Program 

The Radiochemical and Activation Analysis 
group continues to provide support to several 
Laboratory and Nuclear Division programs In the 
areas of gamma-ray spectrometry, radiochemical 
measurements, and neutron activation analysis. 
Over the past year, the group performed approxi­
mately 54,000 analyses on 34,000 samples. Spe­
cial development studies were also carried out 
by the group In support of sample analysis 
efforts. Development studies consisted of 
gamma-ray spectrometry and radiochemical analy­
ses for the TMI facility, uranium and thorium 
analyses for IBK Corporation, and multielement 
neutron activation analysis of coal, ash, and 
tars from several coal gasification facilities. 
Over 31,000 neutron activation analyses were 
performed this year, an Increase of 282 over 
last y?ar. 

The National Uranium Resources Evaluation 
(NURF.) program submitted 21,000 sediment 
samples for the determination of uranium by the 
delayed neutron counting method. Radioisotope 
product? analyzed by gamma-ray spectrometry this 

3 l 37, 6 U\ kl" 55 r 60-year were P, Ar, K, Ca, Fe, Co, 
5 7Co, 6 0Co, 6 7 G a , 7 5Se, 8 5 K r , 8 9 S r , « T , « , ' ld3„ i06 D 109 r j h 3 e il9m c Zr-Nb, Ru, Ru, Cd, Sn, Sn, 
l l 3 X e . 1 W C e . 1 5 3Gd. 2 3 7 U , "'n,, 2 " c , and 
"•*Es. In addition, gamma-ray spectrometry was 
performed on samples of SIC, paper, flux 
monitors, air filters, charcoal traps, VjSi, 
and Oak Ridge Research Reactor (0RR) and TMI 
reactor waters. 

Tritium separations and analyses were per­
formed on TMI reactor water, fuel dlssolver 
solutions, pump parts, creek water, silica gels, 
and ethylene glycol. In addition, gross alpha, 
gross beta, gross gamma, and alpha spectrometry 
analyses were made on these materials. Multi­
element neutron activation analyses were 
performed on coal, tars, fly ash, zeolite, flux 
monitors, soils, sediments, vegetable ash, MgO, 
Ce0 2, SYNR0C materials, Pt, and TIC. (J. ?. 
Emery, i. r. nate, A. H. Crook, F. P. Dyer, 
H. A. Parker, !.. M. Roeeberry, J. V. Uade, 
1. H. Hill, J. U. Harmn, ¥.. .1. Fonthautt, and 
S. H. Preatijoo/i) 

Analytical Methods for the 
Coal Gasification Program 

An jffort Is underway to determine by neutron 
acti/atlon analysis (NAA) the trace eleaents In 

samples of coal distillates obtained from the 
coal gasification plant of the University of 
Minnesota at Duluth, Minnesota. The samples 
being analyzed are tar aaterlals of high viscos­
ity- At temperatures of 200-300*C, the materi­
als have a very small component (a few percent) 
that Is volatile- The materials contain partic­
ulates which we suppose mav vary in size and 
amount from sample to sample and which may 
contain major fractions of the trace elements. 
Initially, attempts were macs to Irradiate the 
materials In polyethylene rabbits in the pneu­
matic tube facility of the 0RR- Irradiations 
longer than a few seconds were found to be 
infeaslble because the tars attacked the rabbits 
and tended to escape during irradiation. Some 
attempts were made to evaporate more volatile 
components of the tars In an effort to obtain 
samples that would not become fluid during irra­
diation and thus prevent attack of the plastic 
containers. This approach was found to be too 
time-consuming and was also believed to oe unde­
sirable because of the possibility of loss of 
some trace elements. The method that was 
finally adopted was to Irradiate samples of 
50-100 mg In the plastic rabbits for 10 s in the 
pneumatic tube at the 0RR and to irradiate 
samples of about 2 g in sealed quartz vials for 
5 h In the Bulk Shielding Reactor (BSR). The 
thermal neutron flux in the BSR Is about 7 x 
10*1 neutrons cn~' s —1. Each quartz vial is 
wrapped with a flux monitor. No significant 
epithermal flux is present. After samples are 
removed from their irradiation containers, 
radionuclides are measured nondestructlvely by 
Ce(Li) gamma spectroscopy, and trace element 
concentrations arc determined by absolute NAA. 

Irradiations in the quartz vials have proven 
to be effective for measuring elements that 
yi-'id radionuclides with half lives of a few 
hours or more. Thus far, we have allowed decay 
to take place 6-7 h before attempting to 
retrieve and opei' the vials. This time night be 
reduced to about 1-2 h. No buildup of gas 
pressure in the nljls tv.s been detected. We are 
presently making icvllcate measurements with 
quartz vial irradiations to determine the varia­
bility obtained among 2-g samples. 

Irradiations of the small samples in plastic 
rabbits are usually satisfactory, but replicate 
measurements often yield greatly dlfferenr trace 
element concentrations due to the large lnhomo-
genity of the samples. We therefore do not yet 
have a satisfactory procedure for neutron acti­
vation analysis of those trace elements that 
yield short-lived products. W. P. Pyer, 
!.. M. Roeeherry, K. •!. Northcutt) 
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Uranium and Thorium Determinations In 
Semiconductor Material* 

The col laborat ive e f for t with the IBM Cor­
poration to determine uranlua and thorium In 
computer aeaory materials has continued. Nearly 
200 samples of aluminum, s i l i c o n , and a few 
oth:r materials have been analyzed- Levels of 
uraniuK and thorium in s i l i c o n as low as about 
0.01 ng/g have been measured. Host analyses 
have been made on aluminum samples in which the 
uranlua and thorium content l i e s between 2 and 
300 ng/g. 

To e f f e c t these analyses , we f i r s t attempt to 
determine uranium by delayed neutron counting 
fo l lowing irradiat ions In the pneumatic tube of 
the OttX in which the thermal nejtron f lux Is 
nominally 5 * lO 1 ^ neutrons c m - 2 s - 1 . The 
detect ion l imit i s approximately 20 ng/g. An 
irradiat ion i s then made In the pneumatic tube 
of the High Flux Isotope Reactor (HFIR) for a 
period of 10-60 a. After a decay period of 
2-10 d, the samples -•re placed very near a 
large Ge(Ll) detector (201 r e l a t i v e counting 
e f f i c i e n c y ) , and a gamma spectrum Is acquired 
for a period of 2-16 h. If the photopeaks of 
2 '°Np and 2 " p « can be measured, uranium 
and thorlua are determined by absolute neutron 
ac t iva t ion methods. 

Barring interferences from other radionu­
c l i d e s , th i s aethod of analyst! i» extremely 
s e n s i t i v e for uranium and thorlua. The neutron 
f lux in the HFIR f a c i l i t y i s nominally 5 x 
10** neutron* e n - 2

 B—lt and photopeak 
counting e f f i c i e n c i e s for source-to-detector 
distances of a few a l l l lmeters are nominally 10Z 
for the 278-keV and 312-keV l ines of 2 3 9 Np 
and 233pa. I t can thus be e a s i l y shown that 
a f ter 1 h i rradiat ion , 10 d decay, and IS h 
counting Interval , about 4000 and 15,000 counts 
would be acquired In the respect ive photopeaks 
l i s t e d above per nanograa of uranlua and 
thorlua. Irradiation* are made In graphite 
rabbit* and could, If needed, be extended 
s i g n i f i c a n t l y . 

Some of the samples contalneJ trace e l e a e n t s , 
pr inc ipa l ly gold and chroalua, that interfered 
with the nondestructive analyses- In addit ion, 
the uraniua l eve l aay be too low to peralt i t * 
aeasureaent by delayed neutron counting. To 
analyze these samples, we d i sso lve thea and 
employ a combination of prec ip i ta t ion* and 
solvent extractions to separate the 2 ^ N p 
and W*V» to obtain re l iab le analyses . 
<f. P. Dyer, J. p. Fm«ry, K. J. Northoutt) 

An Evalmatlom of F a c i l i t i e s for 
Heutron-Capture Prompt Gamaa-tay 

Analysis a t 0UL 

An e f f o r t i s being pursued to evaluate the 
f a c i l i t i e s of 0RML for poss ib le appl icat ions In 
neutron-capture prompt gamma-ray measurements 
that would extend our c a p a b i l i t i e s in neutron 
act ivat ion a n a l y s i s . Def ini te needs e x i s t in 
determining l i gh t elements such as H, B, C, and 
N and certa in heavier elements such as S, Fe, 
and Cd to which conventional NAA i s e i ther not 
amer-ble or only marginally use fu l . Studies by 
others (1) Indicate that prompt gamma ana lys i s 
(PGA) Is applicable to these elements and h a s . 
In addi t ion , other desirable f e a t u r e t b i t com­
plement conventional NAA. Interferences by 
macroconstituents such as sodiua or chlorine on 
trace components can often be s i g n i f i c a n t l y 
decreased, uid cer ta in types of samples such a s 
v o l a t i l e or large nonhomogeneous specimens can 
be analyzed that otherwise are d i f f i c u l t t o 
Irradiate . 

In our present study, we are comparing the 
poss ib le merits of irradiat ions In (1) the h o r i ­
zontal beam holes of the 0RR and HFIR, (2) f a c i ­
l i t i e s that might be Insta l led in the BSR, ( 3 ) 
neutron f l ight tubes of the Oak Ridge Electron 
Linear Accelerator and (4) f a c i l i t i e s th?,t night 
be establ ished with a 2 5 2 C f neutron source . 
Neutron flux aagnitude ( i . e . , ana ly t i ca l s e n s i ­
t i v i t i e s ) , general a v a i l a b i l i t y , and cost of 
equipment needed are c r i t e r i a being used in the 
comparisons. The p o s s i b i l i t y of s e l e c t i n g 
neutron energies that would enhance ana ly t i ca l 
s e n s i t i v i t i e s of certain elements over others Is 
a l so being studied. (J. P. Emery, P. P. fyer) 

Hew Programs and System Softwaro for the 
RD-6620 Data Acquisi t ion System 

A new version of the control operating 
•y s t ea , Midas Version U, was Implemented on the 
ND-6620 during the past year. The new software 
has better Input-output control and expanded 
magnetic tape c a p a b i l i t i e s . The user now has a 
choice of a c t i v i t y units in the f ina l report by 
giving the computer a factor to convert 
mlcrocurles to the desirable unit- The software 
a l so enable* the user to set up echoes to and 
from any terminal to suit h i s needs and C . ^ l n a l 
c a p a b i l i t i e s The system has been se t t o 
reassign ADC -zr"T, for each detector in the 
event of a power or system f a i l u r e . 
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He have made major strides during the year 
toward uti l is ing full power of the HD-6620 as a 
data acquisition system. A series of progrsas 
has been written that accept paper tape output 
from a Packard model 2405 liquid scintil lation 
counter for processing on the HD-6620. The 
computer perforata a l l calculations, prlnta a 
ii—in J report, and punches tape for direct 
submission to the Sample Transaction System 
(STS) on the DEC-10 computer. The programs have 
greatly reduced user-created errors. Future 
plans cal l for links among the Packard 2405, MD-
6620, and the DEC-10, which wi l l further sim­
plify the acquisition procedure. 

Several Fortran programs have been written to 
process data from various gross counting 
systems. The MD-6620 generates a hard-copy 
report with sample and report numbers for direct 
submission to the STS. Limits of detection are 
Indicated where appropriate and help In reducing 
Input time to the STS. 

Current work Includes evaluation of a user-
written RAA software package. The package works 
Interactively with the MD software and generates 
a report with unlta in parts per million. 
Preparation of a NAA nuclide library will 
complete the package. A large volume of samples 
for multielement analysis Is expected from the 
BUM program, and the new aoftware will greatly 
simplify the analysis procedure. (J. '. Vadt 
J. T. Emery) 

•each mammal Procedures 

Several bench-manual procedures have been 
written to aid technical personnel In the Radio­
chemical and Activation Analysis group. Proce­
dures for the setup and operation of the gross 
alpha, beta, and gamma counters aid personnel in 
error checking for system failure. A procedure 
for counting and processing a sample on the 
ND-6620 has been written also. Job streams 
(command f i l es ) enable a user who la unfamiliar 
with the system to follow the bench-manual 
procedure with confidence. Procedures have been 
written for delayed neutron counting and 
multielement analysis at the OIK. Personnel who 
nam the procedures must be familiar with 
operation of the pneumatic tuba faci l i ty and the 
Fortran pi>graa MOWfTt, which runs on the 
PDP-15. Documentation on the operation of any 
instrument or machine la essential. Verbal 
ln-tructlone are often misconstrued resulting la 
poor performance and q a l l ty assurance problems. 
These procedures have helped in f i l l ing this 
need. (J. V. Vad») 

Data Management Program 

An lamed late need for the simplification of 
handling customer charges each month produced 
two computer programs for use on the PDP-10 that 
are capable of handling data management from 
beginning to end. HAWLSC la a conversational 
Fortran program that accepts data from the meet 
and outputs the data to a f i l e on the user's 
disk. The f i l e name la generated when the month 
and year of the data are given to the computer 
by the user. The f i l e extension is the abbrevi­
ated name of the user's group. The user may 
obtain l ist ings of the f i l e on the terminal or 
hard copies on the printer upon comriand. These 
l i s t ings may contain a l l of the data pertinent 
to a customer and hla samples or Just the charge 
code, aampi;a, analysis, and hours charged. In 
the latter case, the Hating will contain the 
combined and totaled charges of a customer 
according to the charge code. The totaled 
11atings are sorted In numerical order with 
alphanomerlca placed l a s t . These l ist ings are 
used by Program PCAKD to generate punched cards 
for direct submission to the computer. Future 
plana call for a routine that will check charge 
codes against a neater OtJIt f i l e for validity. 
If a bad code la found, i t can be flagged for 
correction. MAKACE has an editor to correct and 
change any ln-ralld entrlea. (J. V. Vadt, 
J. f. Bmry) 

Improved metmomolagy Cor l*C Amelyale 
of smart or Pmel Solmtlome 

Apparatus has been redesigned to Improve the 
carbou-14 analysis of reactor fuel solutions. 
The changes Include Incorporation of amaller 
hyanlne traps, alteration of the method for 
transfer of l *C0 2 to the traps, and Incre­
mental addition of the carbonate carrier to 
lneure complete **C02 removal from the 
sample. Addition of small amount a of carbonate 
carrier alee Increases the liquid scinti l lation 
counting efficiency by several percent. These 
Improvements in the apparatoa and method have 
doubled the overall counting efficiency for 
1*C measurement. A bench manual procedure 
has been written, and the Improved method la la 
rout lam use. (L. C. Bats) 

Stability *f ledlaa lm acidic 
Reactor Fmel Solmtlame 

Previous observations with asaples containing 
12'l In nitric acid have suggested that the 
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aolutloos ware not stable and that iodine waa 
being lost from solutions by precipitation or 
volati l ization, leading to low analytical 
results . A study has been conducted to verify 
these obeervatlona, to establish conditions 
under which losses are significant and trouble­
some, and to devise weans for stabil izing the 
solutions. 

Stability experiments were perforated in 
neutral and 0.5 to 5 H HMO3 solution.', with 
iodide concent rat loaa froa 1 to SO |s?A*l. 
Iodlne-131 tracer was added to the solutions la 
order to annltor the iodide concentration over a 
10-d period. These experiments showed that 
losses of iodine f t u ni tr ic acid solution were 
rapid (1-3 d) and significant (>70X loss la 
soae cases). »o appreciable losses were 
obeerved froa neutral solotlons. Apparently the 
losses resulted froa oxidation of Iodide to 
Iodine by nitric acid and either volatil ization 
of iodine froa the solution or precipitation of 
iodine on the walla of the sample container. 
Similar experiments with lodate, tagged with 
1 3 l I , showed no instability In a l l ni tr ic 
acid solutions tested (0.5-5 W). 

The valence atate of lodiar In several 
samples (6 H "Wflj) submitted for l 2 , I 
analysis was established- The iodide content of 
these saaplaa average about 33Z (raaga: 16-
47X). The remaining iodine waa present aa 
Iodine or lodrte. One basl<- sample .iad 92Z of 
the lonlne present aa Iodide. 

This study has ehown that there definitely 
are Instability problems with nitric acid 
saaplea containing iodide. It la recommended 
that a holding redoctaat, such aa sodium metabl-
sulfste , be added to a l l nitric acid samples to 
prevent iodine loaaaa from solution and errone­
ous analytical results. (I. C. Bat*) 

Aa Integrity Stmdy ef Type 347 t a l a l e o e 
Kami Tabaa after a Ilvw-Taer Service la the 

Ugh Flax Isscleer •ametar 

The High Tim laetopa enactor (aTIk) la need 
by our group for aewtron activation aaalyeee. 
Seaplee are pneumatic*lly routed la and out of 
the reactor by aaane of a type 347 stalaleee 
ataal tube assembly. Htm dealga Ufa for thle 
tuba aeeambly la five years. Thla l i f e 
expectancy la baaed oa a calculated 501 loaa la 
ductil ity due to radiation damage to the 
stalelees ataal. Th* preeeat pneumatic tuba has 
been la service for r-iarly five years, and ita 

replacement Is being cornsldered for the aaar 
future. However, the replacement coat la high, 
aad aa extenalou of ita service Ufa would be 
attractive. A tuba eaeambly chat had been e*au 
for nearly five years waa wmoved aeiural ymara 
ago. The portion of th* tuba that ems in tma 
reactor core waa aubjectad to a thermal nuances 
of approximately 7 x 1 0 2 2 acutroae/ca 2 

and a faat finance of approximately 2 * 
1 0 2 1 neutrons/en 2. The upper portion of 
the tuba aaseably waa not eubjected to aay 
Irradiation aad therefore provided material from 
which the as-received properties of the type 347 
etalaleee steel could be determined. A 
ccamerleoa of Irradiated aad unirradiated 
sections of the tuba aaaeebly ana eade. Thla 
study Included tana l i e , microberdaoae, ami beam 
tes t s , which ware correlated with micro-
structures obeervad with optical aad scamalag 
electron microscopy. 

TKi atudy showed aa expected increase la 
hardness, which waa reflected la a loaa of duc­
t i l i t y la both the tcaalle and bead teats. The 
eabrlttlameat of the typo 347 stslalees atael, 
however, waa Use than anticipated. Additional 
evaluation of the radiation laamga la belag doae 
by comparing Internal structure of Irradiated 
specimens with aonlrradleted apeclmsma by treas-
alaslon electron microscopy. (8. J. Qray (I), 
D. 4 . Ccmonufo (Z), I. C. Bats) 

Bleematal Amalyala mf maaea teas Tlaaaaa 
by •aatrom Aetlvatlaa Aaalpsla 

A comparative atudy of trace eleejeat aaacaa-
crctloaa la autopalad long tlaaoe of workers and 
aooworfcera la the rubber laduatry baa beea made 
made. Analyses have bean carried act am 124 
samples of aahed human lung tleeoe. Theee 
analyses were doae following two lrradlatloaa of 
each sample at the aeutroo actlvatloa aaalyaia 
pneumatic fac i l i ty at the HN1. The f irst 
Irradiation (3 a) permitted identification of 
ebort-llvad radioleetoaee• Tmeee aaamlaa ware 
permitted to decay before the eacaad lrradlacioa 
(200 a) waa dona. Badloactlvlty aasaarsaaats 
ware aada approximately ana and three naaka 
followlag the aacoad lrradlatloa. Comparer 
program HORfTt waa aaod to reduce the apactral 
data to eoaeaatratfoa values of the elements 
meaewred. 

Although M trace alemamts wara detectable la 
the long (laaoa, oaly 30 yielded deflalta 
results . Ag, Ma, W, fa, la , amd t l wara fewad 
la a -nry limited aumbar of ceeee. 
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Statistical analyses of the data are continu­
ing la an attempt to correlate concentrations of 
the trace elements with factors such a* age, 
sex, race, smoking history, and lung pathology. 
A paper thct summarizes this work Is In prepara­
tion. (G. S. Wowir (3), L. C. Bate) 

quality Asswracm emd isssasmsata 

la the Radlochemiatry and Activation Analysis 
group, quality control samples are provided for 
gamma- and x-ray spectrometry; liquid sc int i l ­
lation coantlng; radiochemical separations of 
3H, 1*C, and l 2 * I ; and neutron activa­
tion analysis (multielement and uranium deter­
mination). In addition, quality assurance 
assessments K > ( prepared for the pneumatic 
tabes at the ORR and the- BTIR and the gamma-ray 
spectrometers at Building 3019, 0 U , and HFIR. 

Th« Ce(Ll) spectrometer systems In the 3019 
and OUt laboratories are monitored for e f f i ­
ciency changes at intervals of two to three 
day*. Sources of °%o and 2 3 2 U p i M 

.'tighters are used at the ORR, and 1 3 3 B e , 
'"**b, and *°Co are uasd In Building 
3019. HRS SRM* 9Am>, 2<"B1, and 
5 5 P« were used to recalibrate the x-ray 
spectrometer In the ORR laboratory. Results 
shoved a slight negative bias, up to 41 for 
5"*Pe. The apectrometer had not been cal i ­
brated In the 5 s Fe unergy range fv6 keV) for 
five years. This recallbcatlon was timely 
because of an ORjfL Increase la production of 
" r e radioisotope products. 

Performance of the ajtoaetlc liquid sc let I l ­
lation counter In BuUdi&g 3019 Is monitored 
with a set of sealed standards. This set Is 
counted wit* each tray of samp las . Also, 
approximately once each quarter Instrumentation 
and Controls Olvlalon personnel calibrate the 
counter by setting the "windows" so that Inter­
ferences are minimised. These adfeat meats may 
change the efficiency sl ightly for a given 
window. For quality control of deter:'nations 
of hi, 1 4 C , and **-e, a large batch 
of slightly alkaline s o l o o n was prepared fro* 
standard materIsIs, and many portions were 
stored la separata bottles Each mooch one 
bottle le analysed by *Ha usual methods, preci­
sion and accuracy i«m results for eleven 
months have been satisfactory. 

Quality controi of our multielement analysis 
by neutron activation la accomplished by period­
ical ly analysing IM aeaadard reference materi­
a l ' . The On lab analysed approximately 20,000 

uranium samples this past year. Besides analyz­
ing our own quality control samples with each 
aeries of samples Irradiated, HURE program 
personnel also submitted blind quality control 
samples with their sediment samples. Each 
quarter the results are tabulated and distrib­
uted to everyone Involved. (S.A. Reynold*, 
J. V. wade, «*. F. Emery) 

LOV-LETEL tADIOCHBXtCAL AIALTSIS 

Radiochemical Analysis for 
Laboratory Programs 

The Low-Level Radiochemical Analysis group 
(IXXAC) provides radloanalytlcal support to 
Laboratory programs concerned with the deter­
mination of environmental levels of both man-
made and natural radionuclides In a variety of 
materiala. 

General descriptions of our participation In 
the Waste Management Program, the Environmental 
Impact S atement Program, and plant mc ltorlng 
programs have been given previously (4) . Our 
involvement in the Vaste Management Program was 
curtailed .it the end of FT-1980, and the impact 
and monitoring program* were reduced in April of 
thia year. Other programs in which we have 
participated deal largely with the determlnatlom 
of beta- and alpha-emitting radionuclides. 

The Formerly Used Sites , Remedial Action Pro-
gran (F0SRAP), continues to produce samples of 
unusual interest. One of the latest groups of 
samples Is fron an area In North Dakota at which 
a coal-burning operation haa been conducted. 
The primary purpose of burnl&g of the coal was 
to recover uranium from the coal ash. Vegeta­
tion samples from the area w i i analysed for 
uranium, 2 , 6 R a , 2 3 0 T h , and 2 l 0 P b in 
our laboratory and for traces of arsenic, se le ­
nium, copper, aiu' nolybdanun by other labora­
tories in the division. Concentration* of 
2 1 0 P b ranged from 100 to 2000 Bq k g - 1 , 
2 2*Ra ranged from 20 to 1000 Bq kg- 1 , 
and 2'°Th ranged from 40 to 3000 Bq 
kg"*1. Oranlun, molybdenum, selenium, 
copper, and araanlc ranged in concentratlona 
from a few Ug/g to 200 Ug/g, with molybdenum 
telng the donltant constituent. 

A ream of investigator* In the environmental 
Science* Division contlaae^ a study of radio­
nuclide concentrarioes In the water, aadlr.at, 
and biota of the 3Sl3 Rrttfitloo Pond. Result* 
from analyses of filtered and unf l i ter ad water 
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from the pond Indicate that plutonlua an-t a a e r t -
cium ace assoc iated with par t i cu la te* Larger 
than 0.2 \m In s i z e , whereas curlua I s e s s e n ­
t i a l l y In t o t a l so lut ion and Is not assoc iated 
s i g n i f i c a n t l y with the p a r t i c u l a t e s . Hore 
d e t a i l s of the re su l t s of t h i s study are for th -
com. g In a report e n t i t l e d , "Comparative Uptake 
and Distr ibut ion of Plutontua, Amerlclua and 
Curium In an Equilibrium Freshwater Ecosystem." 

Invest igators studying the use of SYNROC (a 
synthet ic rock a a t e r l a l ) as a aeans of ismobi-
l l z l n g nuclear waste expanded t h e i r l i s t of 
leaching so lu t ions to Include NaCl and f luor ide . 
The presence of these components necess i ta ted 
chealca l separations and alpha spectrometry to 
determine 2 M r», » V 2 * V 2 " c . 23*11, 
and U. When l e s s complex so lu t ions (water 
and a c i d s ) were analyzed, determinations were 
made by simply drying a portion, of the so lu t ion 
on a p l a t e , counting, and performing alpha spec ­
trometry. Concentrations of these nuclides In 
the various so lut ions varied from the de tec t ion 
l i m i t s t o approximately 14,000 Bq t** 1 . 
(T. C. Seott, C. I. Glaaaon (5), A. J. 
Weinberger, P. S. Gouge, C. C. Granger, C. V. 
Holmet, W. C. Mxseey, B. A. Teaeley) 

Developments In the torn Laval nuclear 
Maasmrenents laboratory 

During 1980, sample throughput for gamma-ray 
a n s l y s i s was Increased t o about 200 per month. 
This was In part due to the establishment of a 
gross a c t i v i t y screening procedure, which 
permits more e f f i c i e n t u t i l i z a t i o n of counting 
time of the three Ce(Ll) spectrometry system*. 
In addi t ion , sample turnaround time has bean 
improved by use of severs l TI-59 programs deve l ­
oped for hand data reduction. The option of 
computer data reduction by the HD-6620 system Is 
v t l l l z s d on samples exh ib i t ing complex spectra. 

Extensive background s tud ie s of the Cs(Li) 
spectromstsr systems have lad t o Improved 
assignment of photopesk counting rate* of the 
natural radionuclide l i n e s . This has msd* 
p o s s i b l e the measurement of very low- leve l 
samples containing 2 2 * I a , 2 2 8 T h , and 
*°K. Comparisons of r e s u l t s obtained by MM 
for uranium and thorium hav« bean favorable for 
samples known t o be in secular equilibrium. 

Development of A method for predict ing the 
e f f i c i e n c y of a Ce(Ll) detector for extended 
sources was In i t ia ted In 1979. further r e f i n e ­
ments have been made to Improve the method, and 

on several occasions It was applied to sample* 
contained In other than routine conf igurat ions 
where a ca l ibrat ion e x i s t s . This procedure 
g r e a t l y expanda tht< laboratory's capab i l i t y to 
cope with a var ie ty of measurement requirements. 

A s imple, nondestructive method has bean 
devised for the determination of uranium l a o -
top ic ra t io* by Oe( t l ) spectrometry. Dranlum-
235 emits a gamma ray at 186 keV, whereas 
protactinium-23An, a daughter of 2 **U, emit* 
a gamma ray at 1001 keV. The r e l a t i v e I n t e n s i ­
t i e s of these two l i n e s provide a mean* for 
es t imat ing the 235rj/238rj i so top ie r a t i o . 
On samples containing high concentration* of 
uranium, It I s necessary to apply s e l f -
sbsorptlon correc t ions . Even here the method 
provldea an assay within 1-2Z of the r e s u l t * 
obtained by mass spectrometry. (G. I . 

Gleceon, V, C. Maeeey) 

Development of Sequent ia l , Low-Level 
kadlocbemlcal analys i s for Lead, tadimm, 

and rolwslmm In Coal Cmslf i*r Sample* 

Analyt ical evaluation of coal g a e l f l e r mate­
r i a l s in support of the health mod environmental 
assessment of the University *»f Minnesota at 
Duluth (DMD) coal gaal f ler began In June of t h i s 
year . Methods for sequent ia l radiochemical 
ana lys i s of the longer- l ived uranium daughters 
in co a l s and gaa l f l er wastes are being d e v e l ­
oped. H a l f - l i v e s and primary modes of decay for 
the major daughters of uranium ar* shown In 
Table 5 . 1 . 

Table 5.1 H a l f - l i v e s scd primary modes of 
decay for the major ursnlum daughters 

Nuclide H a l f - l i f e Mod* of decay 

2 2 6 1 * 1600 y Alpha 
2 1 0 P b 22.3 y Beta (0.06 MeV) 
2 1 0 s l 5.01 d Baca (1 .2 MeV) 
"Opo 138.4 d Alpha 

During g a s i f i c a t i o n , uranium and i t * daugh­
t e r s ar* fract ionated in to d i f f erent phys ica l 
phases . Activation ana lys i s Indicate* that 
uranium 1* concentrated in th* ash , whlla 
l i t t l e , i f any, c o l l e c t * la th* « l*<tro* ta t l c 
prec ip i ta tor tar . Th* fat* of the rad ioac t ive 
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daughters from g a e l f l e r operation* w i l l have to 
be determined t o aeseaa t h e i r Impact upon the 
publ i c . 

Considerable at tent ion baa been given to d i s ­
so lut ion of the varloue ssaple e a t e r l a l a and the 
design of sequential radiochemical aeparatloas 
s ince we became involved In the program. Large 
saay les are needed t o acquire the desired d e t e c ­
t ion H a l t s . Low-temperature ashing for removal 
of carbon proved t o be Impractlcel ly slow for 
the chosen sample a l z e . The v o l a t i l i t y of p o l o -
niua precluded the use of high-temperature 
ashing. Wet acid d iges t i on readi ly s c lubt l i ced 
mushed coal and t a r . A method developed by 
S i l l (6) for s o i l s and ores s o l u b l l l z e d the 
h igh ly refractory coal ash and cyclone f i n e s . A 
sequent ia l separation scheme Is currently being 
t e s t e d on spiked coa l , ash , and t a r . Polonium 
l a e-xtricted Into trllaurylamlne In xylene, 
stripped with a d d , and plated on a i l v e r d i s c s 
for alpha pulse height a n a l y s i s . 'ilsmuth Is 
separated from lead and radium on an anion 
exchange column, e luted , and prec ipi tated as the 
oxychlorlde for beta counting. Lead la deter­
mined Indirect ly by evaluating Ita bismuth 
daughter. tadlum la aeparated from lead by 
• e l e c t i v e prec ip i ta t ion of radium with barium 
s u l f a t e from an ammonlacal EBTA s o l u t i o n . The 
au l fa te la dried on a dlac and alpha counted. 

Polonium ana lys i s of the spiked c o a l , ash , 
and tar gave chemical y i e l d s of 911, 74Z, and 
851, r e spec t ive ly . Ninety-seven percent of the 
•piked 210ro wss recovered, when corrected 
for chemical y i e l d . Analysis w i l l begin on the 
g a s l f l e r samplea af ter t e s t s on the spiked mate­
r i a l s are complete. (I. H. Roaeberry, T. G. 
Scott) 

• • c l e a r emelyele for the heal th and 
tmvlranamstsl assessment of Coal 

Camlflcmtlom f a c i l i t i e s 

Neutron ac t iva t ion analys is and low-level 
radiochemical methods s r s being appl ies to coal 
and g a s i f i c a t i o n vaetee for the measurement of 
uranium, thorium, lead, radium, polonium, and 
trace elements. 

A number o f samples of several d i f ferent 
types were received from the g a a l f l e r plant at 
the Univers i ty of Minnesota (Duluth). Neutron 
ac t iva t ion analys i s work on these samples Is 
described i i an e a r l i e r sec t ion of thla report . 
Development of radiochemical methods for the 
longer - l ived uranium daughters, 2 2 , Tta (1600 y ) , 

2 1 0 P b (22 .3 y ) , and 2 1 0 P o (138 d) la 
near completion. Sample d i g e s t i o n procedures 
that retain polonium and lead have been adopted. 
A acheme for the sequential separation of the 
radionuclides Is being tes ted on spiked 
samplea. 

The OMD g a s l f l e r i s expected to resume opera­
t i o n In early 1981 fol lowing repairs to l ta 
f i r e grate . Achievement of s s t eady- s ta te oper­
a t i n g statue w i l l permit the f ina l a-»d d e f i n i ­
t i v e sampling of the g a s l f l e r . 

By ear ly 1981, samples should be forthcoming 
from the 8-Coal gaa l f l er process being demon­
s trated at Catlettaburg, Kentucky. The emphasis 
In th i s program w i l l then ahl f t to the ana lys i s 
of H-Coal waatea for D, Th, Ra, Pb, and 
Po. (L. M. Roaeberry, P. P. Dyer, T. G. 
Scott) 

Special Projects in Low-Level 
ladlochemical ana lys i s 

Many samples that we receive are unusual and 
require spec ia l techniques or the development of 
procedures for a n a l y s i s . 

Alpha spectrometry has been applied to the 
measurement of small quant i t i e s of thorium and 
uranium on g lass p la tes from an Impector used 
for p a r t i c l e - k i t e s tud ie s . The l i m i t s of de tec ­
t ion are about 0 .03 pg for 2 3 2 T h and 0.01 ug 
for 2 J * U . This technique has advantagea 
over other. In that i t la nondestructive, 
i so typ ic compositions can be g iven, and daughter 
r a d i o a c t i v i t i e s can be measured i f des ired . 
Furthermore, thorium or ursnium in the substrate 
material does not cause ser ious in ter ference , 
s ince the ir alpha radiations are degraded in 
energy while those from curface depos i ts are 
n o t . 

A project conducted by a learn of researchers 
at Y-12 t o study the f e a s i b i l i t y of using bac­
t e r i a to decontaminate uranium mi l l ponds 
produces complsx sample* that require radium 
a n a l y s i s . The bacteria remain a c t i v e In aany of 
the l iquid samples sod cause a contlmuoua change 
in the sample propertlea. Separated bacteria 
simplus are processed prior to our rece iv ing the 
s s a p l e . The processing Introduces Interfering 
reagents such as su l fa tas snd EDTA. Treatment 
with car bona t e a , uaed e i ther for a metathesis 
or .is p r e c l p l t s t l n g sgents , f a c i l i t a t e s ana lys i s 
of radium In these mater la I s . 

Experiments on genet ic e f f e c t a and dosime­
try of plutonlum in a l e e are carried out la a 
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collaborative effort by the Macallan Cenetlcs 
group of the Biology Division of ORHL and the 
Biomedical Sciences Division of Argonne Bstional 
Laboratory. Saaplea of bedding material con­
taining excretions from alee that have been 
injected with 2 3 9 P u (approximately 10 kBq 
per aouse) are submitted to the Low-teTel Radlo-
chemtatry Laboratories for ^'pu ana ly a la . 
Sine*, the aamplee are bulky and poorly mixed, i t 
Is necessary to process the total material in 
order to acquire a representative portion for 
analysis. Monitoring of activity levels In the 
material prior to processing is diff icult; 
therefore, extreme care la taken in sample 
preparation (ashing, dissolving, e tc . ) to avoid 
destroying the integrity of the low-level 
f a c i l i t i e s . 

Kobber stoppers that were used as plugs In an 
off-gas duct system were analyzed for gross 
alpha, gross beta, and 9 0 S r act iv i t i e s . 
Only exposed surfaces of the stoppers were 
leached with hot nitric acid and evaluated so a* 
to eatlmate contamination levels on Inside 
surfsees of the ducts. Cross alpha act ivit ies 
wcrs determined by alpha-counting mounts 
prepared from hexone extractions made on 
portions of the leach solutions; gross bete-
act lvl t les were determined by low-background 
beta counting sources made from dried portions 
of the leachates; and *°Sr act iv i t ies were 
determined by normal radiochemical separations. 
The purpose of this project waa to Inventory 
the radioactivity on the ducts prior to 
disposal. (T. G. Scott, tt. A. R*)fnolda. ". A. 

Progress 'a **Tc Analytic 

Considerable interest In the evaluation of 
"Tc in environmental materials (vegetation, 
s o i l , and animal t issue) s t i l l ex i s t s , particu­
larly with analytical groups of 0OC-HD. A 
•racial session on the status of technetium waa 
held at the Vwenty-Fourth Conference on Analyti­
cal Chemistry la energy Technology, October 
1900. Those attending the session expressed 
Interests in methodology, the acquisition of 
standard materials containing **Tc, and 
Implementing an lntercomparlson program to 
evaluate methods, sens i t iv i t i e s , e t t . Arrange­
ment* for the production of a so i l standard by 
the environmental Measurements Laboratory (IML), 
which had been Initiated in 1979, or a at a 

standstill because of confusion over the 
quantity of material needed. However, arrange­
ments are presently being made for the produc­
tion of s vegetation atandard. Grass harvested 
at the Paducah Caseous Mffuslon Plant wil l be 
prepared and distributed by EML. Ho date has 
been stated for the distribution of this 
materiel. 

A major portion of our recent low-level 
analyses for 9*Tc has been related to 
•todies conducted to estimate soil-to-vegetation 
concentration factors for samples collected near 
three operating gaseous diffusion f a c i l i t i e s . 
Results obtained for the 

99r c 

concentration 
factors for theae samples are comparable to 
field experiments that Involved the uae of 
95"*Tc (7) . 

Technetlum-9y>, a gamma-ray emitter, is 
frequently used In our Let as a tracer to check 
chemical recovery in the analysis for " T C 
Since ""re csn be measured nondestructlvely 
by gamma-ray apectrometry, the technetium losses 
at each step of the procedure are monitored In 
one test portion of a sample, while a aecond 
test portion Is processed through the same 
chemistry and finally measured by low-background 
or liquid scinti l lation beta counting to deter­
mine the content. The beta-counting 
technique Is limited to decay counting, which 
primarily detects short-lived contaminants, and 
absorber counting, In the case of low-background 
counting, as means of validating the results . 

Methods for determining '°Tc In both so i l 
and vegetation are reaaonaMy well established 
(7) , whereae methoda for analysing animal tiesue 
are not. Requests for the '^termination of low 
levels of w T c In animal samples are 
Increasing to the pv'nt thst there i s a real 
need for the developmer.t of a reliable method. 
Alio needed are *t*.<dard materials aa nearly 
like real ssaples as possible for tasting the 
method* once developed. IT. G. SifOtt, P. S. 
Goug*. C. V. Roltmt) 

electrolytic enrichment of Trltiam 

Factors that Influence the minimum detectable 
concentration (IDC) of tritium In water are 
counter background, counter efficiency, count 
time, and sample s i t e . Our normal procedure for 
determining tritium will achieve an MDC of 
approximately 0.1 Bq/ml when a l l of the above-
meat loeed factor* except sample also are 
optimised, normally, 2 ml of sample Is about 
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the maximum volume of sample that can be added 
to a liquid scinti l lation fluor without causing 
complications; thus, the volume tends to be the 
Halting factor. 

As a result of a request to determine tritium 
near the aablent level (0-015 Bq/al for natural 
water) In a suite of well water samples from 
Three Mile Island, ve implemented a aethod to 
concentrate trlt lua by add electrolytic 
enrlchaent• 

To analyze the required nuaber of samples In 
the allotted time by this aethod, we found It 
w*s necessary to construct a system with multi­
ple ce l ls froa readily available equipment. 
Class ce l l s and platinum electrodes were 
fabricated locally, a power supply was already 
on hand, and cooling batiis were made by 
modifying ice chests purchased locally. An 
automatic cutoff circuit was instalieu to 
ellolnate the possibility of the ce l l s going dry 
when unattended. The finished systea has eight 
c e l l s , each one capable of concentrating trltlua 
in a sample by a factor of ten In 36-40 h-

The overall procedure Involves two d i s t i l ­
lations, electrolytic concentration, and data 
acquisition by the normal counting technique. 
The flrat dist i l lat ion precedes the electrolysis 
and Is necessary to eliminate Interferences froa 
other radionuclides and organic matter. The 
second dist i l lat ion follows the electrolysis and 
i s needed to separate the water (containing the 
trltlua) froa H2SO4, which Is added as an 
electrolyte In the electrolysis . Teaptrature 
of the ce l l s la maintained at 0-4*C by the ice 
bsth(s) to alnlalze evaporation. Volume reduc­
tion la determined by comparing the acid 
noraallty after electrolysis with the acid 
noraallty before e lectrolysis . Finally, the 
concentration for a saaple la read froa a curve 
that is established froa known trlt lua standards 
and relates to the volume reduction. 

Typical results for the saaples analysed by 
this aethod were 40 to 70 aBq/al with uncer­
tainties of +7 to +1* aBq/al. Tsble 5.2 l i s t s 
the results for controls, blanks, and lnter-
coaparlaon standards. (T. G. 5eott, S. A. 
Reynolds, C. V. nolmu) 

Quality Aeemramce of hm-lMml 
tadlotb—leal Aaalyase 

The compilation and revision of procedures 
for both the DCC-ND four-plant gnvironmmtal 
and Kfflumt Analyst Manual and our bench 

Table S.2 Trltlua concent rations 
in water, aBq/al (95Z confidence level) 

Saaple code as determined 
Known 
value 

Control f l 85 + 11 96 + 11 
Control #2 89 + 11 96 + 11 
Control #3 100 + 11 96 • 11 
Control #4 104 • 15 96 + 11 

Blank #1 16 + 7 
Blank #2 18 + 8 
Blank #3 20 + 8 
Blank #4 9 . 6 + 7 

EH. 8004WA 370 + 37 3«1 + 22 
EHSt-LV "A" 70 + 10 
EMSt-LV "B" 6.7 + 10 

manual continue to be of Interest to the Low-
Level Radiochemical Analysis group. A compre­
hensive procedure for the start-up of the 
K3-6603 data acquisition systea and the configu­
ration of the memory has been completed. This 
procedure differs from an operating procedure la 
that It provides for resuming operation of the 
system after power failure or surge and/or 
Improper response of the system. The operating 
procedure for the HD-6603 aa a multiuser systea 
provides instructions for collecting data froa 
several detectors (Hal, Ce(Ll), and Si surface-
barrier] simultaneously without conflict. 

The three Ge(U) games system* are checked 
for gain calibration, resolution, and efficiency 
on a weekly basis by use of a 2 2 6 Ra 
standard. The s i l icon surface-barrier alpha 
detector systems are monitored for the same 
factors by use of secondary alpha standards r h st 
contain 2360, 239pu. « » 244ca and 
have been calibrated by comparison to an N*** 
standard on a proportional counter. New e f f i ­
ciencies for low-background beta counting of 
" T C (with a variation of geometry) and 
3'sr have been determined. Bets-counting 
efficiencies on the liquid scintillation counter 
are routinely cSiecked for "Tc (Aaerahaa 
standard) and 3H (BBS etandard). 

Program* for low-level radloanslytleal later-
coaparlsoas conducted by several agencies are 
used to supplement our ln-houee quality assur­
ance analysis programs. He have continued to 
participate in the QA prograa of the D0E-CML. 



On eleven sets of saaples covering alaost three 
years, our range of agreement with aeans of 
other participants' values has been 84 to 1001, 
and with EML, 61 to 89X. Frequency of 
distribution of aaaplee has been cot froa 
quarterly to sealanoual, beginning in 1990- The 
lack of quality assurance staples doe to thl* 
cutback has been offset by staples cosing froa 
EPA-La* Vega* on a quarterly basis. The E M 
saaples are subaitted to us blindly through 
custoaere froa the Environaental Sciences 
Division. These cjstoaeri have also subaitted 
aaterials froa IAEA. Materials fro* these 
program are synthetic environaental ssaples of 
biota, soil, and water and arc analyzed for such 
nuclide. .. "Ofu."**,, "»Pu. 2 3»0. 2»B, 
2 4 1Aa, *fer, 2 6 6 « e . 2 2*Th, 3H. sad auaerous 
gsaaa eaitters. 

Csaaa aeaaureaents for the deteralnatlon of 
'311 0 O charcoal air aonitors are aade each 
week on 19 aasples froa the Industrial Safety 
and Applied Health Physics Division. Routine 
aeaaureaenta of a 133g, (10.7y - 356 ke? Y) 
standard (sorbed on resin to slaulate iodine on 
charcoal) are aade to assure the quality of the 
1311 deteralnatlons. In June, an 131l 
standard solution froa Aacrshaa Corporation was 
obtained and used aa a source to verify the 
validity of 131T deteralnatlons. (S. A. 
Reynold*. T. G. Scott. G. I. Glaoaon fS)l 

SPECIAL PIOJICTS 

Insects aa bleladlceeora for kadfn—elides 

Insect collectors near various facilities at 
OIHL have yielded saaples thst ssrvs as Indica­
tors for the presence of radionuclides. Collec­
tors operate for 1-7 d, yielding insect saaple 
weights of 5 to 100 graas. The aass of collec­
ted insects is dependent upon the location of 
the collector as wall as the season of the 
year. 

The average radionuclide content of a collec­
tion is deteralned by aeeos of high-resolution 
gaaaa-rsy spectroscopy. The spectroscopy syetea 
contains a llthlua-drlftsd garasnlua datsctor 
with sa efficiency of 23t relative to a 7.6 x 
7.6 ca Hal(Tl) detector st 25 ca. The spectros­
copy systsa is psrt of a low-level ettvlronswncal 
surveillance laboratory. Detection Halts of 
0.1 Bq/g are attained for coaaon radionuclides 
with this asesureaent device. 

Following the gaaaa-ray spectroaetry, indi­
vidual Insects froa the co'*action are spread 
upon a thin plastic flla covered with a sticky 
surface. The flla la placed in contact with 
Eastasn Kodak Blue band x-ray flla for 24 b in 
the dark. After developacnt of the x-r*y flla, 
dark spots Indicate the presence of those 
Insects containing radionuclides. 

Results of studies conducted during the pest 
suaner showed radionuclide concentrations as 
high aa 80 Bq/g in soae bulk saaples. Radio­
nuclides detected in these studies hsve included 
•^Co, 7 SSe, and 137cs. These sane nuclides 
are present as the aoat en—on radionuclides In 
streaas and poods near tha collectors. 
Autoradiographic atudlea showed that aost 
radioactive insects were species that spend part 
of their early lives in water. 

Detection of ?5Se as an environmental 
contaainant waa first observed in the analysis 
of an Insect saaple. later aeasureaents of 
water and air filter surveillance ssaples 
verified the presence of this radionuclide-
The releases were due to processing losses froa 
a radioisotope production facility preparing 
this nuclide for nuclear aedlclne studies. 
(J. S. Sldridg*, T. If. Ookmt (8t) 

In Tivo Deteralnatioa of ladloaaclldea 
in Saall aalasls 

White Oak take baefa la the habitat of 
several snlaal apeciea that are laportant or 
potentially laportaot to a biological transport 
atchaniaa for radionuclides in the basin. A 
prograa has been established to assess the 
aagnltude of biological radionuclide aeslalla-
tlon. Several species of sasll anlaale have 
been counted in a apeclal facility in the C-* 
low-level counting rooa- The anlasl counting 
chaaber la constructed of 1-ca thick plastic 
sheet aa an enclosure for support during a 
period of anesthesia. The center of the chaaber 
is placed over a 15-x 15-ca Hal(Tl) detector 
housed in s shield of 12.5-ca wsll thickness. 

Aniasls couatsd in the in vino facility 
have Included 12 racoons, 25 ducks (aallard, 
black, and wood), 5 snakes (green, black, end 
corn), 5 ground hogs, and several sasller 
snlasls such *» white-foot alee, eottan rats, 
rabbits, and aolss. A road-killed bobcat and an 
Aasrlcan alligator (dead) were also exaalned-

Most of the entasis surveyed to date were 
inhabitants of one of the ORMt solid or liquid 
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waste d i sposa l a r e a s . Al l the docks were 
trapped on White Oak Lake. In general, 
137cs and/or WCo are found In varying 
concentrations In the animals . With the excep­
t i o n of those few that had expired before 
capture (bobcat, a l l i g a t o r , two ducks) , anlaals 
were e i t h e r aedated o r constrained during the 
counting Interva l . Larger anlaals are sedated 
for the measurement with a t ranqui l i zer , and 
returned to t h e i r habitat a f t er the counting 
In terva l s . Ducks are not sedated - they are 
simply constrained with a so f t cotton s leeve 
that prevents wing f lapping. 

Fro* s tudies with two ducks, we found that a 
s i gn i f i cant saoonc of radionuclide contamination 
waa present on the feathers and fee t of the 
ducks. This waa determined by counting the 
feathers and fee t of the ducks a f t er removal 
froai the carcass . 

?urtber e f f o r t s In t h i s project w i l l be con­
cerned with deta i led standard construction for 
the myriad ahapes required t o ca l ibrate prograa 
ALPHA-M data reduction techniques. (J. S. 
ndridgt, T. V. Oakta (S), D. W. Parians (8)) 

Nuclear Safeguards Applicat ion of 
nondestructive Cesssa-may Spectrometry 

Changes In the requirement! for safeguards 
measurements In support of s p e c l s l nuclear 
materials accountabi l i ty has resulted ~n a need 
for addit ional a n a l y t i c a l support measurements 
and for development o f spec ia l i zed nondestruc­
t i v e techniques. For t h i s reason, a new coop­
erat ive prograa with the Safeguards and Specls l 
Nuclear Materials Ktnagsment Department has bean 
es tab l i shed . 

I n i t i a l e f f o r t * In t h i s progrsa have Involved 
the uae of a portable gaamm-ray spectrometer 
system In support of balance area audi ta . The 
f l r a t exarclae In t h i s program waa f a i r l y 
s imple, but i t demonstrated one of the unique 
featurea of the portable y-r*y epectrometer 
system: the a b i l i t y t o determine y -ray spectra 
from emitters In large enclosures . The portable 
system was used In a q u a l i t a t i v e Ident i f icat ion 
of the content* o f a drum that had resided in s 
vaul t for a long pei lod with no documentation. 
The portable Y-rey spectrometer varlff.ed that 
137ce y t . y s contributed e s s e n t i a l l y a l l of 
the external doss from the drum. 

Other f i e l d audita have occurred at many 
other "balance a r e a s , " and Y-ray spectra l deter­
m i n a t i o n have b-en performed on a variety of 

nuclear materials Including 
235 B , t varying 

enrichments, ^ ' p u , 23'Pu-Be neutron 
sources , 2*>-Aa, and Z15\s In f i s s i o n 
chancers- Al l of the a l t e audita have been 
aucceaaful aa far as gamma spectroscopic a s s i s ­
tance was concerned. Several cases of Inaccu­
rate labe l ing have been uncovered aa a r e s u l t of 
these meaaurementa. Information gleaned from 
a l t e audits has been valuable In eatabl lahlng 
the sampling protocols s t addit ional balance 
areaa. (J. S. gldridg*, S. A. Reynolds, L. R. 
Hall, U M. Gray (9)) 

Low-Level Caama-ftay Spectroscopy -
Sodium Iodide Methodology 

Calibration procedures and data reduction 
techniques have been Implemented for samples 
counted In s IS- * 15-cm wel l - type sodium Iodide 
de tec tor . To determine the a p p l i c a b i l i t y for 
environmental survei l lance samples, s s e r i e s of 
counting experiments were performed with 
mlxturea of 6 0 C o , 8 5 S r , and l " C s . 
Libraries were prepsred by separately counting 
40 ml al iquot* of so lut ions containing these 
three radionucl ides . Test sample* of each 
radionuclide aolutlon at concentratlona of 0.4 
Bq/ml were analyzed with program ALPHA-M a f t e r 
counting for 3000 s . In s l l e s s e s , values 
sgreed within +IZ of the amount added. A second 
experiment waa performed l i k e the f l r a t with the 
except ion that the concentration l eve l of teat 
sample* was of the order of 4 xlO~~2 Bq/ml. 
For the la t ter experiment, the 6 0 C o and 
1 3 7 C a value* agreed within +51 of the added 
va lue; however, the °5Sr value was In error 
by +301 due to an error In s t s t l s t l c s l weighting 
of the background va lue . 

Prom the** atudles , w* concluded that rad io ­
a c t i v e solut ion* containing several radionu­
c l i d e s be conveniently aeaayed with minimum 
detec tab le a c t i v i t y l e v e l s of 4 x 1CT* 
Bq/ml. Such a detect ion l eve l to su i tab le for 
moat environmental sample*. (Dslcn Balboa 
no), J. S. Zldridgs) 

Cosmoter Applicationsi Adjmmet Dsama f o r 
tapId Analysis sad qual i ty Aeamremce 

Three useful programs have bean wr i t ten In 
Portran and are now running In an In terac t ive 
mode on the PDP-10 system. The f i r s t program. 
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EPFCAl, uses pairs of data to solve coefficient* 
of the general calibration equation: 

2 lnCeff)^ - Oj + ̂ Int + ^(In? ) 

+ a, (laky3 , 

where g * energy of gemma-ray In keV. 

Thl« equation relates the efficiency of a high-
resolution germanium detector to the energy 
(keV) of the photopeaka of Interacting 
gamma rays. The coefficients ttj, u ,̂ ay * n d a 4 
are stored In a way that they can be used In a 
second InteractIT* program, GAMDAT. This second 
program calculates radioactivity values froa 
Input parameters such aa net area, counting 
time, weight or volume, branching ratio, etc . 
Froai the input paraaeters and the efficiency 
coefficient previously determined by the EFFCAL 
routine, the total activity or activity concer-
trat Ion Is calculated and automatically atored 
in an accessible output f i l e . The output f i l e s 
are ordered as to sample types ( I . e . , water, 
deer, Insect, e t c . ) . 

The final prograa, RECORD, la a staple pro­
graa useful for Improving QA procedures. It 
replaces or supplements the sample log notebooks 
previously used for Individual sample types. By 
means of the Interactive mode, all Input data 
are read back for final verification before 
being stored in a master f i l e . Cse of a text 
editor permits rapid sesrch of the master f i l e 
for any one or a group of samples of a specific 
type. Such record keeping wil l reduce several 
error types that hava resulted In lost data or 
loat samples. 

The RECORD f i l e and the result f i l e s froa 
CAMDAT are accessible froa terminals in tha 
Environmental Surveillance Section of the Indua-
tr la l Safety and Applied Health Physics Divi­
sion. Overall Improvement in QA procedures are 
expected froa these Innovations. IT. A. 
ffiaa (11), Btltn Balboa (10), J. S. Kldvidg4) 

Study of lorn Imrhanea Froemdares for 
Coacaatratlas kdlsascllams froa 

Lara* Voliisa of tlvar Water 

An experiment was undertaken to pro*<de quan­
t i tat ive lnforaatlon concerning the behavior of 
three important radionuclides in the system used 
for concentrating thoae noclldea froa large-

volume river water samples. Tracer levels of 
^ o , 1 3 7 C e , and 8 5 S r were added to 50-1 Iter 
samples of Clinch River water that had been 
acidified to pH 1-2 by th- addition of ?S0 ml of 
concentrated hydrochloric acid. Tha water 
samples were filtered through Whatman #42 f i l t e r 
paper before paaelng them through the two loo 
exchange columns (Dovex 50-W and Dowax 1 la a 
aeries) . 

Periodic sampling of effluent froa the 
columns, followed by analysis of the fraetloas 
by high-resolution gamma-ray spectroscopy, 
provided a temporal hlatory of the column 
effectiveness In concentrating the radio­
nuclides. Analysis of the f i l t er papers aad the 
resla columns provided complete material balance 
Information for thla concentration atudy. 
Results of this experiment are summarised 
in Table 5.3. 

Table 5.3. Material balance of ion-
exchange atudy 

Percent activity 

Recovery In On On 
Tracer in Strip Effluent Filter Resin 

M Co 33.1 67.9 0.1 0 
8 5 S r 98.7 8.2 0 0.01 
1 3 7 C e 7.3 89.8 8.5 0 

Results froa this experiment show that the 
currant method for concentration of radio­
nuclides froa large volumes of river water la 
not suitable for *°Co and 1 3 7 C s . How­
ever, the aethod appears adequate for '°Sr 
ae Is evident froa data for the " s r tracer. 
(B«ltn Balboa (10), J. S. ttdrlig*, Jt. g. 
Shank ($)) 

Appllcatloa of Cerenkov 
Comaelag Techaleme* 

nee of Cerenkov counting of energetic bate 
radiation has continued. Samp lee up to 20 ml 
can be counted directly, or concentration of tha 
aaapl* can be performed beforehand, if needed. 
The "channels ratio" (relative count rates la 
selected pulse height ranges) is used to detect 
quenching or tha presence of elect rone of oaergy 



different froa that expected. Quenching la 
compensated by "•piking" with a small volume of 
solution containing a known activity of the 
desired radionuclide^ ) . 

Moat applications have Involved '°Sr 
determination* through Ita daughter '°T-
High-prlorlty samples of water were screened for 
approximate levels of *°Sr and were alao 
analyzed using radiochemical separation techni­
ques- A by-product of this comparison waa the 
finding of a few spurious radiochemical results 
cauaed by contamination of SrCjO* mounts by 
daughters of 2 2 2 R n . An Interference In the 
liquid scintillation counting of ^H in water 
samples appeared to be due to the presence of 
energetic beta radiation, but this Idea was not 
supported by Cerenkov counting. Further study 
ahowed the unexpected presence of alpha 
activity. 

Some samples require concentration of 
strontium and yttrium by copreclpltatlon with 
calcium oxalate. Reasonable recoveries have 
been obtained with sample volumes up to 800 ml. 
In certain samples, decontamination from other 
activities may be Inadequate. In that case, 
strontium carrier can be added, and a more 
elaborate separation carried out, with measure­
ment of *"Sr by low-background counters or 
" V by Cerenkov counting (after regrowth). 

Cerenkov counting haa been applied to the 
measurement of *2? at a level of less than 
IX in 3 3 P radioisotope producta. The liquid 
sclntlllatl r. counter In Building 3019 was used 
with s cou "lng efficiency of *3X.. A recently 
received li|uld scintillation counter Is being 
evaluated for use for Cerenkov counting by the 
Low-Level Radiochemical Analysis group. Results 
Indicate good performance. The arrangement of 
the photomultlpller tubes at an acute angle 
would be expected to lower Cerenkov background*. 
A detailed report of the project Is being 
prepared. (S. A. Ftunolds, J. S. EldHdg$) 

Literature Reviews on Uranism 
and Technetium 

A program to evaluate tha occurrence of 
uranium In drinking water throughout the United 
States la being carried out by ORNL for the 
Environmental Protection Agency in connection 
with the establishment of s national drinking 
water atandard for uranium. The Information 
Division has primary responsibility for the 
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program, which Involves tabulation of uranium 
concentratloos In ground and surface waters 
that might serve aa supplies for drinking. He 
have prepared an extensive survey on methodology 
for uranium analysis. This summary contains 
information on chemical behavior of uranium in 
water, variations In lsotoplc compositions, 
principles of analysis, methods for total 
uranium analysis, radioactivity methods, and 
analytical quality control. Typical uranium 
corcentrat'.one are In the range of mlcrograma 
per l i ter or less ; consequently, methods must be 
sensitive, or effective concentration techniques 
must be available. The f irst draft of the 
analytical summary was submitted In September, 
and the complete document is one early in 1981. 

He have agreed to revise the monograph on 
technetium for the national Research Council 
Subcomml.tee on Nuclear and tadiochemletry. A 
literature search has been init iated, with 
emphasis on radiochemical behavior and analysis. 
Exact content and format wil l be decided in 
consultation with subcommittee representatives. 
(S. A. Raynoldm) 

Development of Improved Uqmld 
Scintil lation Comatlng Tmchmlqme* 

We frequently must develop or modify liquid 
scinti l lat ion counting procedures for samples of 
unusual types ->r teat performance of estsbllshed 
techniques. A 'screening' method (»2) was f irst 
used here in 1978 co measure simultaneously 
3H and hard-beta-plus-alpha act ivit ies of 
water as spies. The method waa recently used to 
monitor lake water ssaples and other low-level 
wastes. A "channela rat io ' criterion waa 
established to determine for a given sample 
whether R̂ could ha determined directly or 
decontamination would be required. Background 
In hi count log la believed to be due largely 
to "cross-talk" between the photomultlpllere. 
The conventional face-to-face arrangement maxi­
mises this effect. An experimental study that 
would evaluate backgrounds with tubes at an 
acute angle I* being considered. Tritium In 
waate oi l was determined ualog 1-ml samples, 
with subsequent additions of a standard to 
evaluate efficiencies of the quenched samples. 
Phosphorescence required storsga In the dark for 
at least an hour before counting. 

It la known that *H aecapea from sc in t i l ­
lation mixtures contained In plastic v la le . 
With our present equipment and the refrigerator 
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at 3*C, the half -period for escape was found t o 
be about one year. A gradual Increaae la 
"blank" count has been observed by us «arf 
o t h e r s . The hypothesis that the increase 
v«s caused by transfer of *H from stored 
•aactles was tested by placing blank* and ac t ive 
samples in c losed containers at roo« temperature 
•nd at 3*C for s i x t o seven weeks. Ho s i g n i f i ­
cant transfer wcs observed. 

Techaetlum-99 beta In concentrated ( s ^ ^ O O j 
so lut ion was determined by u«e of 1-ml samples 
In an emulsion "cocktai l ." Eff ic iency was about 
80X, and the alnlaua detectable a c t i v i t y was 
about 0.03 Bq/ml. Polonluar-210 alpha radiation 
was counted with about 100X e f f i c i e n c y In v a r i ­
ous aedta. (S. A. Reynolds, J. S. tldriigm) 

Onality lamuramce for the 
Spec 1st Projects Group 

Two C e ( U ) spectrometer system* are now In 
routine serv ice In the G-4 low- leve l spec tro ­
meter f a c i l i t y . A New Brunswick Laboratory 
uranlua standard serves as the primary qual i ty 
control check source for both d e t e c t o r s . The 
source was measured on the older detector a 
t o t a l of 25 times In a twelve-month period and 
In the newer system 21 times during I t s t e n -
month operational h i s tory . For the older d e t e c ­
tor the mean value and 95X confidence l e v e l waa 
64.7 + 0 . 7 Bq/g, y i e ld ing a re la t ive error of 
1.1Z (Indicat ing sui table qua l i ty control for 
the period)» Corresponding r e s u l t s for the 
never system were 65 .9 + 0.8 l q / g with a 
r e l a t i v e error of 1.2S. A malfunctioning ampli­
f i e r (long-term d r i f t ) waa detected by a s i n g l e 
erroneous value from the check source. 

Quality assurance procedures have been 
devised and Implemented In the Sample c o l l e c t i o n 
•nd prase-vat Ion s t r a t e g i e s in a program for 
in vivo radioact iv i ty moasrrements in small 
animals. 

A paper ( 1 3 ) , "Quality Assurance Applied to 
environmental Radiological Surve i l lance ," which 
describes soma of the procedures used la the 
OWH environmental turvel Hence program, waa 
published. IS. A. Reynold; J. S. Wldrldg*) 
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6. QUALITY ASSURAICE, SAFETY. AID TABBLAT!OI OF AIALYSES 
L. T. Corbln, Quality Assurance Officer 

C. «- Wilson, Quality Control Officer, Mvlalon Safety Officer, 
and Radiation Control Officer 

ojoexm Asmumx •arm 
The Analytical Chemistry Division sealannual 

quality aaaaraace (QA) report baa been chanced 
to an annual baalx.; however, the Analytical 
Technical Support Section ha* continued ita con­
trol program with Monthly Internal report* ant 
with quarterly suamsries of the atatlrtlcal 
data. Several Internal QA audit* are held each 
year, and each »*<-tlon of the division haa been 
audited at leaat once. 

Quality assurance/control operaclone war* 
Incorporated Into our computer-be«ed Data Man­
agement Syitea laat year. It la now j>oa*t«le to 
do the quarterly atatlatleal calculation*, 
obtain the plot*, print the quarterly report, 
remove and store all old data file* to a 
computer-readable nedlun, and enter the new 
control code*, known value*, etc. Into the 
•ystea in one day. 

In April a weighted average of the 'found" 
llalt* of error for the preview* two year* we* 
calculated for each of the control program*. 
Thi* computation resulted In Increasing the 
expected llalt of error for five progrea* and 
decree*ing It for *1» other program*. 

Table 6.1 snow* tte quality level for each of 
the service laboratorle* aad eonparea tae re-
eelt* with thoa* from «** prevloua year. Lists 
•f the different control programs aad the basher 
of results reported for each program are given 
in Tabla 6.2. During the past year there has 
been a 1JX decrease li the number of control 
determinative* reported aad a 5X decree** in the 
auabar of control programs. 

Quality aaaurance for the nuclear and 
Radiochemical Aaalynle section is reported la 
Sectlea 5 of this report. 

During the peat year, the Aualytleal Cheala­
try Division had two recordable Injuries and 
fourteen flrat aid eaaea. none of the ease* was 
•erious; aoet of them were laceration* from 
glass or contusions froa striking object*. The 
Safety Coaalttee haa nsde unannounced inspec­
tion* of the division laboratories eech quarter 
aad ha* noticed considerable improvement In the 
housekeeping. Thirty-mine and n half percent of 
the member* of the division attended a training 
course during the year. The courses Included 
defensive driving, first aid, aad the handling 
of basardou* materials la the laboratory. 

Table (.1. Distribution by laboratory 
of control testa for October 1979 

through Septeaber 1980 

Laboratory 

control 

Total 

er of 
results 

Outside 
fined 
limit* 

Quality 
level (Z)« 

1979 19*0 

Gtaeral Analytical 753 29 96.33 96.16 

Environmental 
Analysis 996 67 94.13 93.27 

Radioactive Watla 
Analytical 29* S 90.12 97.32 

Tresesraalua 349 17 97.52 •5.39 

Total 241g 121 94.93 95.00 

"Quality l*vel (S) - ((go. determination* la-
slse flasd llalts)/(total No. deteraleatloa*)) * 
100. 
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Tabic 6.2. Dletrlbotloa of coatrol results (by 
for October 1979 tfcroagh Septeaher 1980 

tthod) 

•aafcar of Rnaber of 
Method Coaatltaeat prograaa rcaa l ta Total 

t.tonlc a baorpc ton Alaainoa 44 
epectroaatry Celclaa 

Cadaisa 
Cnroaliai 
Copper 
Iron 
U t h l a 
Magaeelna 
Haagaaaee 
Mckel 
rotaealaa 
tatheatoa 

53 
2 

16 
9 

42 
10 
40 

2 
15 
34 
10 

Sodlsa 2 105 
Zlae 1 5 387 

Colorlaetry Chloride 
Molybdeaaa 
• U r e s e s 
Fhosphorae 
Solfata 
Thorlva 
Vraaloa (OT^SCM) 
Urealwa (91N) 

38 
101 
327 

51 
84 
11 

166 
126 

Zlrcoaioa 8 912 

Cooloaetry Oraalaa 33 32 

Flooroaetry Oraaloa 422 422 

Cravlaatry f l a c o ) Carbaa 74 74 

lafrared abeorptloa Carboa 92 92 
•pactrophotoaetry 

Ioa a e l e c t l v e 
e l ec trode 

Fluoride 26 26 

Volaaetrlc Ac Id 149 
t l t r ' .ae try Chloride 

• U r a t e 
f a l f a r 
Thorloa 

6 
20 

103 
6 

Oraalaa 189 473 

Total 55 2418 

Table 6.3 ceatalae a tabulation of eapport 
aaelysee perforaed by the varloee laboratorlea 
aad/or groape althla tha dlvlalaa carta*, thla 
reportlag period. 
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7. SumntaiTftftr ACTIVITIES 

Th* dlTlaloo continue* to nalntaln llalaoa with tha acadaalc tu—unity through tka 
aaalatanca of ita Advisor* Coaaltta* and consultants. Ha alao ask* facllltlaa and aaparvlsloa 
available for atudant cad faculty raaaarcb and training progrsna. 

ADVISOST u w n i m 

Thla yaar th« division Advisory Coaaltta* una coapoaad of 
P. F. Etna, Rational Sclanca Foundation, Cmalatry Division, Chanlcal Synthtsl* and 

Analysis Sactloo, Chaalcal iMtruaantatloo Progran, Washington, DC. 
L. L. Lawla. Road, Analytical Chaalatry Dapartwant, Bsaaarch laboratorlas, Gantral Motors 

Corporation, 12 Mil*, Monad* toad, Har.an, MI. 
1 . 1 . Mark, Jr . , Coalman, Cbaulatry Dapartnant, Dniror^lcy of Cincinnati, Cincinnati, OB. 
• • «•• Far da*, Chaalatry Dapartnant, Furdoa Ouivarsity, Hoot lafayatta, Vt. 

COOOLTiaTt 

A. I . Csaaron advlsaa tha Haas and Enlaalon Spactroaatry aactlon of tb* division. 
M. T. Kallay ndvls** tha Analytical Methodology aactlon, with particular anphaala on 

coaputar applications. 
Tba following apaclallata w«ra brought to OUL on sl\ort-t*ra <on*nltlag baaaa thla paat 

yaar a* part of our Saalnar Frogran. Datalia of aamlaars at* llatad la Chap. • . 
K* Oana, Farkla-flaar Corporation, norwalk, CI. 
4 . aarnsr, Unlvnrslty of Csorgla, Atlanta, CA. 
I . M. M. MUorlag, Dal vani ty of Anatardaa, Tba Hatbarlands. 
C. • . LoebjaUlax, Dnka Dnlvarsity, Durban, IE. 
P. T. Kl**lagar, tardus Dal v a n i t y , Haat Ufayatta, IB. 
J. *rt0tt , Daivurslty of Wlaconaln, Madlaon, VI. 
ft* I . Sataaa, Tax** AIM University, Collaga Station, TX. 
I . tchaap, Xlactrlclty Coamlaalon of Victoria, Auatralia. 
D. M. larcnl**, Onlvurslty of California, Irvlaa, CA. 
t . latyaaki, Iaatltuts of fttclaar la search, Swlark, Poland. 
C. Surtl*, g*k ftldga Rational Uboratory, Oak Udan, TR. 
C. Pa—al—. Tha John* Hopklaa Onlvaralty School of Hadlclo*. aaltlaora, MD. 
J. » . Taylor, Dnlvoralty of Vlacoaaln, Madison, VI. 



192 

nmcmrioBT DI am. n-anns FXOCXAH 

The following divisional people completed courses during the 1980 winter tern of tha 
Continuing Education Prograa for Scientific and Technical Personnel: 

M-310B. Imtro taction t e the DECsvetcn-10: J. H. Dale, J. S. Eldridg*. and T. C. 
Scott. 

K-aOOn. tactical Solatloa of Differential Eeaatloae: A. R. Crook. 
S-202C- Design and Straetnxe of Technical Writing: L. N. Roaeberry 
S-4S0B. b M l n I : J. E. Strain. 
The following courses were completed during the spring 1980 tern: 
M-IOOC. rortran It C D . Brooksbsnk and T. C. Scott. 
M-300B. Fortran I I : R. D. Brookafaank and T. C. Scott. 
S-400B. Searching the Technical Llteratefe: S. D. Barkenbna, J. D. Klntlgh, and 

C. S. KscDoogall. 
S-455B. tiisalaa I I : J. E. Strain. 
Courses completed daring the f a l l 1980 tern were: 
C-MO. Topic* la Ceologr: J. S. Eldrldge and H. S. Lyon. 
N-310D. Introduction to the DECeystes-lOt J. W. Banna. 
•-201K. CrasaMT and Mechanic* of Technical writing: B. D. Barkenbc*. 

IAEA PELLOHSnTP PROCCAII 

Belen C. Balboa, Supervising Radlochealat, Rational p^wer Corporation, Horong, Bateau, 
Phllllplne*. waa Assigned to the division as an IAEA fellow until April, at which tine she was 
placed on a sir-month assignment at OWL. She worked in the Nuclear and Radiochemical Analyst* 
Section. 

The Analytical Technical Support section was boat to another IAEA fellow, Mahfusur Rahman, 
Atoalc Energy Center, Bangladesh. He received a six-month on-the-job training In fluoronetrlc 
analysis of uranium, atoalc absorption, and spectrophotometry. 

COST Assiomm 

Ceoffrey Claaaon, Senior Sclentlat froa ORAU, la working as a consultant on the etaff of 
the Nuclear and Radlochealctl Analyses section. His aaalgnaent la to develop and lapleaant 
nuclear aaasaraaent Instrumentation for low-level radiochemical analysis. Ha hss developed 
coapater prograaa for the calculation of tha alnlawa detectable activity of low-level aaaplea 
and for processing of ga—* spectral information to give analysis results. 

The University of Tennessee is funding Brlseo L. Harvard and Vincent E. Norvell to work In 
the Analytical Methodology section on the study of rapid scan spectrometry. Also funded la 
Boston E. Howell, Jr . , who 1* studying Matrix Isolation photoacouatlc apectroecopy. 

Analytical Chealstry initiated a aubcontract with The University of Tennessee to provide 
t'<* technical services of advanced graduate etudents In envlronasntal analytical chealstry to 
the division. John Vargo was assigned to the Analytical Technical Support section for a three-
aonth period on this subcontract. 

Spencer Laaoaa, l o l l l a * Collags, worked for two-three weeks aa part of an independent 
study progran. 

Call R. "orris eoaplated his one-year assignment with the Nuclear and Radiochemical 
Analysis Section. Bis reaacrch waa in tha study of trace element* la human J-jnga. 
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m m nocuM 
During the t a a e r , tte dlvlalon waa boat to representatives of the 0UO Undergraduate 

Research Program, which baa ^een developed to offer Laboratory experience to college atudonta 
aa well aa to promlelng high school graduates. ». W. Bolaberg served as "Dean" for those 
gmeste daring their v i s i t -

T. L. Chapman, Angelo State University, worked In the Blo-Organlc Analysis section with 
the MCI smoke prograa on mmltlcompouent nethoda for aaoke constituents In physiological 
materia la . 

K. E. Cnlpachlld, Central Methodist College, was Involved In work with the CFtP In the 
Analytical Technical Support section. 

P. B. Lieacheekl, Dnlveralty of St. Thoaas, worked on the DOD seek* project In the Bio-
Orgsnlc Analyala aectlon. 

The Analytical Methodology aectlon was boat to D. M. Taylor, Hells College, woo worked on 
trace uraalum detection by laser-excised tluoreacence. 

The division waa slao Involved In the ORAD Faculty Research Program during the summer. 
Subrahmanyaa Pendyala, SORT College, waa aaalgned to the Analytical Methodology section and 
worked with advanced spectroscopic methods of analysis -

Two people were aaalgned to the division aa part of the Summer Research Internship 
Prograa. 

Z. K. Barnes, Michigan State Dnlveralty, was assigned to the Blo-Organlc Analyala aectlon 
to work on the application of hlgh-perforaance liquid chromatography to the col lection, 
fractionation, and aultlcoapoaent analysis of orgaalce in envlronaentsl and fosall fuel 
materials. 

T. A. Rbea, western Kentucky University, worked on applications of gamma-ray spectrometry 
with a daal-colncldence apectroaeter ayatea In the Nuclear and Radlocheaical Analysis section. 

CLCA FtaCKAM 

During the fa l l seaeater, K. P. Cross, Lawrence Dnlveralty, was assigned to the Analytical 
Technical Support aectlon to perfora thermal analysis of Inorganic aaterlals by aaas 
spectrometry, theraogravlaetrlc analyala, differential scanning, colorlaetry, and differential 
thermal analysis. 

( H I CO-OP PIOCRiM 

Vaneaaa H. Oetrua, Dnlveralty of Tanneaaea, worked aprtng and f a l l quarters In the Blo-
Organlc Analyala section on the aealpreparatlve fractionation and analysis of foss i l fuel 
derived products. 

SPECIAL AHAJtSt 

H. S. Lyon, Jr . , aectlon head for the Analytical Methodology section received the 1M0 
Radiation Industry Award of the American Nuclear Society. The award, presented November IS at 
the International Conference of the American and European Nuclear Socletlea, recognises 
outatandlng contrlbutlona to Industrial applications of radlatl»n technology. It consists of 
an engraved certificate and a $1000 honorarlua. 

Lyon waa cited for "pioneering rssearch In developing aathoda for aasay and identification 
of radionuclide* for Induatrlal applications, the extension of nuclear analytical methods to 
studies of foss i l energy production, and hie leaderehlp la developing end publicising 
Industrial use of such aathods." 
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Tnla yeer'e conference a w bald at dw Riverside Meter Ledge la Cetllabarg, 
October 7-9, 1M0. Ike thaw nf the conference ma "Analytical Cheats try la 
lagalatloa n 4 Coatrel." Attendance warn 173, lacledlag 16 eafclbltera. Topics covered daring 
the aeetlac laclndec Organic P»U,itaate. Maaa Spectrometry, Trace Element Analyses, and 
RedlochemleaA Analyses. 

A. L. tarred ana General Chairman, V. S. Lyon aaa Technical Program Chalraaa, and M. L. 
leery aaa Tnuenrer. Gall Vineyard and Doaos Wateea eere Conference Secreteriea. Other 
conference rnemtttao aaaaers laeladec J. S. Eldrldge, — M. Fergaooa, V. I . Criest, B. T. 
talmey, W. D. Shalt*, aad J. I . Stewart. 

ABBXTIflBIL RORKICeU ACmTTIB 

•All, r. L. 
Secretary: electron Microscopy Society of Aaerlea 
•mereeemtatlve froa DBA: Seetlea Coamlttee. AAAS Section oa Physics (») 

Analytical Chealstry Division Sealaar Committee 

_ a. V. 
Chalraaa: Aaalytlcal Chemistry Division Sealaar Coaalttee 

J . A. 
Secretary: Sebcoaalttee C-5:05, Analytical Task Croup (leactor Grade 

Craehlte), Ceaalttee C-5, Meanfactare of Carhoa aad 
Craphlte Prodects, ASTM 

Member: Committee C-26, nuclear Pael Cycle, aaa C-2*:05, Teat 
Methods, Task Crone Leader, Micro Analytical Techniques, 
ASTM 

OUL Heaegeaeat ami Supervisory Development Program Advisory 
Coaadttea 

c m Personnel Development Chealstry Coarse 
Laboratory Coordinator: ZSPO Progrsas 
Invited Speaker: Seventh Araaal Meetlag PACSS, Phllidelphla, Peaaeylvaale 

September 2*-0ctober 3, 19S0 
10th Annual Symposium oa the Analytical Chealatry of 

Pellataata, Dortmund University, Dortaaad, PIC, Nay 27-30, 
1M0 

teaelea Onlraaa ami 22nd Becky Mountain Conference an Mas* Spactroaatry, 
Invited Speakers Daaver, Colorado, August 10-U, I WO 

ASTM Coaalttea 1-42, Surface Analysis 

, L. T. 
rellovi Ansrlcsn Society for Tasting and Materials 
Masker: Committee t-10, nuclear Applications and Msaaaraaant of 

Radiation If facta, ASTM 
Suirnumftteo 1-10:01, Fuel turnup 
Subcommittee 1-10:02, Radiation-Induced Changes la Metallic 

Materials 
Chalreaa: Coamlttae C-26, Peel, Control, aad Moderetor Materials for 

eaeleer Reactor Applications, ASTM 
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Cooralaatar: 

Hvlaioa l ^ i M M t l t l f t : 

Analytical Cfcaalatry Halaiea •aatacfcaleal lacraltlag 
Analytical Chanlairy Mrlaloa Qaallty Aaaatanca Ftogran 
Analytical Ckaalatry Mvlaioa barer Cuanaf atlaa Frogran 
o n Jo» Oyaortaalty Syotaa 

laker nalatloaa 

I . • . * -
Cbanlttaa C-2*, Fool, Control, and Moaarator Matarlala far 

•adaar Bandar Aaallcattoaa. and Sakcoanlttaa C-2t:03, 
Nethoda of Taat, AST* 

M U , J. B. 
Invttad Snaafcar: Soelaty. Cnosvllla, . Oetofear 2t-

m . F. r. 
Lactarar: 

•r: 

Travallag Loctare Frograa 
lyt lcal ChaaUatry Blvlaloa <—taar Co—tttaa 

. J. * . 
Sakeoanlctaa no- • ffaWruawaial Radiological 

Sarvalllaaca: Markaataaa for Iaforaatloa lachaaga), 
Raalth Fkyalca Soclaty 

iaaa* Yallay Aathorlty 

I , C. 
F O U T ; 
Sclastif lc Editor: 

Anarlcaa Soclaty for Taatiag and Natarlala 
Optio* and 9poetro*aon (Kngllah traaalatlaa of taaalaa 

Joaraal, Opika i Spsktrotkoptpa) 
Coanlttaa t -2 oa tnlaaloa Saactroacooy, ASTM; Sabcaanlttaaa 

oa Faadaaantal Hathoda, U lcor la l Praetleaa, and 
Ronanelatara 

Atomic Abaoracioa and talaaloa Saactroacooy Sahgrona, Onion 
Carhlda Coraoratioa 

. m. i . 
Coaaaltaatt Rational Catear Iaatltata 

DOS Ml Shala VerUng Cron? 

Manhart 
Owl rami 

Iavltad taankar: 

Rational Caaear laatltata 
Working Maatlag oa Raaaarch Raada oa Loa-TIald Clgarattaa, 

•atkaada, Marylana, Jaaa 9-11, 1900 
Rational Iaatltata oa Drag Ahaaa, IF? Planning Croon, 

Rockrllla, Maryland, April 10, 19M 
IFM Sanrea Aaaaaanaat Rnkin—Ittaa 
DOt/ORKt Worfcakoa oa tha Fraanratloa of Convlax Mtztama far 

•loaaaay, Oak tldga, Ta—aaaaa, Rovaahar 12-13, 19W 
2nd lynpoalan oa Frocaaa Haaaaranaata for tnvlronaantal 

Aaaaaaaant, Atlaate, Caorgia, Fakraary 25-27, 1M0 
10th Aaaaal a>nana inn oa tha Analytical CkMlatry U 

Pollataata, Oartnnnd, FIG, Hay 2t-30, I MO 
'iW tynpoalaa oa RaTlraaaaatal .walytlcal CH—latry, krlgkna 

Toaag Oalvaralty. Provo, Utah, Jaaa 1S-20, 19t0 
1M0 Oardoa Roaaareh Coafaraaea oa Analytical Cfcaadatry 

•aw Raontoa, Rev ksnaahlra, Aagaat 11-15, 19S0 
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Analytical Chemistry Diviaioo Affirmative Action Ptograa 

B. « - • 
Coordinator: 
livlted 

Analytical Chemistry Division University lalatloaa 
workshop oa Arc By-Prodmeta la Caa Insulated Eeuipment, 

Chicago, I l l ino i s , J u t 4-6, 1980 

, I . >. 
Saaalaa Chali American Vacuum Society, Knoxville, Ti 

28-30, 1980 
'inns M M , October 

D a m . t . A. 
Invited Participant: 

Invited Speaker: 

RH Program-Project Review, Dal vani ty of I l l inola, 
Chicago, I l l ino i s , December 3-5, 1980 

Washington, DC, Chromatography Discussion Croop, 
Celtherabsrg. Maryland, Nay 21, 1980 

HJ0T, L. • • 
Member: 

Associate Editor: 
tr: 

uxae, ». t> 

Chairman: 

Division Representative: 

vtm, ». s. 

Plaaary Lecturer: 

Regional Mltor: 
Associate Editor: 
Prograa Chairman: 

E, U. F. 
Chair—a -f leet: 

Lecturer: 

Prograa Advisory Coaalttea, Division of Analytical Chaalatry 
Division, ACS 

Chsmloal, BiommHoal, ani gnviiwvmntal Irmtnomntation 
Fellowship riaatttaa of Analytical Chaalatry Division of 

Aaarlcaa Chaaleal Society 

Sabcoaalttae C-26:05, Taat Methods, Hucleer Foal Cycle, ASTM 
OCCRD Analytical Coaalttae 
OCCED Environmental Analysis Coaalctaa 

Coaalttea D-5, Coal and Coke, Subcommittee on Methodology, 
Tank Croop on Trace Eleaente, ASTM 

Committee E-10, Nuclear Applications and Measurement of 
Radiation Iff acta, ASTM 

Subcommittee 1-10:01, Pval turnup 
Subcomaltter E-10:05, Dosimetry 
Organising Coaalttee, 6th International Conference oa Modern 

Trend* la Activation Analyala 
Executive Coaalttaa, Isotope* and ladlatlon Dlvlaloa, ARS 
Scientific Coaalttee 25 on tadlatlon Protection In the One 

of Saall Matron Ceeeretora, RCRP 
Fourth lata mat loaal Conference Roc leer Kathode la Envlron-

aaatal aed Energy Rseeareh, Coloahla, Missouri, April 17, 
1980 

Journal of fadioanalyHaal Cfcam/stry 
RuHodwrnUal ani Badicanxlytioal Utttru 
laotopes and Radiation Mvieloa, ARS 

0CC-RD Caa Chroaatography Specialist*' Croup 
Analytical Chemistry Division Sealnar Coaalttea 
ASTM E-19 Coaalttaa on Chromatography 
DCCHD Ueuld Chromatography Specialist*' Croup 
0RAU Traveling Lecture Program 
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r, J . M. 
Heafcer: Analytical Chealatry Division Sealaer Cjaalttee 

. S. A. 

Secretary: 
Chalraaa: 

Coaalttee D-19, Hater, ASTM 
Coaalttee E-10, nuclear Technology sad Applications, ASTM 
Standards Subcjaaittea AMS-16, Isotopes and tadiatiou 
Division, AMS 

Technical Advisory Croup, ISO Technical Coaalttee 147 on 
Hater Quality 

D-19 Suhcoanlttee 4, Methods of ladlochealcal Aaalysla, ASTM 
working Croop 1, Subcoaaltree 3, ISO Technical Ceaalttee 147 
oa Hater Quality 

•OSS, I. I. 
Chair 

Heaber: 

OUL Graduate Student Selection Panel 
Education Coaalttee, OtH, Credit Dnloa 
OKRL Technology Utilization Coaalttee 
Editorial Advisory Board, Journal of HuUoanalytioal 

ChmmUtry 
Board of Directors, OML Credit Onion 

nn, 1.1. 
Invited Speaker: 1980 Aaerlcaa Chealcal Society Suaaer Syapoelua on 

Analytical Chealatry, Dorhaa, north Carolina, Jose 4-6, 
1980. 

SCOTT, 7. C. 
Meaber: Coaalttee D-19, Hater, ASTM, and Subcoaalttee 4, Methoda of 

Radiochemical Analyala 

SaVLTf, V. D. 
Chalraan: 

Mesber: 

Prograa Chalraan: 

Division of Analytical Chealatry. ACS 
Analytical Speciallet Croop, DOC 
0*HL In-House Continuing Education Coaalttee 
Technical Jervlcea Coaalttae, JCCWD 
Editorial Board, knaXytioa CMmioa koto. 
Advisory Coaalttee, 'Analytical Approach," tnalvtioal 

ChtmUtry 
San Francleco Rational ACS Meeting, 1980. 

SMTTI, D. I . 
Coordinator: Analytical Chealatry Division PhD Bacrultlng 

r, J. I . , Jr. 
Meaber: 

Invited Speaker: 

ASTM C-26 Nuclear Fuel Cycle Taak: Croup Leader for X-tay 
Fluorescence Methods 

1980 Snaaar Meeting of ASTM C26, Denver, Colorado, July 21, 
1980 

fTOEXLT, J. t . 
Coordinator: Analytical Chealstry Division MS/BS Uemlt lng 

, ». J. 
: Analytical Chealatry Division Seal oar Coaalttae 
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8. PRESENTATION OF RESEARCH RESULTS 
As In peat year*, tbc divialoa haa actively responded to the changing prlorltiea 

of the O M L research effort by changing the emphasis of aoae of Its own programs or 
inatltutlng new etodlss. The increaalng concern with energy - nuclear aa well aa ocn-
auclear - la reflected In the reeearch result* listed below. The multldisclpllaary 
approach required la "any such problems Is Indicated by the number of papers and talks 
coauthored by aeabera of other ORXL divisions. Such persons are designated by an 
asterisk. 

lusucanoas 

Cootr r.loos to Booksi, Proc—eimgs. amd Beports 

AUTHOR AUTHOR(S) AND TITLE 

i t s , L. C. Bate, L. C. "Determination of Tecl.netluai-99 
i n Mixed F i s s ion Products by Neutral A c t i ­
vation Analysis" 

PUBLISHED m 

Ihdioelsmsnt Analytic -
Progress and Pi \lsms, 
Proc. 23rd Conf. on 
Anal. Cheat. In Energy 
Techn., Ua'llnburg, 
Tenn., W. S. Lyon, Ed., 
1980, pp. 125-190 

Bjs t i ck , D. T. Bostlck, D. T. "Acid-Componensate Hultlwaveleogth 
Determination of Uranium in Process Streams" 

Proc. , An. Sucl. Soc. 
Topical Meet, on Heae-
uremmnt Teahn. for Safe­
guards and Hater. Con­
trol, BBS SP-S82, June 
1980, p . 121. 

Buchanan, M. V. Walton, B. T . ;* Buchanan, M. V. "Teratogenic 
Effacta of Fuel O i l s on Insec t s Developing 
In Contaminated Substrates" 

ACS, Div. Environ. Chew. 
Prepr. 20(2), 1980, pp. 
100-101 

Carter, J. A. Chris t ie , W. H.; Carter, J . A.; Eby, R. E.; 
Landau, L-; Muslck, U. R. "A SSMS Surface 
Analysis of B In Irradiated Zlrcaloy-2: 
Ion Implantation Standard aa a Calibration 
Technique" 

Proe., 26th Annu. Conf. 
on Hose Speotrom. and 
Allied topiae. New York, 
K.Y., M*y 25-30 , 1980, 
pp. 678-689 

Caton, J. E. Dalbey, W. E . ; * Net teshe la , P . ; * Crlesemer, R. 
Cat on, J . E . ; Cuerln, M. R. "Chronic Inha­
la t ion of Cigarette Tobacco Smoke by Rats* 

Proc., 19th Annu. Uanford 
Life Sei. Symp., Pulmo­
nary Toxicol, of Bstpir-
able Particles, Rich­
land, Wash., Oct. 22-24, 
1979. DOE Symp. Ser. 53 , 
CCWF-791002, TIC, USDOt, 
I960, pp. 522-535 

Henry, C. J . ; * Whltnlre, C. E . ; * Lopez, A.;* 
Dsnsls, D. R.;* Avery, M. D.;* Cat on, J. E.; 
Stokely, J. R.; Holmberg, R. W.; Cuerln, 
M. R.; Kourl, R. E.* "The Dosimetry and D i s ­
tr ibution of Whole Cigarette Smoke Part i d e a 
In Inbred Strains of Mice: Comparison of a 
largs Smoke Exposure Machine (SEX) with a 
Small-Capacity Saoke-Exposur* Machine (Walton)* 

Proa., l»th Annu. Hanford 
Life Soi. Symp., Pulmo­
nary Toxicol, of Hsspir-
able Particles, Rich­
land, Wash., Oct. 22-24, 
1979, DOE Symp. Ser. 5 3 , 
CON/--7910O2, TTC, USD01, 
1900, pp. 177-192 
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AUTHOR W n » R ( S ) AND TITLE 

Cat o n , J . E . C r l e s t , U. H . ; C a t o u , J . E . ; C u e r l n , K. R . ; 
Yeat t s , L. 1 . ; Biggins , C. C. "Extraction 
and Recovery o f Polycycl lc Aroaaclc Hydro­
carbons fron Highly Sorpttv* Matrices Such 
aa Ply Ash" 

raSLISSSD IH 

folgnuel. Aromatic ffydVa. 
offrooas* Caea* and Bio­
logical Effect* • A. 
Bjorseth . A. J . 
a d s . . B a t t a l i a 
Colaabue, Ohio. 1 M 0 . 
• p . S19-B2S 

Chri s t i e , H. H. Marayao, J - ; * Larson. • . C. ;* Chr i s t i e , W. 
"Effect of Theraal Anneal1st la Boron 
lap lant td . Laser Aaaaaled Silicon'* 

Hang. J. C.;* Hood, R. P . ; * White, C. H.;* 
Appleton, B. « . ; * Prooko, P. P . ;* Wilson, 
S. R.;« C h r U t l * . H. B. "Dopant P r o f i l e 
Changes Induced by Laser Irradiat ion of 
S i l i c o n : Cooper lson of Theory and Esperl-
aent" 

White, C. W.;* Chr i s t i e , H. H.; Pronko, P. P . ; * 
Apple too, B. R.;* Wilson, S- t - ; * Young, 
R. T . ;* Wang, J . C . ;* Hood. R. P . ; * Barayan. 
J . ; * Mage*. C. W.* "Dopant P r o f i l e Chaagea 
Induced by Pulsed Laser Annealing" 

Lamer-Solid Intercctione 
and Lamer proceeding 
197$, S . D. P e r r l s , 
B * «* • IdaMBa^f g J • H a 

Poate, Eds . . AIP Coaf. 
Proc. Mo. 50 , Raw York, 
R.T. , 1979, p . 440 

Lamer-Solid Interaction* 
and Lamer Prooeeeing-
j)7S, S. B. P e r r l s . 
B. J . Leaay, J . M. 
Poata, Eds-, AIT Coaf. 
Proc. Mb. 50 , Be» Terk. 
B .T . , 1979. p. 123 

Bean Modification of 
Hater.. Vol. I I . J . 
Cyulal , T. Looser, B. 
Paaator, Eds . , Central 
l a s t , for P a y s . , Buda­
pes t , Hungary, 1979, 
p. 839 

Young, R. T . ; * Wood, R. P . ; * Rarayan, J . ; * 
Chr i s t i e , ' H. "Laser Techniques la 
Photovoltaic Applications" 

Zehner, D. M.;* White, C. W.;* Ovenby, C. W.;« 
Chr i s t i e , H. H. "Sil icon Surface Structure 
and Surface I a o u r l t l s s After Pulsed Laser 
Annealing*" 

C h r i s t i e , W. H.; Carter, J . A.; Eby, R. E . ; 
Landau, L . ; Nuslck, V. R. "A SBMS Surface 
Analysis of 1 in Irradiated Zlrcaloy-2: 
Ion laplantat lon Standard as a Calibration 
Technique" 

Lamer Application* in 
Mater. Prewiring, Vol . 
19B, J . P. Ready, Ed. , 
Soc. of Pboto-Optlcal 
Inetruaentat loo Engi­
neers , l e l l l n g h a a . 
Wash., I960, p . 36 

Lamer and tleetron Bern 
Practicing of Mater., 
C. V. White, p . S. 
Peercy, Eds . , Acadealc 
Press , Rev York, U.Y*. 
19B0. p. 201 

Proc., titn AIM*. Conf. 
en Home SpectroM. and 
Allied Topic; mem York, 
R.Y., Nay 2J-30 , 1990, 
pp. 47B-M9 
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AUTBOt(S) AMD TITU F0RLISHED III 

Clark, t . R. 

Corbla, L. T. 

Bby, *• *• 

Eldrldg*. J. I. 

Rabin, I . » • ; Coeckaer, • . A . ;* CUrk, • 
"Polar Coaet l toeata of a Shala O i l : 
t l * e Coaeoatttoa « l t h Otter Foeetl-Derived 
Liquid*" 

• o l l a a d . J . « . ; * Rata, R. 0 . ; * Salth, L. 8 . ; * 
Clark, • - t . ; Change, 5 . S . ;* Stephen*, 
T. J . * "Doeiaattry of Coal and Shala Derived 
Croat Lipoids a* Nous* Skin Carcinogen* ~ 

Crteat , V. • . ; Caerla , M. > . ; Yeatta, L. * . ; 
d a r k . » . t . "Saaole Manage**** ead Che*lc*l 
Characterisat ion of the Paraho/SORIO/U.S. Bevy 
Crude aad R e f l i e i Shale Oi l S a l t * ' 

Rao, T. R.;* Epler , J . L . ; * Cuerin, M. R.; 
Clark, B. t . 'Short-Tar* MlcrohUl Tes t ing 
of Shala Oi l Materlala" 

Lalag. M- * • : Corbla, L. T. "ftaUoectlve 
Material* a n a l y t i c a l Laboratory" 

Chriat la , H. H-; Carter, J . A.; Eby, R. E . ; 
Leadau, L. ; Newtek, V. R. "A SSMS Surface 
Aaalyel* of • l a Irradiated Zlrcaloy-2: 
Ioa l a p l a a t a t l o n Staadard aa a Calibration 
Techaleue' 

Reynold*, S. A.; U d r l d g e , J . S. "Invest lga-
t loa of Cereakov Counting of Eavlroaeiental 
Stroet tea-90" 

Oakaa, T. W.;* Shaak, K. E.;« Aexler. J . A. ;* 
Eldrldg*, J . S . ; Jeaklaa, P . ; * Love, C. L . ;* 
Oberg, S. C.;« Pauaako, f.;* Selby, • . ; * 
Travera, V. 0 . ; * S trod l , H. R.* "Eavlroa-
aaata l Radio log ica l Surve i l lance: Nacbaolaa 
for l a f o r a e t l o a Exchange' 

Shaak, 7 . I . ; * OakM, T. « . ; • Eldriage, J . S . 
"Quality Aaeuraace la Eavlreaamtal Haae-

Proe., Oil Shale Symp.: 
Smiling, Analytic, and 
duality Ae*uraneet Den­
ver , C o l o . . Mar. 26-28, 
1979, EPA-6O0/9-80-O22, 
Jane 1980, pp. 390-401 

Proe., Oil Shale Symp.: 
Sampling, Analymie, and 
Quality Aeeuranee, Den­
v e r , C o l o . , M«r. 26-28, 
1979, EPA-6O0/9-80-022, 
Jane 1980, pp. 443-454 

Proe., Sj/rnp. on Him 
Sealth Effect* Inveeti. 
of Oil Shot* Vev.% c a t -
l inburg. Tea*. , June 2 3 -
2 4 , 1980, ABB Arbor S c l . 
Pub. , pp. 27-44 

Proe., Symp. on the 
Health Effect* Inveeti. 
of Oil Shalt Dev.t c « t -
l laburg , Teno. , June 2 3 -
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H m t c k , K. J . V t r u c k , « . J . ; Donoboc, D. L. ; Landau, L . ; OIBL/TM-7129 (Apr. 1980) 
Franklin, J . C ; Chrlat le , W. H.; Carter, 
J . A. Design of a Mat* Speetromstrie Faeil~ 
ity for Bighly Kadioaetiv* Samples 

Weinberger, A. J . Costaoso, D. A.; Weinberger, A. J . ; Marlay, OUIL/TM-7240 (May 1980) 
J . L. A Solvent Extraction Study of Jim 
Ihoriiss titrate, Witrie Acids, and Tri~ 
butyl Btosphatm-Dodeeane System: Density 
and Acidity Relationship* 
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ORAL PtKSZRAIIOsK 

As la previous years , s ta f f aeabers have Bade presentat ions at l o c a l , n a t i o n a l , 
and, In a few Instances , International meetings. The papers covered a wide variety of 
s u b j e c t s , r e f l e c t i n g the d i v i s i o n ' s broad spectrum of a c t i v i t i e s . 

At Meetings of Professional S o c i e t i e s , Conferences, sad the Like 

SPEAKER AUTHOR(S) AMD TITLE 

Beal l , ii- W.* Bca l l , C. W.;* Kel ley , K. L. ;* Bea l l , C. W-;* 
Young, J . P.; Boatner, L. A.* "Volume States 
of Act lnldss In Synthetic Monozites" 

PRESENTED AT 

Mat. Res. Soc. Annu. 
Meet., Boston, Mass. , 
Nov. 16-20, 1980 

Beene, J . R-* Young, J . P . ; Beene, J . R.;* Beals , C. E . , J r . ; * 
Kraaer, S. 0 . * "Study of the F i ss ion Isomer 
2*°"Am ( S . F . ) Using Laser Induced Nuclear 
Polarizat ion" 

Aa. Phys. Soc . , Washing­
ton, D.C., Apr. 2 1 , 1980 

Beene, J . R.;* Beais , C. E . ;* Young, J . P . ; 
Kraaer, S. D.* "Study of the F i s s ion Isoaer 
2 4 0 B A B ( S . F . ) Using Laser Induced Nuclear 
Polarization" 

Invited, 5th I n t . Hyper-
f ine Interact ion Conf., 
Berl in , Germany, 
July 17, 1980 

Beals , C. E.* Bea l s , C. E . ;* Beene, J . R.;* Young, J. P.; 
Kraaer, S. D.* "Laser-Induced Nuclear 
Polarizat ion (Llnup): Application to the 
Study of Short-Lived Nuclide" 

11th In t . Quantua E l e c ­
tronic Conf., Boston, 
Mass., June 23-26, 1980 

Bl t tner , H. F.* Bl t tner , H. F . ; * B e l l , J. T . ;* White, C. W.;* 
Chr i s t i e , W. U. "Stesa Oxidation of Laser 
Annealed Incoloy 800" 

3rd I n t . Syap. on Molten 
Sa l t s , Hollywood, F l a - , 
Oct. 5-10, 1980 

Buchanan, A. C * Buchanan, A. C.*; Buchanan, K- V.; Dworkln, 
A. S. ;* Sa l th , C. P.* "Low Teaperature Cata­
l y t i c Hydrocracklng of Naphthalene in Molten 
S b C l 3 - A i ; ; 3 " 

3rd Int. Syap. on Molten 
S a l t s , Hollywood, F l a . , 
Oct. 5-10, 1980 

Buchanan, H. V. Buchanan, M. V.; Ho, C . -h . ; Clark, B. R.; 
Guerin, M. R. "Chealcal Characterization 
of Mutagenic Nitrogen-Containing Polycyc l ic 
Aroaatlc Hydrocarbons in Foss i l Fuels" 

5th In t . Syap. on 
Polynuc. Arom.ii:. Hydro­
carbons, Bat te l l e Colum-
bus Lab, Coluabus, Ohio, 
Oct. 28-30, 1980 

Carter, J . A. Carter, J . A.; Walker, R. L.; Sa l th , D. H. 
"Isotope Dilut ion Resin Bead Miss Spec:rom-
etry - An Ultra Trace Technique for Measuring 
Nuclides In Three-Mile Island Water" 

Invi ted, 10th Annu. Syap. 
Anal. Chea. of P o l l u t . , 
Fed. Repub. of Germany, 
May 28-30, 1980 

Carter, J. A. "Multielement Isotope Di lut ion 
Measurements by Spark Source Mass Spectroaatry" 

Invi ted , 7th Annu. Meet. 
FACSS, Phi ladelphia , 
P c , Sept. 28-Oct. 3 , 
1980 

http://Arom.ii
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SPEAKER AUTHOR(S) AND TITLE 

Carter, J . A. Carter, J. A. ; Hualck, U. R. 'Rapid Batch Restn 
Bead Loading Technique for U and Pu for PNC" 

Carter, J. A. "Resin Bead and Mass Spectrometry 
Technique for Dlsso lver Solutions for Safe­
guard Applications" 

Caton, J . E. Caton, J . E . ; Tea t t s , L- B.; C r l e s t , W. U. 
"Characterization of Foss i l Fuel Derived 
Liquids by Normal Liquid Chromatography and 
Infrared Spectroscopy" 

PCuuEKTED AT 

T. i l Reprocessing Plant , 
Japan, Aug. 26, 1980 

JAERI, Japan, Sept. 
1980 

2, 

1980 Pittsburgh Coof. on 
Anal. Chea. and Appl. 
Spectros., Atlantic 
City, N.J., Mar. 10-U, 
1980 

Caton, J. E.; Hike, J. S-; Kubota, H.; Grlest, 
W. H.; Ksakarlnec, M. P. "Comparison of 
Methods for Collection and Quantitation of 
Polycycllc Aromatic Hydrocarbons froa Aqueous 
Media" 

180th Aa. Chea. Soc. 
Meet., Las Vegas, Nev. 
Aug. 24-29, 1980 

Caton, J. E. "Soae Approaches to the Organic 
Analytical Chealstry of Fly Ash" 

Cheslstry Dept., Univ. 
of Tennessee, Knoxvllle, 
Tenn., Feb. 25, 1980 

Caton, J. E.; Grieat, W. H.; Henderson, C. M.; 
Reagan, R. R.; Ostrus, V. H.* "General 
Characterization and Sample Preparation of 
Fossil Fuel Derived Liquids" 

Caton, J. E. "Vat of TIR in the Quality 
Control of the EPA/DOE Fossil Fuel Sample 
Repository at ORNL" 

Grlest, W. H.; Caton, J. E.; Yeatts, L. B.; 
Maskarinec, M. P. "Sample Matrix Extraction 
of Organic Compound* for Quantitative 
Analysis" 

Anal. Chem. Dlv. Annu. 
Info. Meet., Oak Ridge 
Nat. Lab., Oak Ridge, 
Tenn., luly 21-22, 1980 

UCC Anal. Specialists' 
Meet., Tarry town, N.Y., 
Oct. 16-17, 1980 

2nd Symp. on Environ. 
Anal. Chem., Brlgham 
Young Univ., Provo, 
Utah, June 18-20, 1980 

Chrlsiie, W. H. Christie, W. H.; Carter, J. A.; Eby, R. E.; 
Undau, L.; Mustek, W. R. "A SSMS Surface 
Analysis of B in Irradiated Zlrcaloy-2: Ion 
Implantation Standards as Calibration Tech­
niques" 

Christie, W. H. "Secondary Ion Mass Spectrom­
etry: Quantification Techniques and Their 
Application" 

Christie, W. H. 
Spectrometry" 

"Ion Mlcroprobe Haas 

28th Annu. Conf. on Mass 
Spectroa. and Allied 
Toplca, New York, N.Y., 
May 25-30, 1980 

Invited, 22nd Rocky 
Mount. Conf., Denver, 
Colo., Aug. 10-U, 1980 

Baalc Energy Scl. Site 
Rev., Oak Ridge, Tenn., 
Apr. 15, 1980 
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SPEAKER AUTHOR(S) AND TITLE 

C h r i t t l e , W. H. Chr i s t i e , U. U. 'Secondary Ion Has* Spectroa­
e t r y : Quantif icat ion Techniques and Their 
Applicat ion' 

PRESENTED AT 

1st Annu. Syap. of the 
Tenn. Val ley d a p . of 
the Aa. Vacuus Soc . , 
Knoxvi l le , Tenn. , 
Oct. 28-30 , 19.XJ 

Chr i s t i e , W. H. "Some Quantitative Aspects 
of Secondary Mass Spectroaetry aa Applied 
to Nuclear Materials" 

UCKD Anal. Coast. Meet. , 
Oak. Ridge Nat. Lab., 
Oak Ridge, T e n s . , 
June 10, 1980 

Chr i s t i e , W. U.; Eby, R. E. 'Analyt ica l 
Applications of Secondary Ion Mass 
Spectrometry" 

Anal. Cheat. Div. Ann. 
W o . Meet. , Oak Ridge 
Nat. Lab., Oak Ridge, 
Tenn., July 21 -22 , 1980 

Clark, B. R. Clark, B. R.; Ho, C . - h . ; Guerln, M. R.; Cr ie s t , 
W. H. "Biological ly Iaportant Compounds in 
Synfuels Processes* 

179th Nat. Anal. Chen. 
Soc. Meet. , Houston, 
Tex. , Mar. 23-28, 1980 

Clark, B. R. "Synfuels—Problems and Promises" Oak Ridge Nat. Lab. Sua. 
Seminar S e t . , Oak Ridge 
Nat. Lab. , Oak Ridge, 
Tenn., July 1 , 1980 

Clark, B. R.; Klein, J. A . ;* Oierln, M. R. 
"Characterization and Control of Toxic 
Organic Materials from Coal Conversion 
Procesaes" 

1980 Joint Southeastern-
Southwestern Meet, of 
the ACS, New Orleans, 
La. , Dec. 10-12, 1980 

Compere, A. L.* Compere, A. L. ;* C r l f f l t h , W. L.;* Rao, 
T. K.;* Grles t , W. H. "Potential Use of 
Organosolv Underflow Tar Llgnin as a Petro­
chemical Refinery Feed" 

TAP?I Papermakers Conf. 
Atlanta, u i . , Apr. 13-
16 , 1980 

Costanzo, D. A. Costanzo, 0. A. 
Development" 

"CRFP Analyt ical Chemistry US0OE/UKAERE Breeder 
Info. Exchange Meet., 
Oak Ridge Hat. Lab., Oak 
Ridge, Tenn., May 1, 
1980 

Costanzo, D. A. "Analytical Chemistry in 
Support of Reactor Programs" 

UCCND Ansl. Meet- at Oak 
Ridge Nat. Lab. , Oak 
Ridge, Tenn., June 11, 
1980 

Costanzo, 0. A. "Nuclear A c t i v i t i e s -
Progress and Prognosis" 

Anal. Chen. Dlv. Annu. 
Info. Meet . , Oak Ridge 
Nat. Lab., Oak Ridge, 
Tenn., July 21, 1980 

Costanzo, D. A. "Analytical Chemistry for 
Reactor Fuel Reprocessing" 

CFRP Seal., Oak Ridge Nat. 
Lab., Oak Ridge, Tenn., 
Mar. 11 , 1980 
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SPEAKER AUTHOR(S) AMD TITLE 

Costanzo, D. A. Costanzo, D. A. 'Analyt ical Chealetry 
Development: CFRP Semiannual Technical 
Program Review of Process W) Taska* 

Cross, t. P.* Cross, K. P . ;* Lee, D. A. 'Quasl-Isothera 
Drying of Sol-Uel Synroc Microspheres' 

PRESENTED AT 

Oak Ridge Nat- Lab. Oak 
Ridge, Tenn.. Mar. 19. 
1980 

Nat. Academy of S e t - , 
Oak Ridge Am. Museum of 
Sc l . and Energy, 
Nov. 22, 1980 

Dalbey, W. £ . * Dalbey, U. E . ;* Holmberg, R. U.; Honeyhun, 
J. H-; Lock, S . ;* *>erln, M. R. "Toxi-
co log lca l Evaluation of an Aerosol of 
Diese l Fuel 12" 

11th Conf. on Environ. 
T o x i c , Dayton, Ohio, 
Nov. 18-20, 198U 

Dalbey, W. E . ;* Netteshelm, P . ;* Crlesemer, 
R.;* Caton, J . E. ; Guerln, M. R. 'Chronic 
Inhalation of Cigarette Tobacco Smoke by 
Fischer Rats' 

19th Annu. Meet, of the 
Soc. of T o x i c , Wash­
ington, D.C. , Mar. 9 -13 , 
1980 

Dale, J. M. Dale, J. M.; tkilett, L. D-; Pendyala, S-* 
'Lov Energy Positron Spectroscopy of Solid 
Surfaces" 

Cordon Res. Conf. on 
Elec ron Spectros•, 
Wolfboro, N.H., July 
14-18, 1980 

Dale, J. M.; Hulett, L. D.; Peadyala, S.* 
"Low Energy Positron Spectroscopy of Solid 
Surfaces" 

Am. Vacuum Soc. Conf., 
Knoxvllle, Tenn., 
Oct. 27-29, 1980 

Dunn, H. W. Dunn, H. U.; Stewart, J. H. "quantitative 
Determination of the Asbestos Content of 
Building Materials" 

24th Conf. on Anal. Chem. 
In Energy Techn., 
Galtlnburg, Tenn., 
Oct. 7-9, 1980 

Dunn, H. W. "The Quantitative Analysis of 
Asbestos In Building Mater ia l s ' 

INTER/MICRO-80 Meet. , 
McCrone Res. I n s t . , 
Chicago, 1 1 1 . , July 
21-25, 1980 

Eldrldge, J . S. Eldridge, J. S . ; Oakes, T. H.* "Radionuclide 
Transport In a Liquid Waste System" 

179th Nat. Anal. Chem. 
Soc. Meet. , Houston, 
Tex. , Mar. 23-28, 1980 

Eldrldgc, J. S . ; Oakes, T. W.;* Shank, K. E.* 
"Radionuclide Concentrations In White-Tailed 
Deer on the Department of Energy's Oak Ridge 
Reservation" 

Health Phye. Soc. Annu. 
Meet. , S e a t t l e , Wash., 
July 20-25, 1980 

Fsldman, C. Peldman, C. "The Determination of Trace* of 
Fluoride In Natural Waters and Residues" 

24th Conf. on Anal. Chem. 
In Energy Techn., 
Catllnburg, Tenn., 
Oct. 7-9, 1980 
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SPEAKER AUTHOR(S) AID TITU 

Ferguson, II- If. Ferguaoo, N. M.; Lund, J- R. "The Determination 
of Mercury la Environmental Saaples - A Con­
stant Chal lenge -

PRESENTED AT 

1980 Pittaburgh Conf. on 
Anal. Che*, and Appl. 
Spec tros . , At lant ic 
City. M.J-, Mar. 10-14 , 
1980 

Francis. C W.* Francis, C. ¥.;* Haskarinec, M. P.; Epler, 
J. L.;* Brown, 0. K.* "The Otlllty of 
Extraction Procedures nad Toxicity Testing 
with Solid Wastes' 

Solid and Hazardous 
Wastes Res. Dlv. Syap. 
Mar. 3-5. 1980 

Gllsh, C \-. Cllah. G. L.; Zakett, D.;* Bamberger, p. H.;* 
Cooks, ft, C * "New Instrumentation for 
MS/MS" 

285th Aneu- Conf. on Mass 
Spectroa. and Allied 
Topics, New York, N.Y., 
May 25-30, 1980 

Cray, ft. J. Cray, R. J.;* Canonlco, D. A.;* Bate, L. C. 
"An Integrity Study of Type 347 Stainless 
Steel Tubes After a Five-Tear Service In a 
High Flux Nuclear Rtactor" 

13th Annu. Techn. Meet, 
of the Int. Mctallo-
graphlc Soc, Brighton, 
England, Aug. 18-20, 
1980 

Crleat, W. H. Grlest, W. H.; Higglns, C. E.; Caton, J. E.; 
Hike, J. S. "Characterization of Ambient 
Vapor and Particulate Phase Organlcs Col­
lected Near the Kosovo Coal Caalfler" 

180th Nat. Aa. Chea. Soc. 
Meet., Las Vegas, Rev., 
Aug. 24-29, 1980 

Grlest, W. H.; Cacon, J. E. "Interaction of 
Polycycllc Aromatic Hydrocarbons with Fly 
Ash" 

5th Int. Syap. on Poly-
nucl. Aromat. Hydrocar­
bons, Battelle Coluabus 
Lab, Co'.uabus, Ohio, 
Oct. 28-30, 1980 

Crlest, W. R.; Caton, J. E.; Teatts, L. B.; 
Maskarlnec, M. P. "Methods for Analyst* of 
Trace Organic Constituents on fly Ash" 

2nd Conf. on Air Quality 
Manage. In the Electric 
Power Industry, Austin, 
Tex., Jan. 22-25, 1980 

Crleat, V. H.; GuarIn, M. ft.; Taatta, L. B.; 
Clark, B. ft. "Sample Management and Chemical 
Characterisation of the Paraho/SORIO/U.S. 
Navy Crude and Kef load Shale 011 Suite" 

Invited, Syap. on the 
Health Effects Invest, 
of Oil Shale Develop., 
Gatllnburg, Tear •, 
June 21-24, 1980 

Ciierln, M. R. Cuerln, M. ft. "'Bloasaay Chemistry* and the 
Characterisation of Polycycllc Aromatic 
Organonltrogen Coapounds - Haw Environmental 
Analytical Problems" 

Invited, 2nd Symp. on 
Environ. Anal. Cham., 
Brlghaa Toung Univ., 
Provo, Utah, June 18-20, 
1980 

Cuerln, M. ft.; Ho, C.-h.; Buchanan, M. V.; 
Rubin, I. I.; Crlest, V. H.; Clark, B. ft.; 
Eplar, J. I.;* ftao, T. K.* "Separation and 
Identification of Mutagens in Synthetic 
Crude Oils and Related Products" 

Invited, 10th Annu. Symp. 
Anal. Cham, of Pollut. 
Fed. ftepubl. Cermany, 
May 28-30, 1980 
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SPEAKER 

Guerin, M. R. 

Halve, R. <;.* 

Aim»R(S) AID TITUS 

Uier in , H. R. "Inhalation Bloassay Chemistry 
and Instrumentation" 

Guerin, H. R. "Smoking aad Health U H M 
Related t o Low Tar Cigaret te* ' 

Guerin, H. R. "The Integrated Approach 
to Chemical-Biological Analysis" 

Guerin, M. R. "Bioassay Chemistry', Analyt­
i ca l Chemi^-ry In B io log ica l Test ing* 

Bo, C . -h . ; Buchanan, M. V.; Clark, B. R.; 
Uierin, M. R. 'Chemical Characterisat ion 
of the Neutral Fraction o f Synfuels" 

Halre, R. C. ;* Toung, J . P . ; Petersoo, J . R-;* 
Ensor, D. D.* "Chemical and Structural 
Consequences of Radioactive Decay in Trans-
Plutonium Oxides" 

PRESENTED AT 

Invi ted, Mat. l a s t , on 
Drug Abase Meet, on 
Cannabis Inhalation B i o ­
assay , I tockvl l le , H i . , 
Apr. 10, I960 

Invi ted, Working Meet, on 
Res. needs on Low-Held 
Cigare t te s , netheads. 
M . , Jos* 9 - 1 1 , 19*0 

Inv i t ed , 2nd Symp. on 
Process Measure, for 
Environ. Assessment, 
At lanta , Ca. , Feb. 2 5 -
27 , 1980 

Inv i ted , 1980 Cordon Res. 
Conf. on Anal. Chea., 
Hew Hampton, H.H., 
Aug. 11-15 , 1980 

Proc . , 20th Hanford Life 
S c l . Symp., Richland, 
Wash., Oct. 20 -24 , 1980 

180th Nat. Am. Cham. Soc. 
Meet., Las Vegaa, Nev. , 
Aug. 25-29 , 1980 

Hlgglns, C. E. 

Ho, C.-h. 

Hairc, 5 . 6 . ; * Young, J . P . ; Ensor, D. D . ;* 
Peterson, J. R.* "Solid S t s t e Spectroscopic 
Studies of CfF 3 and CfF*" 

Hslre, R. C.;* Young, J . P . ; Bourges, J* T.* 
"Absorption Spectrophotometry end X-Ray 
Diffract ion Studies of N d l 3 and SNI3" 

Hlgglns, C. E. ; Holmberg, R. U.; Honeyhun, 
J. H-; C r l s s t , W. H. "Sampling and Analysis 
of Vapor Phase Orgsnlcs i n Ambient Air" 

Ho, C.-h. "Separation of Aromatic Nitrogen 
Compounds fron Synthetic Crude O i l s for 
Bio logical Tasting" 

Ho, C . - h . ; Buchanan, M. V., Clark, B. R.j 
Guerin, M. R. "Chemical and Bio log ica l 
Evaluation of Synthetic Fuels" 

Southeast-Sauthwest Reg. 
Am. Chem. Soc. Meet., 
New Orleans, L s . , 
Dec. 10-13, 1980 

Proc . , 14th Rare Earth 
Res. Conf., North Dskots 
State Univ . , Fargo, 
N.O., June 25-28 , 1980 

24th Conf. on Anal. Chem. 
in Energy Techn., 
Gatllnburg, Tenn., 
Oet. 7 - 9 , 1980 

Inv i ted , Pittsburgh 
Energy Techn. C t r . , 
Pittsburgh, P s . , May 15-
16 , 1980 

CONFAB '80 on F o s s i l Fuel 
Chem. and Energy, U r a ­
n i a . Wyo., July 22-25, 
1980 
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SPEAKER AVTHOR(S) AMD TITLE 

Bolmberg, K. W. flolaberg, R. W., Ke l l er , J . M.; Jonca, C. M.* 
"The Problems of Sa l fvr Hesafloorlde Impurities 
on the Operation of Large E lec troata t l c 
Acceleratora" 

PRESENTED AT 

Invited, Workshop on Arc 
By-Products In Caa 
Insulated Equir . , Chi­
cago, 1 1 1 . , June 4 - 6 , 
1980 

Holaberg, R. ¥ . ; Money htm, J . H. "An Inha­
l a t i o n Exposure Syatea for Toxicology 
Stodtea of Dlaael O i l Aeroeoli" 

2nd Symp. on Phys. end 
Chea. Charac. of Amy 
Smokes/Obscurant Aero-
s o l a , Frederick, Hd., 
Nov. 13-1* . 1980 

Holaberg, R. V.; Moneyhun, J . H.; Dalbcy, 
W. E.* "Modification of Rochester Chaabera 
f o r Stadias with High Concentrations of Oi l 
Aerosols" 

Syap. on Inhalat ion 
Toxic . and Techn. , 
Kalaaazoo, Mich. , 
Oct. 23-24 , 1980 

Jenkins , R. A. Jenkins, R. A. "Tobacco Saoke from an. Analyst 's Inv i ted , Washington, 
Standpoint: Pigeon Feathers and Chromatography D.C. , Chroaatog. Dia-
Really Do Mix" cussIon Grp., May 21 , 

1980 

Jenkins, R. A.; Hike, J. S. "Chemical Charac­
terisation of Dleael Fuel Obscurants' 

2nd Syap. on Phy*. and 
Che*. Charac. of Arm» 
Saokes/Obscurant Aero­
sols, Frederick, Md., 
Mov. 13-14, 1980 

Johnson, J. M.* 

Keller, J. M. 

Johnaon, J. M.;* Leaberger, L.;* Novotny, M.;* 
Forney, R. B.;* Maskerlnec, M. P. "Pharma­
cological Activity of the Basic Fraction of 
Marihuana Whole Saoke Condensate in Mice" 

Keller, J. M. "Application of Ion Chromatog­
raphy to Nuclear Technology Development" 

19th Annu. Meet, of the 
Soc. of Toxicol., Wash­
ington, D.C., Mar. 9-13, 
1980 

22nd Rocky Mount. Conf., 
Denver, Colo., Aug. 11-
14, 1980 

Keller, J. M. "Ion Chromatography" Anal. Chea. Div. Techn. 
Sup. Sec. Sea., Oak 
Ridge Nat. Lab., Oak 
Ridge, Tenn., Jan. 24, 
1980 

Keller, J. M. "Ion Chromatography" USDOE/UKAERZ Breeder 
Info. Exchange Meet., 
Oak Ridge Nat. Lab., Oak 
Ridge, Tenn., hay 1, 
1980 

Keller, J. M. "Ion Chromatography" UCCMD Anal. Meet., 0a!-. 
Ridge Nat. Lab., Oak 
Ridge. Tenn., June 11, 
1980 
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SPEAKER AOTHOR(S) AND TITLE 

Keller, J. M. Keller, J- M. "Ion Chromatography" 

PRESENTED AT 

Anal- Chea. Dlv. Anna. 
Info. Meet.. Oak Ridge 
Nat. Lab., Oak Ridge, 
Tenn., July 22, 1980 

Klntlgh, J. D. Kintigh, J. D. 'BET Surface Area Heaaureaente" Anal. Chea- Dlv. Techn. 
Sap- Sec- Sea., Oak 
Ridge Nat. Lab-, Oak 
Ridge, Tenn., Feb. 28, 
1980 

Klatt, L. N. Klatt, L- H. "Simultaneous Mnltlwavelength 
Heasureaenta In HPLC and Spectroelectro-
chealcal Studies' 

Invited, Wayne State 
Oniv., Detroit, Mich., 
Feb.. 1980 

Klatt, L- N.; Goeringer, D. E. "Advanced 
Instrumentation for Analytical Hot Cells" 

Anal. Chea. Dlv. Anno. 
Info. Meet., Oak Ridge 
Sat. Lab., Oak Ridge, 
Tenn., July 21-22, 1980 

Lackey, W. J.* Lackey, W. J.;* Laycon, F. L.; Angelini, D. P.;* 
Stlnton, D. P.;* Vavruaka, J. S.* "Sol-Cel 
Technology Applied to Class and Crystalline 
Ceranlcs" 

Waste Manage. 1980 Syap. 
Tuacon, Ariz., Her. 13, 
1980 

Lalng, W. R. Lalng, W. R-; Stanton, J. S.* "A Data Manage­
ment Systea for Analytical Chealstry Labora­
tories" 

1980 Pittsburgh Conf. on 
Anal. Chea. and Appl. 
Spectros., Atlantic 
City, N.J., Mar. 10-14, 
1980 

Layton, F. L. 

Lalng, tf. R-; Carter, J. A.; Eaery, J . F.; 
Shulta, V. D. "Analytical Chealstry 
Responae and Three Mile Island" 

Layton, F. L. "Leaching Studies of Synroc" 

Layton, P. L. "Synroc Leaching Studies" 

26th Annu. Meet., Aa. 
Hucl. Soc . , Las Vegas, 
Nev. , June 8-13 , 1980 

Met. and Ceraa. 01w. 
Alternate High-Level 
Waste Forms Prograa 
Sea . , Mar. 20 , 1980 

Anal. Chea. Dlv. Techn. 
Sup. Sec. Sea . , Oak 
Ridge Nat. Lab., Oak 
Ridge, Tenn., Apr. 24 , 
1980 

Lee, D. A. Lee, D. A. "Fyrolysls Mass Spectrometry of 
SYNROC" 

Lee, D. A. "Thermal Analysis" 

180th Nat. Aa. Chea. Soc. 
Meet., Las Vegas, Nev., 
Aug- 24-29, 1980 

Anal* Chea. Dlv. Teehn. 
Sup. S*c. Sea., Oak 
Ridge Nat. Lab., Oak 
Ridge, Tenn., Mar. 26, 
1980 
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SPEAKER 

Lee, D. A. 

Loundea, D. H.* 

Lyon, W. S. 

MacDougall, C. S. 

AUTHOR(S) AND TITLE 

Lee, D. A- "Thermal Analysis" 

Loundea, D. H.;* Weatbrook, R. D.;* Cleland, 
J. W.;* Christie, V. H. "Pulsed Ruby Laser 
Annealing of Zn, Hg and Se Ion Implants In 
Semiconducting Ga Aa" 

Lyon, V. S. "V. P. Gulnn - 1979 Hevesy 
Award Winner" 

Lyon, W. S. "Nuclear Methoda In Coal Research" 

Lyon, W. S.; Bujdoso, E.;* Braun, T.* "The 
Flow of Journal Information In Analytical 
Chemistry" 

HacDougall, C. S-
Sugar Reaction" 

HacDougall, C 
Development" 

"Study of the Nitric Acid 

"CPRP Chemical Methods 

MacDougall, C. S.; Coatanzo, D. 
Chemical Methoda Development" 

"CFRP 

Mamantov, C. Mamantov, C ; Nor well, V. E.; Klatt, L.; 
Tanemoto, K.;* Maraesl, R.;* Ogata, ?.;* 
Matsunaga, M.;* Viaux, J. p.;* Mamantov, 
C- B.* "Spactroelectrochemlcal and Othar 
Studlea of Sulfur and Its Helldes In 
Chloroaluminata Malta Application to a New 
Rechargeable High Voltage Low Temperature 
Cell" 

PRESENTED AT 

Met* and Ceram. Dlv. 
Alternate Hlgh-Level 
Waste Forms Program 
Sem., Apr. 17, 1980 

3rd Laser Solid Inter­
actions and Laaer 
Proceas. Conf., Boaton, 
Mass., Nov. 15, 1980 

4th Int. Conf. on Nucl-
Methoda In Environ, and 
Energy Res., Columbia, 
Mo., Apr. 14-17, 1980 

Invited, 4th Int. Conf. 
on Nucl. Methods In 
Environ, and Energy 
Res., Columbia, Ho., 
Apr. 14-17, 1980 

Southeast-Southwest Reg. 
Am. Chem. Soc. Meet., 
New Orleana, La., 
Dec. 10-13, 1980 

Chem. Techn. Dlv. Fuel 
Reprocessing R&D Sem., 
Oak Ridge Nat- Lab., Oak 
Ridge, Tenn., Jan. 14, 
1980 

USDOE/UKAERE Breeder 
Info. Exchange Meet., 
May 1, 1980 

CFRP Semiannual Techn. 
Program Rev. of Troceaa 
R4D Taska, Oak Ridge 
Nat. Lab., Oak Ridge, 
Tenn., Aug. 1J-14, 1980 

3rd Int. Symp. on Molten 
Salts, Hollywood, Pla., 
Oct. 5-10, 1980 
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SPEAKER 

Marley, J- L-

AOTHOR(S) AMD TITLE 

Marley, J . I.. 'Analyt ica l Requirements 
for the Hot F-perlmental F a c i l i t y " 

PRESENTED AT 

USDOE/OKAERE Breeder 
Infor- Exchange Meet. 
May I , 1980 

Maskarloec, M. P. Maskarlnec, M. P. "Evaluation of a Continuous 
Extraction Device for Che Analysis of Sol id 
Wastes" 

Cordon Res. Conf., 
(Poster S e s s i o n ) , Rev 
Haapcon School, Hew 
Hampton, M.H., Aug. 11-
15, 1980 

Maskarlnec, H. P . ; Manning, D. L. "Liquid 
Chromatography v t th Micropore Columns" 

Anal. Chen. Dlv. Antra. 
Info . Meet. , Oak Ridge 
J e t . Lab., Oak Ridge, 
Tenn.. July 21-23 , 1980 

Maskarlnec, M. P . ; Manning, D. L. 'Liquid 
Chromatography with Mlcrobore Colu 

Union Carbide Corp. 
S p e c i a l i s e s Meet. , 
Tarrytown. H.T., 
Sept . 23, 1980 

Mueller, T. R. 

Oakes, T. W.* 

Peterson, J . R.* 

Mueller, T. » . ; HcKovn, H. S . ; Waraack, R. J . ; 
Sstlch, D- H. "An Interface and Data Acquisi­
t i on Systeas for Two Spectrometers" 

Oakes, T. W.;* Bird, J. C. ;* Shank, R. E . ; * 
Rel ley , B. A.;* Harrison, L. L . ;* Clark, 
B. R.; Rogers, F.* "Waste Oil Management 
at Oak Ridge Rational Laboratory' 

Peterson, J . » ;* Toung, J . P.; Halre, R. C * 
"Bulk-Phase Studies of the Chemical and 
Physical Consequences of Radioactive Decay 
In the Sol id State* 

28th Annu- Conf. on Mass 
Spectroa. and Al l i ed 
Topics, Hew Tork, H.T. , 
May 25-30, 1980 

1980 UCCKD and CAT Waste 
Manage. Seminar, Friend­
sh ip , Ohio, Apr. 22-23 , 
1980 

10th Journees des Act l -
n l d e s , Stockholm, 
Sweden, Kay 27-28, 1980 

Peterson, J . R.;* Toung, J . P . ; Halre, R. C.;* 
Ensor, D. D.* "Absorption Spectroscopy of 
of Transcurlua Eleaent Sol ids" 

Inv i ted , Southeast-South­
west Reg. Anal. Chea. 
Soc. Meet., Hew Orleans, 
La. , Dec. 10-13, 1980 

Raascy, J . M. Rarsey, J. M. 'Spat ia l and Temporal Saaple 
Wedging In Flaat Atoalc Absorption Spec­
trometry" 

1980 Pittsburgh Conf. on 
Anal. Chea. and Appl. 
Spectros . , At lant ic 
Ci ty , H.J . , Mar. 1 0 - U , 
1980 

Raasey, J. M. 'Correlation Methods for the 
Measurement of Fluorescence Lifet imes" 

Inv i ted , 33rd Annu. Anal. 
Sua. Syap. sponsored by 
Anal. Chea. Soc. Dlv. 
and Anal. Chea.. June 5-
7, 1980 
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SFEAKER 

Ramsey, J. M. 

Eao, T. K.* 

Reynolds, S. A. 

tied, t-

Rogers, C. H. 

ADTBOR(S) AID TITLE 

J. K- 'Delayed leslng: A Ben 
Approach to Absorption Spectroscopy" 

Kao. T. K.;« Epler, J. L.;* Cuerln, H- B.; 
Clark. •. I.; Ho, C-h. "Mutagenicity of 
Bltrogen Compounds from Synthetic Crude 
011a: Collection, Separation, aad Bio­
logical Teatlas' 

Reynolds, S. A. "Assay of Beta Emitter* by 
Cerenkov Counting* 

Elect, E. "XV Hultldeterulutlan of Zr and Ef 
Tracer In Solotions Eelevant to Energy 
Research" 

Rogers, C. W. "lecture* - Efficient Numerical 
Calculations on Mlcroconpotera and Fourth 
Generation Languages In the laboratory" 

PtESEBTED AT 

Ana*. Chen- Dlv. 
Info. Meet., Oak RMge 
Bat. Lab., Oak Bldge. 
Tana., July 21-22. 1980 

Appl. Short-Tern Blo-
aaaaya In the Fractiona­
tion and Analysis of 
Conplez Environ. Mix­
tures. Williamsburg, 
Va.. Mar. 4-7. 1980 

Anal. Cbem. Dlv. 
Info. Meet., Oak Ridge 
Bat. Lab., Oak Bldge, 
Teon., July 22, 1980 

1980 Anna. Meet., An. 
Bocl. Soc., Las Vegas, 
B*v., Jane 8-13, 1980 

Invited, An. Chen. Soc. 
Short Coarse: Micro­
processors and Minicom­
puters - Interfacing and 
Applications, Blacks-
burg, Vs., Dec. 17-19, 
1980 

Boss, B. B. Boas, H. B. "Optical Spectroscopy la the Tla 
Doaala Dalng a Radioisotope Light Source" 

Invited, Shell Develop­
ment Co., Dedication of 
Baw Radiochemical Facil­
ities, Booston, Tex. 

Boss, B. H. "Analytical Methods for Safeguards 
at Buclear Fuel Cycle Facilities" 

Invited, Graduate /Faculty 
Seminar, Mucl. Eng., 
Dept., Borth Carolina 
State Univ., Oct. 30, 
1980 

Rubin, I. B. 

Ross, B. B. "Advanced Techniques In Liquid 
Scintillation Counting" 

Rubin, I . B.; Bayse, C. K. "A Bench Chemist' 
Viewpoint of Optimisation Techniques" 

Rubin, I . »-; Bayna, C. E. "A Bench Chemist's 
Viewpoint of Optimisation Techniques" 

Invited, Oak Bldge Assoc. 
Univ., Apr. 16, 1980 

Invited, Sua. Symp. on 
Anal. Cham., Duke Dnlv. 
Durham, B.C., June 4-6, 
1980 

Anal. Chea. Dlv. Anna. 
Info. Meet., Oak Bldge 
Nat. Lab., Oak Rldga, 
Tenn., July 21-22, 1980 
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SPEAKER 

11 , 0 . H. 

a. K.* 

S c o t t , T. C. 

Sha l t s . H. D. 

S a l t * . D. H. 

Stewart, J . H. 

Todd, P. J . 

A0TH0t(S) ASS TITLE 

Rnaeall , 0 . a . ; Mueller, T. » . ; Ealney, W. T. 
~0ML Hai t i -Sec tor Mta Spectroaeter for High 
Resolution MS/MS* 

Rueeel l , D. H.; HcBey, E. H.; Mueller, T. R. 
~Hlgh-leeolut loa MS/MS Via Multi-Sector Man 
Spectroaetera' 

Bobart, D. B . ; * Saahoua, K-;* Balra. R. C.;* 
Young, J . P . ; Jaber. M.;* Peterson, J . R.* 
' S t a b i l i s a t i o n o f Pr(IT) . Tb<17) and Aa(IVj 
In Aquaoua Solution*" 

Scoct , T. i;. "An Approach to Ta i l ing Gorrec-
t loaa l a i lpha Spectroaetry" 

Sbulte , H. D.; Carter, J. A.; Eaery, J . P . ; 
Lalng, H. R. 'Ana ly t i ca l Chemistry Reaponae 
aad Thraa-Mlla Is land' 

S a l t h , D. B.; Chrlat la , H. H.; Halkar, R. L-; 
Cartar, J. A. "Oak Ridge Hatlooal Laboratory 
RAD Prograae l a Actiniae and Othar Inorganic 
Haaa Spectrometry* 

Stewart, J . H. "Generic Spec i f i ca t ion* for 
Purchase of X-Ray Plaoraacaoca Spectroaeter" 

Stewart, J . H. "X-Ray fluorMcanca In Support 
o f CFRP Analytical Needa," 

Stewart, J. H. "Tachnlcal Review of Procaaa 
R and D Taaka of tha "onaolldated Fual 
Reprocessing Program" 

Todd, P. J . ; HeLafferty, P. H.;* HcCUvery, 
D. C . ;* t e l d v l a , M. A.* "Tha Performance 
of a Mult iple-Sector Ksae Spectroaeter for 
Co l l l a lona l Activation" 

Todd, P. J . ; McCllvery, D. C. ;* U l d w l n , M. A.;* 
HeUf far ty , P. •"•* "A Tandaa Double-Pocuelag 
Maa* Spactroaatar for Caa Phaaa Ion Studlaa" 

PRESENTED AT 

198U DOE Maaa Spectroa. 
Hork Shop, S a a t t l a , 
Uaah.. Jan. 3 - 4 , 1980 

28th Anna. Coaf. on Haaa 
Spactroa. and Al l lad 
Topic*. Maw York, H.T., 
Hay 25-30 , 1980 

10th Jouraaaa daa A c t i ­
niae* , Stockhola, 
Sweden, Hay 27 -28 . 1980 

Info. Exchange In Alpha 
Spactroa. , Idaho F a l l a , 
Idaho, Hay 20 , 1980 

1980 Anon. Heat . , Aa. 
Hud . S o c , l a * Vegas, 
NaT., June 8-13 , 1980 

1980 DOE Haaa Spactroa. 
Work Shop, S e a t t l e , 
Maah., Jan. 3 - 4 , 1S80 

ASTM C-26 H u d . Fual 
Cycle Heat. , Maw 
Orleans, La. , Jan. 14-
17, 1980 

CPRP Proceee R and D 
Prograa Rev. , Oak Ridge 
Nat. Lab., Oak Ridge, 
Tena. , Mar. 9 , 1980 

Oak Ridge Net. Lab., Oak 
Ridge, Tenn., Aug. 14, 
1980 

24th Conf. on Anal. Chea. 
In Energy Techn., 
Catllnburg, Tana., 
Oct. 7-9 , 1980 

28th Anno. Conf. on Haaa 
Spectroa. end Al l ied 
Topic*, New Tork, N.T. , 
Hay 25-30 , 1980 
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SPEAKER ABTHOR(S) AMD TITLE 

Toaklae, B. A. Toaklna, B. A.; Knbota, H. "Tha Confident 
Determination of Benso(a)pyreme la Natural, 
Synthetic, and Refined Crudes" 

PRESENTED AT 

1980 Pittsburgh Coaf. on 
Anal. Chea. and Appl. 
Spectrom., Atlantic 
City, H.J., Mar. 10-14, 
1980 

Toaklaa, B. A.; Peldaaa, C. "The Dataralaatlon 
of Primary and Secondary Aroaatlc Aalaaa by 
Caa Chromatography with a Glow Discharge 
Detector* 

Anal. Chea. Di». Amu. 
Info, (feat.. Oak Ridge 
Hat. Ub., Oak Ridge, 
Tana., July 21-22, 1980 

walker, R. L. 

Helton. B. T.« 

Warasck, R. J. 

Weinberger, A. J. 

Whlttea, H. B. 

walker, t. L. "Haas Spectroaetry Dead la 
Support of an Evaluation of a NDA Method 
for Determining Plaalle Content of Spent 
Fuels' 

walker, k. L.; Scott, T. 6. "Chemistry and 
Measureaent of Tc In Eovlronaental Sample*" 

Halton, B. T.;* Buchanan, M. V. 'Teratogenic 
Effect* of Fossil Oil* on Insect* Developing 
In Contaminated Subetratea' 

Walton, B. T.;* Buchanan, M. V.; Jon**, A. t.; 
Ho, C.-b. 'Isolation, Identification and 
Phyaleochealcal Propertlea of an Insect 
Teratogen' 

Haraack, R. J. 'Developneot In SSMS" 

Weinberger, A. J.; Hulett, L. D. "Some Studies 
of the Structure and Chealcal Coapoaltlon of 
Ply A»h" 

Whltten, W. •.; Ramsey, J. M. "Hultlphoton 
Relaxation Rata* froa Delayed Laser Emission 
In Hd-YAC Crystals" 

Chea. Tech. Div. Sealnar, 
Oak Udge Hat. Ub., 
Oak Ridge, Tana., 
Aug. 7, 1980 

Anal. Chea. Dlv. 
Info. Mtg., Oak Ridge 
Hat. Ub., Oak Ridge, 
Tenn., July 21-22, 1980 

180th Hat. Aa. Chea. Soc. 
Meet., U a Vegas, Htv., 
Aug. 24-29, 1980 

Annu. Mtet. of tha Aa. 
Soc. of Zoologists, 
Seattle, Wash., Dec. 27-
30, 1980 

Anal. Chea. DIv. Annu. 
Info. Meet., Oak Ridge 
Nat. Ub., Oak Ridge, 
Tenn., July 21-23, 1980 

3th Annu. Spring Work­
shop, Assoc* of Off. 
Anal. Chea., St. Louis, 
Mo., Apr. 7-10, 1980 

Aa. Phys. Soc., Haw York, 
N.T., Mar. 24, 1980 

Wood, R. P.* 

Whltten, W. B. 'Analytical Applications of 
Plber Optic Waveguides* 

Wood, R. P.;* Young, R. T.;* aarayeo, J.;* 
Wastbrook, R. D.;* White, C. W.;* Christie, 
W. H. "Us*r_ Processing for High Efficiency 
Solar Calls'" 

Anal. Chea. Dlv. Anno. 
Info. Meet., Oak Ridge 
Hat. U b . , Oak Ridge, 
Tenn., July 21-23, 1980 

IEEE 14th Photovoltaic 
SpecUllst Conf., 
Jan. 7 -U, 1980 
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SPEAKER 

Wood, R. F.* 

AUTHOR(S) AMD TITLE 

Wood, R. F . ; * Loundea, 0. H.;* Chrtst te , W. H. 
"Pulsed Laser Annealing of Ion-Iaplanted Ga 
As: Theory and Experiment" 

PRESENTED AT 

3rd Laser Sol id In ter ­
ac t ions and Laser Pro­
ces s ing Conf., Boston, 
Hass . , Nov. 15, 1980 

Teatta , L- B. Yeat t s , L. B.; Cr les t , W. U.; tiuerin, H. R. 
"Comparative Research Material for Generic 
Health Effects Invest igat ions of Synfuels" 

Southeast-Southwest Reg. 
Aa. Chea. Soc. Meet. , 
New Orleans, La. , 
Dec. 10-13, 1980 

Young, J. P. Beads, C. E.;* Beene, J. R.;* Young, J. P.; 
Eraser, S. 0.* 'Study of the Fission Isoa 

Am (S.F.) Using Laser Induced Nuclear 
Polarization* 

Invited, 180th Nat. Aa. 
Chea. Soc. Meet., Las 
Vegas, Nev., Aug. 25-29, 
1980 

Young, J. P.; Halre, R- C.;* Peterson, J. R.;* 
Ensor, D. 0.* "Chemical Consequences of Radio­
active Decay in the Solid State: Extent of 
Progeny Compound Growth In the Decay of 
253EsCli and 2 5 3EsBr 3" 

180th Nat. Aa. Chea. Soc. 
Meet., Las Vegas, Nev., 
Aug. 25-29, 1980 

Young, J. P. 
scopy" 

"Resonance Ionization Spectro- Anal. Chea. Div. Annu. 
Info. Meet., Oak Ridge 
Nat. Lab., Oak Ridge, 
Tenn., July 21-23, 1980 

Young, J. P. "Chemical Consequences of Radio­
active Decay" 

Chea. Dlv. Seminar, Oak 
Ridge Nat. Lab., Oak 
Ridge, Tenn., Jan. 23, 
1980 

Young, R. T.* Young, R. T.;* Wood, R. F.;* Narayan, J.;* 
Weatbrook, R. D.;* Christie, W. H. "Laser 
Techniques for the Fabrication and Study 
of Polycr/stalllne Solar Cells" 

IEEE 14th Photovoltaic 
Specialists Conf., 
Jan. 7-U, 1980 



ANALYTICAL CHDUSTRT DIVISION SEMINARS AT OUL 

Speaker 
Ogan, K. 

Perklo-Elmer Corp. 
Sorwalk, CT 

T i t l e 
"Environmental Application of High-Pressure 
Liquid Chromatography" 

Data 
Dec. 13, 1979 

Harper, A. 
Dept. of Chea. 
Univ. of Georgia 
Atlanta, CA 

"Pattern Recognition in Chemistry" Jan. 18, 1980 

Nlbberlng, N.M.M. 
Lab. for Organic 
Chea., Univ. of 
Amsterdaa, The 
Netherlands 

"Soae Recent Studies on (an) lonlc Cycloaddltlon 
and Anionic Addition-Elimination Reactions In 
the Gas-Phase" 

Mar. 17, 1980 

Lockauller, C. H. 
Dept. of Chea., 
Duke Univ., 
Durhaa, NC 

"Novel Concepts In Bonded Phase Structure for 
Liquid Chromatography" 

Apr. 30, 1980 

Kissinger, P.T. 
Purdue Univ., 
W. Lafayette, IN 

"Envlronaental and Toxtcological Applications 
of Liquid Chromatography with Electrochemical 
Detection" 

Hay 20, 1980 

Wright, J. 
Univ. of Wisconsin, 
Madison, WI 

"Application of Probe Ion Technique* to Solid 
State Chemistry and Trace Analysis" 

June 9, 1980 

Watson, R. L. 
Texaa A4M Univ., 
College Station, TX 

"X-Ray Excitation by Heavy-Ion Bombardment' July 7, 1980 

Schaap, H. 
Electricity Cos 
of Victoria, 
Australia 

"Some Studies of Australian Brown Coal: Its 
Ash and Envlronaental Aapects" 

Aug. 6, 1980 

Hercules, D. M. 
Univ. of Pittsburgh 
Pittsburgh, PA 

"Analytical Cheaistry of Surfaces Using Modern 
Spectroscopy" 

Aug. 7, 1980 

Culnn, V. P. 
Univ. of California 
Irv ine , CA 

"Some Interes t ing Criminal Cases Involving 
Neutron Activation Analysis" 

Aug. 11, 1980 

Ratynskl, W. 
Inat. of Nuclear 
Research, Swlerk, 
Poland 

"Applicabil i ty of Uranium La X-Ray Lines f r 
Determination of Low Uranlua Concentrations'' 

Aug. 14, 1980 
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AIALTTICAL CHEMISTRY DITISIOIt SKKDUtS AT MBS. 

Speaker 
BurtIs, C. 
Chem. Tech. Div., 
ORHL, Oak Ridge, 
TN 

Title 
"The Development of a National Reference 
System In Clinical Chemistry" 

Date 
Aug. 28, 1980 

Fensclau, C. 
The Johns Hopkins 
Univ. School of 
Medicine, Baltimore 
MD 

"Synthesis and Mass Spectroaetrlc Analysis 
of Clucuronldes" 

Oct. 30, 1980 

Taylor, J. V. 
Dept. of Che*. 
Univ. of Wisconsin, 
Madison, HI 

"Problems of Structure and Analysis Being 
Electrons, Ions, and Synchrotron Radiation" 

Hov. 19, 1980 
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U n C U t BSTIHD OK BOTUD FOR PBXOKCAU 

I . IS 
Is $ 

Hi.liiiiljHil 
Carter, J. A. 1 
Caton, J. E. 2 
Clark, B. 1. 1 1 
Costanso, D. A. 1 
Byar, P. P. 1 3 
Eldridga, J. S. 2 2 2 
Eaargy, J. P. 2 
Faldaan, C. 4 1 
GrlMC, tf. H. I 1 1 
Cuarln, M. B. 1 1 1 1 
Holabarg, K. W. 1 1 
HulatC, L. D. 2 1 3 
Kallar, J. H. 1 
Klatt, L. 1. 1 
Uing, W. I . 2 1 
U « , 0. A. 1 
Lyon, V. 8. 2 1 1 2 I 4 11 
MacOougall, C. S. 3 
MaakarlMC, M. P. 1 
Huallar, T. 1. 1 
BatMay, J. M. 4 
Bapaolda, S A. 3 1 5 1 1 
Shaw, B. V. S 
Shulta, W. D. 2 3 3 
Torritlna, B. A. 1 1 
Halkar, B. L. 1 
Hhlctan, W. H. 1 
Touag, J. P. 3 2 1 

Total 33 6 2 1 5 3 2 2 1 1 1 1 2 1 2 3 16 1 1 1 4 9 7 
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DIVISIONAL MAJHFOWt AID FINANCIAL SOBVASY 
FT I960 

Source Funding (In thou—nda) Man-years 

DOB (.rograaa 
Baalc Energy Science* 
Environment Research and Development 
Nuclear Materials Security and Safeguards 
Consolidated Fuel Reprocessing Frograa 
Enactor Research and Development 
Defense Nuclear Waate 
Fossil Energy 

Total DOE program 

Work for otbara - federal agencies 
Rational Cancer Institute 
Department of Defense (U.S. Army) 
Environmental Protection Agency 
State Department (I.S.P.O.) 
Miscellaneous 

Total <'ork for others - federal agencies 

Work for otbera - nonfederal agencies 
Council for Tobacco Research 
Electric Power Research Institute 
Protective coating coapanlea 
IBM 
Miscellaneous 

Total work for others - nonfederal agenclea 

OtIL divisions - support 

Others 

Total financial plana 

1,047 
1,194 

100 
460 

80 
49 
S3 

2,983 

365 
470 
546 
118 
L2 

1,511 

12.5 
16.5 

1.0 
6 .0 
1.0 
0 .5 
1.0 

38.5 

5.5 
7.0 
4 .5 
1.5 
0 .0 

18.5 

109 1.0 
193 2 .5 

57 1.0 
15 0.5 
50 1.0 

424 6.0 

5,607<J 89 .0 

627<* 10.0 

11,152 162.0 

<* Reflects Laboratory general and adalnlatratlva expenaes and general plant 
services. 
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