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Preface 

We coaclwaed die Preface to last year's annual report 
with ihe statement rhai we antic paled an increasing 
•woivement in coal conversion tecanolo^r programs in 
l*>7$. This expectation has furred out to rx well 
founded. The Division's strung program in die charac­
terization and measurement of .omptex mixtures of 
organic compounds (bund in tobacco smokes and 
condensates has been extended to equally complex 
mixtures of organic compounds from coal conversion 
processes, with particwLir emphasis on environmental 
and health considerations- As a consequence of this 
extension, we have established collabi>rative working 
relationships with several of the ERDA research centers, 
such as those at Fittsburgh. Laramie, and iartlesvdle. 
and also with private industrial organizations, through 
exchange of samples and methodologies. A new pro­
gram was started to investigate instrumentation and 
methods for characterizing products from oil shale 
processing, od refining, and geothermal energy sources 
for environmental considerations: this study b funded 
by EPA pass-through funds and by the Division of 

Bnmedical and Environmental Research. ERDA. Much 
of our research and development continues to be 
collaborative in nature, a characteristic of productive 
and efficient analytical chemistry. For example, we 
maintain dose ties with rhe Chemica! Technology and 
Metals and Ceramics Divisions in then reactor program*: 
our environmental and health program contributions 
are manly to the Environmental Sciences Division, and 
we have a developing involvement with the Biology 
Division in their carcinogenic and bioassay testing 
programs 

The main objective of our analytical chemistry 
research remum the same to investigate those 
technique* that provide rnultianaiyses with accom­
panying high reproducibility. This goal is not likely to 
change, since the need for analytical data in both 
quantity and quality continues to be of highest phoiity 
in ERDA's programs. In this report, the accounts of our 
many programmatic activities reflect our continuing 
efforts to keep pace with this requirement. 

vii 



BLANK PAGE 

•m 

% 

m 
m 



Part A. Analytical Research and Development 

I. Advanced Methodology and Instrumentation 
H H. Rim. Head 

The p'.-xnt prtwrarrs of ihe Advanced Methodology and Instrumentation Group are 
best <• scribed at ambitious, innovative, and responsive. In no recent reporting period 
rw . we been able to discuss as many near and significant research directions We are 
specially pleased to note that a number of our current tasks were generated in response 

jo problem or techm*logy areas that were only recently recognized as being fundamental 
m both application and scope. For example, our previous work in instrumentation 
suggested that large-scale intefraied f LSI) circuits would play an important role m the 
future development of sophisticated "smart" analytical systems. Thus we initiated a 
program to demonstrate the potential of such LSI devices in chemical applications. 
Significant progress has been made in this pursuit, and our leadership has already been 
recognized. A closely related task, the development of "experimental language pro­
gramming." appears to be unique and promises to greatly simplify scientist machine 
interaction. Our work on multielement analysis has been pushed on sc-eral fronts. We 
have completed an evaluation of the design of an cchekc-crossed dispersion spectrograph 
for use with a solid-slate array detector. Testing of various types of detectors has also 
begun. We are now considering the feasibility and methodology of interfacing these two 
optical components. A high-power microwave generator, a truly impressive piece of 
equipment, has been acquired by the group this year. This unit is capable of generating a 
2.5-kW plasma that promises to have important applications as an in-line spec!roscoptc 
sourcc. The injection of aerosols into the plasma is under investigation. Other new 
projects include the development of a computer-based data management system for use 
within ihe service groups of ihe Division, an investigation of new separation and detection 
techniques in liquid chromatography, and several approaches to the determination of 
sulfate in the atmosphere. 

Although we tend to experience a special excitement associated with new research 
challenges, we do not forget that these challenges can also arise in our more mature, 
continuing programs. The extensive metrmdokigy developed for low-level determination 
of arsenic is finding application in a new program in the Environmental Sciences Division, 
and a cooperative effort between the divisions has been established. The implementation 
of our pattern recognition effort has also come to fruition, actual data from the Tobacco 
Smoke Program are being processed with interesting and potentially valuable resu>".. Our 
gas chromatograph microwave-excited spectrometer has. «tain demonstrated its ability to 
vield analytical results difficult to obtain in any other way. and our fluorumeiric 
instrument for the analysis of uranium is being implemented throughout the country as 
the "system of choice." Finally, we continue to carry out an active effort on the 
forefront of electrochemical research. In the past year, new procedures were studied for 
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l!> and fat * 
environ tisasfei 

contacaetry of 

on a program lo antes* the • a t M a m of 
LSI abarits in the construction of analytical 

to he used at support of peogsasnnustK 
Ksearch work a s w d astot rowinr analyses. Uvataing 

•nit in LSI cuwutts, ow concept at to 
a K f c a t M t to sit at hit stilti pi • i m i and 

anaaW he coutpuscd of coMfOMMventcd 
This approach dsftcrs from cooapatci 
dtrigu m that, when fmbhtd with 
unrarcher hat "buii™ aa inMruvncnt that arid actuatty 

than having generated only a piece of 
Various functions of die "instrument" can he 

tested what "construction" proceeds. Anned with a 
fcuowkdut of the priuntive instrument's 

proceed to optimize prrfoiuunu if a stand alane 
device isrewaircd. 

initial efforts toward accomplishment of oor long-
range ( m l involve the production of a demonstration 
hHtrament. The Environmental Analyses Laboratory 
receives a targe number of watet samples lot which 
phosphate analysts are required. We are in t V 
sonslruclion stage of a project K> develop a "smart" 
photometer. This photometer will be srif-cabbraling 
to the range of sample concentrations it has received 
and setT-diagnostic of the quality of results or outright 
faiore to achieve accaptabk calibration limits. The 
results w i l be printed, in conjunction with an identi­
fying sample code. The photometric analysis is rela­
tively simple. We can, therefore, focus our attention 
on instrument development. 

Calculations wiH be performed using an MOS Tech­
nology. Inc., model MfS 2529-103 calculator chip. 
Tins chip provides up to 40 functions, most of which 
execute with a single enlr>. For the present design we 
wig need only a small fraction of the total calculation 
capability. The use of the chip introduces both power­
ful computational capability and circuit complexity. 
The calculator chip was. of course, developed for the 
b-md-hcld calculator, where spwd was sacrificed for 
accuracy of daU entry via keyboard. To assure ade­
quate throughput for the present instrument, the chip 

had to he huffired on its 
taut-cutty shift registers. The csvcwMiy to 
the automatic entr> of data w a » i n i 4 * 

aefcages. One of o w I 
of the added csrcustiy 

be 
best 

* * * * * 

Mutt of the for the 

•eating wdl begm WMJMM the next quarter. Our ' 
to rJus pecit was presented at she l?Dm ACS < 
l l r inng in Chicago. April 23 29. 1975. 

AlaWvgh the overall pvojecl is a 
one, we believe that it was not only leach ns bow to 
appvy mo new capvjuotty pvoficvev oy s^i cwceei*, 
but wnl give os a wJmbh. iiw.. imrnt of nVcw place in 
the design of new instruments. As we aequo* experi­
ence' w i n the concept of mstromeni synthesis by the 
cxvcrvnefiter via software, we was fnrther our «bdity 
to assess and apply advances of this new electronic 
technology to a variety of chaNeagjng analytical prob­
lems. (T. H. unjetujr) 

Imdfeiement snexssreeeopy. Our pceviously reported 
work on me development of Hadamard transform 
spectroscopy1 suggested that, foi maltreatment analy­
sis in the ultraviolet and visible regions, no real 
experimental advantage exists over conventional 
scanning spectrometry- This conclusion, however, did 
not dampen our enthusiasm for the development of 
rmdiielemcnt techniques, because of the enormous 
potential application of such rnetltodotogy. An alter­
nate approach to the problem, which we ahw had under 
consideration, immediately became more attractive -
the coupling of an ccheHc-crossed dispersion spectro­
graph with one variety of the new soW-state array 
detectors.''' Unfortunately, neither of these optical 
subsystems existed in a form suitable for spectro­
scopic interfacing. Thus we redirected our multi-

1. % M. Larsnn! Y. Tatmi, ami ft. V.Crmmmm. 'Tkuwcircal 
CiHwrarwmi of SrofSy Moms**** Hvaamard Traorfnrm Spec-
trrHorirrs and Summf Satcirmnvim," AppL Oft. I I . 2te>2 
0974). 

2. Y. Tvlmi. "AeofeaMKiy «rf TV Type Mrtklwmxl Of. 
leclnrs to Spfttrrwcnfff." A*nt. Ckrm 4 7 , M M (t*7S». 

}. Y. Torn*. TV-Tys* Mwlrcnamwl Ovtwlnw." Ami 
CTem47.W7A(lv75». 
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ctrmcni effort rntwl the practical mtmtikm of bom 
«»f these luinuiii . 

The peupuacd resraR-h program was audi ambitioni 
and expensive. However, we M l thai H we conn) 
demonstrate teal proems touranj die objective, ex­
ternal somces of funvmg fr* 

own) be obtained. Thus a 
* a i 

was din .ay 
only 5 m? of water 
level We abo 

granted. 
The eveial peowct * 

wevesopuieni uopcvnws 
struct** of a cnaac 
and a spectiuscopk 

broken 
nV optical 

ccnene 
lion of 

into twoi 

dee..*"*. We ejected to wo. t on both 

count be erJoatec in term* of die other. An extern** 
theoretical design of die echtHe system has been 
completed and • bting prepared for uuhlkalinu The 
design was optimiwd for me with a solid slate chant 
injection device having about 46K puotodiodes in a* 
array intrants: 11.45 by H75 mm. Some of die 
design parameter* cuniidricd include Maze angle of 
the etnefle grating, spectral range, detector size, reso­
lution, aberrations, and cross dwpeniwu mechanics. At 
present, we are not sore of the need lo continue this 
phase of die projret by actual fabrication i f (he 
spectrometer, a new echene system has recently be­
come commercially jvaifabtt that may satisfy exper-
mcniid demands. 

The sreond phase of die project, the evaluation of 
array detectors, is in a wry awlunuwry stage of 
development. A number of screemnjt tests haw? been 
carried out with various soiid-ttate devices lo fain 
familiarity with their operating characteristics and in 
slrumenta; demands. We have succeeded m producing 
optical sprctra with die devices and in measuring 
some of .he signal and noise parameters. This work 
wiU or expanded in Ihe coming year with particular 
emphasis on applications development. (V. Tatrni, 
V . E. NorvtN) 

an extension of Ihe work on the micro* ave excitation 
source for analytical in-line spectroscopy.4 a high-
powered microwave generator (2.3 kW at a frequency 
of 2.45 GHz) was purchased. This generator is being 
used to investigate the possibility of direct injection 
of liquid or solid samaras into an argon plasma. The 
success of this investigation wHI make possible (he 
direct in-line analysis of process streams. 

I l was found previously that with low-power (.HV lo 
160-tV) gmcrafnn me amount of wafer that couM be 
introduced m Ihe plasma without quenching Ihr 

una ana 
of a 

into die 
use of an 

generator lo reduce datulvid sohds to mstron-
sk» partictes)i (4) effect of chloride ions on die 
cminion uUeasiry and other tuuunuu ion effects. (5 ) 
selection of *he optimum phnnta containment vessel 
diameter and operating pressure, and 16) measurement 
of plasma temperature. 

Our first attempts to measure the temperatuse of a 
4004" discharge in argon at atmospheric pressure was 
by use of me O-H rotational band emission method 
and by die argon atomic Hue emission ntediod.' It 
was found tint die temperature measured by die 
former mettrod ( I 976*K) was much lower dtan diat 

by the latter method (462S*K). Tins dii 
is presumably due to the failure of die 

to attain complete thermodynamk equin> 
rium. In previous temperature measurements of 
porous-cop discharge i. where complete wnrrmo-
dynamic equilibrium is attained, observed 0-H band 
temperanires were in the 4000 to 4500*K range. To 
check the O-H band method, a sumlar technique was 
used to measure the temperature of an oxyhydrogen 
flame. The value obtained <2825*K) is typical of swh 
flames.7 Temperature measurement of die row-

4. • . Tumi ana A. W. Andren* vtt€iniifMiinn of Senoioui 
in F.n*tmmnrmal Samples IT*** Gas Cbwooinerapby with a 
MhrvWiWC Eintuton Sprctmnrtrtc Drtrciion System.' AittL 
Owwi 4*. 2122 (1974). 

5. V. M m i ami D. T. BoMkt. "The Determmatfam of 
ArwiotMri Anrnkab."/ Chmmmofr. Sri. 11.231 (l»7S). 

i . C. NMman. "Same* TrMwpnri and Temprrattre Stone* 
inPnrowtCwpDHcbarers."Sprcrmtkim. 4r»9.1911957). 

7. f. feasor, fhmr ftrntttmrfrv Them. Van Nnstrand. New 
Ymk. 19*7. 
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pccmace plasma is now in progress. U- E. Strain, C 
r iatnan. D. A. •amuaui) 

Analytical Chemistry Dmsk* creates ninny records of 
die malts of dteaakat-akyskal — l > i « i on a wait 
variety of ante nab m support of research anal de-
vctopuKai work at eke Laboratory. Dana* a 12-
UNMHJI period ending Scpitadtti 30, 1974. a total of 
I7S.4I I malts were reported ay die Division from its 
several service laboratones. The records rawt be kept 
accurately, tiiey mast be updated continuously, and 
they mast be aui i i rMi readily. At the end of each 
month the records are JummjiHi.d for cost accounting 
and distribution of charges. At present die records 
and reports are haadred in the mam by manna oafs 
rarthods. 

Compute riiatioa of a data management system 
w*»vJJ redace the rarer araoarti of raaaaal data ban-
dung and woakJ increase the effectiveness and effi­
ciency of the Division conadrrabry. As an nntiai step 
toward dcvekipuieni of a data man affluent system for 
the divisional service laboratories, we are acquuing a 
programmable ( " m t c n V n O remote terminal for 
accesswaj one of the nrne-sharna; computer services 
avadabk at ORNL - either the DEC system 10 
comparer or the lime-sharing option on the H id 360 
computer. An iuleifigcni remote tcirnmal is one con-
lamir: an integral microprocessor and some form of 
local bulk storage. The microprocessor aflows off-line 
data entry and editing, reduces the amount of connect 
lime, and eliminates some of the difficulties caused by 
nunacceuiMiiy and malfunction of the mam com­
puter. 

To get a head start with the design of computer 
programs for a data management system and to gain 
some experience with cassette digital data recording, 
we have set up an UK P D M / I mmkompulcr and a 
Sykes Cntnpti/ConJcr 100-cauetle unit to simulate the 
remote terminal. Wc have successfully formatted 
avdioqualily cassette magnetic tapes and have round it 
possible to READ/WRITE with a high degree of 
rchabihly. The audkiqualily tapes arc far less ex­
pensive than certified, digital-quality, cassette tapes 
When complete, the data management system will 
enable the Division to offer belter and faster customer 
service. IR. W. SttJfmjr) 

Uuurd cbranutognahy. A liquid chromatography 
research and development effort was recently initiated 
whkh is proceeding along three lines: ( I ) development 
of new and improved detectors. (2) development and 
characterization of new stationary phases, and (3) 
application lo particular problems determined by 
Divisional and Laboratory programs. 

Separation and drirruuuatnai of puryuuttear aro­
matic l:ydrocarhuns (PAH**) is of importance in the 
analysis of fcuard fads, products of coal conversion 
processes, tobacco smoke and tobacco condensates, 
and for ait. water, and soi poautum studies. We have 
found that PAH"s can be separated by hand chroma­
tography using crow nuked poKviayrpyrruhdLiae 
fPVP) as a stationary phase and a polar soheat as an 
etaaal. EhMkm paranntm were established for ^«me 
25 ciimpauadi as a function af various exprrimcatal 
coudilioui. In contrast to other cinematographic 
applkjuim of PVP. in whkh retention aad separation 
are due in hydrogen bonding, retention of PAHTs 
appears to depend on the degree of arunuikity of the 

before those with two. etc.. and partially hydro-
genatcd cunu^ouuus elule carrier than nam completely 
unsaturated counterparts. Elation vohunr and resuta-
tkm depend un the compositiim of the etaant. flow 
rate, and temperature. An unuiuud effect was observed 
using mixtures of isopropanol and water for ehtlion. 
As the water content of the chant was increased, the 
ehsiion volumes decreased, reaching a minimum with 
25% <V/V» water in isopropanol. When the water 
content was further increased. ehMion volumes also 
increased. This observation suggests several possibdities 
for gradient ehilion. At elevated column temperatures, 
we also note ctution volumes becoming smaller along 
with a substantial decrease in plate height and system 
operating pressure, partkularfy when using iso-
propwiol as eiuant. Temperature |Hografwmng to 
mirtmrize separation lime and sharpen peaks at the 
end of the chromatogram thus appears faNbtc. At 
low linear flow rales f0.1 lo I mm/sec), plate heights 
for most compounds followed the well-known empiri­
cal relationship H • On", with values of « between 
0.35 and 0.45- Appropriate PVP columns for ana-
lylkal and preparative separations of complex PAH 
mixtures arc inexpensive, easy to pack and mamlam. 
and are stable for long periods of lime. Efficient 
separations were obtained with a 350 X 6 mm column 
packed with 63- to 90-um particles of commercial 
PVP fPoryclar AT). Isopropauol. a good solvent for 
most PArfs. was used as etuani at a flow rale of 0.3 
ml/mm. A typical chromatogram is shown in Fig. I . I . 
Capacity factors (* ' ) ranged from 0.5 to 10 for PArfs 
having from I to 5 ammatk rings, and theoretical 
plate heights were between 0.3 and 0.5 mm (2000 to 
3500 plalcs per meter). Wc are now evaluating PVP 
columns for analysis of several kinds of materials. This 
work has been submit led for publkation. 

Detectors employed as effluent monitors of chro-
matographk columns arc classified either as specific or 
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wtiversal. A specific detector is one dial yields a 
response lo those compounds peuwning a unique 
property, lor example, uv absorption at 254 nm. 
Conversely, a universal detector is based upon some 
property common to all compounds. The thermal 
cnnduclhrfly detector b one example of a universal 
detector. In am chromatography, several devices m 
both classifications are commercially available and are 
employed on a routine basis. In liquid chroma­
tography, however, such a variety of monitors docs 
not exist. The only detector in widespread use n the 
uv absorption detector. Because of the need to study 
materials in iw-absorbing matrices and die simul-
laneous need for liouid-chromatography monitors with 
different detection capabilities, we have begun a pro-
pram to develop detectors that wiH satisfy this need. 

Dieted rk constant is a property possessed by aR 
compounds that, with suitable instrumentation, can be 
translated into essentially a unique response. As the 
basis for a licjiid^chromalography detector, changes in 
solution dielectric constant. At, must be measured. 
This can be accomplished by determining the shift in 
resonant frequency of an oscillator containing a capac­
itance ccfl. with the column effluent serving as the 
capacitor dielectric and the ceK forming a part of the 
oscillator tank tircuit. 

A prototype instrument with (he detector cell ss the 
frequency-determining capacitor in a Colpitis oscil­
lator was constructed. The frequency shift was con­

verted to a dc signal v*th a pbase4odt-ioop integrated 
circuit Successful uprtatiun with advents prawning 
dsefcetric constants less mast 10 was aduJeved. A 
detection limn of 0.0914c with a siJKM to noise ratio 
of 2 was measured. This detection Ismst. expressed as 

data, corresponds to 45 ppw napb-
le * 251 m CHCI, fc * 4S i . 0.163 naph­

thalene in Iwxane (c * I.9|i and 0.4% naybihahni in 
benzene fc - 2-H Clearly, ibis detector concept has 
moderate stniitwity. but more importantly, it func­
tions wrm santfle matrices not anumale to study 
with the uv monitor. 

Anbourai use mtattonslisp actwecu me cnange m 
dielectric constant and the observed frequency shift is 
nonbnear. the degree of ncnlinearity tor typical 
chromatographic conditions was predkwd to be very 

This was verified experimentaBy. For example, 
chloroform as the solvent and naphthalene as 

the solute (naphthalene <l%l statistical information 
ohtamrd from a linear regression treatment of the 
frequency shift vs dielectric constant data indicated 
that a linear response model is vabd at die 99$ 
confidence lever. 

The prototype instrument has die capability of 
serving as a universal liquid chromatography detector 
with low dielectric constant: however- t*~" solvents 
with dtrhxtrk constant larger than 10. the oscstator 
energy dissipated within the sample increased *.o the 
point where regenerative feedback e t i no longer main-
lam osculation. For the solvent-solute system* investi­
gated, mis dissipated energy is primarily due to dipok 
relaxation. Attempts to redesign the bask oscillator 
circuit m an effort to couple additional energy into 
the resonant network were unsuccessful. Conse­
quently, development of an instrument based up«n an 
alternate circuit concept was initialed. 

The revised circuit consists of four bask dements: 
( I ) a voltage-controlled oscilator- power amplifier. (2) 
a resonant network containing the detector ceH. (3) a 
phase detector, tow-pats fdter. and dc gain amplifier, 
and (4) the frequency-shift readout circuitry. The 
system wW operate via the following feedback mech­
anism. The sinusoidal output of the vottagc-controEed 
oscillator-power amplifier unit drives a parallel 
mductive-capacitive resonant network containing the 
detector cell as the capactlive element. At resonance 
the phase angle between the current and voltage in 
this network is m o . A change in the dielectric 
constant of the solution flowing through the detector 
cell detunes tfrfe resonant network writing in a 
nonzero phase angle, whose sign and magnitude are 
decoded by a phase-sensitive detector. After amplifi-
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cairn of the filtered phase detector output, a «V 
vuitafe is applied tt* dst tuning control of dir voltage 
oNHftdkd osvdk'or ( W O ) . Tint dc voltage change' 
the opcratM* frcajncticy of the YCO w s k > restore 
die network cvnianiaf l i e detector cell to die reso­
nant condition. <tcreb> complrtmy the feedback 
process. The aBalyiK.^4y useful information is die 
difference be twee • the VCO operating frcuueucy for 
the put* wheal and die sample. These ImpMcv-dnf i 
data ate dispbjred in a digital and analog format. 

Theoretical circuit analysis, design, and conttruction 
of aH low elements are complete. Sucvessnd opera-
tmn of the ludi-ficuaeucy portion of the instrument 
wMh hexanr fc * I VJL rftridme (< * I2fc. methanol <c 
» JJli and water K • 7»j has been achieved. The 
signal ampfctuuY applied (•• the ccfi dues m* w y with 
Jicteclrrc constant, and die resonant frcuueexv ob-
srrved tor each sohenl arrets with die a priori 
calculated tames. Mrasnremcnls of siahdily ur sensi-
imiy have am yet been anempwd. Upon assembly of 
the entire eleclromc package into a cowplclcd instru­
ment, a thorough characlen/.t*«i of this detector wrX 
be undertaken. Its appltcalron to the study of sefecied 
ramponcuts of coal and/or shale orb wnl also be 
porsved. 

A second detector concept being evaluated is based 
on oxidation or reduction of cteciroactivc solutes at 
an electrode held at a controlled potential and meas­
urement of the current flow. Electrochemical de­
tectors have already been successfully employed to 
monitor :race quantities iH ereclroaclivc orprnic com­
pounds in tkniid-chrninaffifraphy effluents, hut 
usually with an efficiency of only about S3.* Effi­
ciency refer* to the fraction of the cteclroactm 
molecule) in Ihe etuant that are actually oxidwed or 
reduced by the detector, and hence is directly related 
lo sensilhriiy. We arc at tempting to develop an im­
proved, small-volume. high-efficiency detector for 
euanirlalivc analysis. Basically our detector consists of 
a carbon tubular (Vow cell packed with carbon micro-
spheres, which is made Ihc working electrode, in 
contact with a chamber containing the reference and 
auxiliary clectn-Jes. Ihcrc arc a number of variable 
factors to be evaluated, including Ihe kind of carrion 
to use: ihc length, diameter, and volume of ihc flow 
ccH: Ihe si/c. density, surface area, and porosity of 
the microspheres: and ihe concentration and flow rate 
of the ricciroacttvc species in the eluanl. Although 

«. I . Hvr * M I r. J. I.rrrtr. "!*<*!< MMI F.vataiMi ..f 
Hrcln»«hcwK.»> Drttvfnr* for HPIT." / Chnmmtup. Sri. 12. 
747|I974>. 

several problems remain to be resolved, we have thus 
tar achieved over SO"? effkieucy lor oxidation of 
ascorbic acid and over i t f * for oxidation of (eirous 
ion. at reasonable concentrations and now rates. Qual­
itatively, as b i l k as I ne could be detected. (G. 
GoMrtiin. L ftLKaml 

ANALYTICAL RESEARCH 
NEWANDREVBfTED 

frewjujrncniuu nff arstuk. The deieiminjiion of 
traces | l to 2 ppm) o f jrscnk in the stag from 
coal-fired power ptauls b complicaled because acid 
leaching does mil extract the arsenic from the slay, 
and HF attack ur fusion introduces unacceptable 
amounts of orrMiarntnaiioR- A procedure has been 
developed which drsaotves the slay without adding or 
removing arsenic. The sample and a 1:1 mixture of 
concentrated HF and HMO) arc placed in separate 
smal platinum or Tefhm dishes, lo th dishes are 
inserted into a Teflon jar. The jar is tightly capped 
and placed in an oven at 70 lo MfC for several hours-
After cwdmc. the sample I now a mixture of nu»s*t-
•-atesl is heated lo fumes with concentrated H.SfJU or 
H n 0 4 . corded, and dduted to volume. Ciwnparison 
analyses carried out «m M B SRM l#»33 Iffy adii 
showed lhat this procedure dors t*n result m either 
omtammalion I N hvss of arsenic (see Table I . I ) . 

Traces of nim»-v-ompoundJ rt mammy after incom­
plete wel-ashmy iff «ircamcs with H 2 S 0 4 • UNO, 
rnterfere in die subsequent dctcrminaliiwi of arsenic, 
usiny NaRH«. as drscrrbed bebwr. These nMnv 
compounds can he destroyed, once the welashmy is 
essentially v-onwieh.. by adduM a lew drops of Hf ' ID 4 

tfi the fumir..: mrxrnre. 
The bask n..>thfWs used were ihosc of Holak* and 

Braman'* (vidaldi/alion of AsH,. accumulation in a 
odd trap, hberalnm into a stream of helium, and 
detection of arsenic h> arc emission spectroscopy |. 
However, numerous chances and additions were made 
lo improve the reliability and scnsilrvity of the pro­
cedure (sec Fry. I.J). Since constanc of hclrum flow 
rate was essmiial. a flow conimWei was installed to 
keep ihc flow rate conslanl it* within iO.tfi. reyard-
less of drnvnslream fluclualinns m back pressure. Ail 

9. V. ffnbfc. "Cr*-$*mplmtf TrrbnMU* for Arwrnt Drhrnw-
•Mmn hy AtnnNV Aawrfiinn S*twpt*'i»mt"y •" A»tL 
C*rw. 41,1711119W) 

Mi. H. 5. ttUKtam. I.. 3. Jmlen. jnd C. t i I .frtUKk. "Dwrci 
VnbinVarinn-Sprciral fmm*m Typr IWretiinn Sf'frm tnr 
NMofrjin Anm«ni« M Arsenic jnd AMrnrn**." /f*r/. Chrm. 
44.2195 11972>. 
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jninls were either Swajrlok rrlliugs. O-rmg grass 
flanges, or sfcrinkaMe tubing. The reducing agent (17 
NaBH* soluiion) was injected inlo ike sample wfcjlian 
( I /V HjS0 4 ) with an infusion pantp. Tke reagent 
sumtion was delivered into ike bottom of the reaction 
dumber near me gas dnprrser. to maxims* mixing 
and lo ensure ike rcpwwWmihiy of the kinetics of 
ihe refaction reaction. Since the heKnm arc excited 
anenk tmuocm most efficiently and rcproducibly 
when H 2 (produced in the redaction) and KjO vapor 
were absent, a pathway was provided lo bypais the 
somtinn ccR once actumutaliun of the Arfi, in the 
toiKml-mtnintn trap had been completed. Contrary to 
published experience, "indicating" suka eel was 
found to gjur nwch more reproducible results than 
DrierMc. We believe Ihe presence or absence of im­
purities in the deskcaut may have been ihe decisive 
factor in bom cases. The trap was an empty W-diaped 
gtas tube immersed in liquid nitrogen. When the 
acewmdated AsH, was .«» be released from the trap. 
Ihe Dewar flask was removed and the trap exposed lo 
an air stream from a blower. Class drainage tins, 
affixed to the lower extremities of the trap, ensjred 
" • m * ^evUgnunjunujgwmgr u^u^nguunnnemj uf pug of any banging drops of 
bqwd nitrogen after removal of the Dewar flask. The 
ate chamber was made from 6 mm OP quart/ tubing, 
narrowed lo m'Z mm ID where the helium stream 
croiied ihe arc. The hctmm was introduced near the 
window and flowed faking the projected optic axis of 
the moRochromaiorr through the arc to the outlet. 
This flow pattern prevented clouding of the window 

II . D. I Nnr? amt C. $. Comrr. "Tile Kmritn «»r rbr 
>fn»fn>fin-f»»iifi»w«IH» Fscfane/ RVjcrina." / flirt 
Ckrm. M.X5JI 1*521. 

by cathode lputteriug or other unpuiwits. The eJec-
tmdes were tt060mm W 2» ThO, rods of the type 
used m hehnm arc welling The arc was tutigued by 
a Jarrct-Aah batow-cathode power supply- The arc 
was normafly exiunjndud by the substantia) flow of 
Hj during the redac***) step. Since the open-circuit 
voltage of the power source vaas not sufficient to 
rcajnwe the arc. aminan was accumphdud with a 
Tenia cod placed about 1% m. from the arc chamber, 
art lo produce a muumumpinvir sienl corona dis­
charge. The arsenk 228 J nan radiation was observed 
m the second order wnh a JarreB-Am 0-5-m mono-
chrouator. A I I I nimiiw R 1*6 jul« hhnd photo-
madtipker was used for detection, thus making it 
limiimh to operate at ihe blaze angle of the existing 
grating and to enjoy the benefits of second-order 
diipiniuu wVbout the intetfctence of ihrblt radia­
tion. Signals were jmphfied with a smut operational 
jmpuliu and recorded with a Sanborn model 150 
recorder. 

At optimum values of rise various operating param­
eters, and using analytical reagent grade NaMi*. «e 
round the Nmil of detection to be 60 pg of arsenic. 
The blank level, found by the togaritbrnk standard 
additions procedure.11 was 300 t 30 pg. The hmH of 
detection was utos taken to he twice the standard 
deviation f ie - 60 pg) fa tins batch of reagent. Since 
the baseline was smooth enough to permit con-
awerjbty greater electrical nupJirit Jtion it appears 
probable that a lower detection m** would be pos­
sible if parer NaBH* were avanabte. Peak heights were 
found to vary hnrarty with arsenic concentration 
when plotted on log-lag paper. This dirmnated die 
measuring of peak areas mat was requireo by previous 
procedures.1* 

•\ry-today Reproducnmtfy of results at the 5- to 
10-ng level (per aliquot) B £4.37. Accuracy was 
tested by uanparinm analyses with pubbsbed results 
on N B standard reference materials as drown m 
Table I . I . fC» FcMmun) 

Atoarfatfir aaNute awjb/tk A study was initialed 
recently to evaluate and develop new analytical 
methodology for the determination of water-soluble 
sulfate present tat atmomhen; fdler samples. Sulfate 
analysis is cwmtntionaHy bated on me reaction of 
inorganic or organic barium salts. However, these 
methods suffer from lack of specificity and preciwon. 
Proposed mctbods of anarysn incrude a direct kinefk 
sulfate anwysv* based on the catalytic effect of sulfate 

12. ('. r'ttimm. "Spfciwrbrounl Dtttimmatnm of 
tUtnmm-fMommm Kaiim."A**. Vkrm. 21.1211 II9#9>. 
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M M on die shMr reaction between metfcyldiymol bust 
and anrd mammm soWtiun. Because sulfate increases 
the depoHrmemation of the aged atrconyl species n 
acidk media. * e m e of formation of die free 
/iratnwm ion inetnylthyruol blue couple is propor­
tional in sulfate concentration. The kinetics of the 
reaction are foftowed spectroscopkaHy. using die 
GeMSAEC mrmture centrifugal fasl analyzer. Al low 
concentrations of zirconium I I X i0~* M) 
lion rale was found to be psnedo first 
respect h> sulfate ion concentration over the rang* 0 
to 16 ppm. The precision of the reaction rate was 
lypkafry I to 2%. Work is m progress lo evaluate the 
medrod further, asses* the eflcci of chemical inter-
fereiHs and procedures for their removal, and auto-

•Vwfenv •»»* UIUVUWJ' * • * 

many anions present in air samples, m-
sufiie. abo react under the conditions of 

mod classical sulfate methods, efforts are under way 
lo dcwrlop a procedure specific for sulfate. A spectro­
scopic method has bem proposed that is based on the 
enzymatic transfer ot sulfate to a cbromogcnk snb-
jtrate. Sulfate conccniralioR would br proportional to 
the decrease in absorhancc of the sample due to die 
formation of a mrnchromoprmc swlfate product. In a 
pimrbh second enxymatk method, sidfate is cbemi-
caiy reduced to stdAle which subsequently reacts, m 
the presence of an oxidase, lo form hydrogen per­
oxide that may be assayed via a chrmdnmmescent 
reaction. Kffnris are now under way to isolate and 
purify the cn/ymes mswred fo the two promised 
enzymatk procedures. Fonowing thrs. reaction condi­

tions wut be drterwaned for atvwrale and Kpnaducsbfe 
en/ymatk analysis of sulfate. ID. A. luHicfc) 

(OC/MCSi. Because of its inherent stnsnwm 
selectivity, the OC I K S has proved to be a versatile 
tool in the analysis of volatile mmmetal and oieano-
melank species. For the past dsree years uW GT/MtiS 
has been routinely applied to die drsrrmmatinw i*f 
volatile mercurial owipoaudi. Using the H*S detector 
system, levels fnnn 0 . 0 K to Q.O0OS ng of mercury 
have been dtninnaed with a sdectmly of greater 

10.000 in such complex matrices as bndogkal 
id sediment samples. The relative srrrsrtrritsn 
for O f , H a d are belter dun 10 ng/g for 

s i M lamplcj and 100 npfg for water samples. Re­
cently, we hare attempted lo improve nw detection 
nmit of CHjHnCI in natural waters by preconcen-
tratmjt the cnwiammani fnmi large sample volumes. 1 3 

Previous studies have demonstrated the cxceMcnt ex-
tractabihly of moreank amonk complexes of mer­
cury, from alkaline as wefl at acidk sidutrons. with 
quaneraary amines duwdveJ in various urgank sol­
vents. We have continued these studies and found dial 
tertiary amines arc even more efficient m extracting 
CtbthjCl Wnh 0.97 tcriiury-annne bnwarne solutions, 
a quantitative exiraclioa ol C H j U f T I «°5 • 3 ? ) can 

I J. V. Tat** and V. F. NnrwR. ~A Rand MrrtW 1m rke 
nncnowjriini M CHiMafl af rttr Parr IVr Trmnn l.rwl IN 
Water Saiaafci Uwnc (br TMO Onuoatnrras* MKwinaw Fmr>-
unfi Sprcimmnric Drtmnr Sysmu.** miwuire m Amditicd 
CkrmiUrr. Sepirmbcr If75 
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he achieved hit aqueous stdveM viihmii ratios as bqdi 
as 400. FUWOWM; exlraclM. I- t» lOfri ahquots «t" 
•W b o u o K extract are afrcted into the fas chnt-
matograph for aftarvscs. hi the MfrcimM purl (JQO'Cl. 
* e CH,rVri-amwe complex is msUMty cleaved to 
release me votatuY C'HtHfC'l. which u then separated 
h ) * c p t Jiioiwaiograph column in exactly the same 
H H T I as pwe ( H , H f C l standards. Using this ana­
lytical tcv+Mque. trace CHtthjCI as km as I ne hter 
can be JtKnwwtJ in water samples with an accuracy 
and prccHMH «rf 10 to 15". The excellent sewntncriy 
and relative simpfccm of this aaalyljcal technique b 
ii* oiuiulcubU mteresi to etmrunineut*tets who are 
concerned with the mechanisms of CH,HgTI accumu-
Safwn m various bkdopcal systems. 

The CT.MKS has abo been apphed to the analysis 
of amylarstnic acids in industrial pesticide and envi-
r.iwmcwlal samples. '*" Prevums anatyl.cal K-ch-
mques have per* tally rehed m the determination of 
total anew*-; content to monitor die impact of arsenic 
m the environment. However, there is now evidence 
tl at the htoaccumulalMin of certain alky iarsenic heibt-
<ides aho occurs in the environment. In addition, 
••rpanoarsenic acids have been shown to undergo re­
duction by micmorgarusms to t« »xic and volatile 
arsmes. Therefore, to study the true history of arsenic 
herbicides m the envrronmeni. an accurate and sensi­
tive analytical technique is required that is capable of 
providing information concernmc the chemical form 
of die arsenical. Ou. new procedure involves an 
NaBH* reduction of alkylarsenic acids. particularly 
mono- and dnnethvlarsenic acids, cor- ovwdv H I d%niK 

aqueous samples to their corresponding: alfcylarsines. 
The mseous arsmes are collected by either of two 
methods. In the first method the aNtylarsmes may be 
codec led by extraction of eases with toluene or 
hen/ene concurrently with NaBH 4 reduction of the 
acids, in the second the alkylarsir.es may be flushed, 
through the effervescence of the NaBH* reduction 
reaction, into a cokl toluene trap ( 5 ° 0 . The arsme 
coNectron procedure employed depends upon the vola­
tility of the alkylarsme generated. Because of its htych 
volatihly. monomer by larsuie was collected using the 
rohiene cold trap. Dimethylarnne was cofected using 
both procedures. However, because of their low vola­
tility, atkylarsines possess*)* greater than a two-carbon 

14 Y Tjlmi jnd D T B<>«tKk. "Drn-rimiwti.ni -f Alkvl-
jrwiMi' A n * m rVmcwkr jml fminmnwm.il Sjmpir« tn Oj» 
t'hr«mjiitfrafhv «ilk t Mhf>>»jw t mmMn Drt«v'.'r S>*ttfm|° 
AnalviH-iUhrtrmm \9'f. in r>«« 

1$. V IMnu jtW f> T lfcwri.li. "Tbr Drtrrmmjtion ft 
4f«nh jnU Afrnuj IvV Chi'mali't' Sri 13.'.'I >l"»*5» 

i - ^ r moiety could only be collected efficiently by 
the extraction technique. Abquots of the organ*, 
phase, eoBecied from either pr xedure. were subse­
quently miected mto and separated by a CC column. 
The separated alkylarsines were eluted into an argon 
plasma where they were detected by munitormg the 
22*.H-nm As enuss*-n line. Using die cold toluene 
trap procedure, linear worktop curves were obtained 
for both m>mo- and drmediy larsenk acid in l i e 0.03-
to 100-rtg ranee. This corresponds to a relative sensi-
tmty of 0.01 p&ml of alkylarsenic acids in water 
samples. By preconcent rating the alkylarsines evolved 
from large sample volumes mto a nwnimum volume of 
toluene, the reia»rre sensitivity can be reduced by at 
least a factor of 40. With this extended ranee, the 
present analytical method can be used to separate and 
individually determine alkylarsenic acids as either 
major, minor, or trace sample components 

In a further study, the GC MFS was adapted a* a 
sdicm selective detector that will be used to aid in 
the characterization of the numerous organic c>im­
pounds eluted JuriiK! the GC separation <>t" coai-
denved effluents With this adaptation, those com­
pounds containmc active hydrogen atoms can be 
identified fr<*m various other volatile sample com­
ponents as sityli/ed derivatives Silicon detection has 
been investigated using both a helium and an argon 
plasma. The spectral characteristics of silicon in a 
helium plasma were studied by measuring the emission 
mtensitv of the silyli/ing reagent, bisltrimethylsiiylr-
trifluori«acetamide (BSTFAl. in benzene. Monitoring 
the ?5l.rMim Si emission line. BSTFA could be 
detected in the concentration ranee 10 to 1000 ppm. 
However, under optimum conditions the best selec­
tivity ».»r silicon, when compared with a non-silicon-
containinc compmind. was 25. The reproducibilm in 
anal\/me a simple was very dependent upon the 
ability to control both the power of the plasma and 
the duration of the silicon-continine compound in the 
plasma In an effort to reduce the influence of these 
factors on sdictm determination, the less energetic 
aryon plasma was used. The plasma was operated both 
m vacuum (5 to 10 torrt and at atmospheric pressure. 
Several silicon atomic emission lines were moritored. 
and the best silicon response was observed at the 
25l.f»-nm Si line in vacuum Silicon selectivity and 
sensitivity varied with the region of the plasma moni­
tored, with both parameters shimmy J maximum 
when silicon response was detected in the extreme 
upstream portion t^f the plasma In contrast to the 
helium plasma, sensitivity and reproducibility in aigton 
were only shybll} dependent upon microwave p«mer 
When the ab»ne parameter* are optimized, the detec-

http://alkylarsir.es
http://Drn-rimiwti.ni
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IMW limit of the sdvli/mg reagent samples is O.I to 
100 ppm. with a lepniducdntay of 2 i«> 37 and a 
selectivity greater than 250. In a final study, m l 
samples of sdy h/ed cumpuvnds will be used in evam-
MC ihe usefulness ut" ihe GC MRS in the coal pro­
gram. IY. Tabni D- A. BosM*. V. E- Norvcul 

PaMun Ncanjnjnna. In coupcratiun witfi the Com­
puter Sciences Division, we have contnmed die study 
«it' pattern recognition techniques for deahng with 
complex analytical problems. Hwjt-resoiutwn gas chro­
matographic profiles ..onsisime id' ~I50 peaks pro­
duced in die Tobacco Smoke Research Program ate 
used to generate die daia set. One program oNjectrve 
b to determine which of the GC peaks are correlated 
highly with btologicjl activity and to select those 
peaks for which chemical compound idenfiiicaiiow 
would be worth die effori. A second objective i; to 
determine it a model can he developed dial would 
predict biokigica! aclmly. usmg chemical information 
present in the gas phase or cigarette smoke. Since 
budogicai studies involving brer colonies of experi­
mental animals are expensive laboratory operations 
that require considerable ime I up to two years) lo 
achieve results, a chemical indicator of carcinogenesis, 
if ii could be developed, would be a very valuable 
lord in cancer research work. 

Gas chromatographic runs tin duplicate) for each »f 
the 22 cigarettes in the set of 23 series I cigarettes 
obtained from the National Cancer Institute have been 
compieiid. The code 12 cigarette could not be ana­
lyzed because the supply was exhausted Interspersed 
in the lime period of lb? fas chromatographic runs 
was a set of ten CC runs on code 2 cigarettes. This 
sel was used lo assess ihe reliability and reproduci­
bility of ihe CC procedure. Relative slandard devia­
tions for retention limes on ihe column and for 
normalized flo total particulate matter) peak areas 
were calculated for each of the 36 GC peaks selected. 
The retention limes had remarkable relative slandard 
deviations f RSD's) in the range of DIM to 0.337. 
whde peak areas showed RSD's in the range of 5 lo 
25?. 

Raw analog dai? from Ihe gas chromalograph are 
digitized by a dedicated *K PDP-K/t computer and 
stored sequentially on magnetic tape (DfCTAPH). 
Since ii wmid be cosily and lime consuming lo rerun 
this experiment should ihe data be km. backup copies 
of the GC raw data were produced on the DM" 
system 10 computer. Disk files were created from the 
PDP-8 I. formatted DMTAPIS and transferred lo 
DKC 10 formatted DM TAPr.S 

The raw GC data file IconsBUng ol X447 double 
prectsmu members) was procesard on the DM" system 
10 computer to produce FORTRAN IV NrwgnvaUe 
code, and was farther processed and analyzed h» 
cvcMwahy grve a file omtammg peak area vs retention 
time. These tetter DEC-10 tiles arc stored on niajmctk 
tape hi sets and are m such form that they can be 
inputted to die FORTRAN pattern recocnttnm pro­
gram. RFCOG. lor nmmng on dnr MM 3*0l«»l com 
puter. 

Our first plan lor anah/mg nW data sel uldi/cd rile 
computer to son jnd index mr GC peaks on die 
chnunatugram. htcaujt of a finite liderance nn relen-
lion limes, clasaficalion errors occurred, and we de­
cided lo test a vtsuaHy sehxied data set cowjumg of 
3ft of the larger GC peaks. This set of 3 * memhrrs 
duvwed miiugh prumue so dial a srt of 125 member* 
(includes smaher peaks) was created for input to 
RFCOG. 

Least-squares filling ~-~.ig 25 of these 125 GC peaks 
I selected on ihe basis of redundancy tf ripping) has 
allowed biological aclrvity |IV« vahns) lo he pre­
dated lo belter than 5" for a nonmemher ol' a 
irammg set for series I cigarettes. We plan to lest this 
model on series II and JC'IT* HI cigarettes, for which 
the budiigical activity data are not known to us. 
|R. W. Stttmer) 

instrumentation'* Ifluor-'iphoiometer Q-SIW and 
automatic fusion trar) used for ihe determination of 
uranium has improved ihe slandard deviation of ihe 
analytical results by a factor of 2. but ihe variation 10 
5 fV?) was sldl greater than expected. The source of 
mis variation was identified as differences in the 
surface condition of the pl.it mum dish in which the 
sample is fused. The light seen \:y :he pholomulliplier 
in ihe Q-5I*W consists of 527 direct radiation from 
die sintered pellet and 4X7 raJiatnm reflected from 
ihe platinum dish. Al ihe 100-ng/pdlei level, die 
relative slandard devialiim observed in '-n pellets, in 
randomly selected dimes, was 7.37. In pohmed and 
re-formed dishes die relative slandard deviation was 
found lo he 3.W7. When a single dish was used lo 
read all ten pcMcls. ihe relative slandard addition fed 
lo |.77. This is about the same magnitude of instru­
mental error as expected from ihe fluorophotomeier. 
Other farlors investigated included: pellet a/e and 

16. H H Rin% ct jt. "Improved Hwmiwrlni Aftriyin 
S>«wm." Ami Ckrm. IMv. 4mm. fhtg. Krp. Srpt. JO. 1974. 
ORM.-5ft06. p. V 
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si/e. drstnbutnm **f uraiviuHi in 
die smeicd pellet, pcnet volume, dvcwucal stale ul 
ibe Bfanium I t * * n V^t and effect «»l uuendmte 
agents. A report on rite complete study n n) prcpara-
• a * . 

A Komd ompleie analysis system consistmj! of the 
model Q-5 I 'M Ibjuwpbim—cici and furnace n a n 
was constructed and placed in service duiivu, dns 
report period- The new furnace was nwdified w a h i 
•mfonofy suMcr about SO ptwefs per hour. CJL E. 
StramJ 

CROUP C O O M N N A T I D V B I T O * • tEKAKCH 

imdecular processes mat t«.cur during an electron 
transfer react**) has nnpftkaum* ranging finm eneryy 
tnwtwmi and corrosion to ibe ntechanbm of numer­
ous en/yme-vatary/ed reactions. Several theories of 
electron transfer reactions based upon quantum and 
statistical mechanics have been fiirmuljted and snb-
iecied h» varying decrees of experimental mification. 
One til die nnwe successful ones was developed by 
Marcus.1 7 Hr» theory predicts numerous ciHrelaiions 
between various types <if bimwgeueow electron trans­
fer neaciHun. and numerous experimental studies have 
reported reasonable agreement between theory and 
experiment. Marcus' rbeory- also predicts the existence 
of a correfatnm brtween the rates i»f mnniuxneous 
and heterogeneous ctcclron transfer reactions. The 
theory unphes that for a given chemical system, the 
mechanisms of die two types of reactions should be 
simitar. The •mend question of a parallelism between 
hetewgenrous and bom«igeneous electron transfer re­
actions has »rt received any significant experimental 
test. The objectm* of our research effort in efectro-
chemical kinetics is to obtain bnelir data for die 
heterogeneous redwetion of selected redox couples and 
correlate these data with the sdf-exchange reactions 
according to die predictions of Marcus. 

In a previous mvesligafiou me standard hetero­
geneous rate constant of the Enf*lli-fEiiflf| couple was 
found m be independent of hydroxide ion conccutra-
i ron." This result agrees with the sdf-exchange reac­
tion.' * hence the two studies are in accord wMh the 
theoretical pwdtcirons. Because the self-exchange reac­
tion rate of the europium couple is greatly enhanced 
by chloride ion. the influence of chloride ion upon 
the standard heterogeneous rate constant of ibis 
couple was urvcsligated. 

The experimental approach consisted in measuring 
current-time curves at a stationary mercury declnide 

at several potentials m the potential bunting region of 
the fcullllv-EuliI) vukanunngram. A cunventiunal 
analog pmeniiusui was used to cuntnrf uW cell 
pmenual- Curreni-mne curves were obtained wnh ibe 
aid of a PUP-* I computer. A program enutkd 
F0T4LK. derived from FOCAL (incorporating dock. 
ADC. drsk storage and netrievaL and ewe fetch-put 
nanuses), timironed the data acquisition and pretimt-
nary prune num The current-time data were obtamed 
on a punched paper tape and amJyaed via a nonlinear 
curve-fitting routine on the DEC-10 luue-shared com­
puter system. Formal potential data were anpnuJ vn 
dnect potrntiometry-

rYehmwary results of the experiments unheal* dial, 
contrary to the sHf-exchange reaction, the hetero­
geneous wJwctiuu of EufNI) is not enhanced by 
cblorhV inn. This result a tousry unexpected, and the 
luB unpncatiou in reiatiun to the Marcus theory will 
reqiore addruouat studies with other redox couples. 
Investigations «rf the Villi>-V<||». Fel l l lM'el l l l . 
andor CeHVK<4l l l t couples are pbnned fL. N. 
K i m . T. L. CroMon) 

enntmued wtwk on the improvement of the meshod 
for the determination of uranium in MpMy radioactive 
sofciOoftv The method of choice has beer die ctndo-
metric reducrion of UfVI) at a conlrohed g e n u a l in 
a sulfuric acid medium. Some samples must be deter­
mined in phosphoric acid. Almoufh the accuracy of 
the method is better than 0.17 for cold samples 
coatammp more than 5 me of urau.jm. this accuracy 
has not Seen demonstrated for "hot" unphs. 

Experiments were designed to estabbsh those param­
eters in the method needing the most attention. 
Earlier work by Stephens ct a l . 1 * demonstrated me 
vahdrty of compater-assisted data acqwutMui and the 
prediciinn of the uranium content of a sample from 
measurements made before the tHrimetric end point 
had been reached. The coukunetric reduction of 

IT. R. A- Mancut. "On tht fluaty at EJcrtren-TfalMfvr 
Rnctmu. VI. U M M Turjnumt U* rtoinanrMWM jn i Ebv-
rrnnr RractMH."/ Cktm. flrrt. 49.»79<l*t5l 

IS. J. B. Carramy. -p»nimmiiinw «4 rbr Raw Diprnmate 
of rbr Hrtrrnprnmut Reducnnu i<f Ewllll »« F*MII> OH 
HjrdmxnV km Ctmceniratinn." MS. fhnm. VMamrfy nf 
Groreia. Aihrnt. 1974. 

19. D. I. Mrirr j « i C. $ Garnet. "The Kinnin of rtir 
Fwiivpjwulll^aiiiswinilllli Fycnnipr Reaction." / rnr t 
Chrm. 5*.«53<I952». 

*0. y R. Strpbrm. Frr* Jakob. I P RimVin. ani J r 
Harrar. "Rrat-Tnor Comfuirf rVrUKIUMi v4 Fml rVmi* m 
r«mMM-fWnra l rnv*»mrir>." Ami Ckrm. 41. 764 
• I97«n 
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i * V | i does n>4 ioaW nV ample exponential decay 
pmbcied fium die mass transport model based on a 
ample, rapid. one-step reduction of' da* species or 
miriest. The redaction process for I ' l V h proceeds, as 
is we i known, via the reduction lo U |V l wan subse­
quent dnpfuporuoaauua lo produce l H I V i and 
U|V | |L The rate ol" dbprupiwiMHiaiiua is dependent 
upon die H" coaceatraiinn sad. 10 a lesser degree, on 
die sulfate cunceairatwa |pusssMy because ol' com-
ptexauon of S O . 2 widi I^ IV | | It b lows, dwa. dial 
near die laae of mrtiatioa of electrolysis da- measured 
cancel results chiefly front redact**) ot" "prisone" 
MV|» | io LlV>| ia die mwrtediaie vicaaty ot die 
electrode. Were it possible lo obiaia aa accurate 
measurement ol das current, dtere wvuM be no need 
for cuanaard etecirohsis. Ii B daring das initial 
fifmr of titration, however, dial potential control n 
poorest, chargaajc of die electrical doubWr !a>er iw use 
control poteatial adds a component to dK mexsuicd 
cancni. and die total ceH current » changaig at a 
maximum rate. It n dso durmg tats tane that cell 
•esBtance ami die currem-Jrliveriajt capability of the 
potentioslal contribute a maximum u> the tmcertamty 
of die Farauatc curreni and thus distort die observed 
current from dial predicted from die theoretical 
model- Therefore, mtegraiion of ike current over a 
protracted lime period (usually about 5 to 7 mini is 
reqaaed to achieve precision m the desired range. 
Further, it becomes obvious that simple curve-liltmc 
routines applied in the very early stapes of electrolysis 
cannot result m an accurate prediction of the end 
pun i except, perhaps, by a fortuitous set of compen-
satmg factors. Another comphcatiim arises m radnv 
active samples in dwt radiofytic damapr lo the ekc-
irofy ic causes dK appearance of peroxides. These are 
reduced at the same potential at which the uranium 
determmaiior must be made This reduciKm adds a 
current lo that which mulls from uranium reductnm 
and which is mdMrngunhahlc from it. 

We have developed an electrochemical cell mat 
appears to be superior i«> those presently m use in our 
laboratories. Potential control is wiihin ?l.5 mV 
during initial electrolysis and withm t0.5 mV for 
mosl of the titration. We are able, with this cell, to 
perform the analysts ia H , P 0 4 solutions without 
difficulty. With the conventional cell, the precipitation 
of iiitV) phosphate frequently caused the poienlioslaf 
to become unstable before the ci>mplelion of dec-
trorysrs We feel that (he superior potential control 
afforded by the ceN design results in this stable 
operation. We have also demonstrated a capability lo 
acquire, store, and process coukimclrk dala with the 

POP & l computer. The added fOL \L fuactioas 
reported last year"' were ased without moditicatioa 
and performed aueqaatety. Aa exact program for 
coatamed work ia das area » awaiting da* outctwne 
of analysis of dala already taken. (T. ft. MutNcr. & T. 

sir., ymf vottaaaaetry IDPASV) condaaes dW precon-
ceairalam advaniapr ol anodic straanng widi die 
drwriaaaalam apniast electrode doable-layer chargmg 
curreai iahereai m drOereaiul-putse pknrograpby lo 
yield a very sensitive electrochemical medmd. Dunne 
the past year we were concerned with the evaluation 
of DPASV for die de:ernunation of ppb levels ot lead, 
using a banging mercury drop electrode I I M D f : ) and 
a rotated mm mercury film elecirode iRTMFFr 
Studies ceaiered on ascertaining the experanenial 
parameters critical to an accurate and precise analysis, 
scekiag quaaiiiatiou. and companag the behavior and 
properties of die; I W D F and the RTMFt . 

Several expenmental aspects become quite mv 
portaal when DPASV n used for analyse* near us 
detection brnrl. These include the deaakness ol elec­
trical contacts, quality of dtsldled water, the necessity 
lor una* clean Vycor frits between the analyte 
solution and the reference ar.d counter electrodes, and 
the requirement for pretrealmeai of the IIMDF. cap-
diary or the vitreous carbon support for the dim 
mercury film elecirode. Careful and continuous atten­
tion must be riven lo each of rhese to nuninri/e 
experimental difficulties. 

The imporlance of using the standard addition tech-
raque antead of a standard curve for quantitation was 
demonstrated by- a study of the matrix influence upon 
0.03 M I INO, background solutions stored in poly­
ethylene, polypropylene, and glass hollies. After 
storage of the background ciectrolyle for a prede­
termined lime, lead was added and the sensitrviiy 
factor luA/ppb Pb| determined. The background solu­
tion stored a lew weeks in superficially cleaned poly­
ethylene exhibited a sensitivity about two-thirds thai 
of an identical background solution stored m a glass 
volumetric flask. Polypropylene showed inlermediale 
scnsiirviiy. Tins effect is presumably due lo slow 
leaching of plaslici/er and/or antioxidant material 
from the plastic containers. Storage in glass is not an 
acceptable alternative because of the possdniriy of 

21. H. H. Rnw ri A.. "Imttwnriiialinii and Advanced 
Mrfkodiiliiry." And. Ctrm. Oh Anm. hng- *'P &/* in-
1974. OHM 501*. p. 4. 
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lead leacbmg from the glass. In any case, it is dear 
that environmental j jmp l i i colected m plastic bottles 
and ptcurvcd by adding 2 lo .* ml of HMD, per bier 
should he analyzed by the standard addition tech­
nique to asmre accurate remits. 

As expected, the detection limit I * lead by DPASV 
u*mg the RTMFk is about 0.01 ppb. once reproducible 
behavior is achieved, this is an order of magnitude lower 
than that at the rBfDt Reproducibility is always a 
problem with sobd elecirodes. and the mercury-plated 
vitreous carbon electrode is no exception. Best results 
are obtained by using a lugniY polished surface and 
successive m situ plating and stripping cycles of 
mercury in the presence of the analysis eleirc&l. The 
number of plate-strip cycles required before repro­
ducible voltammograms are «-blamed depends upon the 
concentration of the analyse element. Reproducibility 
B remarkably good on subsequent plate-strip scans after 
standard additions. 

The utility of DPASV lor analyzing real samples w*> 
demonstrated by analyzing rain and stream-water 
samples obtained from the Ermronmental Sciences 
Division. Lsmg the H M W and the standard addition 
technique, lead concentrations of H and 11 ppb * 10** 
were reported respectively. Stripping peaks were ob­
served for cadmium and copper in the rainwater and 

fur copper in the stream-water sample, but these 
elements were not quantified. I t . A. Knacht) 

Service innwnwtwMMa. with the reactivation of the 
Molten-Salt Reactor Project, the Metab and Ceramics 
Division undertook a project requiring the use of 
voitammeters to monitor selected electrochemical 
properties of the thermally heated salt test loops These 
expemnents use the test loop plumbing as the counter 
electrode in an electrochemical ceil consequently. the 
vollammeter must be designed in grounded counter 
electrode configuration. We provided the Metals and 
Ceramics Division with an electronic design based upon 
commercially available modular components. The in­
strument includes a triangular waveform generator with 
switch-selectaWe sweep rates ranging from I to 1000 
mV sec. Full-vale current ranges are 10 uA t« 1000 
mA Normal or derivative cyclic voltammograms can he 
recorded. The derivative operation is accomplished 
through use of a two-pole-state variable active filter. 
Some provision fin implementation of computer c<>n-
fr-.d ot the volummeter js included in the design 
Construction of the instrument is being performed by 
the Instrumentation and Controls Divis'on. On the basis 
of three units, the estimated unit o n ! is $4500. 
including complete engineering documentation. (T. R. 
Mueller. L. N. Klatt) 



2. Nuclear and Physics Methods 
W. S. Lyon. Head 

The Nuclear and Physics Methods Group has continued to enlarge and refine the 
capabilities of its multielement techniques. This >ear the x-ray fluorescence iXRFl 
method both lube and radioisotope excited has been applied to a variety of samples 
to obtain quantitative data. Electron spectroscopy for chemical analysis I ESCAl has been 
used in a series of research studies elucidating surface corrosion in reactor components, as 
well as in a number of other applications. As part iH ihis program, we are evaluating the 
potential of ESC A for quantitative surface analysis: preliminary data look promising We 
have organized our efforts and techniques m a manner that can best be described as "an 
approach to the whole problem." In this approach, scanning spectroscopy. XRE. ESC A. 
x-ray diffraction, and associated separations techniques are brought to bear on an 
analytical problem in a coherent and programmed manner. 

Our other multielement technique neutron activation analysis (NAAl continues 
to be used as an adjunct in a number o f important studies. Coal, fly ash. tree rmgs. 
uranium exploratory samples, cherts from Indun sites, and special high-punty metab are 
some of the materials that were studied. Despite the cndoloureighl-year formal NASA 
commitment, we are still involved in radioactivity me.nurements in special flights such as 
Apollo-Soyu/. In support ol' reactor energy investigations, we continued to develop 
methods for very low amounts of transuranium elements in the environment, a 
cooperative study with the Neutron Physics Division is concerned with the decay heat 
released during fission an important parameter for safely design in reactors. 

One man has been loaned to ;he Physics Division to assist in Controlled 
Thermonuclear Research. We ourselves have had a number of trainees IAEA fellows, 
summer research participants, and visitors from elsewhere. Thus we continue to explore 
new fields while sharing our knowledge with others 

X-RAY AND ELECTRON PHYSICS 

Quantitative tmtym of jBay* by x-ray aVwmctmc 
ami x-ray •fcaltuJulr— spetlrwicfy. To a first 
approximation, ihe intensity of an x-ray fluorescence 
peak in a given clement is directly proportional to the 
concentration of that element in ihe specimen being 
analyzed I'nkrss one makes corrections, however, tor 
the sixalled "mierelemeni effects." the results ol the 
analysis may be in error by as much as 20 lo Sit*. The 
interelement effects are caused by the absorption of the 
x-ray fluorescence of dements ol higher atomic number 
by elements irf lower atomic number The result will be 
that ihe fluorescence from ihe high-/ elements is 
decreased, while lhai of the lower-/ elements is 

increased. Some of the most ptorfciunccd interek-neni 
effects occur for alloys of Cr. E'e. and Ni I stairless 
steels. Ilastelloys. Inconeisj Chromium and iron both 
absorb ihe lluorescence of nickel while chromium 
absorbs that of iron. Recently. Rasherr\ and Ik-much' 
proposed a method for interelemeni correction that is 
quite accurate for Cr-Ee-Ni systems It lakes into 
account nonlinear relationships between fluorescence 
intensity and concentration by empincal einiainms. 
Concentrations are caiciilaled by an Herairve method 
The first step is to proportionate concenlralMir.s to 

I. V I I . Rjsltrrrs jod K. I . I . Ilrmnvh. < jlitwjt*-n l«f 
Infrrc-k-mrnt M m I- m VR.iv I IwtCM cm * \iulv««s " fnml 
Ih.m 4 * . HI H9T4). 
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iheii thiorescen' m tensities. The secocd Mep is tu 
curreci each ol the cuacfsiratiuns by empirical rela­
tionships to ai the tsincrv The third step b the same a* 
the second, t&w th* new concentrations. Convergence 
tit 'be cor tec Hum usually occurs after 4 tu 5 itetitiottv 
The computation can be easih dime on an &K 
nwucumpuier. and we have used the method on our 
system. Below b a comparison for wet-chemical and 
x-tay fluorescence results, using the Rasberry-Heianch 
correction 

f t |-r * t €"i te \t 

ftrfdwMk.il W.7 42JW ».72 14-** 7JM 72J* 
XR» l».53 42.»»7 » J H I5.J* 7.12 73.2* 

The method appears to five excenent results for iron 
jnd nickel, but further wwk is needed for chromium. 
We hope to be able to extend tins technique to other 
matrices. At present, we are ( u n w i n c a later number 
ofaRoysby XR>. 

X-ray phoioeleciron spectroscopy is a very versatile 
method for surface analysis, but is very poo. for bulk 
analysis The ESC A technique samples only the fop 10 
lu $0 atomic layers of solid materials. Surface layers 
will invariably be different m composition from their 
substrates. There have been many efforts to quantify 
ESC A results for surface analysis, however, because 
comparisons of surface and bulk compositions are 
important in the characterization of solid materials. 
There are also many applications such as electronics 
device technology and corrosion research in which 
surface analysis is much more important than bulk 
analysis. One of the mam problems in quantifying 
surface analyst* H rhe choice of a standard. One cannot 
purchase an "SUM surface" from MBS. because the 
composition wM be altered in transport. It does appear, 
however, that we may be able to prepare surfaces of 
known composition in situ within the spectrometer. We 
are attempting to do this by the ion etching of Cr-Fe-Si 
jNoys. For Inconef 11W* Nt. \*~, Cr. S? Fel we found 
that the pholorlectron spectrum of ihe as-received 
surface did not match the known bulk composition at 
aR. The nickel and chromium peaks were hardry visible 
above background. The surface layer consisted mostly 
of carbon and oxygen with smaHei amounts of nitro­
gen, silicon, and sulfur. After the surface was ion 
etched, the Cr. Fe. and Hi peaks weir quite prominent. 
The H. Si. and S were comptekly removed, but some of 
ihe carbon and oxygen remained. The presence of ihe 
carbon and oxygen was due to adsorption of residual 
vapors from the spectrometer vacuum system. The ratio 

of NrCrFe was almost exactly 7*: 14* . the bulk 
percentages. Interpretations of the peak intensities were 
done by rhe method of Carter et al. 2 Our good 
agreement for the laconel nmplf may have been 
fortuitous We are presently examining some more 
samples of NBS sunless sled and itwonri. (L. 0 . 
Hutett. J. KL Oafct. M. W. Ounn. •*. S. Murtvl 

aputwarh. In support vi the various energy-related 
research and developmeni programs at ORNL we are 
often asked »o characterise complicated mixtures of 
solids from many scurces corrosion scale, dusts, sons, 
coal, fry ash. for example. Out characteri/atiou involves 
much more than just elemental analysts In general, we 
ask ihe foRowing questions: 

1. What elements are presenr* 

2. What are the chemical states (compound and or 
ionic forms! of the elements'1 

3 How are the elements and compounds distributed-* 

4. What are the si/es and shapes of the particles that 
make up tht specimen'* 

5. How do particle surfaces differ from their inter tors'* 

6. What is the origin of the specimti. I precipitation, 
corrosion... .1? 

Figure 2.1 shows the approach we take to answering 
these questions 

By combining information from each of the steps 
indicated on the flow diagram, we are able to construct 
a general characterization picture. The information 
obtained from each step and how we assimilate i> can 
be demonstrated by means of a specific example, a scale 
formed on an fnconef substrate. The specimen came 
from a corrosion study of nuclear reactor boilers. Our 
analysis proceeded at follows: 

1. X-nr-mJuctd x-nr fhmmcencr (XR-XMFf. Capa­
ble of detecting all dements heavier than fluotine 
with sensitiviiits ranging from I to 10 ppm for 
heavier elements and 100 to 1000 ppm for lighter 
elements. Results apply to duractervalion question 
I. above. For the corrosion scale w found the 
dements Fe. N». Cr. f. Si. jtsi Br. 

2. Sravunrir tkvtnm mkn*enpy *•**? fluomctner 
(SFMXRFl Capable vrf viewing solid surfaces 

I. W. I. (jrirr. t;. K. S»*»eii/»r. jni T. A. Oifcon 
"fvprnmeMal i-vaNnf*'* M a Swwfk Modri f«* t>*mut>*r 
Amto* in X-Hjy fhrHitte urm ^prv r̂rx-npy." .1 Hrrmm 
Sprnlrtn, Hrhl ftirmm 5.«?7| 19741 
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t-tf, 2.1. ( > i m l jffmjth |w rhr matfrm nt <tmtftka»nt 

directly at i-iajrniftcaimns of 10 lo I0.O0OX ln*h-
VKIIIJI pail-clcs as small as I pin can he analyzed by 
means >>: \ r.-\ fluorescence induced hy ihc electron 
beam. Results I nun this method addicss character-
i/a Hi HI 4'ucsihHiN .' and 4. lor ihc sample we found 
thai Ni and Fe were sct-rc-saicd in high cnnccnitaimn 
ai I he outer surface nf the scale. Inclusions with Inch 
concentrations of manganese were also found \:\ ihc 
inferior of I he scale. Scale is approximately I50jum 
thick. 

v Xniv phoiiH'k'iin'n spe%n,>Mitpy (t'SCAI. Capable 
• •I Jt'K-vimi' all elements heavK*r lh.»n helium. 
Anah/cs only I IK up|«er 10 in 50 atomic layers i»l 
solid surfaces. Capable nl dclcrmininj* difference* 
between surface and bulk composition Chemical 
slims in specira indicate ihe chemical stales nl 
clcmenls. Kesnlis I'rinii litis method address iiiies-
linns I. .?. and 5. h»r the cnrrnsi.m specimen we 
found that ihc surfaces nl ihc scale pavihlcs were 
covered Willi films of NiCOj. Na.CO.i. phosphate:., 
bmiiiaicv and sihcaies By applying ihc lonelch-
ISC A »cchiu«|ifc In the scale-alloy interlace, we 
It'tiiul lli.il I ho iiiiinsmn process cansed .• chromium 
ciiiichiiU'iil 

4 X-rav liiftriiifioii fXRIIt. Reveals what crysl.il struc­
ture .ire present By cnirhiiun-- ervstal sirucliire 
'iil«,rin.iiion with i-li-iiH-ni.il analysis, we ilelciminc 

what compnuttus are {wcscni. Result* irnui this 
method address characlciisattoa i fKi ima . . I l was 
Rrvcssan in separate the scale mi%- ruaenelic and 
numtupittic components. The magnetic Uaciion 
contained N|,Fe, , 0 4 : the nnnmaanctK. traction 
contained FeCrO« ami S*Cr0 4 . 

5. r m M B a i w i Htrrmw M n « i f r ekrtr*m Jiffrmr-
tkm Cn-'M-HUf. This method was not used HI this 
proMtm. bat is often employed lor exanwnuu: 
sohmKron pa ticlcs and Jctoir.iminj crystal struc­
ture TFM-FD results address questions 2. .». and 4. 

By combming the SfcM-NRI data, which tells us thai 
only Ni and Fe are present on the outer port mas «.f the 
scale, with Ihe XRD information, which says that 
Ni ( Fe, vO_, is present, we conclude thai ihere is a 
separate phase ol' Ni,Fe, „ 0 4 segregated on the outer 
sui lace ol' the scale. The scale closer to the specimen 
-untains FcCrU, and NrCrO« The ISC A data wdicaic 
ihal ihc scale parlicie surlat.-s arc ot a different 
cimiposiihm from their minims and that thccouoMon 
process caused a chromium enrichment ai IIK- scale-
alloy interface. SI M-.XRr data also revealed mancanesc 
ik'h inclusi-.ms Our iwerall Undines I'oi ilns scale arc 
itlustia'ct schcmaticaliy in Fig l.Z. 

Probably the m«*t mipniiani cliaracinvathn qucv 
m>n of all. as tar as ihc customer is concerned, is tin* 
tmpn ol' the specimen ItHicsln-n 01. Pretmusly it had 
been concluded that most of ibe scale was precipitation 
I'ri-.n ihc boiler rather than corrosion, because the mass 
of the scale was loo brer lo be accnuntcd I'nr by ihc 
mass loss iH the Inconel. Our studies support this by 
revealing loteijcn cations such as i* Milanese. Also, we 
can say that sohd-slaie Irarisfmmalions arc probably 
taking place in ihe scale, in lhat ihc outer poilinn ol 

t if. 2.1. Overall thararlrr of scale. 
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the scale B of different cunptHitiua iN t^ re , , 0 4 ) 
from the imer. IL . 0 . Huten. J. to. Date. H. ff . O w n . 
P . S M u r t v . J - L H i a a v d t 

I K A S U R E M E K T O F R A O I O A C n v m r 

Deny hart far l a t r — i i a a i a inaniid fcajaa af 
2i*V ami "* IN». Tlase%pero*eat «»init iated early m 
l«»74 as a anal Aaatylical Oieuitstry Nealroa Physics 
D IVBMM project !•» slady ihe hWal decay beat from the 
theimal-acwln-niadaced faHua of i , * l » aad 2 * * P u 
•wet the range 2 to 2000 KIT after fission- The total 
energy release rale war he obtained by measuriag 
separately liw beta aad camaa decay ewrrgy. 

The gamrta-r.->y detector «* a 12-7-cm-diam by 12.7-
cm-thick KaM Tl i crystal caubtaled with known isotopi: 
sources. The beta-ray detect*.* n an organic sciaialaior 
cahbrated M a like maaaer using beta-ray sources. 
Gamma-ray source* arM bt- measured aad used to 
correct any gamma-ray effects on the detector. 

Both the b ru and gamma-ray detectors hare been 
constructed snl «:d:t«faied. and trial runs have been 
complete*! 

OVHOVS furnishing th.- maJution facility, our Division 
has the primary res'ionsibHii> of preparing the ? , , l ' 
samples md dcterniining the numbei of fisiions. The 
2**V used is the NBS-*>30 enriched uianiur.i standard. 
am> the number of fissions wiQ he determined by 
measuring * *Mo. a fission oroduct with precisely 
known yield. J. K. Dickens and T. A. Love are the 
contributors from the Neiil'on Physics Division- (J. F. 
Emery, K. J. Northcutf) 

Law-level gaauaa iptclrawrlry. The low-level gamma-
ray spectrometry facilil;' has been used for the 
determination of low-conceiMralion radionuclides in a 
variety of environmental >am| le types. These sample 
types included mona/ile ores. smb. oil-shales, lyoph-
ili/;d deer meal, and filters from the ORNL local air 
monitors. 

Wc analyzed the mona/iic ores for K. Th. and I 1 by 
gamma-ray spectrometry after homogenizing the rock 
materials. This was a cooperative projrcl wilh members 
i»f the Chemistry Division.4 

The analysis of the deer meat was a feasibility study 
to dcleiminc 'he utility of the low-level ctniipmenl for 

.». W. S. I >t»nri JI.. "l.ow-l.rvrl <Mimn.i-R.iy Spn'ir««meiry." 
Ami I'hrm Pir Annu /*>* Krp Sr/.l MK 1074. ORNI • 
W » p . 16. 

4. R. W. Sitxijliii.n rl il., "Sp»nMnemi* I r«h»n in MorM/ilr 
t>!<•'." fhrm **•• Anna Ftif R'V Ihunwr /«?.«. OltNl • 
5111. in prrpaiatinn. 

eodofKal sample types. Dae tu the long snragr rune of 
the sample t > 2 yearsl. tady ' * T Csaad K via 4 * K could 
be measured. We K prepared hi analyze future 
road kaVd aniaiah of tab type u> detemnae antbirni 
radM«NKwdr concentration* as a meat are of the iraas-
mat of raanaaichaVs in the vicinity o; ORNL. 

Th sods, ih j ln . aae* air filter samples are pa»: of a 
meibods-developmeni project within oar Drvtwtm. aad 
the resalts wal he used by the Health Physics Division 
in a field montlormc program of rakrodoMmetiy as wcl 
as in their effluent moaitonag activities- U . S. EuwidatJ 

frequently receive maamrs about measuremenis and 
standard! for radcoaacltdes. jad about their pmnerties. 
bxperaneatal work is required on some of these 
problems In this period, jmaaricj involved measure­
ment methods for ' * C . " T Pm. and * ~ik». properties of 
tracers for t u . and production of l 2 * i A : i * P o 
standard was nbtamed from N K and used to check 
calibrations of a number ol alpha counters, and 
measurements were made of a * *Co standard- Informa­
tion was obtained from ASTM Committee D-l'» on 
quality control for gamma-spectrometric analysts. Our 
data on decay of * ' • " A f i led to an eslana'e of 252.2 
days for the hal'-lifc.* This was not pabhshrd in our 
last paper on half-lives because it was suspected to be 
biased by the presence of lont-Jrred '*%mA%. At the 
reques: of the ORNL Nuclear Data Group, she data 
were reexamined and corrected for tr* estimated 
content of ' • * " , A r . am! the new value t* 251 • I days. 
Decay was t4>served by use of a famma Hwi/atmn 
chamber for five half-lives, usine. a chemically purified 
saver preparation. (S. A. Reynolds) 

: " U detmaJaatioai far safcfaard nveatarier. The 
calibratiim and operalHHial asststance pr«<ejamA for the 
NRC Region I I Directorate of Regulatory Operations' 
mobile laboratory was concluded in the middle of 
September. We made several important changes in the 
laboratory that resulted tn improved performance and 
operational convenience For greater reliability in the 
operating prngram. as well as in data storage, a 
nine-track computer-compatible magnelK-lape system 
was added to replace a marginal cassette tape device. To 
complement the on-line utility of the marneiic-lape 
system, we developed off-line data processing that 

5. J. I . fmrry. S. A. RVynoMv 'ml I . I. Wyjll. ' tblf I itc 
Mci«Nfement«." .-.mil I'hrm fhr .tnnii thif Rip (Kt M. 
/WV«. OKNI 44«(.. p. 75. 

6. a . 5. lynn rl al.. " ' ' ' l : |)eirrmiiuli)<fl< fi»i Sjfrpuiil 
ln»rnli»rir«." -I»w/ f7n-w ifcr Ainu »tf Hrp Srpi JO. 
I»74. ORNI 5IWH.. pp. I I 21. 
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ulaVes the capaNhue* cl" the brae computers J I 
ORNL. This iiutiiy prupam cunverts spectral data 
stored on the augwctic Up* lu 3 variety ut* "turd copy ~ 
format* suitable far many pwrpuscs. la addMun. the 
utility program was interfaced lu aa automated data 
reduction program that ant provide 3 comptrtr aotope 
•deatificaiion package fur feture iavesiiptiuas. asiaf a 
hiflHctuMiMi Get Lit detector. 

A dbjitai siabducr wa> added lu the aamiy in ajplal 
CMWCftCf Sv- 3» h» pMWtM CMCSMWe dri f t* M the 
puMiioa of photopxaks canard by lemperalure aad/ur 
tax vuttaer variation*. The jijhaWer wal improve the 
%werart precis**) uf ; , * t ' raeaswiemriii a wen at 
tcdoce the need far frctpxat energy calibtaiiuas. An 
laofcWopc camera auhVaif Polaroid lam wa* added to 
compWmenl the other readuat devices m ihc system. 

The laboratory was operated at several Arid ales 
•army the past year by NEC personnel. On two of the 
field inspections. SO iw SO inventory samples were 
cuttecied 31 the licensee faculty and returned iwORNL 
far delated analyse* We used the ORKL HO 4420 
system and a 7 A X 76 «.« ^ I H T U crystal for thus* 
measurements and showed the ctmifdemeaiary natwre 
of ORNL-based measurements lt» the field measure­
ments m the mobile laboratory. 

A paper7 desrobittf the mobue laboratory aad its 
operation wa* presented at the I6ih Aitaaal Mceliag. 
Institute A Nuclear Materials Management. Near 
Orleans. Louisiana. U. S. EMrirJati 

Prmtmdnl laaaMMiacats aad eaaaaaaraic radmem-
r M n at racks and was frwm Descartes aad Taatav 
Liffrow. Scud*-** •« rhe drslnbiifnin* of the primurdial 
rafticiemenis K. Th. and l : in samples f-«-m Apollo !f> 
and I? have neen cMcndcd n» include material fawn 
additional sampling tialMin* and material with a greater 
rang* iH chemical proprriic* Measurement* on yields of 
c«*mogcn:c rialiontklidc* which arc carried «*H simul­
taneously with determination* «»f K. Th. and V by our 
method* <4 nondestructive gamma-ray *rvciMme:r>. 
have provided much useful inf«>rmalhMi on the charac­
ter <H Ihe incident cmmic radutHm and <m drfafh f*f 
hinar MKIXC ptticesx\ S«\ samples of the Apt4lu 16 
cnliccliftn fr«mi IX»caric\ and five *ampio of the 
Aptiilo 17 cniieciii<n ln»m TaiwivLiiiniw were <lndieii. 

The priimwdi4l r*di<«cteincnt content and ( IK c<mcen-
(return o( : ! Na. : * Al. unA * * Mn in the *e*en nurk and 

7. J. S. tMrnler. * . S. I.ymi. and K I . t by. M.*ilc ,V«y 
|jl»«urt>f> f»r "" 'r ^ifreiMrdt VoMirrmrniv" A««rr*.'«'rtr 
ImviDlr nf VwtYfW \Ulm*l\ Mannfrmrnt m pre*'. 

». W. S. I.ynn rl JI.. ••frmvifdMl Rjdmrlrmnii <'..mrn'rj 
in*!' in Kink* irtd S.M|» rinm fxurm I.itirm*.-." Im<< Chrm 
IHV |»»H» *Vrv ».7» 5r/«f .«» /97a ()KN| 500*. p. M. 

t««r s«d sampler were determined in thct «aNi>. *V 
were ahte lu correlate primurdial radMrleawnl coacen-
traiMH mah ra>t> or three «eparaie hasatt lluws at 
TaKras-Littrua; aad lu demuwj Irate farther chcaaVal 
dilleteaiiaiiMt M the Th-l ! paw. Cwiatuaeak radiiimi-
cJhle cuaceatratiufH were taed lu dtdace the partial 
burial or recent expuswre ua the sarface by the 
naderiataratiua ut' ** Al. 

Thb work .-undades the XASA-̂ puaiunrd laaar 
sample analyst* prufram that wat a cxoperatiwr proievt 
with G D. OXriley uT the CVanury Dintwa. Aa 
accuaat uf tab work has heea pubhshed.* (J.S. 
Ctdntfa* 

natnaamt. Kadauctrrrn- measareiaents were made ua 
iw\i c^prrmtentai packafrs teiamcd ua the Apwaw 
&n • / thfhi ^ •K ut the experanental ptckaars was the 
saate 7 X 7 cat sudaHn iudide dtteiMW that was lluwa 
*m the ApuRn 17 mauiin <Dyer et a l . , a ) . The tHhcr 
packajpe contained six pieves iif pare yermanaiai iacot 
machmed lu III a 7-cm-doRi cuataiaer with a heichl "t" 
4 CM The total wccejil ot pcmraimim was 724 c. IfKh 
packaers were hruafht by courier m cjdianiiii-jhielded 
cimiamers t'rum Hawan alter an iailial measarcmrat 
aboard ihe recovery ship. 

Direct measurentcnts of mdoccd radionuclides were 
made by "pticalh seanwf a phu.omuilqdier take lu the 
activated crystal. Pahe-heifht spevira uf ;hr wien.il 
response were obtained hepanaif abiwf 2t» hr after 
splashdown Such -TKasnremeats are cwntmaiaf in order 
to characterMv the kmy-lired ciMiponenls. 

Invreci •ncasurements <*l the mdnced radwrtaachucs 
were made usinc (*cl Lii detectors and a larj* anticoinci-
Jencc shielded V J H T I I *peclnimetcr M the fc-wJevel 
raciiily 

Preliminary rouli* irom the low-level spectrometer 
system l"4v system") yielded positive Ntrniificaii m of 
, : 4 I . , J * I . and Z*S» in the sodmm M>dide I'irhi 
deiecior Tentaiivc ideniificalion >* iZS» was also 
made, htu vcrincatinn must await refinement of ihe 
specirai analysis. Scmnpiantiialrve Asmlqtra'ion rate 
values are appro\nnately one-ihird hi one-half th««sc 

1. i. S. I-Mridpr ri J I . "fttmit^tul K*l*'tii*mrM+ *ml 
Vmmftnk R»III«MM l«le» m Rm'ki jmi SniK ln<m IVn-jfio 
uni Tannr<-I.ittrtiw." pp. 242 44 w l.mmr Srirm-r 17. Iimur 
Vicmc hWiiHic. Ili»«»l»n. I f 7*. 

I<V. { . liter. J. I. TrimMu. R. I.. St'h»M*nVrfc. I . Mrr. 
M. BMrrVM. «i. I>. OKrtky. J. S. IMridrr. K. I. \r*H*uu. 
A.h. Wiffet. R.t*. %rcif. t..Vbo»rrM. S .VHm. J. R. 
ArmiW. jml V.Y. rVirrv»n "RadKurSmiy (Ibwrved in Ihr 
V<dHtm ItitMe lijmimK.iy 5pri Ir.-mcla Rrfnrnvd >m >hr 
Ap»H>< 17 Miviiitn." 5f*»- f $r; Imtmm li3M 19751. HI pre**. 
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found M theApuILt I ? cxpcruceni bv Dver el a l ' * lor 
, : * l . , : * l . : M d J * N a . 

( u n w u e i i m u o « K « k K t data on th* pcrmannnn 
e\pe>imeui from the 4 s >YMcm mditaKd (nc presence 
of at least one short-lived poMlruft-cmilriwf. radimrj-
code Decay curve anahrw of the posilron-puiiiron 
v i M i d r K o yielded a halfJile value of - > hr. The 
early measurement* also show apparent yanuna-famnia 
coNKmences of 0 5 hi 0 > and OH lo 14 MrV. The 
radt-mucbdc most ck>*ety fitfmr, these characiensiK* b 
" A s . a > 0 + r positron emitter with an 0.»J4-mrV 
gamma ray m coincidence with its major positron 
bran.-h. The pojiiron-puMiron cauuiinf rale corrected 
to splashdown » about 2 . ? count* min with a cw-
rcs^ondme. system background of 0.1 count MM. At 41 
days posi-splashdow n. the posilrvii-pojilron cuunfuif 
rale is only 50^ above backp-Mnd. 

Dctaded awahsts of Get Lil -pevtra shows a tentative 
identiticatiow o"' * "Ca. a Tn-ht udhmuJidt lhai decays 
by electron capture. Tins h a cooperative (fieri with 
k SchonieU of the NASA Mmson Space Center. I J. S. 
EUrimjtt 

RAM04NALYSB0F 
ENVntONMCNTAL MATEMAIS 

We are continuing the program'' of research on. and 
special analyses of. low4evel alpha emitters in environ­
mental materials. In addition to Pa. A M . and CM. the 
work now mctudes Th. V. Mf». Po. and the member* «•! 
the natural radioactive series. Tim ptofram is suppor-
tive of invesiipiions in several ORNL divisions, prin-
cipaK> Environmental Sciences.' ; Chemistry, ami 
Health Physics. Assignment of a second person IT. G. 
Scott) ha> resulted in a substantial increase in output t»f 
analytical results. 

Awutwu* bmmniM nf arfnwdts. Research has been 
carried forward on the interaction of actinides. par­
ticularly phitomum. with constituents of natural 
waters, soils, and plants. These included funic acid and 
poly plat luronk- acid: both complex phitonium. and 
the biter carries it when precipitated by salt or acid It 
wa* found that bicarbonate neither prevents nor re­
verses sorption of phifrKtmm by surfaces, contrary to 
the cimplexinf effect some have predicted. LViatb of 
these and other studies have been reported.'' ' f IS. A. 
Reynolds. T. G. Scott) 

AcfmuJr meltradi *nd mmfj. The phiionnim 
methods indicated last year'' •'* have been applied lo 
substantial numbers of samples i»f wafer, soils. s».Jj-
menls. vegetation, at»d fish, and have fenerally bten 
successful Modifications have included B+PO4 carrying 

Urn some sample types and additional wet ashme. with 
H J S Q I and HTOJW tor others. Leech of pEKionnm haw 
varied from about 0.05 tw over IOO dt> mm ' f ' for 
soib and sedmKUt*. and from about 10 * lo 10 ' lor 
plants and inrniak. Semnouime analyses began M April 
m a temporary laboratory Larfrr permanent lacdiites 
have been surveyed and are hemf equipped for use in 
rite near future. 

Amencmra and cunuro have been dele, named by the 
ueubie-hydrueude-thiunde method m efftnenis from 
the anion exchange* separation of pmtunmm. Study of 
other separation tec.imimn B m propess. particubriy 
the w 01 TTA extraction at die fmal step. Level' have 
•rneraHy been one or two order* of maputude below 
rial of phnuninin. but in While Oak Lake and burial 
pound seeps. : **Cm has bten the dominant alpha 
emitter I at about I pCi hier m die lake). F-xplaro-ny 
anarysrs for : > T N p have been made by pnwu-spec-
irometric measurement v* its daufhier. : , , P a . but 
none has been doecied. The more sensitive method, 
radioclieniicai separation and alpha c-nmtiue, vnl be 
apphed 10 a sufficieni number of repmeniaiive samples 
10 dricrmmc whether neptunium is of environmental 
sip«ficance in this area. Thorium was mejiureu in some 
soil samples and water by anion exchansr separation 
and TTA extraction. 

Reference maiehab of s , * P o . z , * l u . 2 * : P u . and 
: * ' A m were obtained from the National Bureau of 
Standards. A i were used to confirm cabbialMus of our 
msiramenrs. and ihe ta.ter two are aba employed as 
"spikes" k> determine recovery in many anstyses. 
Further, these and omer materials w.re furnished lo 
personnel of Environmental Sciences. Health Physics. 

11. w. $. Lv*n et J-. -Uitommaly* nf Enoii nm>nial 
WvlrrwK." Ami Chrm /krr 4mm fvojr Mrp SrfH. J0. 1974. 
rjRKL.SOM.r.21. 

12. R. C ItaMman vr jt-. "Innnwi—1 in hmamc and 
Tcnwitrt r.wmii—wmv" tntmm $.r Orr Amm Ptn/ Rrp 
Srf jm. /»W.(HIXI50H.f. I. 

1.1. 5. A. RcynnnH. "Annrnot micvixt nt ^MnniuM imi 
Aiu^nviuni .tf r/v*nceiMf̂ irii*w wriiiw m M. nOTnwn̂ NUtvr 
tmj Hmmmmtlrnrtl t.rttm. m prrct. 

14. I . A. Rnmfcrrii. i. A. Rrvn>44t. ani M. M. Swank*. 
"l-twminwii.Mat fWlfinram dwnMur). I- Rc*r:innt M fnoi^ 
HOMI with l-wvir.'WfiwMal Ore-mir Sab«kn(T>." <ahmMieil if 
ind Srirm .• Snirl»• *f Ammr*. Hn-Tjnp 

15. r. A. Rnn*rtii. S. A. RrvnntK -urn H. N. Sfcmkv 
"Imrtarltnn nt fwtrfmm «it»i Ctmfirxmt tob*iai*r* m SnUh 
.m) HjumJ *M<n' mbmifrd in MM HHtt* Srmpmntm «? 
Tmmmsm,tm \mbJn m ihr fimrmmmrmt. hnrnt/mp 

l«. V A. RrvnnW« *ml T. <•. aVoii. '1«rierninuiinn ••< 
ftwii<iNWM in Imw.iMiwnijl %mfm\. I. ItovefnpinrM nl 
MrtMi*. II. IVmnlurr*.' lUhmtrhrmtriil *nj K*J**mlYH,el 
Irllrrt. m piew. 
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and li-25. making results hum then laboratories com-
puuHt i»» ours and traceable m N*S. A NiHKt 
i— fir IMR IAEA was anaJy«d for pmromum at 
about Oil ptTlwer. and die mutt agreed wirii dial of 
IAEA « i d n 19$. die esrimaKd uncertainly. Odwr 
environmental "Knowus mcluwe s*uuu*ntandseaweed 
ft** IAEA. u « w » l from NK. and sod from EMM. 
(S AWi,nolm.T y, ScwtU 

(khr atjuu M t a hi connection wvm research*T 

in die Cheunury Division, spectra of a variety of 
hnt-acnvm mineral ijmpliJ were taken with die 
20vm : detector lie* below) id a search fur alpha 
radratidus of I to 4 and » lo 14 MeV. and lot 
dheo/mmvtum in dr< natural series. Enriched Sm 
was wed lo verify satisfactory performance at its alpha 
energy. 2.2 hVV. No alpha* m * * ranges of mtcrest 
•ci* detected, but cases of disemmmrmm were 
found.1* fcowt of mdJcalwmi dial ; ' T o in tobacco 
may he ha/anious. samples peepaKd hy members ot the 
IMXpiK Analysis Croup were c u M M i and smaf 
aMMH of " • • » were idennfted and measured- A 
brief hterature search fur methods for : , , F b and Po 
was wade. IS. A. B«i mini. T. G. ScufO 

Immuumnts. Four ZnS-hfytar ctMMen were delivered 
early in I*t75 and have proved very useful for total-
aipha counting. Efficiencies are about 49K. and back-
ground* average about 0.005 cpm. MUM analyses 
rcmrirc spectrometers for isvtopic anztyses of die 
separated rjdiuewmems and for measurement of re­
coveries by tsotopk ;racer. Two spectrometers are 
normally available for this work, to dial die oaipni » 
bunted. However, a system wnh fonr detectors is heinf 
readied for service. For special pawpaws, a "state-of-die-
an" ojrfacc-harrier detector 20 cm1 m area was 
untamed, lis efficiency B about W*. Ii has been nsed 
day and mphi since instalalion in June, except far two 
perinds when the detector had lo be replaced hy die 
supplier, and when other msiabibiit* occurred which 
were cventuatJv traced to die 
fteynofc*. T. G. Scott) 

ACTIVATION ANALYSIS 
NUfttE mmuual ummwm mswmee* cwdmnmu. 

F.RDA H fondinf a project for "he measurement of 
uranium and other irate elements in waters and 
sediment* ihrotrahnui the VS. The country has been 
divided mio four 'anions: UCND is responsible for the 
central Hales, and ORGDP is die principal mvcsiigafor. 

17. K. V.CrdMry. "RaohMrlnr lltk*." Ammi Rrw \mr1 Srt 

U H. V. rimer* ;i M. "K^dmlKilw*ml'™*tfn4 Wnnri: New 
IKiij "B I l)n«|Hil*fnHfi." MNHWirnl in.tm»rr 

A nwasbei of cinnpaninn H>0 ampin, were prepared 
at Y-12 and jwhniiiltd lo micieswd ICXO laburatMnc* 
for analysis. We anaK/ed dane lamphj for nrannnn by 
delayed newiron cwanany and for nwdtieWwitnt* h\ 
NAA- Ejuenewi apeement was idnanwd by n»«i 
bboratorifs on trace ctrments, bwt ncanmni readfe 
•aried trfmendmutj. Mass specuometnc rcsnlb Isee 
Mass Spcciromein Srvriunl unhealed dial dnr somnons 

tioioprs 
Work done in our bburaion proved dial comamer 

vwntanmjh m Iprabobly m the siueeroonil was nae 
cans*.'* Uranium analyses of a second series of more 
carchsty prepared umpli i. were cunsMcm 

MONSTIL a conunMei propam for GelLiI detector 
|amma ray ipeclral data * nuiiili m and resolution for a 
IDP-15 Nuclear Data 50 SO system, has been modifWd 
for uW IW-3M for m* by the servic* fnmps of die 
Dinswn At the same tune DECAY CAM tables of 
radMHscHdes were cnbrprd from 520 to 700 Botupn. 
TV ojuahty of die ononal data was also improved by 
evaluation of nuckar parameters MONSTR uses dies* 
tables for nuMopr lueniification. The HM-.VIO version 
has been m us* dany since June. U f. tmery. K. J. 
Nunncun. W. 0. rUeotsJ 

OuWr p»«|urls ami pmjpams. Srutnm acrivaa»ui 
analysis is bimg, used lo deiermuw both mafar and trace 
elements in monthly composites of coal jampln. from 
RW M l Run and Kmpton steam plants of TV A and 
die UCSD Y 12 steam pbnl These results wH be used 
in a proposed energy study as wen as m die Walker 
branch Watershed study. 

AlWher project is the characiervaiion of cherts Irom 
seven ItKations m southern Ohio ftir Miami University. 
Oxford. Ohio. Muttirlemeni analyses were performed 
and the data examined to see if any trends were 
observable. The uranium m die firrt series of 40 samples 
was reasonably consistent. however, m die second series 
of 30 samples, there was much wider spread in die 
uranium concentration Additional tampler. are heme 
anah//*d to determine if any pattern is drsceruabk*. 
IJ F. Eimrv. K. i. Mortncurt) 

En i inmnriH i i l n u by amnjiue/tnit rums The 
actrvaimn analysis work on envwonmcnial haselmes was 
completed.2* Tree rings correspond lo years of trre 
life: thus, tree-enre sample inwuriiies may he corrclaied 

19. W. D. RerMv J. I-. tmmy. smi K. J. Nnnbrwi. 
"'wivNIVlrtllwJt. rlCpvMvlfli*ll Jl*ul AttmfttCM rtiWWDttL A9"4*h*lE>VC« 

•*w^B*F^mTv"v VJ * fvi(v^nujnuum^nuwnn p a 

y.. W. S. I.ynn n jl.. 4ml Chrm Dn 4mm fftf Xrp 
Srpt JO 1974. ORNI.-5«m». p. 14. 



21 

*> past I W I — l a t a ! <tmtnmmn Wr i n Hiaini 

basehaes and M U M M levch. over a ccarary by 

lliass eranaawl located m risr l a i n ftraacn Water­
shed a relatively aapuaataied area aad at the city 
of KaoxvaV. Eajhteea citwmt* M K aaaly/ed m three 
cures m rise Watershed IKC. whir 16 cleasents M K 
dmnaasti m two cotes of rite KaoxvnV me. We 
analyzed sasaptrs conesposmwc; to fas* periods of 
nee: l»72 7b. |«J2 3*. I95» n j . and l«fc» 72. A 
total of 2 1 * data items were obtained far the Watershed 
tree aad 12* lorrhe fctoxwmt tree. 

Ku detantsve n f c t e w can be d a m tram rim 
matmwde of data antri a driarird stasssaval stady b 

observations. FifM. a aeaeial BMnibM. tread n appar-
M faaiht -aatMal cwnpmrnm- (Ma. AL CI. Kl 
acaiasi a decveasiaf trariracy of dtr ~coataanaants~ 
iNa. Co. Im. Rb, Bat. Evidence u f n t B strong for 
chlorate aad potmsnaa aaaiag rite tamer, aad for 
niaaeaarstand bariam among rite brtei Second, bodi 
coaceaaanua k«eb aad dwaMbakai variafioa treads 
are reavjstabfy saaaar tor rite Wanna** aai the 
KauxvaV trees. These two observations show mtrimaag 
treads which already puna uai riie power of the 
laaliklfauai tree-nag astdtui. IE. "jcttf 

have conifffcicd oar ateritoMogy work*' ORNL's 
Ingh-Fhn NAA Laharaiory Cranio a ihenajl flax of 5 
X 1 0 " caT 2 sec"1 and a rhrnaaltwesoxaace flax 
ratio of 35 to 45. Aa msinaaeatal jbwmie aratn-
ekatrai methvJ was rirvcsoptd for das laboratory, and 
errors were mmmn/ed mtongh a series of careM 
aathoaoVajy steps which caw he easily adapted to other 
facilities 

The detector was cahavaled for ahjohMe coaanag 
with two iariepeadeat sets of raavoacirrNy- standards for 
(oar detector-soarce distances: 3. 10. 27. and 39 cat. 
By asmg the resattaaj cjawutwa carves we coaM 
upiuriau the standard*' jhsohilf activities with • 7 or 
better accarades. To easare r'salytKa) actaracy. five 
passible caases of systcaiatic error were riwn iavestt-
gated: l#> correction for coaaaag of cylindrical soarces 
for 2m gamma-ray eaerpes and for die foar distances. 
I») flax variation daring boatbardaieai and wirian the 
iiuriMiaia capsate fahane. fr l sample coatpojitioa 
stabwity aarJag hajh-flax boatbaraatcwi. f**k correctiaa 
for sartipk aclrvatioa riariag rabbit iraasfer. aari if) 

21. W. S. Lyon el d.. Ami fkrm Pit Amm Hng. Hrp 
Srpi *t. 1974 ORNL-S«M.p. IS. 

aariwlifairai aapatiias m accessory Microti Ipwty-
erirykae aai ~Nackupo«r~ fatersl We foaari Ibl. I D . 
aai lei to be acceptable for oar method'* seasiimty 
aari accaracy. Bat tol reaches 54 h> 17^IrirpeariatKoa 
fuBKc-rietcciut rirstaacel km photoa eaerpts below 
$00 fceV. aai Iwl becoasts «aate brat tor shiMt 
IwaAtfwaieaK. which arc am aacoaaaoa a» utu 
lajhlaw fac*t>. lor exaaaaV- »w^ for » sec aail 
I'* fr^ for 4 sec. 

Thn aaahoaohigy resahs at aa accaracy of 10 to 15^ 
for awM ekaseats. as aftriaweri by aaatysis of NBS 
ofchani leaves aai coal aai of Buwea's kale staaaaroV 
IE ftaD> 

avrul by aeatroa actnatiua aaahsis was aevekipei. 
TheahaaaMaaBHiaobwi.ibMiveiaiboiNaOH.aaJ 
**aa» actrrity rcavosei by MaO; pieciaHatsua. The 
" C I is prectpitatei as AgCI aad coaatrd oa a CirtLii 
•etector CMonae coaceatntioas as low as QJ jsf g m 
the preseace of several haaaVed taoes awre maapaesc 
aaparity have beea aseasared with rius procedaK-

A paper dtJiribiai, das work has beea writtea aad 
wal be swbaattcd for pabacatioa. IL. C. Baart 

at the HFIR p-rabe air sysua; ptisodkaly aulfaac-
inaxi aad retaared reaMwaJ aad cfcanasf tc ^crate die 
p-tabe: these valves were hatari to bal valves. 
Aaodser valve, sapposed to caase the rabbi:* to spsa. 
was ihaaajiii . it bad aever worked sawfactonly 
becaate rhe air pressare coaM aot be babaced. Since 
rite valves were chaaard. dtere has beea mo iroable with 
the p-iabe uperatioa. 

The at-vessel secnua of rite p-tabe b reqaaed to be 
ihaaati every the years. Whea the HFHt was shut 
down to chaapr rite ben laaa reflector, die lobe was ta 
its fif'!.; -ar. so it was accaJed to replace rim scctioa. 
The ia-sessel sectioa of the p-tabe was redeiigatd to 
erjata ste rhe air bacs aot ased after the removal of a 
vatve The aew ia-vessel sectwa b exp<vied la be 
completed and the HFHt laboratory at opeiatioa by At 
cad of the year. IL. C. Sate) 

MFB1 a«ahe. Five akkd foas were irraauied in the 
HFHt p-iabe facility to determine the effective activa-
tma cross seciioa for the reaclkm "!*iia^r**Co bawd 
oa the thermal aealroa flax. The cross section of 3.11 
na> was the averapr measared vatae. This cross section b 
ased as oar of the parameters to cakataie die nickel 
conceatraiion ia samptes by absomte neatroa aciivaiion 
analysis. (1. C. Bawl 
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neutron acirvanun analyse* methods k K been devel­
oped and used at 4 K HFIR !•> miuinuu m * < k a m 
content and or tew tft detection tow over 4 0 rinKih 
m envwonmeutal samplev Tms memod was jpphtd fa» a 
large array »4 euraoumeuial runptri. wbach memde 
aerosols, water sobds. warn. K A K M > . and mscct 
lana. The water *»4ed» and water i ampin were from 
buck the Warner Brj».i i Watershed and dte *Vd*hm 
Riser A m m «* water sohds rnnpli i. weie taken each 
m»nih J I low *te> ip the Wjftei Branch Watershed to 
J t K m w the output »t element* m the water solids m 
the water flow irtwn the « a The r«mh> frtun 4w» 
study diow riw the t t a w w loss i n t from the 
watershed varies seasonal* a* weR a* geogrjphkafy. 
These result* and the methods used l« determme the 
elements m aerusoK and water solids m l he subuwfted 
for pubhcjtion IL. C Bate* 

CONlPJBUIBJH TOCUmlROH.EP 
TNERMONUTLEAR RESEARO. 

Reflection ill neutral atoms from me ORMAK mnet 
wan deeply affect* plasma temperature ami. iherefiwe. 
stabmty. T ime phenomena are * m yet cunpveteH 
understood. The Atomic Physics and Plasma Dkaguostic 
Ckuup tongmaty m the Thermonuclear Dmsnm and 
mm m the Physics Dai>..m». headed by ( ¥. Barneii. 
is investigating these, among other means ul" plasma 
dtagnnstics t R K V I was loaned to Im* group on 
September I I . I«»74. 

Bimutiun n p n n » i n l i . We hare reflected I to 54ieV 
H* and He* Irtun cupper and gold surfaces m varums 
conditions til chamber pressure, previous chamber-
target treatment, and at varum* incident and scattering 
angles The targets were m a scattering chamber, and 
the reflected particles entered at: energy jnaly/ei 
ihicated inside the chamber i by which their energy 
distribution w*. determined. Resulting reflected-
parliclc spectra helped us idenufy six parameter* that 
require adjustment before conclusive relVciMm resniis 
can be idNamed. they nwnhv vacuwn qmhiy. beam 
mfensiiy. energy and pmni M incidence at the tarert. 
dranhnest trf the tarf t i . and data handling efficiency. 
(E. *KO) 

achieve a vacuum «H 10 * furr Un rdiaMe reflcciHm 
experiments it H mnporiani lo kmw birth the scatter-
mpi-hamhrr vacuum cumpimcni* and their hehaVHw 
under various conditions We Save inveslifaied these 
two problem* by means of * qiiadnipide mass analy/er: 

we Mhpvied me waller me « b — * i"-» miide wai 
swcceMmeK fc> me W M H W W . » " f M - heatmc ! • * 
~feafcme~) wMh heaime sinps. mfcaied hgfci. and c«i>4-
mf by a hmndnMr«prn cmt. 

O n reswlt* dww mat me must abmmaai » w p c . « n 
J I 10 * to 10 • tori j i e H.ON. H .O . V l .« ( T i l . and 
CO. In lew pioputtMi abunt «mr «wder ••! mnmi-
lw*r m ^ k r we lownd O . . O Urn «"H.» and 
hydrocarKm tragmenb. snch a» me tree radwaK eth 
y lene lnn* 2^1 .e thy l l> l . p r . fnml '•»!. ropene l4 ! I. 
and propane 14?I Fmaly. C. V Ar. acetyiene i > l . 
ethane 1301. and mernyi H 5 l appear m very smJI 
tnmntiim. 

l l iranidei and mtrared bghimt cause sharp n»e* m 
man c«nnp>mewK" partial ptewwrev which result m 
mncfc chamber pwinuw nanps ol mure man one >itder 
nl' magnitude Oafcmg came* a much dower mciease m 
partial prewures. while mnini m f n y n CO»4MK resuli> m 
nu change (E Rwxil 

lunpnriiy study e\pemnenil ts J Tokamak prup>»ed ««• 
be bud! at O R M . lomih with (•eneral Atiwmc *"•*• 
pany It would be ^pecilkany dedKated i " meaich on 
ptctma-wjl mieijciion* and pbtma dagn»»nc> A 
prcfommary ptopmal was mbmwied lor -peciU. work at 
the ISX entitled. ~t\penmeni-> with Infected Neutial 
Atom Beams " by t . Ruci. D. H. (UndaM. and f F 
Barnrtt. We would be unohed manuy m a iwt»\eai. 
dual proieci " S X Inner-Wall In-Situ' Neutial ReAec-
IH»> Study and Smlace C'iunpinni-«i by Analysis of 
Neutral Impact Radutiow." IE. Rnx<> 

r o U ^ ^ T O N ABATEMENT 
OF T0X1T MATERIALS 

We contmued our NSrlRANNl pnurci on the v4vmi 
extraction removal and recovery of cyamde. i n c . and 
cadmium from industrial wastes ••! the metal-lmishing 
mdu^lry Selected imafernary ammes were uv-d to 
extract metal cyanides and free cyanide The soSent 
wa> regenerated by sttippmg the metal and cyamde 
with dwuie stidmrn hydroxide Particular emphasis was 
focused on the treatment of actual .•fflweni* fnmi an 
mdusinal plater. Our maior obptctives are f 111» "close 
the loop" hy recovering and recycling cmtly chemicals 
fcyamde. meiaM mm wasted. 12i to emnmale current 
irimbiesfune and expensive dudge problems, and 13) to 
recycle the decontaminated water for reuse m the plant, 
thereby nunum/mf sewer taxes and raw water costs 
the man* operating expenses of manv plants Of 
consideraMe unporlance is the fact that the treated 
water may be recycled, thus eliminating a large fraction 



2S 

•4 ifcr :«*al rtfWai W 4 I M K The tavw. — L « I J I lb*cv-

duipr *I4HNK% m J A I M I«» W « I I N $ p>4htUai 
,;•*•.ealutkotv « the cttWlt l > l t < « \ 

( I N the l*r*> .4 dO bhwjtowv^cik' mnqrfjNi *>•»•«-
> I M » I « INKV the p w r » jpprir^ n*»»« pi*i<nrt«£ Im 
ifcc iicanacM «4 watt? ante «4ntiMtt> KWUaMNf 
«>aN*le J M I / N V D n a h t * rt» « M & ate presetted « 
jwnihei O R M - wpu>r : aad iw«» aftm b t t t j t f c pvMt-
»jtoorv r * - * A fdprt « * ifcr pim-cv* J f « * » H a i » * » ts 

M pKpMatMM. a pamti apffeatmi lus been ti led«M 
pwi t4 the wtwfc. IF . L. M n r d 

C »m i w i* « w *w* ««T Ar"a(*rr #»75 OHM. NSI 
I A W - I I . • prcyoorMi. 

I * . ». I . I N K . ~tn«i l l iHMi t i t t x t M «f 2at «rt> 
» f U M n 4 > * q ^ i J»wif Irua ANifcw <\amtt Suh>-
• * * * " * ? » f M.4OT 9 7 « I 9 7 « I L 

24. I . L- » * * r . ~S.4»tw fc %(•*».-«»• at' ta4aMN IKHM 
AUbar r»^B*r M w i i mrti 4)M<nnfT .taar>.~ t.mwm 



3. Energy Programs: Molten-Salt Reactor Program 
A S Mp.ei.Hnd 

The knm-iena ubKvawr «*" the MSMt A- Jyncal Cbeaa»tr\ Research and ItnAf-
Html bruap » h» provide nW chrmmt M M i k f » and lecbmaaes ira—id K> achieve a 
safe and efficacM hMlea-SaH •reedei React**. The suuapest taaduui » placed •*» the 
JrwiMwmw of d»* itjiawhty of m-hae aiedanh for ciaMHwm* •* pwiaertm of 
ftactur tncan essential for power uaeraUua. Lsstanal J u i w o m wdl mchwfr die 
redox owm—on of the fad |L'|IV» 111 Hi ratn»|. oxide mi bawanh C W U M M M . and 
o<nwM aMbcaturs of both fart and crad—i sails. Measvnnarwi of m i — dMnhwtvni 
ihniwdwi die system is of ataMsi sannficaace A drcemti of approaches v d he 
awesupied. aMadaaj electroaaaty neat. *peciniph«tometric- mi chemical medjods. 

Al psescnt. we are performing, eievmt.-hemcal m-bne aKasvreaieat* m iaef **l<w*> 
Oat m-hne lesaonsanbties cuatnme I<» m rease. We are also omdacttwe. MaaWs of •he 
elettrucbeimcal behavior of hijnmlh and t.4mriam m hsrl metis Ai the Coolant-Salt 
Tedajoniey Facartv iCSTFl. tint aicasa«ea».-*rs bice been maar •* the ima— 
drstribarjoa •ill— die system 

Spectral and eletinscbemical mrarch m actaaar chemtslry. which is m pan 
associated wnh the MSRP. is briar, earned oat at me Traasaramam Research Laboratory. 
Spectral stadnrs of at made* ami ihew onapoands are a* oMrrowm of experaaeai* that 
M K related to me MSRP. bat the present msesuyatu*! has expanded comarrabH :.» 
mchtde stwdsrs <*' actaade compounds and punaae schemes to dkiuaant these 
ctnwnonnds m the eavmmmeat. A a w avta til aery seaslmc cfetaeai deteraaaatnm and 
njeaiifkafjoa by wsmunce i n n M i spectroscopy is abn m oatjemwrh of MSRP 
mteresfs mat wal later he apphed to M5KP problems. 

TRfTNJal TRANSPORT EXPERBKNTS 
AT T1K COOLANT-SALT TECMNOLOCY 

FACJUTV 

Oar of die nwpnrlani lechnoiopcal hardies atony die 
padi to die teaiKannn «f a —dim-salt breeder reactor 
B control of raw— em—ms. DWMM mis repornnr, 
period, several dmanas partiopatmf m rile Molten-Sail 
•rccdrr Reactor Project have cooperated m addreswaa 
das pndikm. The Analytical Chemisfry Dmsma has 
coatnbmed abnat a I % -maa-year effort l«» the essential 
intiam measure meats m mnckap expenmrnts at the 
CSTF. 

Beffirr the prnpam s*» mterniaied m 1973. phas 
had already been formed l» establish expemnentally 
whether ttr nut a sudiam fluoride sndmm fwomborale 
euteclK rraxiure could successfuNy trap the iriham 

between the primary c««4—t ffatl saltl and rbe steam 
ememaM system. Tn.mai » pnalaced m da* praaary 
salt by nealnm absurptnai m lidaam at a rale til ab»M 
2400 CI day m the lOOMWtel MSM omcepfaal 
destaa.' bat *» —ire dian a few aTi per bier •* 
efflami water is alhwK-d fur haVi-water-cinded mKiraf 
power reactors * Clrarty. the cmdant kmelsl between 
die primary fact-sail system and rbe steam ameraimy 
system mmu be capable of iraapma nr 
conwrtHM inimm for icmawaj and dapusal 

1. R. h* Brim*. I. R« rnart. JWJ r. H. HiMmoNvfcft. 
"Fmiii — m l rrtrvn mi Sttny." p. Wl m Thr Pm+v 
mmr $$*m >tf Mnhrm-Sdl Brrr+r Krwrhm 1IHHI 4*\2 
•AwjnM IV72i. 

2. CnJr nf frdrml Krp***nm. Tiilr In. r>m in. Apfraws 
I. 
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A tru few* ICSTM * * r V I 2 
h* aar «.m-*tflMi «•" a 

fair «rf fcitfwy mnrfKci 
* * d m -~#-f tat a* aactfMa ««" 

lfcr 

p n U iTaHn 3.1 an* 3.2|L In ockcae akaatHOaCi 

«f aftMM 11 fc». Only Mir cam pa a*4 ike sail 

«tf ifMaai ia ikr water Aran ate aartraa> anpaaar mm aaaaraVfakar KM aar Hm i 
a avan> mwajkii iu»aia» «f MnaMi aajor* awiirary sawakaf times « m afkcte* Dam* aar 

in *e warn. I k * aarjuocMi waall aw ajaMr ta> srcrtal aa>c*aa ihc saMaUac nam a m mm Mra). 
•"•••Ik'P' MM* lk* i * o » i a * af eanaMMal liMaa) a* baar4 an ike aananw ouMifeacr. Watrr-aalaHr irtl-
a ami iiaaah areas w» jniheaafi. Saar esprit- M M , imxtrs iiaiinart K» kr aataiM to a i 

ai caofai af eaajraf al sacks* WBe 
J. w. K.cwwT»»t^-r»H»airt^wiinwiiiaiij.-r.i5T wefcw <««iiaaai» K» * e Katie? In Ike aata Htm wW 

•a far jfrfriUymrwr JWNM «f JM*w Mr a>*m*v Htwr**t. An* aiyriliiai can kr rcntea* ti> tke antfnwrry of a 
n«KMRi;i*qnM Wft. aawlr kiilnaa rep** at Ike jpaarawa. After w w t n 
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rJll. fa 
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l a l twMtgs t 

Iter 

" I " 
"-I" 
" I * 
" -!* 
"-IT 
T-l' 
-_!? 
"-!» 
" I * 
" I I 
T-l* 
7-21 
T-:I 

"-2* 
"24 
"-25 
7-28 

S-5 
S-5 

M*2 

13*5 
I'M* 
m i 
2*5*^ 
2243 

1*37 

1325 
*»25 
13*3 
!W* 
5315 
124$ 

*73* 

I ^ O . M k t h l i t i l 

2-3 34 
*.7 12 
M I * * 
14 •J 

14 *3» 
3-2 42* 
73 »l 

44 71 
?** •2 

188* 1} 
5* 13 
55 54 
85 2* 

3*» j » 
34* 2* 

1 * J.T 

" I T 
" I T 
"17 
7-17 
"17 
7-1' 
7 17 
7-17 
717 
7-18 
7-U 
7-1* 
7-1* 
721 
7-22 

8-5 »»3* 
«-5 M3» 
8-5 I33» 
•-5 153* 
S-5 183* 
S-5 1*12* 
•-5 1*2* 
15 214* 
S-5 23IS 
S4> 473* 
8 * I I * 
S4> 15** 
8 * JWW 
» T »*4* 
8 " 1415 
84) mm 
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prefaninaiy observations imkcaleU that dectrude reac­
tions arc complex. 

For tellurium screenme. studies. J. R. Keiser I Metal* 
ami Ceramics Division I fabricated an experimental eel 
etnupped with viewing port* and electrode ports lu 
study the stability lot lithium tdtuiide. l . i : Te. in 
molten LiF-BeF.-ThF*. The Li.Te was added as 
peueis. and vidiat.^foerams were recorded at told and 
iridium electrodes. 

As Li;T«r was added to the melt, the voltimmograms 
became very complex and are not yet completely 
ic. • rstood- F I H dariiy. pertinent observations at the 
iridium and eold electrodes are listed separately. 

1. When one .*5-nui peftei of Li.Te was added, a 
reduction wave observed al an iridium electrode .1 - 0.9 
V vs Ir QUE disappeared. This wave is not yet 
identified The pellets did not melt or dissolve -z>mc-
draiely. Relics of the pellets could be seen .m the 
surface for several days. The winuWs of the viewports 
became coaled with Muish-eray deposit after a few days 
which made viewinji! «»t the meil impossible. The 
bluish-pay deposit is believed 10 be :c)lura> i metal. 
This is indicative thai tellurium species added as Li.Te 
are not stable in the mdl. 

2. Vidlammoerams recorded alter additions of Li.Tc 
did not reveal any wa«es thai could be attributed lo 
voluble eleciroaciive tellurium species. Chemical analy­
sis indicated <5 ppm Te in the nidi. 

3. Al an iridium electrode, a icduciion wave was 
observed al 0.45 V vs Ir QKI that was reasonably well 
defined al a scan rale of 0.02 V sec. 1 his wave is due to 
("r* reductHHi. and the wave heigchi increased upon 
jddilion .»f CrF. but did not change upon addition of 
Lt;Tc. Al our normal scan rale ol 0.1 V sec. the wave 
was nof well defined: this explains in pari why il was 
not positively identified on background scans al this 
scan rale. 

4. Votrjmmelric waves indicative ol tdluridc films 
on * gold declrodc were idwcrvcd. These waves, 
however, disappeared after adding CrF. lo the melt. 
The viHumnnhtrani* recorded al gold following ihc 
Li.Te .ddilions became very complex and difficult to 
analyze: the electrode reactions are not yet resolved. 

Additional vollammelric measurements are planned 
whereby the supposedly im-re soluble and stable l.iTc, 
species will be added to the fuel melt. (D. L. Mann 19, 
A. S. Meyerl 

sraCTROPHOTOMETRIC RESEARCH 

Spectral techniques continue In be applied lo the 
iii-fK-f.il jrci of acfinrdc elemenl research lo provide 

mformaiiun for the ideniiilcaiHM and characterisation 
of various Mudatiun stales and compounds of these 
ions. As these lechnnu.it J are delineated, they are 
uini/ed in lottowme cheuucal reacliuus of the Irans-
uramurt eWtwmis. both to assess the purity of acwry 
symtbesi/cd compound! and to characterize the useful­
ness of various synthetic mules, barmy this per**! 
t h e * studies were applied arnusi exclusively to sumJ-
state compounds and to Jampin weighine, several 
nricmyrarm or less. In the study of the thermal 
reduction of C f l r , . ' * reported in the bsl annual, a 
refrjctmc micniscope-spevtropholoineter oi' local 
design was modified, by the jwWition of a cod uf 
ptatnwen wire, lo provide a brataMe sample hxatum. 
Further modifications have been nude tu the ?>jm>-
ment. by the mctusion uf critical hjbt slops. Cassstran-
ian rctVctiwc microscope objective lenses, and quart? 
lurid lenses. With these channel, spectral studies, either 
absorption or luminescence, can be carried out over the 
wavdenjtlh ranee of 300 lo 1200 nm on samples of less 
than 100 ng heated to temperatures as hujb as 700*C. 
Another member of the Transuranium Research Lab­
oratory group. J. R. Peterson, has equipment lu imtain 
healed or freshly annealed x-rav powder diffraction 
patterns1* of the vame sample. With these two identifi-
calion techniques, we reexamined the H ; reduction 
of CTBr, . | T We have identified CfBr,. C IDtr . and 
CIBr 2 by both spectral and x-ray methods. Baaed on 
spectral results we have found thai treatment ol 'Cffc, 
with l l : al a temperature below f»50°C causes no 
discernable reduction of CAM) . Al slightly hither 
temperatures, appioximaldy t*75"C. the rale of re­
duction is increased and CfBr } is formed. However, al 
ihe increased temperature, the rale of formation of 
CrTJBr is likrwise increased. The extern of reduction is 
therefore a compromise of both temperature and time 
of heating. Wilh loo high a temperature or loo lone a 
lime. ClOBr is ihc final product. Wilh ihc above 

15 I f Younc. K I V.,mkf Sims. »;. K Werner. J R 
Peterson, jml M \t*e. "Hich-Temr>cr;iture Spci in>so»pie ^ml 
X-Rjy DiHrjcrnin SlwlH't <>l ( jlirnrniiim TrihiomMti- Prm«f.»r 
Theinul Reiluvlntn h» (.tlili.rniiiin Ihhrwimle." J.rnrml iif 
Imirgariit ami XutlrmtTirninirv. m press 119751. 

Ih. -' V Stevenson .iml J. R. Peterson. "Some New Mnf" 
thcnm.il Tei-bnM|iies Tsril <m the rrepurjimn jf»J Sluriy i>r 
Tr.mspliili>nMtm Ik-nx-nls ^ml Ct>mr">iirnls." Mimnhrm. J. 20. 
2 I . H I 9 7 5 I 

17 I P Vounc. R V, IMrr . R. I I elhrns. M N»e. rnJ I R 
Peterson. "Speelrott i»pn JIMI X - R J > IWTratlnHi Similes <»f ihe 
Hromnk-s •>! (jliri>fniiim-249 ami f msleiniuni-25.'." in Pht 
rmlint* nf ihr 4th fntrwsiHHwl Trtmiphitrmium Hlrmrnt 
Svmptnmm. W Miielkf *ui R l.mdm-r. eds.. N»rlh lltitUml. 
/Imsfercljm. «? press 
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competing reactions, it has n»»t been possible for us to 
prepare pure C f l r . . although the dibromide has been a 
major component of some samples. It stems probable 
that CITOr is formed by 3 reaction of reduced Cf 
>pecKs with SrO>. Whether it is a direct reaction of 
CIBr. <>« a thermal disproportionation of Cfferx fol-
iowrd by a reaction of Cf metal with SiOj is not 
understood. Experimental work to elucidate the mecir 
ntsm is under way. and other container material* or 
liners will be considered in an effort lo make purr 
O i k ; . It is interesting to note that this microspectral 
technique is able to show individual differences in 
individual crystalline manes thai can only be observed 
as an "averaged" sample by x-ray methods. 

In our studies of the synthesis of ^ctinide compounds, 
we have prepared and identified I 5 , E s B r j for the first 
time by both spectral and x-ray diffraction patterns.1* 
Prior to ihb study il was thought that perhaps the 
extreme radioactivity of " ' E s (decay energy of 3660 
kcal mole"1 m m ' 1 ) might prevent the preparation of 
any stable trivalenl bromide. Einsteinium compounds 
represent examples of the heaviest element thai can be 
obtained in directly observable amounts for the next 
several years. This and the radioactive nature of 
einsteinium make study of its chemistry, solution and 
solid slate, of interest and importance. We have studied 
the reaction of EsBr, with Hj and water vapor and 
have come to the tentative conclusion that we have 
prepared EsOBr and other compounds which do not 
appear to be divalent." It is also possible that reduced 
einsteinium compounds are not compatible with SrO } . 
Further work will be carried out after the influence of 
SrO} on Cf halirle chemistry is understood. R. C Haire. 
Chemistry Division. R. L Fellows, a postdoctoral 
Fellow, and J. R. Peterson. University of Tennessee, arc 
cooperating in the above studies. 

Since there is interest in the determination of 
piulonium in the environment, the possible fluores­
cence of aqueous plutonium in its various oxidation 
stairs at room temperature has been investigated iwcr 
the wavelength rangr of MM lo X00 nm. No emissions 
were observed for aqueous solutions of plutonium in 
any of its oxidation states of ( I I I ) . ( IV) . (V) . (V I ) . or 
(VI I ) . Prior lo this work there had been no reported 
systematic study of such possible fluorescence. 

A reaction of thenoyltrilluoroacetone (TTA) with 
Pu(VI) was found lo yield a fluorescent, organic 

Id. 3. I.. l-eHim*. J. R. rYirrsnn. M. Nor. J. F. Young, and 
R. (J. Maire. "X-Ray DifTraiiion and Spectroscopic Studies of 
('»>»(jllinc Finslciniumllll) Bromide. 2 5 ' l>Br . , . " Imtrjt. ;Vwr/. 
Chrmlat I I . 7.I7H97M. 

product which might serve as a basis for a fluorumet re­
determination of PutVI). In a sightly bask solution, pff 
7 to K. PufVI) wi l oxidue TTA within a matter of 
seconds lo yield a product thai exhibits an emission 
peak at 550 nm with a shoulder at 500 nm. At the same 
pH HI the absence of plutonium. TTA is oxidized 
slowly, in a mailer of days, lo yield die product. Since 
the oxidation is rapid with PutVI). a fluoromeiric 
drtermination of PM<V1) is possible using a standard 
calibration curve. I l has also been demonstrated that 
PufVI) is reduced to PuflV) in the reaction with TTA. 
The method is therefore ideally suited to ihr fluoro-
metric determination of Put, V I ) . even in the presence of 
PudV). and with the incorporation of photon counting 
techniques, the determination could be quite sensitive. 
Results of this work are in press.' * (J. P. Young) 

RESONANCE IONIZATION SPECTROSCOPY 

During this report period we have carried out cooper­
ative studies with G. S. Hurst*s group. Health Physics 
Division, thai should lead to the development of a new 
and unique analytical spectroscopic tool. The research 
effort of this project involves a study of the interaction 
of energy sources, protons generated by a Van de 
Craaff unit and/or laser photons, with various inert 
gases, elemental vapors, and impurities therein. The 
results of such interactions can be detected either by 
emission from the excited gases in the vacuum ultra­
violet spectral region, or by transfer of the excited-slate 
energy to impurity species, followed by lowei-energy 
emissions from the impurities. A third possible method 
of detection has been named resonance ionization 
spectroscopy (RIS). In RIS. a vapor is allowed to 
interact with a high-energy source, proton beam or 
laser, lo create a metastatic or resonant excited-state 
spevics. During the lifetime of this stale, it is allowed to 
interact with a laser beam of proper energy to further 
excite the atom to an energy state more than halfway 
to its ionization potential. A second photon of the same 
laser beam will then photoioni/e the atom in question, 
and the ion can be detected with excellent sensitivity 
by standard techniques. With a knowledge of the 
various excited-slate energy levels of a particular vapor, 
il is possible to selectively, even specifically, detect very 
few atoms of the gas by means of this technique. The 
principle of RIS has been experimentally demon 

19. M. A l.ysier. R. L lelfcms. and I. f. Younc. "Search for 
Pliiloni'im Fluorescence." in ProrrrdinfS of the flh fmrma-
IHtm! Ctmftrmce on Plutonium tnd Othrr AcUnkks. H Blank 
and R. I.indrr. cdv. North Holland. Amsterdam, in pro*. 
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strated 1 *- 2 ' by proton excitation ot" heinun it> the 
I k C S ) stale ami subsequent phoioioni/atio* of this 
excited nebum by absorption of light of a wavelength 
of 501.5 nm. In this study it was shown thai helium 
pfcotoion* ate created by a two-photon absorption S»MI 
also by a one-photon absorption followed by coUision-
tnduced associative loni/alkm. Wc plan lo siuJy not 
only multipfcoton single or multiple enerpy absorption 
by elemental vapors to produce photoions. but also 
mullmhoton absorption followed by various coUwona! 
or energy transfer processes whk.it also yield a delect -
aWe photoion. In general, the energy sources fur these 

studies are tuned lasers, and at present the deicctor t* a 
proportional counter. Within the lunils of the range ot 
tunable lasers, the specificity and extreme senstinrily ot 
the RIS lechnhme are ideal featuies i» be exploited 
analytically. U P. Younf) 
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4. Energy Programs: Gas-Cooled Reactor Programs 
D. A. I'ostan/o. Head 

The Gas-Cooled Reacior Group was established in July 1474 to provide analytical 
chemistry support to the Laboratory* OCR Programs, which include the High-
Temperature Gas-Cooled Reactor and the Gas-Cookd Fast Reactor. Our primary 
objective rs to provide analytical chemistry capabilities lor the chemical characterisation 
of HTGR fuel. To this end. we rely heavily upon our experience in other reactor 
technology programs and evaluate and adapt existing methods ot analyses to thb unique 
reactor fuel. Where applicable or adequate methods do not exist, new methods must be 
developed. A long-term objective of the analytical chemistry development program is to 
adapt the methods, established lor the analyses of Urpieied uranium or : > ,U-bearing 
fuel, to glove-box and hot-cell operations in order that they nay be used to qualify 
commercial recycle fuel and meet specifications During the past year, our development 
efforts have been directed to the determinations of the particle failure fraction (i.e.. 
particles with defective coatings), heavy metal contained in silicon carbide coaled fuel 
panicles, and ihe nitrogen contained in fuel kernels. 

A method lo determine the particle failure fraction was developed and adapted to 
glove-box and hot-cell measurement of irradiated fuel. In this method, exposed fuel is 
removed by gaseous chlorine at elevated temperature, collected as the metal chloride:, 
and measured. The Kjeldahl and inert-gas fusion methods were evaluated, and a vacuum 
fusion isotope dilution method is under development for the determination of nitrogen 
in carbide fuel kernels. In addition, a rapid method was demonstrated for the dissolution 
of silicon carbide pyrocarbon-coated particles. 

A secondary objective of our research and development program is to provide 
analytical assistance lo various GCR technology development programs. These support 
activities include a time-of-flight mass spectrometer to monitor the effluent strezm of an 
HTGR particle-coating furnace, continuous monitoring of tritium in a GCFR capsule 
irradiation experiment, surveillance of fission products in the Peach Bottom HTGR. and 
process control for loading of weak-acid resin with uranium. 

METHODS EVALUATION AND DEVELOPMENT 

Detcraiirnikm of panicle failure fraction. The 
method for the determination of the number of broken 
particles by a high-lemperaiure 11500°O chlorine 
leach, as developed in l°74.' was applied on a routine 
basis during the past year with great success. All tvpes 
of fuel elements, panicles as well as rods, are now given 
a standard 2-hr treatment. In addition, the system has 
shown versatility in application lo experiments which 
were conducted in cooperation with members of the 
fuel development program. One of these was the study 

of migration of uranium into ihe low-density pyro-
carbon buffer coal that contains ihe mixed oxide-
carbon fuel prepared from the weak-acid resin. We 
healed samples of buffer-coaled, carbonized resin 
particles. 15 and 1*Tr convened, in argon alone at 
ln50°C. Migration by contact with the graphite con­
tainer was significant, but vapor phase transport oc­
curred lo only a slight extent. Of interest also was 

I IV A. Cmun/n ci t\ . "Drffrminjfhifl of Bri>kcn-Pjriivk 
\\K\WI\" Anal Chrm Oir Annu FT,* Rrp Srpt M If1*. 
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whether (he nutrition of uranium wouU contnwe 
beyond the but tin cue' intu the inner dense p> rocarbon 
LTI liow-iemperaiure isotropec) coal rfi triso-coat?-' 
particle. Chlorinatiun of panicles showmg no visual 
damage indicated that migration was contmuous 
through inner LTI coatings leu than 30 it thick. The 
effect of temperature was abu studied. At S5O0T. 
migration increased with time tw apparent breakdown 
of >he butler cuat. At 1250'C it was continuous and 
stable with time, and at IOOO*C. small and decreasing 
with time. The same material treated in agon alone at 
1500* C showed no significant migration. 

A statistical evaluation was also earned out on an 
experimental run of 16 samples representing all types of 
fuel entities relative to si/e and method of fabrication. 
The purpose was to ascertain the effect of various 
parameters on the broken-particle fraction. 

Another problem of interest concerned the triso-
coaied particle in which damage might exist only in the 
outer dense pyrocarbon layer. The SrC layer thus 
exposed would be removed as SiCI* which perhaps 
could be absorbed and determined. An effective ab­
sorber was found in LiF at 250'. which yields LrCI 
equivalent to the SrCL» Measurement of the chlorine in 
the LiF absorber would be equated to the number of 
particles with damaged outer pyrocarbon coatings. 
Because rigorous drying of the whole system is neces­
sary before each run to prevent hydrolysis of the SrCI 4. 
routine use of this method is precluded. 

It became necessary during the year to determine the 
broken-particle fraction in irradiated fuel rods. The 
level of activity of some samples required operation in a 
hot cell: for others, operation in a glove box was 
sufficient. Accordingly, we designed a new chlorine 
leach apparatus adaptable to both sites. Since induction 
healing could not be used, these systems were limited 
to .esistance healing at I00 f /C . where the slow-
reaction rate requires prolonged chiorination times. 
Since carbon i> a necessary replant in the production 
oi the volatile heavy -metal chlorides, we considered the 
use of carbon monoxide to increase this rale of removal 
of exposed fuel Normally, carbon had been provided 
by the fuel coating, but this solid-state contact is often 
tenuous and uncertain. The experiments we performed 
showed that using carbon monoxide in twice its 
stoichiometric ratio to chlorine increased Ihe rale of 
removal so that previous overnight runs could be 
completed in 7 hr (D. E. LaValle) 

Erahufion of am jpwtioa-Jexh method for defer-
mining defective SiC coating}. Ignition of iriso fuel 
particles in air at *»00*C effectively removes the outer 
carbon coating and should, theoretically, remove the 

nmer carbon coaimgs ot particles winch have a cracked 
Sit' coating and convert the heavy metal coniamed m 
the kernel to the oxide I f the panicles are then leached 
with an HMOj-M- solution, the fuel contained in 
particles with defective Sn7 coaimgs should dissolve 
Driernunaiion ot the thorium or uranium in the leach 
solution should then yield the number of particles with 
defective SiC coatings. 

A large number ot' samples of tnso fuel particles 
containing kernels ol uranium wen* carried through this 
ignition-leach process. The uranium m the leach solu­
tions was determined ftuorornetneativ. Some of the 
samples were ignited and leached for a swond and even 
a third time. On a number of occasions the uranium 
content of the second and third leaches would be 
greater than that of the first leach. One explanation for 
this is that cracks in the SiC coalings couM corKeivabh 
be sealed during the ignition process by the oxidation 
of SiC to SiO>. On teaching, ihe cracks might or might 
not be reopened On additional ignitions the cracks 
could either be reopened or remain sealed, giving 
ambiguous results. Because of the number of varied 
conditions possible, it was concludeu that the igniiion-
Icach procedure was not an acceptable method of 
determining defective SrC coalings. (F. L. Layton) 

Dose I I HTGR MM?«n*Ma*«y enmnumou prugram 
In the summei of 1472 a program was initiated by New 
Brunswick Laboratory (NBLl for ihe purpose of 
determining the slate of the art of thorium and uranium 
measurements in carbon- and silicon carbide coaled 
uranium-thorium carbide fuel particles This program 
was designated as the HTGR Inierlaboratory Com­
parison Program." 

At the completion of the program, there were a 
number of ques'iom left unanswered. Ii was therefore 
agreed that a second phase of ihe program should be 
conducted. This second phase would try to provide 
more definitive answers lo ihe question of the slate of 
(he art. In addition to reaffirming ihe accuracy and 
precision of the thorium and uranium measurements at 
each laboratory, ii would examine variations in per­
formance with time and with sample preparation. 

As a participant in ihe program. ORNL received len 
sample sets, bach set contained two samples of a 
mixture of nonhintogeneous l ; 0 j and T h 0 2 powder, 
one sample of biso fuel particles, and one sample of 
iriso fuel particles. One set of samples was prepared and 
analyzed each month, so thai the entire prog.am 
extended over a ten-month period froni September 
l°74 through June I"75 Thr mixed oxide samples 

2 NBI.-272. Appendix (ji.pp 113 ISH974I. 



15 

•e ie dis->«J\ed in j n HMO-.-lit mixture, the fn-*» j n d 
lux,, vanpk-k were ignited tu ictnovc the outer carbon 
coating and then crushed in a iimcr-mrfl The bru> 
NjmpleN were Mtbseuucntly JrvMiivfd m an HNO,-HF 
nHxturo. wiukr the irrx> >amples were renamed to 
icm<*c ihc carbon t ium the inner coatings The ins*» 
^Mtipkn were then leached with an HNOj-HF mixture, 
and the residues were fused with Na : CO, I'ranium wa-» 
Jctcrmmed in quadruplicate. u*mc a >li«ftr nnaBticalion 
• •I the NBL titrunetnc method Th>mum was deter­
mined m dupkcaie h> bDTA ti trat ion. 1 

A l«»lJ «»t 2.* 2 determmalums were made on the 4 0 
samples The data were forwarded to NBL t in >lali>lkai 
analysis and companion with data received frum the 
other participating laboratories. A complete report on 
the re*1 ... of the program wil l De puMished in a 
forthcoming NBL report (F. L. Laytoo> 

Effects uf fcigji iwigy alpha artwity and tec!—: I n — 

In the future, the detenninatiun ol uranium wi l l be 
required in HTGK recycle fuel processing samples 
which ciintain fission product technetium and : , : t 
Since the NBL titrimctric method 2 is used to determine 
uranium, it wil l be necessary to know wi<at effect 
technetium and high-energy alpha radiation have on the 
NBL procedure I f the technetium interferes, it would 
be desirable to find some method of removing it pnor 
to titration For these reasons, a study was undertaken 
with L. / . Bodnar of NBL to determine these effects 

A series o l standard solutions of uranium containing 
•*• 100 mg of uranium and from I to 15 mg o f 
technetium was titrated using the NBL method. The 
technetium was found to be a serious interference. 
Several at term, -s were made to remove the technetium 
by volatilization from a mixture of sulfuric and 
perchloric acids healed to fuming. Low results for the 
uranium determinations I 0.5 to I XT>) indicated thai 
small traces of technetium remained. I f alter evapora­
tion of the iest solution to dryness, the walls o f the 
titration vessel arc healed with the flame o f a Bunsen 
burner, the titration of uranium can be carried out with 
no difficulty. Evidently the last trace of technetium is 
removed only after the flaming process. 

For the purpose of determining the effect of high-
energy alpha radiation on the NBL tilrimeiric method 
for uranium. : 4 4 C m was substituted for : J : L ' . A 
typical 100-mg uranium test sample will contain 100 fig 
o f 2 • ' ; V. which is equivalent to approximately 2 roCi of 
activity. Therefore, several test solutions containing 

1 ORNI Sinter \T\AX\UJA Mamul. Mrihxd N<« 1218771 
.•nJ«»Ot»7IR77l i19M>» 

— lu l l me o l uranium were titrated alter the additnin ot 
2 mCi ••• ***<"m In une case. 4 mCi o l : " C a i wa> 
added No miertcrencc was observed. IF. L. Laytoni 

Dntmmmtmm nf mn^sm m mmmmAmtti wcaV-
acal m a t kemefc. Because nitrogen retained in process 
weak-acid resin I WAR I fuel kernels i> transmuted tu 
! *<". whKh must be accommodated 3i fuel reprocessing 
to prevent its release tu the environment, a measure of 
the amount of nitrogen present is of great interest 

Two methods have been evaluated for the determi­
nation o l nitrogen m WAR kernels a modified Kjeldahi 
drstriiation procedure foHowed by cotorunetry. and an 
men-gas fusion method followed by gas chromatog­
raphy. A vacuum fusion technique followed by isotonic 
dilution mass spectrometry wnl be evaluated at a later 
date. 

The treatment of WAR kernels during processing 
precludes the presence of ammonia, nitrite, or nitrate, 
so that any nitrogen present is in the form o f nitride or 
elemental nitrogen. The inert-gas fusion method wil l 
determine both of these forms of nitrogen, whereas the 
Kieldahl method wi l l not detect elemental nitrogen and 
detects the nitride nitrogen only after its conversion to 
the ammonium ion by digestion in concentrated sul­
furic acid. The determination of nitrogen on a series of 
WAR kernel samples by the inert-gas fusion method 
gives values for nitrogen that are generally 307 higher 
than those obtained by the Kjeldahl method. This 
indicates thai nitrogen is present both as elemental 
nitrogen and as nitride. Under these conditions, the 
Kieldahl method is unsuitable for use for determining 
total nitrogen in the WAR kernels, but wo-Ud be 
acceptable for determining nitride nitrogen. On the 
other hand, the inert-gas fusion method can be em­
ployed to determine total nitrogen IF L Layton) 

Dnoh i tm i of HTCR fed particles, anaf C I ; mi 
S 2 G 2 - S G 2 One o f the difficult and time-consuming 
problems in the analysis of HTGR fuel particles is the 
complete dissolution of the fissile and fertile elements, 
together with the fission products from biso- and 
triso-coated microspheres. For burnup analyses, it is 
advantageous to dissolve the particles in situ to elimi­
nate contamination or material loss. We have demon­
strated a method for the rapid dissolution of these 
panicles. The carbon coalings are burned in oxygen ai 
800°C. For triso-coated particles. SiC is removed with a 
stream of C l 2 at I000°C. Thorium oxide and L'Cj or 
UO] are easily chlorinated at 800 to IOOO°C with a 
stream of C l : bubbled through S J C I J - S C I J . The chlo-
rinalion reaction was complete in only a few minutes, 
as compared with hours for C l 2 and carbon. The 
chlorination of 1 '0 2 was much more rapid than that ot 
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TbO; The submned metal chlorides were easd* dis­
solved HI duuie HCI. Other compounds were mvesti-
eaied a» possible -.-bJonuauon agents or chkmnaiion 
promoters. These were CCT«. hexacakvopropene. CO. 
S. ami Nil*CI. but none was as efl'eciive a*S.C1;-SCK. 
10. A. L«c» 

mospbere glove-box enclosure was put into operation 
This glove box t> hem; useu for the preparation lor 
analyses and storage of HTCR fuel materials reqnmng 
jn men vmusphere The box is equipped with 3 
Kewaunee Scientific fcqiupnteni gas purifier. The. puri­
fier is designed to recirculate the hebum atmosphere at 
a flow rate ol' 30 cfm in ihe dry-box enclosure and to 
control ihe atmosphere, by removing moisiure and 
oxygen, to a contamination lev 4 HI" less than 5 ppm. 

The oxygen level ol" ihe box atmosphere is mea>ured 
by Applied Electrochemistry. Inc.. model S-JA oxygen 
analyzer. The moisture level c measured by a Para­
metric*. Inc.. model 1000 hygrometer. (J. L. Bom) 

analytical chemistry information exchange aiming 
Allied Chemical Company lACCl. General Atomic 
Company IGAO. New Brunswick Laboratory. and Oak 
Ridge National Laboratory was held on September 
2b 27. IV74. at ACC. Idaho Falb. This was the first in 
a series of meetings 10 be held p.-riodically at the 
participating laboratories. The next meeting was held 
on November 3 6. 1475. The purpose of the meetings 
is to establish liaison, to develop and facilitate the 
exchange of technical information, and to coordinate 
the analytical chemistry development eflorts between 
ERDA agencies and contractors engaged in HTGR 
technology development. Preseniaiitms an J discussions 
at these meetings include analytical chemistry method­
ology, technical requirements of related IfTGR devel­
opment projects, and analytical problem anas of 
mutual interest. These meetings should help to mini­
mise the effective cost of HTGR anal)deal chemistry 
development programs of the participating laboratories. 
(0. A. Costarv-o) 

PROCESS DEVELOPMENT STUDIES 

Inline inonjforing of Ike HTCR i sd fwtkk ptwcw 
effluent stream*, using a lime-of-fliylii Htau spectrom­
eter.* A CVC Products. Inc (formerly Bendixl. type 

*("<M>pcrjfivi' invoiifjiion with Mass jnd rmwntfi Spec-
fromriry tiroup 

MAO. iwne-«4'-tlighl mass spectrnnetcr iTOfrMSl ha> 
been mstaned and is m iiperaiHin m the Kuei Partklc 
Ctaimg l-acmiy to monitor m-lmc ellhjeni^ ti»m 
HTGR fuel particle preparation reacnons ihcM- tluui 
i/ed bed reacttiats include carbt«n/ati**i ••! uianium-
loaded ion exchange resms. l O : omrciMon i« l ( " : . 
pyrocarbon butler coaling, low-temperature tsoHî <*c 
carbon coatmg. Srt" coatmg. and rugh-temperaiurc 
annealing Al ol' these reactions have been monitored 
except SiC craimg. Mass spectral scans have been made 
throughout the runs. Stgmfwani mass peak heights have 
been measured and plots made ol peak height v> urne 
or temperature for each par ncubi mass. 

During resin carbom/aiion. spectral mass scans were 
made repeatedly throughout ihe beaimg and coohng 
period lt» hrl. From each scan. 25 lo 34 masses were 
selected for cunceniralhm change determmaiions. Pro­
files ol plots of peak heights vs temperature indicated 
the temperalure at which certain reaction phenomena 
occurred. These profile', are being used to postulate 
reaction mechanisms for resin pyr«d\sr> and formation 
... the carbom/ed uranrum micros-ihere kernel Some of 
the phenomena inctuJe evohitnn of surface water and 
water produced by combustion, the tw«*siagc decar­
boxylation of the acrylic actd ctipolymer. and the 
formation and subsequent degradation ol many ali­
phatic and aromatic hydrocarbons. 

The integrity of these microspheres i> tantamount to 
a safe and sutcesslul reactor. Therefore. meticul«iu> 
fabrication ol' these particles 1-. esseptial. The properly 
requirements of the particles which are so si >trustm 
incluje opltmum particle densiiy. c.iaiing thickness, 
strength, sphericity, ability to retain the fuel and fission 
priHhicts. and resistance to panicle failure and to the 
"amoeba" effect. The aim of these coaling studies is to 
improve the understanding »f the mechanisms in 
pyrocarhon deposiiHHi I buffer and LTh on fuel kernels 
10 assure the quality of the product demanded. Pre-
Ihninary experiments using the TCFMS have been 
made. The pyrolysis of ethyne and propene for the two 
carbon coating processes has been monitored using both 
Ihe scanner and sequencer modes. The plotted data 
portray a short induction period during which new 
hydrocarbon '.-.impounds are ftirnted at a peak concen­
tration followed by a constant rale of hydrocarbon 
production at a lower concentration At the same lime 
there is a constant rale of hydrogen evolution and 
presumably carbon deposition al a higher concentration 
than during the initial induction period These results 
are consistent with current hypotheses both fur in­
duction period and for pyiocarbon deposition mccha-
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mvns HI tmftfc/ed hrtJv4 * After more detjaVd s'odKs 
•4 the cti<vi ot parameter ijriaHows upon the physical 
properties ••! the particles K made. we max he better 
Me !•• ehn'iaie the reacinins 

l>r«wi the lew vans winch w.- ha*' made • « the 
convcnftm pr«<ess. the mint stputkant «ibser«ati>i« has 
been the productH* <>t CD One of the probttMs with 
the fori particles has been the occasional creep ««t 
urarmnn mio the halter coat. Tht> may be due i.» 
extraneous material «r mctwiplete chemical reactawts 
••ccurrme. durmg conversion It tht» r> trwe the TOFMS 
may be aMe to defenmne what reaciMis are causmg the 
delect 

Nothing i<" sioiilicance ha> been noted dunnc anneal 
mg thus far. Hut this process wil be omtinued to be 
monitored 

These studies are still m the preliminary >rages. but 
further development »t' the experimentation would 
produce interestmg cluckLition of reaemm mechanrsm> 
for optimum tuel panicle manufacture ID A Lee. 
0 C Canada. H S McKown. W T Ramey. Jr I 

a f t m i s m •tulpiwwlfcfw.w. mmrnab* Methods 
whK-h have previously been applied to tobacco and 
c<>al-rel ited materials have been used for resolution of 
poly nuclear aromatic hydrocarbons I PAH I in perchlo-
ruethylene Iperclene) materials obtained from the 
HTGR particle coal in* facility Of particular interest 
weie the PAH's which have been reported to be 
IwoloeJcally active: tumor promoters, initiators, carcin­
ogens, cocjrcinogens. and mutagens. 

Perclene b used to remove sum and organic com­
pound* i>"«n the effluent pas stream ot' the particle 
coaling fiimace. These pvroKsis products are produced 
during the carboni/arion and conversion of uranium-
loaded weak-acid resin and the subsequent coaling of 
the particles with pyiocarbon ami silicon carbide. The 

•Cooperative mtrsiqFjtina • iih njoOrpnic An.-H M» Group 
4 R O OriMljk-. 4 C Piwer. jnd » \.nR.*ist>r.<ik. 

"Ft r<4> IK I ilm R<-sisi<>r« ('.ithon and nor.••• ,;won Srll5«f 
Tr,hj 30. :7IH«>.M> 

5 R O tirisdjr. "The f-ormjlnm <rf Midi Oirb.fi J 
Appi A n 24.10*2 • 1*5 J> 

* i C Pokrov "The Striutiirr irf rVrotyliv Orbon De­
posited in j I liftdi/rd Bed" and "Varurmn m ihc CryMJIIHHIV 
of Orbon* IVpmiied ir Hwdi/rd Beds." Ctrtxm 'OT/«WJ. J. 
|7jnd20HI9»5i 

7 K I Syskov jnd f I VI*h«n»kjvj t>n the lorirufion 
and('omprmrion of FyrolyncCarbon."Carbon lOxfnrJi 5.201 
Il9n7> 

» R J Bard. H R Baxman. ) P. Berl>no. and I A 
0*R»wrkc. '•pyrolytic Carbon* Orpmiird in lliudi/rd Bed* al 
1200 i<» MOOT from Varioii* Hydrocarbon*." Oirhnn 
/OrlorJH,.bO\t\9(,*) 

presence ttt brulupcaiy active maierob in rhe perclene 
wiioid retawre that due cant** be taken m ibe 
handhng. reviwery. and dbpinal ut the prtclene ma-
tenaK. 

A PAHvowtammg subtractH* ••« : pr^c» per.ienc 
sample was prepared by a imidMicatKm ot the kub>xi 
bquKj-buuid eMracinm and cohmui chrimatucraphy 
procedure This subtractkia was then subfevted to 
GLC lor reMrfainw of PAH~> m the ranee ol i to ~ 
rmgs. The resultmg prolHe ctviiamed 7 mafur and ai 
ieasi 50 mmor cunsfiruents. A number ot PAH'* were 
tentatively identified by cu-chrumaiography: mm-* 
PAH~% naphthalene, acenapnthaiene. pPiCnanihrene. 
thioonthene. pyrene. chrysene land or mphenylenel. 
ben/f|a|p\rene tBaP): « n * e FAH'i 2-methyl-
naphlhalene. l-methybuphihalene. Nphenyl. acenaph-
rhene. flmwene. anthracene. 4-methyip«fene. l-methyl-
pyrene. benAalanihracene. in-phenylben/ene. pery-
lene. picene. and anthanthrene. 

Numerous small peaks were observed also in regions 
where meihyJchry series, methyl-ben/anihracenes. and 
siA-rmg PAH's would be expected to dute Mass 
spec I rose opy would be reuuired to confirm the abose 
peak assignments, but tht>r validiiy was suggested b> 
the ideniiticaiHM of sesirj. <>| these P\H> m process 
per;lene samples by »'. T. Painey ol the Mass Spec-
iromeiry Group. 

Quantitairve estunates of these constituents were 
achieved by incorporation >l " C tracers and by 
external calibration of th* GLC The major PAH's of 
interest in :hb sample were BaP. a strong carcinogen, 
and tluoranthene and pyrene both ctxarcinogenic 
with BaP. The methylnaphlhalenes. which are tumor 
pronHMers. were present at much tower levels 
|W. M Gntst) 

4tfkuM anayl mtraie lobjlipiM. Acid-deficient uranyl 
niirate solution is used in the fuel kernel preparation 
development program to load weak-acid resins in the 
preparation of HTGR fuel materials. The loading 
efficiency of uranium on u:e resin depends on the 
uranium concentration and acid deficiency of the 
solutions. Therefore, the measurement of the acid 
deficiency and the uranium content of these solutions is 
important to the process control of the resin loading 

Conductivity, density, and pH measurements were 
made on a series of standard uranyl niirate solutions to 
establish a correlation between these measurements and 
the uranium and acid content of the solutions.* 

* D .V Ctwian/o el jf. "tntify Proerjim r.ij«<*ftoled 
Rfjtlor fri»|tijin»." Anil Chrm. Dir Ainu Pmf Rrp $rpi 
M / « V ORNL-500*.. pp 3* 37 

http://Oirb.fi


J * 

t:\pcnmeniafly ikmtd raalhentaticai exproii-.ms were 
established ilui yield ihe wiiate and uranium c««iicni 
«<' uijnyl niuaie nunc acid s»iluih«>. erven the con­
ductivity . pit. <H density 

An assayed uranyl instate stock solution WJ> prepared 
by dcnxivme l O i in mirk: acid under rertux ai *»5 I". 
St\ expernnenial solutions fu%wt NiO, I m<4c raiio*«»! 
I.5t». 17l>. I «*U. 200. 2.1. and 2-* wete prepared In 
dnuime weighed jiu{tH>i> ««i the stock solution with 
weighed ptHUii«> of standard 2 00 M mini: acid The 
experimental data were obtained using a total <>!' .V» 
»iluiii>n>. each coniammg different cunbinaiions <rt 
uranium and miuie ci<ncenirath«t>-

The densiues of ihe experimental solutions were 
determ.ned by pvcnometrk measurement. The con-
Jucirv<iie> were measured using j dip ty pe trt conduc­
tivity cell with a Radiometer conductrviiy meter. i>pe 
CTJM.V A Beckman Research pH meter was wed to 
measure the pH .>t the soluti<m> These measurements 
<>l density. pH. and conductivity were made JI 25. 50. 
and 'T5'C on each of the experimental solutions 

The experimental data were used !•• dtrrte jn 
expression to compare ihe uranium and nitrate concen­
tration o| uranyl nitrate solutions, given the density, 
conductivity. and temperature Since nuM »r (he wwk 
is being d«.ne with acid-dciicieni uranyl nitrate solu­
tions, 'he data were limited to the ranee "I l.5<> i«> 2.0 
nitrate to uranium mule ratios. These uata were filled 
to equation* foe density and conductivity, and the 
equation* were solved tor the uranium and nitrate 
concentrate HIS. 

The manual live of the resulting expressions would he 
cumbersome ar.d time-consuming: therefore, a >.ort 
program tor uw on the PDP-10 was writi.-n. This 
program is usable over a temperature ranee of 25 to 
V C . for solution densities up to 1.4 g cm', and for 
solution specific conductivities up to lf>0 milhsKrmens 

The error between the calculated and known values 
for both uranium and nitrate is less than 2' • for most of 
the 36 standard solutions (J. L. Botts) 

TRITIUM MONITORING SYSTEM FOR 
A REACTOR EXPERIMENT* 

Work has continued on the tritium monitoring system 
lor the GS-10 capsule irradiation experiment.<n The 
CB-10 capsule contains a vented fuel rod and was 
designed to provide direct measurements of fission 
product release rates front an operating fast breeder 
reactor fuel rod.'' The capsule has exceeded 700days 
and 75 MWd kg of irradiation in the ORR 

Ti">pi'rjlivc inveslfi!j'h>n with ilw Rraelitr Division 

The design ot a system lor analy/mg iiiinun tftanii-
laiiveiy in the helmm sweep ga> furni the t>B- III capsule 
Ins been desciihed '" f he components were bbtxalmy 
tested and vjlrbijlcd bvt.te mstjUainw m ihc (NtR. 
and at lei irtslallalion. sexetal experiments were nude if 
verily ihe operaiing cluracieirsiics ot the total system 
and the indrvkluai components, when triliutii in hvlnun 
I Maihe*«n I HPl * » pa>scd ihroueJi ihe IflO convertei 
inueneMum aanules ji 5(»» (' whkh ^-nveit III io 
HTOl. II ilium was retained ^uaniiiairveiv when |i\ 
drogen wj-- used a> a ..ariiei ihe IITO ^onveilei passed 
the inl.uni «{uafliiiaiixely. A!s.». the ck-<.tioiiw:.-i 
reached steady >ta?e mote readily when hydioeen was 
piesetH 

All experimeni> ulrii/mg vapsuW ea> were vharac-
teri/ed by a rapid breaklhrouch oi activity ()•> I!K- tirst 
hnch (low experment. ihrs acinny »a> tsuiated in ihe 
Kmi/alh-ji chamber lot decay measurements, whkh 
indwaied a hail-life of .; 4 mm. At the end ol the 
experiment, a decay study t*i residual asiivity in the 
nmi/ation chamhei produced a hail-htc of 15 (I hi The 
reac tiorts 

>e — — V i . 
. ' 4 mill 

-* * 
V i - - : 4 M t . 

I5l»hr 

explain these activities Residual activity deposited on 
the mole«.ubi sk'vv »as idenlitied as :"Na h\ gamma 
speciiomelry The ' 4 \ e and : 4 Na signilkanilv increase 
the electrometer baseline but do noi prevent ii\et!i! 
irmum measurements 

Several experiments were completed on capsule gas in 
various flow modes. To dale, all release ufe-v have been 
considerably lowei lhan ihe calculated production 
rates As predicted, high-tlow experiment-- show lugliei 
minim release Measurements have been made to 
determine the I IT IITO raiio Itowevei. suffk-ient data 
have noi Ken obtained to confirm this ratio. The 
tritium monitoring system for the GB-IO capsiue is 
completely operational Ixpcrimenis CMI mm be 

l'> (I A t<» i jn / " >M .if . A ( onuniHiiis Inriiim Mi>mr<» 
l'<>r i Ri'ail»r I \prrirrK-nt '" Anal t'hrm Itiv limn /><«.' Rip 
Srpi .Ht. f>?4 ( W M 5<Nift p tf. 

11 I A CfXilin el J I . '(•< I R Irrjdi^fi-m f vrH-rimrnls." 
<i(R PnnranH Annu Pnnc R,p It,, M / ' ' T . \ O R X I 4 7 I I . 
P P : » : .'.' 

12 I. B Wail* . I r . aiul l» A f o s i j ' / o . J v^liMiion nl .i 
ConnniH>iis rntiiim Momrorini! Sv%ii"m l«r the <;R In CjrHuk-
I xpi'iimeni "f the M R Prm-urn." !•• !«• rniblnh«-J 
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pUaatd i»» deiemaae > 11 tranaa release, f 2r nwdecabr 
species «f muam IHT aad or HTOl . aad l i l i h r 
pathway of tntaaa luinw; the capjate 

In tumie expciwatnfs n * d l be aecev-ary lo f r i t 
the mutsiare aad hydrogen leveh m the h t l — sweep 
e » both ups imn and dnwtureata T ime measare 
meat* are rapswtani because the iraesaitff til tntana 
m » he affected hy these chaancak' * aad because both 
hydrogen and water can w flue Wire the lad aad ituiua 
product chemtstry , 4 Triimm max he retained ia the 
capsule i*r l a m In mccbautsrm such as adsorption, or 
hy triinle or triioxide fonaafiua: iniaaa atay be Inst 
from the capsule by diffusion mto the sweep gas «w 
through the walK' * , 5 The m e a t to wtach laese 
mecaamsais apply is determmed. at least m pari, by the 
chemical form of the tntaan and by the oxygen 
potential of the system, both of which ate affected by 
the hydrogen aad moisture present, Expenments have 
been proposed m which water vapor aad normal 
hvdrogen and or irilrum will be infected with the sweep 

The ratN> of hydrogen Itt water vapor will be 
measured continuously m the sweep gas by passing a 
sample through a Thermttt oxygen analy/er. The 
moisture content will he measured with a Meeco 
electrolytic mtflsiure analy/er in series slier the 
Thermov One pair of these units will he used for the 
upstream and one pair tor the downstream gas. The 
four uniis. two of each, which were supplied by CAC 
are heme tested in the laborat«iry and will be calibrated 
to ensure reliable performance before being installed in 
the GB-IO irradiation experiment. (M. E. Prurtt. 
A. J. Wcuiotnjer) 

SURVEILLANCE OF FISSION PRODUCTS 
IN THE PEACH SOTTOM HTGR 

We have continued our assistance to the ORNL 
HTCR fission pruduct surveillance program.* In this 
program the behavior of fission products in the Peach 

•Cooperative pf'frjm with the ChemKMl Technotop Divi­
sion 

13 It J. Campjfti jnd * P tp*nn. RrcommtmUltom f<» 
Tritium Mrmsurrmmts Juring InwdmlHm of 12 RoJ OCFR Furl 
Bum/In in tht BR 2. Mr Ijoop. Mol. Brlfium. C U R 
740926076 «Srr>remhrr 19741 

14 H l> tpsiein. .1 Rmrn of ihr l.itrrtturr Frrtmrnt lo 
Fhsnm rhn/urr Mifrtlum and Interaction in Furl Roth. (JAC 
Report GA A13423. IX 77 iJunr I975> 

15 R A Slrehhm and t;. C Satan?. The Permeation of 
Hvdrojren l««loprs through Struttur.il Metal* al Low Pressures 
and through Metal* with Oxufe film Rimers." ,\u -I Trrhnol. 
22.127119741 

Bottom HTCR t a l l 5 -H» reactor uwaed aad operated 
by me Paaadelpho Electric Company I rs beiae staaVtd 
Fusion proaWts are measared m tael ewnaeats. cwibnt 
aad parer f» aebam. oa couiaat ewemt surfaces, aad m 
dast from lac reactor cyduae dast separators This 
work » heme duae to compare measured vs predKted 
aehavMif of lissaai prudwets m an operaimg HTCR. 

Oa Octtmer 3 1 . I*»?4. the Peach aVMHmi Re*.Tor «as 
shut down fur decuiraaiiiiunaig. At shutdown, the 
second cote of the reactor had operated X9*> eauwaknt 
fuR-power days I EFPDl. 

Dai aw? rhts renurtiaf period, we cwmrdeted the 
analysis of data obtamed from coubai samplers oper­
ated m the spring of l*>74 and fmnaed two gamma 
scans of the loop I cold duct of the primary coolant 
crrcml after the last two reactor shutdowns. We also 
ctMpleted aad repotted on the exammation of fuel 
element EOMH. which was irradiated to 384 EFPD.' * 

We continued tne exammaiHm of fuei element 
El '4 )7 . irradiated lo 701 EFPD. and have begun 
eummaiion of two fuei elements. E 144)1 and FO3-0I. 
thai were irradiated lo reactor end-of4ifeiEOLl These 
last two elements are part of a series of five EOL 
elements whose examinations are planned. 

1474 coolant samplers operated from March 13 lo May 
28. 1974. The design of the samplers was the same as 
those described hy deNordwall ei a l . ' ' and operated in 
l°73. Cesium-134 and -137 were the major activities 
found, minor activities were *°Sr. ' ' ' I . , 3 * C s . and a 
few neutron capture product*. Results obtained from 
the l**74 samplers have been compared with those of 
1973 by Malmauskas ei a l . " We concluded that the 
' J ' I concentration in the coolant entering the steam 
generator remained about the same 10.22 pCi liierl as in 
|9?3 The steam generator .ppearcd lo continue to jet 
as a source of "organic" ' " I » found in 1973 and 
discussed previously.17 The concentrations ot' ' , 4 C s 
and ' 3 TCs in ciNilani upstream of' the steam generatm 
wire 12.3 and 7.6 pTiiiter respectively. The corre­
sponding concentrations in 1973 were 0.23 and 0.59 
pCifliier. implying that their rate of release from (he 

lb r r Dyer.H J deN-fdw^l! R f Wkhner.W ; Martin, 
jnd L L Ijirv^.iW. fosiirroJitiion Hxaminttion of Frith 
Bottom Furl Flrmrnt FM0I. ORNL TM 5iJ9 in prepurjlhin 

17 H I 4e\»rd»jll et j | . tKR Fnttrams Annu Prof Rrp 
Dr* Jl. « V in preparation 

18 A f Malmjuskjs ei JI . "fission Product Behjiviot 
Durine Oprrjiion M the Second Peach Bottom Core." IAIA 
SM-200 SO. presented jt the IAtA-OrCDrNtAilniern.ji.onjl 
Symposium on Gjs-Co»>led Re JI tors in Munn1i.CernMn> .Oci 
13 I7.I975 
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owe w m » l by a b c M «l I O I U 5 0 «•"•$ dn> 
H I I ) J n^ ^j^cunseuwjaiiun*ol * * *€* and' ' TC» 
• me cuutaM r u n * / ( M M me w a t generator I.V2 
and M pCi litei mnecnseHt 4 M M a m about "*>" «t 
boW MUttWCS was Jfpu«Mtd • ) B K « N > H ftnetalOf. 
Dwnut. ufce l a d cycle m winch the i ampler* were used. 
lauwary 4 iw May 2 * . I*»T4. the K K M operated about 
M 3 2 M . The coolantflow ratem loop I wa»m • — a l > 
5.5* x Mr* siawdard bier* per I M H . From these data we 
A o n v that ahum I I Ci u * * * H » a » i i 7 C i u r * * V s . 
deputised M the loop I steam geneuM*. 

The !uwp I P*«"wr> cwafcmr duct wasp—n-n,auurd 
on n*e occaswm* during aW We of Peach Bottom owe 
2. Two U H m l«»74. May 28 a » i October 3 1 . K K 
made. (OaK one location was measured m May l*»74.l 
The results, expressed as microewnes per siame centi­
meter, obtained at eight hxatioirs abmc the duct, wete 
dbcussed elsewhere.'* Bnrtly. it was found thai the 
leuds ot cesium decreased through |o73 and then 
wMolcaaih increased m l*»74 The m o r a * amounted 
to a factor of aboat8 for ' , 4 C s and > lor ' * 7 Cv 

A pretmunary analysis of the gamma-scM and cool-
ant-sampler data ol' 1974 unhealed thai the amounts of 
, M C * M d ' , T C » found on the duel could be closdy 
accounted fur by the amounts of these ssotopes 
measured in the coolant leavirtp ibe steam generahM. 
IF . F. Dyer) 

r i — M i t i m nf fear* • • u n a fad elements A fud 
dement examination consists of an appraisal of the 
overall condition of the dement and its components 
I documented by photographs), dimensional measure­
ments, estimation of rod mrihie (allure fraction, 
bumup and chemkxl analysts of fud. and determma-
twn of fission pcduci inventories and distributions in 
all major components of the ekvieni. Gamma-cimtting 
fission protect inventories and axial distributions are 
measured by pim>:a-ra) scanning. 

Results from 'he examination of fud dement fcOb-OI 
indicated that rather small amounts of fission products 
were released from the fud. Some IN6 Ci o f ' ' TCs was 
measured in the fud and 48 mCi. 0.02^ of ihe total, in 
the graphite components of the elements. Inventories of 
fission products cakulaled by Tobias* * were, lor most 
fission produc's. in good afreemeni with measured 
values. An estimate based on diffusion modeh indicated 
that insignificant rdease of cesium from the element 
into Ihe coolant occurred. Estimates of fud burnup. 

19 Melvm Tobuv f.Uimattt »f HwurtFhiUuct Inrmlnnn 
in VHH Kltmettt hOftlll nf Ihf Fetch Bollom Cnrr 2 Rnulfi. 
Omptntim. anJ Srmiririiv Study. ORNLTM47H5 KKiubcr 
I974» 

H M A tltutoa per miMjl heavy-meul * w l . mnc 
cummaioi li«wa nwee Miepcwdent data M W K A I I • the 
m e j i f d ccsmm m t t h ^ . l 2 i n W end-«44*V n w > 
times ol /Wvtmnwn. m a w — - and thonwm. awJt.<> the 
nmtnwao hiaury t* the donent. /MCMNWM). Mijnnna. 
and thiiiwwn were meaawred by 1 .1 nVm%. IMWC •« 
«pcctiufh»t>waeUK mrthud.-* The neaii<awc* vA.uLi 
imw> were made by GAt B W f the ctimpwhi vinkr 
GAIOE FIMA «afaes ln>ed >* the : %'i> mtenhHy 
were etnerawy jfcuwi 2t>: Iwjhei than dtae omniwied 
by GAt' The «pcctr«»hotomeiric r I M A »Jwr. were 
abo shfhih badm nun GAC' valwev Newer metb>id> 
based iw isoiope-dwMMt n u » >pe«.irtiwieiry. wmch wdi 
MNW be used to meaiwif wamnm and riNHMjm. JTC 
expected to wnpr«we the drMwunaiini tit F IMA. '" 

Cwrrcnt wndi i» devoted to the exawnnathm «•! ihe 
three dements F.II-07. F I 4 4 I I . and rO.MJI pmovt 
scans hare been c«mtp)eied • * ihe tad. and work ha> 
beam on p n m » c M W •>! the k 114»7 >lee«e »>>ul«% 
«w«amed * u s far for b 11-07 nwheate rhai peikaf* 
abimi 50 Ci o l ' ' , 7 C > was idcaMrd Inmi ihc lud Thc 
jm»cni^ ol ' * 7 f > m ihe pjphne compnneni> hjtc not 
been measured. Gamma-scan roullt lor I-I44H !ud 
sbmr that the ftssnm pr««uct> m tbb dement behaved 
about the same v> ibine m fcOb-OI. thai r>. link' lo» 
fitim the fud. Ptdnmrtaiy resuli> lor FO.MII indKati.-
thai the fission product loss trmn the lud * *« much 
rueher than t>K 1:11-07 

Because «>l ihe hidi levds •>! ' >*l\ and * , 7 « > in 
ihe e-apmie of several ot the lud dement\. n h*> 
heciune neceuary to effect ladnl scctionirifi ol paphiie 
in a hoi cdl. Radial «eciioninf is done io mchwr the 
latfcal drsliibution of ftssmn products in spme and 
sleeve pieces. A lathe has been attnnred for thi> 
purpose, and it and other necessary etnmrneni arc 
bemg installed in the cdl. IL. C. Bate. F. F. b y * ) 

nnjrnnp and fiwiwn product analjrwx wf FlmeA nwllom 
fad. Chemical anulw'-v ot tud particles from Peach 
Bottom fuel dements include the deierminai>o.i of if. 
V. and Th for burnup calculaiMn and the measi.Kmem 
M the elemental fission products Te. Ba. at. the 
ivMopes ' 2 * l . ""Sr. ' H . and , 4 C 

ZirciHiium. uranium and thorium have been ,:r*er 
mined by the GAC method lot burnupanaiy 4%. ; : the 
diMolulion step of the method has been nmdifieU 'o 
eliminaie the hifh zirconium blank associated with rfte 

2li I). A dntjit/n ri j | . . "tnetfy tntfttm* (ij«4"imfc4 
Htwtw fttifum*" Antl Chrm Dir. Amrn. P»m. Krp Srpt 
JO. 1974. OHSL-50O* pp }$ 3* 

21 I I Dyer. H J deNordw^l. R t »Khofr. * J MJIIHI. 
JIM1 L L. Kjir.hiW. hnlintJmlkm KjtMmmukm of frtch 
Bottom hurl Hlrmrnt KOnOI. O H M TM-5M9. in pttputjlhit 
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•.. .••.; jr;>i cj:-.-.•;::?;•* •: •*<.- P J : ' K ^ :r. per.?-.;••: 
j . : i •:-.:. j.-J UMIHC J ti>cli-p*r>«urc riirfi-:ei:'.pi:j-
" «•; lv-:'-i. !:T.„-J v-pfiTjincr Ihi-> „><Rtaiae' i- deigned 
•.. -*;:•,.-jiij iVi-N'.av up ?•• 5<*«» P-* and Tenipe.'jT'.;rc> 
. ; : • : • • - * " « 

h:'4.' *» ••^••jtej pa:?i»ie> »e?e anaiv/ed :•< 'II. 
'"V jt: j ' 4 t Ir.e :'j::\!t> »e'e ..\:dj/od a' •*•'** » :r. 
j <l:ej:n .»T nn>I ••wort: t<T * h' I lie "II »a-> .••iU-.!-.-<i 
:ii J Jrv !,i- a.c?<«U: -.oid Trap Ihl» «.»Ui tup »J* 
:•>!)• mcu ''"• ?»•= ^r'lWv: i»«cf% .tOfjimr.t fc\a:nir.-..-
!:\0:<>\:«k !«• letam the ' *( Alter .ornpiete .•\iUj:i..r. 
• •! the parTiciê  Tie -CMJIII- rematnin* :ri The piaTinarri 
Kui »a-» rented mith ^••TKent:jteJ MM), j ' 'e;]:;\ 
Tempvtjftire* it- d i w h e the '"Si «hwh »j> 'hen 
determined h\ ^ipnii •!!•« hetj ..muitine. 

Na:n,">U-» have jl».» Srcn drvwUed m the Tetlim-lined 
iteet v'titjinet jntl the resulting solution* anaiwed h> 
iM>t.»fK-dilution vpjfk-MHif«.ir mjss •>pe«.tintnrtf\ "or Ba 
and Ti-

An jffempr !•. also being mjde !<• de"""r.ir;e the " "I 
voRtcntrjii-iftt :n these tuei-eieinent sampses Attempts 
r.. remove , J * I I-.nn ^sandaid samples r>v p\r.«h\-
droiw* resulted in «>ni» about .'5 .ewteit A ~<Jmi:i 
. jrhofute !a>ii>n technique '•> ..omen the parities !•• J 
MiJtiNe form without loss ot the '"'I î  being -.-vjii;-
jted (J L Bom W F Roger** 

GAMMA STECTROSCOrV DEVELOPMENTS 
FOR HTGR HUMECTS 

The jutiHtutk. •ample Jiangei. Jessiibed previ-
• >u>l\'' is now undeigoing tinal ..heckotii The change; 
i* interfaced ti> i Nuvlejr Datj model 441U s-ompuier-
based pulse heigh l anaiwer Sottware to operate the 
changer was recently Iin.-shed Saii.ples jre counted 4t 
i>ne <•! tinir stations located between 5 and I. ;0 cm 
from J <niLil detector The <»pvrji««i >pvkil»e» the 
nutnhei <»t vjmplcN »n the chuncet. the time J\jibbie !»r 
'he tun. the cnete> >>t * ^ttniiM tj> ni primjix intetc%t. 
the tnj\tmum counting NUIIMK^I er'm a>«vuied with 
.MM!VM% oi thai punma tn'\ pht>iopciK. jnd j deMted 
cimni ute ivf the entite >peciu(m. 

The vtimputet mo th» inl»rnu(H>n to <>pii:nj||> 
ciNini each vimplc jnd to ttbuin nwnimutn ciHinting 
•HJIMICJI err«>r> in the tot^l time Jotted tin the 
mejsurement Becju>e «>l the hijth vet>jiiln> »l the 
«>stent. *ei% •»!' *jmple% I'O >n le»>> whtise member* 

hj-.c »:d-' jnir.-- ••" J^':".:-. \-\c- .a- S .•*^;./.-j ;• 
••;«. -i.<>t'\r-' ?"•:•»..• :-!-.• ( f.i.-.k».- •: -r.c -•--•.•: . 
e \pe.vJ T.. K" »>itnr!ete«! •••<-». 

I he 1ence>*«»;- ir ;<i*«i •̂«!ir>J*e- r>j~*.-j :•..-. 
l.ciffi? jf.ju\fc: -\>?c?:: pre"-!>Hi«;'. jcv:TN.«i** ' x -•:•. 
a-«.-j c\'cn-:\c*\ !•>: tin.m.i -r-ê T •̂ •»r". ••: HH.K 
riutcTij!> Jii:;ns ra--»" ••" *hc w :̂:er.* '-tif S.: ..• '• . 
%v->tm: »j^ re<.e:̂ eJ. ^itr.li.-az:' j-Ju:::-*- ••: '.fw*---
jnd *i>!!»jr-.- '.j.'.-; 'vefc rruje Hj:d».-ri- :*t-rr.' .r..: .J-.- -
m!»i"!r?e\e: '•• rvm:: -tTT:;i.'jr.c--.- ^..-.IM::- r . t .:• 
:•> Three- i a a »r<-'-j jn^ j «-M "Ikj'^^j...-• " 
niacneTu-tj?e ur:! Ihe l>jtjpjee-r ;-H.-> r"t..>:>r. rru; 
netî TaTA- »j:::rdeo jr.d »:!! :e*<-?>i ar.d Tcrr:e\e --cr-. 
Urec jmnun?- «•! iLi'.a J: %peed» .nn»idetjk:> Ksthe-

:hjn itKr̂ t <>theT V.I.IPJIJWV ruced ra»^r.c:u'jre 
^^!<in< Ihc purp« «.- ••: thi> tjpe unit ;» :>> rvrmi- *he 
w?»at.i!i«*» ••! wtitiir-uTer p:.ijrJiii>. jumrtu >rvwtrj j r j 
re-»u':-> denied tf.^is ^5.irtij-»pvv!rJ pt-i.-.-»<;ne ->f 
diltctent mjcneTK t.»r>i-- t ••nvr-rjentiv Nrved J* »: 
:eiubtl:t\ •>'. "i'.e »itnputer a:e in»:ejwd 

Be..iuv. the -i!!»are supplied *i»h The TPC'»«' 
ijeked -^ne;j! deMtabie tejlurev »e hj^c »r;ver 
»>;t»4te :<• meet «*uf i>ee«i* The pfujtrjni- :R.'!'.i«le 
ANOH. ISOIII ttMT. and IDITUATA ANOIL 
jv.;ui:i^ and prive»M:> tiitirrij »pe»Trj jnd *er.erjT.-» 
I'.Ur* eimijinint »«.h dj-j J» ejnunj i-r.e:oc> :'?•>•:. pejk 

îtum ij'.c- >j::ipie rin-i'T. t-!ni»»i«vn :jtc>. jnd »Pc.•!;» 
jvTintiex t:nkiivu:ic> per uni: »e;>rf;T» ;••• 'Jer.Tiried 
:jdi->riKliJe» !•• je ĵuire jrd rr«ve»» J Cjm:TU ^rv.• 
irum. A\GI L tcuui;-.* ;r.pu: '„>• jil •^'••kkeepsne 
int.xmj'iiTi (vttment t.> she ..••ndiu.in* «>i The jnji»»:». 
lot eximpie »jmpie Jwnptixn. reference lime jnd 
date, de'eci.'i idenciujium o'un'int jte.fT.e!t\ etv 
The retulttnc tile c«mtjinine the N->>kkcVpin£ mlormj-
turn. i.pe«.ttum. jnd dewed te«ull» jte recorded ••r. 
mjcnetic tjpe An> deMuMc part ••! :he life >JI' K-
!i»ted «n the Teietvpe 

The pt,>pjm-> ISOHT. tDIT. jnd LDITD\IA jtf 
uwd J> suppoit projt;jiT!'> s'or ANGIL. tv> prepare file* 
ol counting etlieieiw'ie* and i idumujide cU\.-\ data 
and ti> tjbulate the anai\iicjl re^ultt generatei b> 
ANGtL «F f Ovtr» 

H<-j,fi»t fr.>«um*." 4ml Chen Pn l»»in t'<n K<f S*r! 
..•)» y'vV.OHM 5iH* p f ."«» M> 
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5. Mass and Emission Spectrometry 
I % l\»»lei I leal 

R I tjUurf %M«fjlll 

i n r S{,*» jRii rnmifi<fi Hpcvtr<4nctr\ Cr«wp. hjturc »ir»cf«^*rJ j b«h decree .»f 
c\pc«tr«c in n v o o k i%>*«n«fc. JKJKOV turn f m b i»*cii nivicatM^h imt**eJ tn pr«p4tn-i 
•here \ct\ ictitttite. iciuMc j n j h t k j i mcxu«fcnKt«» jfe required Tht\ expertise. 
o^ipieJ »;ih j £i<4ktnjc j»4»cne» j n > « ; ame%it£it<>f> ifcj' m m \ jn j i \ ik . j l pruMeim <.jn 
*kM he u4\oi H\ nuw %;Vvtr<*neirk Uvhokpcev hj> (CMiUoxl m pt»$f j m expjRMun 4Ptf 
js.v)uiMii'4i .>r new equipment I ho »4t icki i f fuki ' !nn> jnjfw.-i i lMMAl . !•* cv*mpU\ 
nuko pirt««Mv' unique t-kiiH-ni.il Jrpth pt'>nim>: jnJ »u»i4»e Mudtrt prwxipjlh i.w 
fv-wjivhcix in the TrVrm.'nik.lej/ jotl MetjN jnd < Vfjnw«.\ l)i»iM>m% !•» keeppjvc »i lh 
the I jtfctfjtorv \ inK'te^t in i«ejnk >tmik% -tuh *\ >h<>H- ••' the <>ul le»hn>+i<\ 
ft«Htfjm. 4 tush-iew>luii>«i hid) MTOMIIYIU MS-*** ••icwiu mn< ipvc trimeter fcj» heen 
J»MCJ fhc W><» »tll he • *»-.- •*• i h w rn.ru »pe..ir-ii«eter» mMlx i - i l with 4 U&-5<itLii.t 
pf s.cvwnj %\»tvm jfui with 4 .|U4f:tit4tiv*- g4v inlet »»»letn |he R U M ifk-vlrmnele' and 
Jjt,- «\«K-m i\ C4pjhle •>! r-rjl-iimr prucevung. -it fciffi-reuituii.r.. l<>»-rru>fuli-ifl JJM! 
U MS Jj t j 

fhc t'AiMUse. i" in -f4\Iiw» virifi rn\tmmcnt equipped with pahe owniMjE l"t »»n 
i k t c l n i hjt ini'K-4<ed the vjpjhiitt\ t.« irf'Kjnk ivtupk jruhtt* The mpr»%ed 
<*rr\M(iMfv titc njn-<r4it>«/i- offtplrt jml hi<h-jhtin«lj!KV WHMIIVHX jiee-vpriulK uv. :' 
in jvtmiiic jn j iwM l->i hu:nup rcavl-if luei. jnd vitejpwrd'i jppiK4l i i ** Spjfk-w«iiv"e 
m*»» .pc^tifmcm ISSMSl <>>upted » i lh %ijWe-i*<»l'f»c drfuiiiffl (ethmque* p»-mje> 
h*M\ xtUfji.* vn-rnrntjl Je;ern»mjti.>o. Thii melhinl h j * been jpptied l«> MweMt^jJ:-.*!* 
• it MUJ> dnretw rrutciul. 4* &*viime. --•<»ent» V-M* 4IHJ •.••J ptnduit% fuel ndv <jv4ine 
j n j Suei ••«( jdOitiVv-t JOJ \e9rTjtK0 simple* R c o K h 1. unjer %M U> itKirjM- the 
repr-niiKihilitv *"»U rrlulttiiiv >4 VSMS Kv u>ine * winiilljl<>f»ijk.*i ikte-.li.r wifcin f<>r 
nm <leiecti>>n B\ repljxine the ph<>«.p|j»<- tvtlrm n>m m uw « r ^h>mkl be jjhfr i>> 
••hljin nr j j time leutll* 3% «eii »% li.Hjhk- * • - • ! JJMI tune 'he equipment n»fc CJMIV 

(Airiftf the f<«tl *ej.* wnctjl ivl.ipe JriulMm pt.*.eduie% »ere Je»e|.ipe«J fur 'be 
Ineinut cmrv\t>4t jn<l %pitk«mKe irnfrument* i<> pii>v;A- in*xe tcfubk jml elfKient 
• •peijt|tm% iVv^Ii.pmeni »«*k .•miimio umjei h>>ih the VSf | R A > N | f ti4tv> JIHI 
Anjv a» »t I r jvcf >>nljmmjnt« jnU the I P . \ *-»rk ;•>• (Mhcr> pf<^rjm\ 

App)k4l»<n< i" i«'t-<pH jruivwt <>t nk<l»nwni jml ufjfiwm hj»e cufiiNMcil *)•«•$ 
ievei^l lines The i.-Mn hc«<l icchnkfie fof «iinultjne'Mii tletermui4r»m •>! ihew !»•» 
c)eir.ent« «un 4ppiie<i to hii4"fiv4i 4nd cnvjf>ftnwni4l smtpfrv the mrthtnl r» heinit 
extended !•• the deicfmmjii>«i <>l sitc-mium I IM huinup The InicrnaiHinji Al<*nR 
I ne»f\ Aiten^v ĥ » ir^heil 40 j^feement with O R M »herefn we will mpplt them wilh 
4 (»"\»4|te iPtifument !•>« MI IKU lv•l••pr^ Sjfejtujfils TeJinit|wct j n j h t r * The nw« 
%pc«.t*<><n?!-*r will hr inujileil in the f.\l A .VifrfUjfiK I jh<>i4l"r\ H I Setheiul"ff A iMiM 

Orejnu m4*% »pe< immeii\ «upp»it H I . rvcr. (<i "•vr<'Hca(<*t HI the V K 4 « V > . 
< hemkjl U\hn<4'f\ 4ml Mei4l* 4wi ( eumk> Drvrwifit Av^tjnve >:>4ilinim <n nr<"»f 
• •l o'fiMtue •>• wnthetk nitrinjntini-s 4fkl Jeuvjiivrs ni njtwtaJK <».iumnj arnmrv 

4> 

http://t-kiiH-ni.il
http://rn.ru
file:///e9rTjtK0


4 1 

I n ^ A j * in ••«? w . * i t t f rbc H»rmv.al I<vhn<4*rri UKtx*m ha> Ji i f led vonrwha i from 
•he B>*ih I taeils Anahxit Pi.<iair: !•• the I - M - lecttnofciijes ft«»!:r;i«i. tcvimitfiics for both 
. j m b U l i t e and . |u jBr i i j i icr joahxix ••! n v d c s . ^ ' t k * mtxlurex were drreb^ied Assistance 
al-»> , x a i m a o »• InJu.truJ I h a c n c prfv^mei at dl plant areas m rtVir xlitdie* ••{ puferMe 
an p>4iuti.T. j i t i l o\p.«x«ire ••! w.*kors ;•• hasanfcxjs vhtmK.il'> li»-rtantc nu>> 
>pr,.ii"cnvi:\ »-i\h.>- jnJi-^-v were prrtocmcd !••» I** < J R M dmx*Mi \ and ptofrctx- • * e r 
-ai.<M> anai\fh.ai result* m.-ic repotted durme rhr» prr imi Mar>r user> art- lite C h e n * . * ! 
I-.vhn<4.>«\ j a J Melaix and I efaimcs l)ms«i«is 

MASS srtrntoMETKY KVELOTMCVT 

turn micifn/be • » » a m K r c r fhe >>m mict<«p«.a>e 
rtu>- j r u K / e r l , j - vnnpk-tcJ its first scar ••? ••peralhin 
Ifufm-.' ihi> prn*«i . >..>«»iderahk.- experience has been 
.Mine! m the HM.- <>t tin* n c . jnakt ica i tecbnu|uc 
r>-*ten:x h j \ . - K v n imesiisalcd milh the I M M A . j m l 
r H»di!i. j t i f«is h j i e been n u d - !•• improve the tlexihilitx 
• •! the -.v xtor.i 

I ho I M M * . inv«4\»-v j Mi i t j^r fechnkjue J I H I IS 
ihon-|ot> >mMii \c !•» adsorbed :mpuntiex «m ihc sitrtace 
•vine j n j i \ / c i t ! • • fvdttvo «K . upturn .»! jmhicni 
species in the instrument we have jdJed jr. HiMiter so» 
m pump t<> Uelp tetYH*.- •"•-ulral beans ca\ before H 
ioj.hr-. » 'K xjmplo chamber pressure in the samplc 
chamber IN now j t j v i . * ••! J ii» 4 l.n»ot Junne .-n 
j f u h M t i h j n pt«-v"mr>J\ ihi - has resulted in some 
impiovrroont it> max-, re^olim >n To facilitate r jpnl 
ni4\N v. jnntne when small paficlex, arc hoinc J I U I X / o i l . 4 
n»i:Iiiplioi Hvordmi: <ncil!<vrjph \ » » j j d o d . The 2 - k H / 
to%pmivc lime " I Ihix fcvo'tlri l̂l>»»% r jp iJ quolilai.vc 
ni*»N J J I J r-> ho i ivuri l rd fho lT* \ ih i l i ! \ " I ihr X - \ 
r o v i j i - r wj> ! m p i " \ i i l h\ jddm«; J l>vjn:hniit. jnipl i-
! k t i h j t Ji«»«v M1314K. vjrvini: >AOT li>uf twdoi\ <>| 
fiueniiittlo »•» K- rtv<>r<k*>l <•« livo-vAiio ! •« p a p " 
•*i(h-nil m j fu i j l rjn«o iok-vli«>n 

\ l o l c i \ p o puntoi papf i punch »*> jdtlod !•> ju i» -
tiiJlujJIv r o j j i l j i j »ri»m iho throo inxir imirm v j l r r x 
whon . | iunt i t j i i>o d j l j j io hoinr I jkon Tho J J ! J jro 
n p o J .xn ami i i m u l u n v n i v h ptinchod • H I I K p^px'r ijpc 
«4 ikh <••»" 'hon ho u v d 4^ inpiii ?•> oiir c<inpiMof (>>f 
i| iunii(3iivo cjlviiLitiont Wo hjvc jddod a vnrwint: port 
••> the t imet end t>l ihc stmpk" chamber W h r n lhin 
i r jn ip j ion i «w i r jndiKcni ^prcimcm Me hoinc JOJ-
K / r d . i h o u n now hr v t rnvd in I u n i m i i l r d » wri l n 
ic(Wt«cd hfht TtanMniticd hyftii make* virwutft >»1 
r^*!v.tdcd itiKt'nc«ipK p j i i K ' l n p»x%iWc Provnmtly 
ihoto p»r ik lc \ were invmMr i>r oxlromcK di f fKul l f » 
\ec wi th I'.rtcvloil h f h l 

* > have «.<»mp!ricd ihr i n v n i i p l i i m id' ihc *ilK<>n-
roljiod cm^fi i i l rmenf "t m W1-P1W Mm ' Thr »«*» 
Pii<hi- wa> u v d 10 «h«vw c«n«.lu»rvrlv lhal external 
impiifilx t i lh im had d i f f u v d inht the idliw alone ^r»n 

K m n d j r i o Ihr - h i j i v>-n..cntf.iiii«i <>t >di.<m •>» lh-r 
S M M * h>unuJ'h.N ro-vtillod m the !jiluro ••! the jU->> \ 
mjiui'H.irpi tk"s.nhm£ ihi> xtiuh ttt> hcen * .vepled I T 
puhtivat-i*! " 

Snui l >ovii-4i> '>t tho fir>i » d l trom tho Prmce'im 
l o k a n u k 1*010 u i v o i r u i o d to **vvr i j in where the 
nij>m.« ho jm Imulcrs were hoins sputtered. The I M M A 
\tiidieN inJit-jto Trui (he iunilor> ImaJc '>! tunp ten <»r 
mnivrtJcntn::! woro heme >putrered I H I I D the tlr>t wj i t 
• A the i c * , ! « : LK-pth pi<«tilinic indivated jjternate !a\e(> 
-<: iiiniiilon J I . - I moivhdenum. pr<4>j(ti> indicative •>! 
rhc vhi<«<'i-<\ • • w h k h t \po fit' iimitcr wax u*-'d. \ f > 
brce paitulex t l tt< Hi ^ m i '>: oithei tuncsicn «>t 
mtil'.bflonufr. wore "h>er*ed "n the ?ir>t » j l l . the 
re i r * . ! " ! * ruturo • th.-\<.- iaitorul> p:. .hjbi \ accounts 
!.>t thiv I j tar tup •• KW timi unexpected parltcie* >»t 
%ljink->N >icoi wetc - l>M.-T\eJ lf» he >putteted !« ' • • the 
Uvcr> ••< r»;;ijMon jmu n<K>riJonum Tht> isheiieved to 
h*se j n < n ttotn j n jcctdcnt wheieb> a measunne 
pi.>:K- . i *rd in ilic l < ^ 4 i . t A »a> inserted into the 
pb-JTu j n d tl iercK >puitored "nl«> the tir>t wall. 

A c«>niMiume j t o j " i intercut ha> hcen the »tudy <>t 
r4ijifihalti\ in j %jnvi> <-t mincraiv These are mKron-
>i/'- inclusions .ft radituctrve material embedded in a 
hfi'-t mmeial . These hjUi» a»e «l" eeolofnc and nucleat 
inif-rest hecauv ;he> pve v imc cf-Hitlictins informjt ion 
.ihf-ut LV.>l.>i£kji time teaks and. in tome instances. 
xutEKrs! <he ptesertvO at one time o f hitherto unknown 
radionuclide* The n»n imazine capability of' the I M M A 
hjs h.vn used 10 study the distribution of" various 
elent-nts in j n d jdtaccnt to these '..alos As a rule, 
r lemvni* til the l i r . t gcroup of' the periodic clwrt l e g . 
K. Kb . C s l are depleted in haios of all sizes and 
elements of the sectmd group I My. Cat are enriched, as 
are some ihird-tzroiip elements Isuch as yttrium> Cento 
and yt t r ium rare earths as well as lead and uranium are 

1 I \ t j r i f i »•! j | . "MJ»-> Spe.lrnmrm Drvel»pneni." 
l»4l Ch,.n. hn \nmi *<« K<r &rr <". I" V O R M • 

SfMffi p 4_» 

: » H l"h-.i«tie. IJ..*»I H Smith. 40J H In-mo. "An | . n 
Mht..pr.*,- Souls -t X\K Ten<U" *• allure «•! J Pt-Rh-W Xlbn." 
JtHimj! ,t! KinJi'11'ijh ri< il I'hi»m r\ »: p'i-»* 
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j b » round m the central inclusion. Uiannmvlead ratios 
have tarn quaniita'tveiy estimated t«w the central 
inclusion In sortv case*, isotonic measurements were 
made «>n these two dements. The extensive results of 
our invest igaiions «> rautohalt» in cualitied wood are 
repotted m two pubbcations.' •* 

The ••« imcroprobe is j powerful tool for metal-
iureical studies We have looked at a variety «>l maieriab 
!>•( (he Metal* and Ceramic Division. In >me set of 
vwiplev. the question was whether boron had diffused 
into the bulk of a Cr-Fe-Ni aJhn from the airroundrng 
ViBF * sttett Investigation of revtanpilar reruns in a 
raster mode showed n«» cracks or grain boundaries along 
whrh preferential Jilfusv arould be expected- Con­
centration profiles taken across 'he awn surface re­
vealed m> discernible interstitial penetration ot boron 
into the alhn matrix, although a considerable concen­
tration was found on the surface. 

In a secimd set of two samples, surface distribution ot 
boron, parlicubrlv the presence ot absence of localized 
K>ion concentrations, was of interest. In each case, 
substantial horttn was found to be distributed evenly 
ovei a rectangular irea ''00 X 1X0 um. M>st of this 
rapidly sputtered away - In one casellnconel f»00>. smaU 
panicles iJ - 20 ami rich we boron persisted through-
•Htt the Juration of the analyst* ( - 1 hr|. indicating 
significant norm lotali/aiion In the other dhn 
tlbstelloy Ni. no localisation was ••bserved greater than 
the resoluiion of the IMMA . - 4 urnl-

We have looked at some depth profiles of hydrogen in 
stainless steel samples. Hydrogen was cathodically 
deposited in the samples lor varying per kids of lime. 
The samples were then cleaned and immediately sliced 
in liquid nitrogen to immnbrli/e the hydrogen, which 
tends to diffuse out of the samples with time. After 
tiansporiing samples i<> the IMMA site, they were 
immediately lojdrd into the instrument. Preliminary 
studies were made rr> point mode to ascertain if IMMA 
technique* would have suitable hydrogen sensitivity 
ttydiogcn was indeed observed, and a maximum in the 
profile was observed at approximately I um in depth. A 
c<miroi sample exhibited no maximum, hut gave an 
.ipproxinuicK ex|MifKniial decrease in hydiogen signal 
as J function or depth ReexamrnatKin of ihese samples 

• K V i« '»m « M ( h.KtK I) I I Smith. R I Wjlkor. 
»nJ S > * n»fi. R jd l"hj l '" in < lUtitR-d W H K I V - » f i fw 
I |IPI!% lm|»'« -J -HI ('...ililkalh':! lime jnJ ( i t . + t i , j | \ee." £"i 
. « * . 4 * J | "l'»*<» 

4 K V (n-nrrv.M I I Smi'h ft I I ( hriMK jml S S ( n o t 
' K J I I M U I " * m ('••jtifkii » • iil \i-» l>jfj ••n I Orv-qmlih 

fium. ' Mibimnoil Tti.Vi-' -HI. 

24 hi later HMUcated that die hydrogen had diffused out 
of the implanted sample, which now exhibited a depth 
profile similar to that of the -ontnil. More experiments 
•rrotvmg deuterium implantation are planned to eval­
uate the sensitivity of the technique for hydrogen in 
metals 

The IMMA does have its brmiaiions. We were asked to 
mvestigaie the distribution of lellurium » HasteUoy N. 
a problem of serious etneem in the Molien-Sall Reactor 
Program. Tentorium rs difficult to toni/e using the 
conventional IMMA techniques and consequently has a 
relatively low senstiviiy by this met>- <d. We were 
unable to help with the Hasiettoy N tellurium embniik-
ment problem. Some literature w>-rk indicates that the 
sensitivity »(the D M A for leuurtmn can be enhanced 
significantly by doing the primary bombardment with 
I s * ions: this will lower the work function of the 
surface being bmrbarded. Thus it should be possible to 
take advantage of the relatively large electron affinity 
of telunum and produce better yields of negative ions 
We plan to bund a cesium source for the IMMA to 
verify these results. It this approach works, it should 
significantly improve our sensiirvuy f«-r dements with 
high ..^clron affinities |W. H. Christie, 0 . H. Smnt>, 
H. S. McKownl 

l l i | h i i i i l i h ' i n MS-M nfwjnknnwspcetRMnrler. An 
Associated Kkvtrical Industries MS-50 htgh-resoiuipm 
and high-sensitivity mass spectrometer was nslalled and 
its performance evaluated. The instrument is located m 
Bunding V735. This mass spectrometer b commitied 
part time to a special research and development testing 
pr;igram for the V-12 Plant, and for the remainrnc lime 
the capabilities of thts unique instrument win be used 
to study organic-related problems within the Nuclear 
Division. Studies associated with coal conversMm lech-
rn4ogiev plant producihm processes, and air quality are 
prime candidates for research with the MS-50. 

The instrument, equipped with a solids probe, a 
liquids probe, a fas chromalograph separator interface, 
and reference compound inlet, has met or exceeded the 
basic performance specifications. The basic perform­
ance tests for the MS-50 at.- surrrmari/ed in Table 5 1 -
The mass measuring accuracy was exceeded by an order 
of magnitude, and the sensitivity test for a fixed gas and 
lor cholesterol was exceeded by 307. 

The measurement of accurate masses was done on a 
sample of hexachlorohufailiene. using heplacosafluoriv 
iribuly lamine as a reference compound. The accuracy 
of mass measurement is in the range of 0.1 mMHmass 
unit, M I that an unequivocal determrnalinn nf the 
empirical form'ila of a compnund is feasible. The 
measurement of exact masses in Table 5.2 is repre-
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Tatar SJ. MS-M 

Te* Spnrifkaaua Oniiwwu* 

Slate rt*iNuu» ISAJOOB ItSjOM 
tlWtvaBryi 

Tmnii. , niiliiiim 10.010 43400 
I IO?«*c*» 

( I M M m l M M r 3 > 10 ' * C/e 4 J x I 0 " ' * C/g 
N«niecn**wiml)r I x I I ' 1 JVftwr 1.3 x I0~' A/lnn 

xvaa.7 

TaUrS-2. A u i i i l i — • -

M l MCMN^MBB AcnnlMBa •»•«•• 

c , " n , 222.S442B4 222.0442*3 0.02 
c 4

M <V*c i 224MI33> 224.04131* 0.013 
cV*«V 7cii 22*JI3ft4lt 22*0303** 0.0S 
r 4

, s a i , , o , 22O.035334 220.03541* 0.0% 
C J 5 C I , , 7 C I 2$9.SIOS49 2590101*9 n.n 
C 4

3 * C 1 4

, T C I 2 261.007474 2*1.007219 0.25 

senfativc of the type of mass identification possible 
from (he MS-SO. 

Additionally, die MS-S0 wiH br uaenf three mass 
spectrometers interfaced with a DS-50 data sysfent and 
with a quantitative gas nwct system. The DS-50 data 
system is being factory tested and is scheduled for 
delivery this year. The data system win acquire, process. 
and output mass spectra. It is also capable of real-time 
processing of Mgh-iesoliition. low-tesolutioti. and 
GCMSdata. 

The mass spectrometer and associated data system 
provides a unique capabmty for high-resolulion GCMS 
studies. The aMity to cotleci CCMS data at a rewtvmg 
power greater than 10.000 b a significant addition to 
our organic mass spectrometry capabilities. (J- C 
Franklin. W. T. fUmey, D. C Canada, J. ft. Walton) 

activities. Members of the Croup have participated in 
the early planning and development program for the 
selection of the analytical methodology to be used in 
the National Uranium Resources Evaluation Program. 
This hydrogeochemka) survey requires analytical 
methods tar uraoum and trace elements at the low to 
sub-ppm level. 

Methods have been established for uranium by 
thermal emission mass spectrometry, using isotope 
dilution, and for trace elements by spark-source mass 
spectrometry. The development work for spark-source 

mass spectrometry was done in cooperation with the 
special samples mass spectrometry laboratory in the 
Y-12 Product Certification D r a w n . The ORNL 
thermal emission method using two-stage. l2-m.-radms 
instruments equipped with pulse counting for ion 
detection has provided sensitivity for uranium in use 
IO ' ' * -e /m! level without precouceniraiion ami valuable 
isotope data for assessment of possible cuniaminaiion 
from laboratory air and sample preparation. Spark-
source mass spectrometry has been used for survey of 
die trace elements m water at the 10 " ' • - t o 10'"- f t 'ml 
level. 

One of the first exploratory experiments for the 
program mmtved the analysis of some Clinch River 
water samples by different laboratories. These samples 
were analyzed in this laboratory for uranium and trace 
dements for evaluation and compariton with inner 
methods. Ah». some water samples from New Mexico 
were analyzed for uranium and thorium by die thermal 
emission method, using spikes of X"V and " * T h . 

Recently, synthetic water samples I four controls with 
live repbeates each) spiked with known amounts of 
uranium and trace or pathfinder elements were pre­
pared in our clean laboratory, using stringent precau­
tions lo exduJe laboratory contamination. These were 
distributed to several UCND laboratories to evaluate 
and compare the accuracy and precision of uranium 
analysis by fluorescence, thermal emission mass spec­
trometry, delayed neutron counting, and spark-source 
mass spectrometry. Trace-element analyses were to be 
dune on these controls in the laboratories having 
multielement capability. Results obtained for uranium 
in our laboratory, using die short chemical preparation 
method and thermal emission mass spectrometry, 
checked within I to ?Z of the theoretical amounts. 

Additionally, we hav> provided analytical assistance 
lo the program in the area of possible laboratory site 
selection. In this effort we analyzed air and smear 
sanvles fawn several laboratories for background 
uranium levels by dwrmal emission mass spectrometry 
and fission track counting, using the Lexan method, 
(ft. L. Walker. H. C Smith, E. G- Miner) 

A novel ion detection system far S M S . Other 
workers' have described ion detection systems involv­
ing the use <>f scintillators to convert the energy of 
mass'analy/eG ions into light which is delected by a 
vidicon tube camera. Th*se ion systems have been 
adapted lo Malfauch-Herzog geometry focal-plane ma\s 

5. J. H IWycun. D. O Jimrv and K G Giokv "Inutinr 
Dtteth-t fur M.»« Sprrtrnmriry." Anal Chrm 47. 17.14 
||975» 
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spectrometers smut** to the A H MS-7 type spark-
source mass specirometm used in our laboratory 

We are testing a scinidlaior-vtdicon detector of 
ample i and k » expensive design which. bupefuNy. wul 
have great application M our work with botoptc 
anatysrs anil isotope ddn:«m methods. The basic con-
SMfcrntinns in this deign are thai it retpure no elaborate 
and costly modifications lo the Atil instrument, that it 
not interfere with the more commonly used photoplate 
detection method, and thai it be anaiyticany useful m 
terms of sensitivity, precision. resiihNiiin. and acenracy. 
The potential advantage* ol" such a system are an 
increased reproducibility and rcliabutly over the photo-
pbie at a lower cost in the long run. It would also 
provide real-time results and laemtate inslrumenial 
iriiuMeshootinj: and tuning procedures. 

Preliminary work has shown that for ions impinging 
on a ZnS phosphor, there exists a dramatic mass 
discrimnuiion against ions above m-c 3 20 and a 
threshold m sensitivity which prevents defectum of 
species lower than a lew percent in concentration. A 
system which avoids such mass uiscnmmaiion involves 
impinging the ions on an aluminum plate, producing 
secondary electrons accelerated by a (ugh voltage or»io a 
phosphiH plate. The mass spectral resolution of such a 
system has been measured at 500 (compared with the 
basic residuiinr of the instrument of 1500). The 
stnsiiiviiy <»f the secondary electron system is a factor 
i>f 10 greater than for direct *m-pbt>sphor iMmbard-
mtnt. 

Future work will involve the procurement and testing 
of a vidicim TV camera system and daiaodkcinm 
msirumenialion. Abo of interest will he the testing of 
varmus phosphors with a wide range of persistence. 
ID. L. Donohue, J. A. Carter) 

ActinaJrs ami ftninn bnmna iwnwui _q lhn i r t ig j . 
Work conimues on the development of the simplified 
method* for smtullaneinisly assaying plulimnim and 
uranium in spent reach* fuels. Important applications 
are in safeguards analyses and hurnup studies. The 
sensitivity and accuracy of isotope dilution make W 
possible to ship small samples without heavy shielding 
lo parricipaling safeguards lahonfories: this reduces 
radiation hasard* and high shipping costs. Durmg the 
past year, we have used the method on round-robin 
samp'es from lAhA. and also determined lhal loaded 
heads wiil run and give reliable results over a span of at 

*. R I »JH«.T . R I I h y . l A f rm hjr.l .iml J A < j f t i i . 
"Simulljiiemrt rtuionium jnd l . jnium l«-l.>pi> 4nji>H« fr.«n 
j Smfto Rewi fc\»d A Niiripnthil Chi-mu.il Tfinniqwr f.»r 
Vvmr..- Spcnf Rfjt (<>r I w l v " Antl I,n 7. 5 M < IV74» 

kasi su months. Valency adnjsimcM of pmtonmm r. 
not necessary in fuels, since they are dissolved and 
diluted in an oxidizing coudiliuu-

Applications of the meir-od to environmental and 
biulogical research have been investigated. A cumpart-
sun of isotope duutioa mass spectrometry, using ! 4 ! P t t 
as tracer, and alpha spectrometry fTable 5.31 mdicates 
that mas spectrometry b probably 100 limes more 
sensitive for J , ' P u -

We estimate mat the sensilnrHv of the method is 
10"' * g of ! J * P » - A disadvantage of mass speclro-
metric analysts of low-level plutoMum samples b dial 
" " P u sensimnty b impaired because of interference 
from : , " U m the sample and filament. 

Anion and other resin bead systems are bring studied 
as a means of enhancing lue ijgualj from /nconmm. one 
of the elements which may be used to monitor burnup 
in gawouled reactors. Ptomiinw. results were obtained 
using nWnoyltnfhjoioaceione particles prepared by 
dropping melted TTA in water and contactmg them 
with a f» J# HNO.I solution conlammg I.«W fig of 
normal /i.-conmm plus 0 53 fig ol "*/i- Reasonable 
signals were still untamed when the zirconium was 
reduced to 0.2 fig. Work conimues on ihb protect 
IR. L. Walker, E. G- Mnhw. H. C Sn*h> 

Uranhnn • vegrtatmn near InaWnm; J M 9 . We have 
been monitoring the liHal urawMM and the amount of 
: i , V in vegetation near the 30l*» process building at 
0 R N I since l u 7 2 . Large armwils of I M U are proc­
essed in this butkhng. and because ORNL rs the 
designated t R I M repository for 2 , , l l . ii was fell lhal 
possible enviriwrnenlal contamination should be 
assessed. Three points in different directnms around the 
budding arc sampled every three month* The uranium 
b separated and rMMopically analyzed after drying and 
adimg the samples. A spike ol' 2 " U is added C" one 
Iractnm lor wMope dnutNin measurement of the total 
uranium, and a second fraction rs analy/ed for boiopic 
dblrmulHm of 233. 234 235. 2.V.. and 2.1*. Result* 
••blamed to date do not indicate serums losses o f : " I! 

TsMr5.J. Um-trvtl ghiiiininw jnah m 
n w vs npni mwimmrtry 

MS u Xfri 

MS I I 5 ' W '\ 24} 2.44 
MS-: I * « III " n.ISH n.144 
MS-» 5.3 - l » " "IW7 oim 

*Mrj»»rcil hy rwit«pr iMtfl^m MS jflcr jtt«irpiiim «n HTMH 

http://Chi-mu.il
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to lite environment. The : , , l ' C I M K S I over rimperiud 
averages approximately 2 to 3 X 10"* ppb on a 
dry-wejdii basis.or about 3X 10 ' 4 B a n a 1 g ' . The 
HMai uranium u m dm same periud averages about SO 
ppb on rise same basis. The surveiMauce ww continue al 
feast HUii rile production nms are complete. (H. L. 
VJmmxE&mmto.KCSmaJi) 

arm LijBi* 4* Experiments usng norutal aeoayntium 
tracer, aimed at tissual product removal from mohen 
sabs. a*e tarried out • the Chemical Technology 
Drawn, ha s m n n of this effort, we develop J isotope 

dyiman m biimitlh metal or LCI without chemical 
separatiim and m fused salts after a tbtmkal extract*)* 
iMo TTA. Mass spectrometric ledjmmes were sstah-
hmed using synthetic sohstioas. F M neudymmm in 
hiimnai or LCI. a pan of sample is dissolrcd and 
spiked wHh emiched , 4 z N d ; after cujuarbratiou with 
spike, an akanirt f l fri) is boded onto a rhenium 
rdammt for measunag the 142.143 ratio. The change 
from riie normal ratio io mat measured permits a 
catcutaliou of the amount of neodymium fnan a single 
determination- ExceNeni neudymiam run emissions 
were obtained after a short period of "burning of f 
excess bimith or LCI. Using optimum spikes of 
' " N d . 0.1-ppm levels are easny measured with 1107 
precision, ppm levels are measured wrth I to 27 
precision. (II. L- tvafcer. X A. Car*r. E. & ftWhv, K C. 
anwtrt} 

C«mm*er-«pcsmml ammmmettr. The computer pa*-
grams used m procesmm data read from photographic 
plates produced by spark-source mass spectrometers 
have been improved. Fhotoptate information is read 
thrown)! the densitometer under control of a PDT 81: 
computer7 and punched on paper tape for transfer to 
rile I tM 1130 computer. The disk storage in the 1130 
compwier contains a Trie of dements, relative abun­
dances of isotopes, and the sensitivity factors of the 
spark-MibK. m m spectrometers. A subroutine was 
written to allow the 1130 to read real data at wet as 
integer and literal information from ihe paper tape- The 
1130 program wa. also changed to accept data from six 
or less exposures «i one sample and to give an average 
result for each dement analyzed. Individual mulls are 
ftagjed when the originating data fall outside the 5 lo 
957 transmission band. The elements bring measured 
may be read by the densitometer m random order, but 

1 I A Carter ei j t . "Urn Sprviromrlry DnrtnaMrm." 
Ami iltrm Dn Amrn hn? Hrp Srpt jn. 1974. OHM 
Son*. p . a*. 

the output sheet use the calculated results by de­
creasing Z value. (H. & MdCown. W. H. Ovisac. J. C 
r̂ antum* 0L M. Sunnvl 

attempt to improve the accuracy of one of the tandem 
mass spectrometers, several nwdirkations were made to 
die pulse amphfyiug and counting systems. First, the 
four vacuum-tube jmatifkij were retraced by tw<> 
transistorized A.R.L- model I044S0 puhe amplifiers. 
The ORNL-constructed discriminator was replaced by 
an ORTrC model 43fc. m i t* matriihannrl anaty/er. 
the high-speed scaler board was modified by usmc 
Schottfcy TTL integrated circuits. The instrument no* 
has a dead lime of 2H nsec as opposed to SO with the 
old system. More lehaMe operation is expected by the 
damnation of die vacuum-tube circuits. (H. S-
mcKoum.&LVMk»> 

A method for the anatysB of low-levd f ppbl quantities 
of hlhhnii in graphite has been developed. The lithium 
content of die graphite used in gas-cooled reactors 
should be as low as possum?, since the resuhing frifnar. 
and nebum from me *U* ;n f f react** would cause 
serious pnMems from the buudup of gas and tritnnn 
activity•. The study was begun to evaluate the contri­
bution of mhmm as an unpunry to die possible bmhJup 
of iritium actrritv for HTGR-typc graphitev Previous 
attempts to evalwie the impact "f lithium, employing 
measurements by both atomic absorption and emission 
techniques, were nKondnsrve 

The method of analysis involves ashing of the graphite 
m a low-temperatfire asher lollnwed by isotope ddutron 
mass spectrometry, using -a spike of *Li enriched to 
* W . Five grams of graphite requires about 12 h' to 
am. impending on rise physical character of the 
graphite. After ashing, the residue » dissolved in the 
sprite sohttiaa. transferred to a small centrifuge cone, 
and rraporated to dryness. The fmal nrsidut rs dissolved 
and is loaded on prebaked. prcceriined Lthrom-free 
fiaments and analyzed m a o-m.--adius. 60" st<lids mass 
spectrometer equipped with an electron mullipiier for 
ion detectinn for increased sensitivity. Ten nanograms 
of lithium give* sufficient signals for analysis. 

Graphite standards have been analyzed In isotope 
driulion mass spectrometry and cros*ch.-c*ed by (lame 
emmmn. using the standard addition meth>vJ. Satis-
factory agreement ft 105> with the staled values was 
obtained, certified values for the standards are not 
expected to be better than tSl. 

Using btfhly enncbed *Li ("W.Wl as a spate, the 
broil of detectabniiy has been found to be m the 
sub-ppb level for 5-g samples. However, even with this 
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sensitivity, wo have chosen areporfe-b.limii or <5 ppb. 
Kvause the chances f« variable lewis ot contaminatim 
and possible losses m the low-temperature asher exist. 
These parameters were checked win ppm4evel stand-
jids. but cannot be studied tuttY m die kw ppb 
concentrarion. became standards m this range arc 
unavanabte. 

Alter analyzing a* samples of HTGR graphite tor 
iWneral Atomic in which dn? sample results were < 5 
ppb Li. the nnpaci of brinum as a contributor to the 
pondilr trrtimn activity b now considered negligible. 
U. H. vntton. C A. tVichnrw) 

The coal ^wd coal product and waste stream samples 
from die COfcD process were surveyed tor trace 
dements by spark-source mass spectrometry, using an 
dded mtemal standard. The data were cowected on 

Word Qll photograph*, plates, die varnws elements 
were determined by comparison of the densrtv of the 
lines ot' erbmm. the internal standard element. The 
density ot die lines was measured with a imcr<>-
photometer equipped with a data system I«M data 
couection and emulsion canbraiN*) Because tit' the 
. omplexiiy ot' the samples, die brood range of concen­
trations and eiemrms involved, die unknown behavior 
o i the elements m ibis matrix, and the use ot only one 
internal standard, the data obtain?* were semiqiianii-
tatrw. 

The samples were quite varied m nature: the suite 
mchnled powdered cool. ons. aqueous waste, and 
semisolid tars. The prwder* were spiked wim an 
mtemal standard in s.« organic solvai. dried, and 
ignited, die solu'.oas and ods were Inst spiked and 
analyzed direc:!y. ihese solutions were then dried and 
iftntted lor resume analysis 

Concentrations «H detection Imnts were estimated lor 
47 elements HI the various materials. Detection limits 
were m the I).! wi pom range, and concentrations t.»» 
die eiemenls detected ranged from I ppm up to «veral 
percent. 

The data obtimed indicale that spark-source mass 
spectrometry can be used m the analysis oi coal and 
UMI products. Ti*e nature of the samples requires 
futThet *tudy ol the methods ot preparation To obtain 
precise and accurate data for coal product samples, 
methods must or developed which remove the organic 
c>«nponenis and ensure eqwHoratiwi between the 
sample and added internal standards or isotope ipmes. 

I l> M Smtvr. » l.ipnUiv. jnd % I R.nni->. Jr " M J « 
N|»-< ir.-nh-tiv t.t /-T<'hhrnt'<ul!<<njnH<(i-« I'wtul \m*K IdVnri-
ruj»»"0 |><-nvjli>.-»." Itrt tfa" Spritntm 10.47? nl 119751 

U C. Franklin. O. L. Donahue. L- Undau. R. C 
Bryant) 

Major support h» been given to nrvesinaiors in the 
Biology. Chemical Technology, ami Metals and 
Ceramics Dmsnur*. Assistance continues in proof «»i 
structure ol synthetic mirosammes and derivative* ol 
naturally occurring amines being studied by Lnmsky 
and Singer.* Assistance to the Chemical Techno*^ 
IXvmon has dulled in emphasis from die Body Fluids 
Analysis Program to the Coal Technology Program, 
hading to the development ol' lechniuues lor both 
qualitative and quantitative analysis ot' hydrocarbon 
matures. Cooperation has continued with Industrial 
Hygiene personnel M M plant areas in studies ol' 
possible m nouution and exposure ol workers to 
hazaruVrb chemicals in .-ompliaRce with USIIA regula-
imns. 

lniradrvis»iual developmeni activities have continued, 
especially m the Tobacco Smoke Research Program and 
die GasCotded Reactor Programs. The Perkm-FJmer 
model *»20 gas chromatograph is beinj> interlaced to 
oV single-stage specinnjieier to griv improved GC 
capabmty. both capdrary and packed column: this win 
he particularly valuable m qualitative analysis of smoke 
gas phase and condensate components. A silicone 
membrane separator is being installed tor interlacing 
the capmary column, and a glass pM sepaiato* lor the 
packed column. Necessary vafvtng ard splitters wdl 
permit either cidumn to be used with flame ionization 
detector and or the mass spectrometer. We have re­
placed one ot the mn pumps on the analyze' section of 
the spectrometer with a 2-m. diffusnw pump to 
increase the differential pumping of brimm. This 
improvement allows us to operate a GCMS for long 
periods without excessively high analyser pressure or 
urn pump heating 

We are aiding m the use of the time-of-flighi mass 
spectrometer (TOf MS| m the Gavf i>«led Reactor 
Programs for analysis of effluent products from the 
Parlkie Coating FacMly of the K«rlan> and Ceramics 
Dwisupn The TOf-MS has been mstaC'̂ l at the Facdily 
and is operating routinely in carbuni/airon ami coatmg 
runs. This work n discussed in detail in Ike section on 
CfasCoidcd Reactor Programs. In addimm. we are 
working with Metals ami Ceramics Drrrsron pernmnel -n 
qiuiilalive Mlenltncalinn of products from the peaiene 
recovery process used m conjunction with the Particle 
Coaling Facility. This information n of value, bolh m 
assessing persormrl cxp»»Mire and "» studying the reac 



49 

Imus mvidved m ihe processes. More deladed mforma-
%mm Berven o* this work bier m the* seclnm. 

We have a contract with Cyphernetics Coip»ral»m t«w 
use of ike Mass Spectral Search SyJew developed by 
M i l and tPA peraimnel and formerly handled by ike 
General t in; irk C«*npaay. The data base nas been 
expanded 10 include 40.000 spectra, and an modes of 
search are t^terable. Mckrdwjc a utetnarm search option. 
Ike McLalTerty STIRS routine, and a phmmf ••ptnm 
which enables the user to obtain a p h i td" any spectrum 
• Ike library. The system B accessed mroneh a 
Teletype and acoustic compter to cimmerad n V « r 
hues. We win attempt i«> access mrowcji rhe Tektronix 
visual dispby writ • * * e DS-50 when il B rnslaled. The 
data base of mis system is being cuuimuauy enlarged by 
couirrbuitims from marts spectrometry raboralonrs 
worldwide tinrfudmc ORNLl and is expected to be the 
ultimate source of organic mass spcclral data. IW. T. 
fWmey. 0 - C Canada. C A. rVrtehard) 

Gas analysts prwjranmwag, A eenerar-purpise com­
puter program has brer* written for die H M 1130 
computer system to facditjte cakutaiinu of relative 
cimipostliiius of organic m i v t m from the composite 
tmxliMr mass sptvlra. A series iif linear umullaneous 
equations, inn dime, relative component intensities, r-
solved to yield instrumental responses for die individual 
cnrepiinents. Prenousry determined sensitivity factors 
ate then used to obtain relative orniposrtioual data. 
Conversely, ihe program may be used to obtain 
sensitivity factors for individual components from 
spectra of mixtures of kmnrn composriiiiu. This matrix 
cakulalion technique mights accuracy of componem 
cimtposilron m favor of major components, and com­
ponents <l*7 (mnles/mole 7 | are wfficuli to quantify 
by this technique. Therefore, a second program was 
devehmed to he used fo* mixture quantification that 
uses a residual cakutalion. In this technique, not-
mdi/ed standard mass spectra are subtracted from the 
sample spectrum until the residual approaches zero. 
Sensitivity factors are then used to calculate compo­
sitional data. This technique does not favor major 
components and is being used routinely f i t coal 
pyrofysrs gas analyses. Further information on these 
analyses is jtiven in the Speclrnmeiry Services Section 
of this report. CD. C Canar**, R. E. Eby. W. T. ftamey) 

•umluwr*. A portable heated glass rrMef system has been 
budl for miroduclton of organic mixtures into ihe mass 
spectrometer, and we expect to me it with at) organic 
spectrometers. Thr hurt system is necessary for quanti­
tative analysis of organic hrgh-horlmg mixtures. Four 
class vacuum valves have been ground, polished, and 

•Matted lor use m rstdation of the sample from the 
diffusion pump, the expansion volume, and the mass 
spectrometers. These valves are operated by manual 
magnetic bfts. Presently, an optically flat class flange 
scab the sample container to the inlet system. A 6-md 
stainlrss steel capdtary viscous leak wdl sample the 
contents of the mlet system. A sample sue of I to 10 
me is required and yields an inlet pressure of I to 5 tutr 
at ~.*50*C. 

Sensitivity factors have been determined for a variety 
of aromatic compound types! i.e.. naphthalene, phenan-
thretK. tluorene. pyrene. fmoranthene chrysene. e t c l 
at TO eV nmi/alion potential. These sensitivity vatwes 
are essential for component quantification. The calcu-
tatioa of quantitative data for a complex mixture can 
be earned mil with the programs described for pas 
analysis. However, qualitative compound identifications 
can be interred frmn mass measurements ahmr. 

Cral liquid samples were anah/ed b> ikrs technique 
fno sensrlivm factitrs had been determined for com­
ponents m these mixtures!. Mass spectrometry results 
indicated uunecwar wetahis of omtponents and the 
decree of saturation of components. The latter mtorma-
lion was cimfirmed by enrnpsementary hw*-voltare 
ims/aiiim |->-IO eV|. usme the healed rreei system. 
f C A. PrnKfMrd. W. T. Ramry. 0 . C Canaaal 

hk nihil t i m uf prwJucts fcmn partrcse eaufrng 
scfwfebrr. We have carried out rather extensive CCMS 
analyses of samples supplied by hi. S. Judd of the 
Metals and Ceramics Divisioji. These samples are dis-
islaies and residues resuhme fnmi studies on methods 
to recover percknc used m ihe efRucni pas scrabber of 
the Particle Coalmc Facility. This perciene has been 
exposed to the soot formed in the coairne operations as 
weH as all caseous products from carbonr/aiioa and 
coalmc processev As a result, the compounds formed 
durmc the processes are •.-oncentraied in die perclene. 
and tins ndutiim forms a p * J source of product data 
for ihe effluent fas streams. Unfortunately, only one 
has been restricted to Kruhbtnc. in a uncle process, so 
most of the data refer lo combined processes. Chromai-
ocrams of these samples vary widely in complexity 
from ihe very complex pot residues to die rather simple 
low-boHmp drstdlaie fraction*. As many as 55 com­
pounds have been identified in smeje chromaincrams. 
Table 5.4 lists the compounds fmind in perciene whkh 
had been used in scrubbm? effluent from a carboni/a-
tinn run. No ailempt has been made to identify the 
isomeric configurations of these products, so there is 
stwne andNpuiiy possible in many cases. These products 
are nol unexpected, since the carhoni/alion priKess 
invidves pyndysis of an acrslate diviml ben/ene 
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copwdyaier. aad rise coaling mas iavuhw. pyrtdyss of some years. A description of da? ORNL-typc man 
pwatat. The i*tuaiatoBTams ohtjiard aridi a pacta! sptciroastiir is given cla-whew,.* The principal dnTler-
coi-ma sngprst Mat many of aV peaks air anjesohed cnces be noun * e i 
nodiipletv Therefore, the wse of lapaUry or sopporl. o i l he op djtta dcciv 
cowled, open lobular colamas in me newly instahed Cadet toonting, system and a* oa-hae DajMal 
dmonamftraob sboaJd mpcoor dicse analysts, mem Corpmlio* PDP-11 coaapoter. 

The Orpmc Mas Spectrometry Laboratory has ana- The inayuii and die Inch opoo which dtty rest have 
lyxed jppiuxrniattry 500 samplu daring, aV post year. been shipped and are now ja Vienna. Varwox vjiaam 
As io the past. aV siagk-siapr WUIIOOW,al n ased (at components have bee* w h i t a* and tested for leaks, 
max of the samples. A mayor portion of the samples arefwamg swarce and da cans. fhp>l lakes, ami snadry 
has Banned me combined GCMS capability grabble peripheral devices, writ as a ntf ary-nroiion feed-
tody win die smnV-slapr iaslromeat. Complex m - dnuoaV The accessary electronic uipjjpmini has beco 
tores of hydrocarbons have keen handled m das nrdcrrd. and nojch oT M has armed. Three ion sowers 
fashion, with idrniifKaiion of at maojy as 35 cam- %mt *_*«, jimmhlid andakpned. A svbstaaiial faction 
ponents ma single saotpfc IW-T. ftaow*. ft £ Canada, of an iastrnciion mwa.1 is in ruoph draft form, and a 
C- A. PiinjMjrdl ao.nmraijtion packapr is being prepared. Several ports 

far ole pjb are ooder way in Ike local shops, arvofvmg 
ojrwMr prjp> OIMESS fabrication of mechaojcal and elecincal components. 

Cninplef RJO date of ihc project is projected for ojojd-
Oor new svabk contract has keen added locmf/ork W b . Iastalbf«m and truing of dor instiwmenf walhr 

for Others Projects: the consinjction of aaORNL-iyrc carried out in Vienna by OPJNL Mass Speclromelry 
pnbe -wanting two-stagr moss mecirumeler for die Department personnel soon after dm date. |H.$. 
International Atomic Energy Agmcy. This mass spec- HrfCoom. W. M. Christie, 0 . H. Smah, L. K. 
irometer when lompfcted wtfl be vsed N. the inter- J. A-Cartar) 
national safegnards assesamtni program. We ire coo-
imniag development of mass speclromeiric n.tlbnd-
olagy fofNSf(IUNN>oiilimclKr^o*nf>jodAii»ryiri p**» mo» • jua imihh redawanes - NSTEATC 
i»f Trace Contaminants Program, and dso develop- The rom mam objectives of mis stndy are: f I ) in 
mental work and fori analyses for tPA. convert ihe stmiooawtrtative moliwfcmrnid UWJ JiWiiies 

Cemnmrtmn of rww^nafr mm* w/ecnwmemr fcr **f sparfc-srmrce mass sprciromeiry mln a onanlMaiire 
IAEA. The International Atomic Energy Apmcy. technioot by eMakKshinp onditriemeM isotope dmiiion 
SenWrsdorf Lahoralory. Vimna. Austria, reoaircs a nwmioJokajjr. and 12) w» inooiipjre isotope dwaltna as 
man mtcirometcr wtth abwndance semrtrvMy and » meaas for qaaatifyiag ma mkroprokc man analysis. 
sample stee and capacity speciikatmns thai no com- For convenience of data ontpai when measariny several 
rncrad vendor was afck in meet. Became of aV tmraw eWmenis. we are planning in use ibr PDF-R system to 
capabdMies of our man speclromelry groap. we were 
asked lo hodd for them a lv*v*i_rt porse coaming mass » A t r*mt»m<i d.Am^hik^mrJ^rmmrmmtOtk 
speclromeicr shndar In those in nperalioa here for frofrrXhiiiimll**nm>»f.01lXl4$*}ilmwan lv7l> 
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odkcl data and die IBM-11 .W l«» calcinate ami output 
boiope ddui*M data-

The most fundamental requirement A isotope ddu-
H*m b that chemical etwnUbiMwn ••! die spike and 
*amnlr isotopes be <*Ytjmed. •: die materials i<> be 
analyzed are nocsirganic. Midi as water ** alloys, this 
ttmumrium b akmisi invariably obtained in die process 
•4' dbstdutiiin and extraction «»t die sample. The 
anatysb -4' organic materials such as giiniliuc. suhenis. 
coal, fuel ods. and tissue samples present difficult 
pnddems of eqwUbratnin. The meiahV impurities in 
organic materials are present a* unknown organo-
metallic compounds. The BolaUm and identification of 
these orgarMmetatlrc cumpinmds it not practical at the 
snbmicnigTani level. Thw problem is compounded by 
the fact thai the enriched stable isotopes are avat>-drie as 
pure element* or oxides and ate best prepared as and 
solutions. 

For organic base materials, for example, gasoline, 
various methods of equilibration were investigated. 
Initial work included oxidation with bromine, wet acid 
oxidation under reflux, and various means of equrnbra-
imn during extraction. 

F I H gasoline we now add the sample to tonccntrat J 
HTI that contains the mwitieiement spike and reflux die 
two-phase system for 4 to 6 hr. Afterward, die aqueous 
phase, which is about one-tenth of the organic phase, b 
removed and dried on graphite electrodes for SSMS 
analysis- To confirm this procedure, synthetic samples 
were made from atkvl metal sulfonates obtained from 
Continental Od Company and from NBS orgamimelaHic 
standard reference materials. The recovery rale for most 
metallic elements in the synthetic samples is greater 
than JuTJ by the reflux method. The precision at the 
0.5 to I X 10"* g/rnl level is about 107. The gasoline 
samples are anaty/cd for 2<» clemcnls at concentration 
levels between I X 1 0 ' * and I X 10"* gy'nd. Mono-
nuclidic elements such as bismuth are determined using 
isotopes uf other elements as internal standards. 

Analysis of fuel od and gasoline and oil additives is 
accomplished by wet asning the sample in rtTrQ* *HNO ] 

followed by addition of the spike mixture. The spiked 
SOIUIKWI is dried on graphite erect rodrs and sparked as 
for die gasolines. 

Isotope dilution techniques have been employed for 
the analysis of drsltHcu watrr. lap water, and stream 
waters. A spike sohilrort for use with wafer samples 
comisiing of I I enriched bo;npes ( J * * f b . " * H g , 
I » J W i . . C a n ^ 775, » 7 Z n . 5 r i . i N i » 7 F c 

" C r > and isolopically normal erbium has been pre­
pared. Mononudidic elements such as As and Co are 

compared with the enriched isotope nearest m mass: 
mat is. " A J B compared with 7 T S e . Deuciiun inmis 
are bmiicd only by the volume that has been precon-
centraled. The sample volumes in must uf this work 
have been sufiWieni to provide detection limits for 
must eknuMts in the range of 5 X 1 0 " ' ' g m L Waters 
with high mineral content leave a complex residue on 
the electrodes and may raise the detection limit by a 
factor of 10. The isotope ddutinu studies have also 
aided in the determinaiMU of relative sensitivity factors 
useful in routine survey analysis. 

Spark-source mas spectrometry, using isotope dnV 
lion lecbmquev has been shown to be an accurate 
method of analysis for trace-level impurities in a wide 
variety of sample types. The method has also been 
successfully employed in the analysbof dust. z " U O z . 
animal tissues, cigarette tars, and various afloys. Mufti-
element isotope dilution analysis adds new dimensions 
•»f precision and accuracy to the high sensitivity and 
broad elemental range of SSMS. 

The slated objective for IMMA as applied to isotope 
duution methods w i l require that sccsHnriiy data for 
many of die elements be obtained. This report sum­
marizes the status of the analytical capabdity of M M A. 
using relative sensitivity factors as well as isotope 
dnulion methods. 

Work has been done this past year investigating the 
quantification of data from IMMA. Sensitivity factors 
for the elemenis vary over a range of at least six oraers 
of magnitude and are complex functions of ionization 
potential, chemical state, primary bombarding ion. 
pressure in the instrument, etc. IMMA is extremely 
sensitive for alkali elements and relatively insensitive for 
the Croup V I dements. 

Two approaches have been used to attack the 
quantification problem; both necessitate the use of a 
computer to process the daia. The first method, 
developed by Andersen.'* involves the assumption of 
local thermal equilibrium fLTEl and the use of the 
Saha-Eggert equation. The program tests an array of 
temperatures and electron density values for the mini­
mum in the error function of one or two internal 
standards. Even though the underlying assumptions arc 
questionable, the model has had some success. The 
f A R B M A ' * program has been sel up on the IBM 360 
ai ORGDf: in addition, an altered version of a 
simplified I.TF. model has been stored on our IBM 1130 

in. (' A AnuVnrn JMI J. R Hmlhofnr. "Thrrrnne>i»mk 
Appntjct) in the Quantitum- Inrcrpuljlinn nf Sputtered tot 
M***Sptttt»." And. Chrm 45. 1421 1197)1 
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computet." la this program, corrections tor the 
lormaiion »>f negative ions and doubly charged positive 
tons are neglected. 

The M S MO serin of steel standards were anaty/ed. 
awl me data obtained from CARISMA ami the modi­
fied program were ompared with regard lu elemental 
conu^osiiion. The differences between ibe two pro­
grams were » H peal, omwdcring the overall accuracy 
of die LTi: approach. In general, either prwgiam 
cakulalcd metals to an accuracy of within a licit* of 2 
irm4>hdenum was an exception) for concentrationsless 
than I'", and completely failed on minmetalnc and 
amphoteric dements juch as arsenic. 

The sensitivity factor approach to quauiificairon is 
similar lu the technique used suviressfully in spark-
source mas* spectrometry far some yean. 1 : - 1 - ' - 1 4 The 
major ciimpncalmg factor in applying this technique fc» 
the MM A b that the data aw sensitive functions of the 
sample matrix. Therefore, the composition of me 
standard must be very simdar to the sample, and probe 
standards are not yet common. However, a simple 
determination of sensirivily factors from the NtS-tinO 
suite of iron standards indicates that the approach is 
worth further investigation. 

Some work has been done on NBS pass standards, 
and the results show that reasonable data are obtain­
able. One of the problems invtdved in the analysis of 
nonconducting samples is the buildup of surface charge 
daring bombardment with positive ions. Unless pre­
vented, the resulting instabililies in the ion optics of the 
system preclude reliable coHectiiwi of data. A negative 
primary inn beam is usually successful in controlling 
rmtahiiity. but results in a significant loss of sensitiviiy 
for electropositive elements. Charge buildup can be 
prevented by application of a thin film of carbon, but 
this technique is not completely successful. To improve 
our sampre-hamlmg flexibility, we installed an electron 
gun in the sample chamber of the MMA- The addition 
of the electron gun required modifications to the 
primary kns pieces. The electron beam successfully 
neutralized excess positive charge and allowed us to 

I I . Ikmri Sunn**, prime vomnHHHc«lr> *̂. UniMrrmy nf 
IHmnn. 1975. 

12 R f.. Home. AJrwtrr% m Mm Sprrmmrirr. p. I«l. »«t. 
III. W I Mrjri. ed.. InMilnlr •* r^tmiewn. I.nndiu;. I***. 

I.V W I. HxnncliMi. R K Skncrrfcnr. MMI <'• H Mnftitnm. 
"Qwmnwr* Spjrk Snvft-f Mr* Xprciwmrli? Vtmci'itmnft-
imn Pump**." Ami. Ckrm. J7f 12l. MHO I IVMi. 

14 J A. I Mitt. A r Cjmrr«n. jni J. A Ik-an. "Spark 
S>»wcc MJW Spriiwjr iprtK Trcrtmnwr* f«»f ihr Anatyi* nf 
l.jniruwdr and Aclnw*V Itrmrnl* in Mwrnsr-tm jnd S«t»-
MKrtijrjin !>*•<'-•' nmm S.m»|*rv" Ami. I.m. 4. 551 55 
» l » 7 l i 

study samples that would have caused pniMerm. for 
example, the leaf described below. An anprowvd vemor 
of the electron gun is in the druen stage and wdl he 
installed laier. 

A leaf fnwi the vicimly of a ICMI imdter was 
anah/ed and the surface distribution of II. ('a. Ti. Mn. 
Fe. ML Cu. Zn. Cd- and Pb deiermmed. Ion rrocriiei ardrv 
showed the presence of lead in aN particles: me other 
efcments were not present in all particles. Spark-source 
mass speclnimeiric analysis by isotope dnwlnm gave uV 
lulwwing concenlnriiou* Cd. 0.57; Cu. ».5: Zn. •».*: 
• b . 75 *̂> cm : . 

The quesinw of the cnermcal state of lead on such 
samples rs irnpiirtani. because the chemical >tatc wM 
determine the ease with which uV lead enters the 
ecosystem. Although uW IHMA gives no direct rntoma-
ntat .« chermcal form. H is poJirbk h» make mlerences 
from the presence or afcience of certain masses in the 
spectrum. Since lead was shown to be present on the 
leaf, a differentialnm between fbS or fbSf)* was 
desired. A primary inn beam of Ar* was used to alion 
mvestigalnMi of oxygen and sulfur disthbutitin. and 
negative «nt were monitored !•• enhance nV sensiiivrly 
for ereclnnregalrve rmdecular species. A scries of nm 
rnicriigraphs. all shuwme the same spatial distribution. 
was made at the following masses: tafSIV I; JXMPh' I. 
:;-nrbo > .'-wiPbo.-. pbs»; :<+*toot rvso r. 
272 |Pb0 4 . rhSO: l: ZMlPbSO.'l: JtOKPbSO/i. The 
presence of the higher masses |2W and *04) is strong 
evidence for the presence of fhSO,. Since both lead 
sulfide and a series «*f lead oxide ions wotrid be 
expected to form from PbSO*. nothing can he saSl 
omceming the presence or absence of PhS and I*b0 on 
the leaf. 

A number of studies were done to invesiigale the 
apphcabriity of the rmriiielemeni spike to IMMA 
analyses. A swtabre substrate for solutions was fo«>nd to 
be pyndytic graphite, which did not absorb the sample, 
as copper and pressed graphit- did. Unfortunately, due 
to the differing snluhiwtres of the various elements. »t 
was not possible to obtain a uniform distribution of 
them on the surface. The solution: were loaded as l-p* 
drops on the pymiyirc graphite surface. As the drop 
evaporated and contracted. nW least soluble species 
precipitated out of the solution lint and the most 
soluble last. Thus. whnV it was easy to obtain a signal 
for each erement. the composite of any one area was no 
longer representative of the snmlion as a whole. 

The quantity of a given dement in the solution could 
slid b? obtained by measuring the ratio of one i»f its 
natural isotopes to the spike isotope. We are able to 
measure about 0.2 ng of zirconium on pyrntytR-
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craphitr with a precision of about Itf: relative standard 
devut»*i. U. A. Carter. O- L- DanaSiue. O. H. Smt*i. 
W.H. Christ*. J . C Franklin. R.W. SutauM, E.H. 
Waters) 

Facts aaayiii by tOSSMS far EPA. Due to the 
WKreasmc uner.si m trace-metal constituents «tf eneqev-
related samples, we have brpm J study of rite suh-pprn 
level tit morjEMK. species m ta»tme In isoiia^e dint ion 
spark-source RUB spectrometry IIDSSMS). This wiirk 
capitalizes «m experience with muliieleintnl isotope 
duulion techniques. 

The National Furls Surveillance Network. rhrouri) its 
•en regional offices, cidkcts gasobnr and fuel additive 
sample* as an Enriroamental Protection Agency moni­
toring function. Trace-metal, physical, and chemical 
analyses are performed on these courcled samples lit 
detect constituents which may he present as harmful 
pt<uutanis- Our mullieirmeni detection method. 
ID5SMS. u being used for mnuitormc the trace con­
stituents: EPA empkiys ASTBf methods m the physical 
and chemical moMloriuf! effort. 

The Fneb Network Pribram enables EPA to detect 
cimslitumts m fuels lhai cwSd poison catalytic exhaust 
control systems; to detect toxic heavy-metal cousiit-
iients in fuels thai may be mtnidwced during transport 
or storapr: i«* develop and to assess emission control 
factors for additives and/or trace metals: to design other 
studirs needed to identify emission problems: and lu 
enforce federally regulated irace-metal Nmits such as 
those established for lead and phosphorus in gasoline. 

Trace-metal analyses were made by IDSSMS on some 
250 gasolines and about 70 furl additives. For thu 
trace-dement mumloring effort, a rmdlirknKni spike 
snlufion was prepared. coniammg 14 separated stable 
isotopes, along with a normal isotopic •Mental standard 
used io deicrewnr dune dements not amenable to the 
isotope dilution technique 

The combntaliiin of mdlirlemcni isotope diulior. 
with the broad elemental range and good sensitivity «»f 
spark-source mass spectmnteiry provided EPA with a 
new capability in trace analyses. Technique* and tests 
for achieving c^umniium of the muliirlemeiii spikrs are 
described in the Mas* Spectrometry Devdopment Sec-
mm. 10. L. Donahue, • . C. Bryant, J. C Franfcun, J. A. 
Carter) 

affCraOMETRV SEKVITES 

Nan sfMxtremriry amice luVsetawrr. This laboratory 
performs mass sprclrometrk- measurements c.n a wide 
variety of c!«.«enls and gases. Dunne the past year, 
more than 17.000 result* were reported, an increase of 

about .V?"? over the previous year. A large pari of the 
mcreasr was due to samples generated » the foal 
Gasitkalum Pribram. Isoiupk" results were rep«..tod in 
a total tit' 47 different dements. About one-third ••! the 
work was performed for the Chemical Techmdogy 
DrnsDin. another third few the Isotopes Division, and 
the remaming third diversified between ten other 
ORNL Jrvrsums and six ~work t«ir others" prof rams. 

.4rrimnVs Samples of actnudes. thorium through 
cawfonmtrn. are analyzed routinely. In addition. occa­
sional requests lot isotonic analyses of other elements 
are performed m this laboratory. J.K. Puggenburg of 
the Operations Dnmum requested that we analyze a 
** 4Pb sample beftire and after irradiation. He used die 
results to calculate the cross section of the : **Pb. 
Other unusual samples include lead from India c<«-
lamme M.tfi 2**Ph. lor S. Raman. Physics Dmston: a 
sample of I 4 * C f of W.K7'; purity:and a 55 <n : 4 , C m 
sample from J. Knauer of the Chemical Technolocv 
Drvnum. 

Isotope dilution analyses on Sm. Th. I . and Pu weie 
performed, and several uranium and prutornum dosim­
eters and U-AI arJ Pu-AI alloys were analyzed K<V 
topically and quantitatively for H. L. Adair of the Solid 
Slate DrnsNin. 

Work continued <« ihe isotope dilution mjss spec-
inirneiry icchmque. usine a double spike containinc 
:"*Th and : , * L lor use m evaJuatiiw bumup in the 
HTGR pr<>(ram Less than 0.5 ml of a solution from the 
drssohitron of two Peach Bottom fuel panicles was 
received: each aliquot usually contained less than 2 and 
10pf. of oranrum and thorium respectively. From each 
samplr viruifm. 100 iA was spiked with our double-
spike sniuliim. Isotopic uranium results were also 
obfjnwd on the original solution. The total uranium 
mA thorium content in the fuel particles could then be 
determined. 

We participated in the PAFFX-2 experiment ;'»r the 
IAEA Safecuards Program, and in the SALE Prujtram. 
The obtectives of these experiments are to evaluate on a 
lest-run basis the operational problems m carry mc out 
the safcpiards analytical work on input solutions for 
furl repriKCssim; plant* in a network of laboratories and 
to determine phiionium and uranium conrent and 
notopK- composition -if dissolved low-enriched uranium 
fuel. SampW were analy/ed for other ERDA iabora-
lones. mcludm^ ptutormim samples i"or LASL and 
uranmrn samples for the Ames Laboralory. 

Subir lunopn. Isotopic analyses were prrfwmcd on 
31 different dements m the past year, primarily for the 
Cafufron Srparaiiom Procram (now in the ChrmKal 
TechnoJocy Drvrmwi! Dunm; the past year the cm 
phasts has been on Te.Sn.Se.Si.and Yb. 
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(«Bt-». Lntil March l*>*5. »mk on gases was almost 
entirely inorganic. About hall »l the work was usually 
certification of aigon and helium cylinder cries, with 
Mime isotonic analyse* of H. O. Ki. and Xe being 
performed- In March the first reujuest for analyses on 
>ampte* from the Coal TechnofagY Program was re­
ceived Since that time. approximately 250 smapies 
from three different investigators have been anaiy/ed. 

Because ot fragmentation, organic mas* spectrometry. 
even of the relatively simple loth! hydrocarbon*, is 
much mote comp*icaied than tor inorganic gases. Fairly 
good results on H : . CH.. H : 0 . V • CO. 0 : and H : S. 
and tm Ar and C0» are possible it' they a- - large 
compared with the C t fragments. We also report- d C>. 
11. f*. etc.. fragments observed by summing the three 
largest peaks from each group, fcven with this rough 
calculation, detinue worthwhile trends were observed. 
To pnprtwe the analyses, a computer program was 
written i» calculate the results, using a residual tech-
nnroc. With this program, sjturated and unsaturated 
hydrocarbons can be ser rated and identified. At 
present, standard spectra and sensitivity factors from 
the API tabks are used. As many standard gases a> are 
available are being obtained tor establishing sensitivity 
factors tor gas analysis. Additionally. an improv.-d 
pressure gage was installed nn the manifold which 
should further improve reliability. IR. E. Eby, M.M. 
Honaker. L. Guinn, R. L. Sherman. 0 .1 . Whatcy) 

[ h u m m l spccinnmiry. Emission spectrochemicai 
and spark-source mass spec:romrt;y analyses were 
provided lo 16 ORNL divismns and related protects. A 
total of 72.756 analyv.-s were reported duong the past 
year, s IT* increase since the last report period Metals 
and Ceramics. Chemical Technology, and Isotopes 
Divisions were the largest users oi" <HII elemental 
sorclrometry services. 

The Pax hen emission specttometci has been used t-.« 
the analysis ot' variot.* nickel alloys, aluminum and 
steel* of several ty pes. and tor determination *ft added 
\ b . Ti. jr;d Si in mckel-ha*c alloy \. To impr<ne the 
.piality ot data Irom the Paschen. wv have established 
an in-hovse qualm control program f«« mckel-hasc 
alloys. stainless >teei*. and aluminum alloys. Samples ot' 
an NHS sleet, fttir different tlastetloy \ heals, and a 
titiktl aluminum are being retai ied and run with each 
new batch of samples- Sufficient daia have been 
accamulated to show that the precision of jn analysis is 
less than 5 ' leiame standard deviation. 

Spark-source mass specirumetric analyses have been 
provided for the Ii ( ) > : W attovsand for the Ir 0..V; 
W aNoy doped with several trace elements at the 2tf ti> 
lOO-ppm level. This analytical program has included 
analysis of the powders that are used in preparation of 
the alloys *s weii as the product alhn 

Requests for service analysts «»f radioactive materials 
have been heavy this year. Analyses have been per­
formed on J 4 * C m . : * * Am. : , " P u . and "CI. Samples 
•if : * , c s have been analyzed by solution methods. 

The fuel analysis for the LWTBR program has 
continued. A continuous control program based on 
repeated analyses of a New Brunswick Laboratory 
uranium standard has been established We have re-
qualified on jn- iymou* control samples for 11 im­
purity elements. Rrqualificjlion for Th. Pu. and lip in 
U 0 2 is under way. The precisions for Fe. P. and Al in 
the J , , U program are 6. 35. and 15"* at the IW>- to 
200 ppm level. IJ. C Franklin. S- A Maclntyre. W. R. 
Muncfc, L- Landau, G. I. Garni, h .C. Bryant, E.H. 
Waters) 



6. Bio-Organic Analysis 
M. R. Guerm. t t o d 

J. R. Stokery. Assistant 

We continue it* be involved in programmatic research and services, with approxi­
mately 6>'~- «>t current tandiiig provided by the National Cancer Institute Smoking and 
Health Pribram I NCI S i r » and the Councifor Tobacco Research-ISA. Inc. 1CTR-LSA. 
Inc.). The remainder of our studies deals with the chemical characterization of 
fossil-fuei-derhred materiab. Research and services in both tobacco and energ)-related 
sciences emphasize defining the environmental and ur health hazard associated with 
advanced technologies. 

The Bio-Organic Analysis Group is organized into two major sections, with each 
consisting of two projects. "Chemical Characterization'* b subdivided into "tobacco 
smoke" and "energy technologies." "Bioassay and KuanatYses" b subdivided into 
"inhalation bioassay instrumentation" and "bioassay development and monitoring." 
Although considerable overlap exists, the first section b primarily concerned with 
characterizing the insult and the second with defining the impact on experimental modeb 
of exposures to the insult. Mouse skin painting and inhalation exposure are the bioassay 
models of principal concrm. 

The topics discussed in this repor: were selected as being among our primary 
accomplishments in this period and best representing studies of the group as a whole. 
Significant progress has also been made in areas not discussed in detail below. Our study' 
of the multialiquot and multkomponent chromatographic analysis of the total paniculate 
matter (TPM) of cigarette smokes b complete. The multiahouot approach has been found 
best and b in routine use following an extensive practical evaluation. We find that Fourier 
transform infrared spectroscopy f FTS/IR) b applicable to the determmatkM of gas phase 
connituents in the presence of smcke particulates. Analyses of contained aerosols now 
under way will determine whether the artificial production of gas phase using Cambridge 
filters b a legitimate approach to the analytical chemistry of inhalation bioassays. No 
other technique, to our knowledge, b capable of the nondestructive analyses of whole 
smokes for individual gas phase constituents. Our study of chemical measurements of 
contained smokes as a superior method for determining dose accepted by experimental 
animate b nor complete. By using the procedure we can accurately predict the quantities 
of individual constituents normally determined in the aramab by laborious analyses of 
body fluids and tissue samples. A convenient method for the noninvasive determinaiion 
of dose* of individual constituents of smokes b now in hand. Instrumentation 
development » the past year has included the design and construction of a continuous 
smoke generator optimised to expose tracheal grafts. 

Scientific progress, changing funding agrncy priorities, and an increasing interest in 
bio-organic analytical services nvhouse are leading to new areas of responsibility. While 

I. M. R- Oarrin rt al.. "Malitmajuol nrtcrmmanon of ftoHKti Compnmnu." Ami Chrm Pit 
/twin Mi f Hrp Srpi M l9H.0KH\.sm>.p.». 
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we anticipate that most routine X H K O will Iv leoutfcd by the M l in the >.on<in£ >«•".»*. 
an mcreasmc number «H samples will iv submiti'-d by uv^<uvr sources A .»ne-ii:aii-i:i««iih 
stuJx of te;sp*iaiure gradients akrng burning cigaietics as J JUIKI;. -n ot paper pw.-Miv 
wai cjmed out for thif V I during this report peifc'd Such special studies aie beine 
requested more frequently. .A p&n "--J1 •»* " l\» in wt»>4e »«tok<.- has led to dtscis*«is 
•ith both the V I and ("TIM SA. Inc . which may prtxluco in.* p!r~iainmaiic reseatd) 
for the Division A new contract was initialed ->n September I. l»»"5. t.. •-stabush ili.-. 
(•roup a> the (Juahty Monitoring f-j îitt> tor JII V I SI IP mhalation b»>:a>->ay c:«>iijct>»r% 
I ho is expected to he a long-ten-.' activity. inciudni£ at. ••pptxiumix !•• increase •uu 
mvohement m tnoanaS tical research. Finally, experiences »t the past year v. chcnHca! 
studkes >•! coai-deroed sample* aid new utteractitms wiih researcher* in the Invncti-
mental Sciences lfcvtsion and lb: ftVdogx Division hate ptepaied us T«-r a Mtsntwjni 
contribution to fossil fuels lechm »>pes in tne ermine war 

CHEMICAL CMAMAt TtWZATKA 

vd*wnc«d utpwk amkwcal seniors. IKr control 
analyses* section of' the tobacco smoke characTcn/aiion 
projA-t n ben; considered the \ i * e " <»t a enteral 
service acuvity - The expertise available m this section is 
well suited t» respond eflicientiy to requests r<>r special 
>(udie> and special analyses (>as tiller pads, extracts M 
industrial site filters, and a Perclene sample associated 
with nuclear fuel technologies ate typical of ihe 
growing number ol' samples subrmiied b> m-house 
groups. A -lumber o» special studies I not included m ihe 
contract cormroirnent •>• the cont--«l analysis sectimi 
are being requested by the V I Sift*. Special requests 
have mdudeil analyses >l rluUipine and Japanese 
commercial cigarettes, the charscferi/aiion «i" marijuana 
smokes, and the characteri/ation of" expenrnenial ctgt-
rettes scheduled fur inhalation btoassay. Not studies of 
: '*Po deliveries of selected cigarettes and deierrmna-
'totts of the uranium content of letlm/en have been 
comptercd with the cooperiiion of the Mass and 
hrmssMT Spectrufnetry (.roup. The standard character­
ization • I primary experimental cigarettes tW the V I 
Sift* conimt-es to represent »0 to W of the sample 
load. Approximately 3W0 such anaKses. many m 
quadiurk^aie. are canied out in a typwat 12-vwwth 
period 

Tabt> 6.1 summarues constituents and analyses winch 
presen'ly constitute our service capability. Although 
•not; -re t>ptirm/ed for analyses of smokes and snMke 
vondrisaies. we find the procedures to be applicable to 
i'hei samples with !>ffle or no nwdiricatiiin. The 
"p»u "de" methods are generally used to acouire rapid 
mc-j seres of chemical comptexity and z« an early step 

.' M t (rturrnt cl j l . *"€ oMlr<4 Ckcnikjl XOJI****." 
Indl i \m. I>n 1mm f»"» Hrp Srpi .Ut 1*74. 

(rttM.-* *. p 5fc 

!>>«ard structural identilica!»>a l*I.-nli!icJ c»n>lii:Hiil« 
•>t the profiles can Y |uantitated »he* %\i ivm 

A fe* consiituenis are determmed b\ »j~ctn«»c.<p» . 
utraifc*i. << 0jximetr>- Ihe most »ideiv uv.-«l u-»h 
nique is eas-th'uiJ or sis-s>4id >.l»->nui«»eijp*i> Coni-
buiine ps-s»lid chromai«»raphy wild chenscji 
preseparaiion aid rsotope dtiulii<n pr>>tide> our n»>%( 
adianced metKods. Ikeh-pert«rmance liquid chr-Ktia-
u>$raphy rs fn>dine increased use in research siudiev bin 
is ri»r yet widely used m rouimc wrsices. 

Bioanalyileal services have been ImMleJ t<> J snull 
number «»i cioseiy coHahtnatrve studies with in-hiniM: 
and oui->i-biHi»e ej«»up» Services include mhalaiion 
htojssay dosime'ry and chnicai chemisiry related ••> ihc 
impact of exposure. We anticipate an increasine level ••! 
bmanalyiK-al serxices m the next year. (W. H Gn«t. 
H. Kubota, R B. 0oinc/( 

aromaiK hydrocarbons iPAITsi and ihe PAII-emiched 
fractions ot complex • tfamc mxiures are classK 
cafcmoptnv Methods are heme dexetopet! and applied 
to smoke- and energy-related samples to allow an 
increased characterization of health hazards asstvnted 
with these materials (tar existing method to deierrmne 
selected constituents rs nemg improved by •ncreasmg 
the efficiency of the procedure and the reliability of 
results. Smndianeows mnlncmnponent anatytical pn>-
cedures and proeednrcs optmn/ed to determine newly 
selected constituents are under development. 

Improvements to the lengthy sample preparation 
procedure necessary to deternsne bnur|tf|anfhracene 
iBaAl and brnzo|*|pyrene (ftofl ha«e focused upon 
the ff0td chn>nntograpluc isolalicKi step. The ftaA 
subfraclion fnnn the ahwrana ci-'unm step H now 
routinely suonwtted to final pwtfkatniw on an acety-
bted ceHuhise a solvent of efbanol-
iiAnene-w Her 117-4-11. Quantitation of Ba A is achieved 
by oottiernal ^kt-hqukj chronatograpby WLC} on a 
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\ < T > anrah j^td-. ipro . . i d . " i 
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• •hvcrwi ipm. *..••»<» 
tjiiBifcm rf «pm. «.ua4i 
( .unpmOiHi pc.-:rir i jp . pm. %••»!. Ill 
Suitor v MtiisiKKi r".a»W ipp. pat. i.4Ml. if* 
f.4H pr.Kiir ipm. ...owl. •!> 
lerptme rWKJhnl pr.if W- ipni. ..-oo'i 

pa>. pMtKalttr *U;:<CT. t p . 1 

.MM! mrtfcmr Mt ••»»«-» rc.Mfch «ter<i i—d 

v<«ri. >. i«fcwctc. 11. jppfcrtf' !•• IMMI fart 
temnmc. .•»..<•.*(». bwrtbtct tn4ro\«c«iim*r. 

M i x 'VM-<»vokuiMpacta!withCI%-25. ThisGU" 
packme alows a very good reaomt**) of BaA I rum 
chrysene. Com-cime acetylaied cemdose column efflu­
ents int«» separate fractions is »»t as critical JS when we 
v o l a nonselective GIX phase. The h P smMraclMt 
from the a w — a step is also punfird •« an acetytafcd 

column with the same solvents in dtt ratio 
IT7'I . and flnonmrtiy B used for final quMKalinn-
FracthnB fr«nn oV vontmn «rparalion arc mure nrpro-
dnciUr and of brtier p«rii> than from int vrevwwsh 
nsetJ pnprr stnamivN- A nojur aaliiwnal anVaaupe is 
•hat ihr c»innn» can be toed np to 100 times mthust 
re(4acemnM. 

A mtmker vi v«al KiinefiaciiMi piadncts in addition to 
the rob'ine dnarelte smoke condensates have been 
eunnind '•* I sP and KaA by tms pTocednre. In 
prneral. we hxt Ummi KiA and Baftronceatrations cf 
30 and 40 nvtv resnectwer>. in some Kanefat.-tMi 
prndncls. H K concentrations of these f Airs in con­
densed smnfces are wmaly less than 2 ppm. ht addiiinn. 
apfrinumateh 10 pvh ot n»f was found in one coal 
liaDe<acliiin prodnct ao*cw>> process sample wmch 
conM he d>whainrd mt» the enrKonmrct. 

The hm> levels oT naA and t a f rn thr coai-derned 
sjmplrs MgarsKd that a mure complete character­

ization »M the r.AII cimteni was necessary. A multi-f'AH 
assay has been deveh>prd and applied to several 
feftetactiun prt<dncts. Tins method departs from our 
iradnkMial proeedare in that the entire f AH<nriched 
fraction rather than separate snbfractium is coKerted in 
the asvrama cohtmn effmenl. Alter concentratioii. mis 
fraction is dnectfy analyzed by CLC on a 22 ft X ' 4 « . 
ffam cobmn vt 3~ Drud 400 on W I 0 0 Hf 
rhronnmirb G. A cHwmn temperature pnifram frwm 
110 to 320 C at I mm alovrs the resorutM yf PAITs 
n? the ranpr I to 7 rings. A comparmm of the PAII 
fractions from a smoke condensate and a coa»-deTrred 
oil it shown in Fif. 6.1. with peak idenirfKalinns in 
Table 6.2. A risEai compansun of the profiles reveab 
that the od contams about ten times the PAH content 
v( c^tdensate across the entire range of PAH"s risnal-
ind. In addition, the (id ciwjtams a greater concemia-
lion of mgher rmg systems than dues smoke con­
densate, which itself is centered mainly abrmt thr 
two-ring PAirs and Ihrir alky I drmatrtes. 

Qnanttlainre estimates were achieved by incorpora­
tion of a '*r-toP tracer in the samples. The aawmp 
lions were made that the recovery of the entire PAH 
fraction is etnul to that of thr fcP tracer, mat each 
peak tentatively idmlrfied by cochromaiography is 
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TsMrfeJ- r*M| 

fc* No PAH 

1 i n- jad moti-Driah)dhnophthakar 
2 l.4-D*><fcoaapiUlukar 
3 NaFhtfakarl347r* 
4 2-Mrtfc: fcuphthakar • 1325» 
5 l-Mrihyfeaf* hokar iW3» 
6 Axjkne 

fcjnniyHto) 
K .>Dwwth)rhuflitkitmr i32*» 
9 l.>DMKlh>hbfhth>fe*rUSI» 

10 BMybied bydroxytuiorar 
It Aor*apfctfcjk«rl20i 
i : fenaaMmr 1*1 > 
13 t<hwf«lMM20S» 
14 9.tO-INiydruaMllraix*e 
15 9-MrtfcviriBofcar 
16 9.|ft-D*ydrop»rejiitlirei»r 
17 fXlMthmtr 
Id INnlqriniMicmril52> 
19 Ffcmntbrcnr » l.3A-inn*rib>iMflMkakac<nirii.4l3> 
20 Anthracene 
21 I *rhmy buplMkalrnc 
22 2-Mnk>kMihncriK 
23 l-Mfihylphnunilwcinr ilti.'l 
24 2-Pbmybwpfcthakiir 
25 9-MctNybmhiKcnr (42» 
26 Huonnibene 
27 Pyrmr 
28 1.2-BeiucotnM«ene 
29 \3-BYnjrofWfene 
30 4-Siesliylpyiene 
31 l-Mrlhylpvreae 
32 S.I2-IMiyJrolet»cenc 
33 1.2-Brmunifcrjcenc ttsA. Ml 
34 Cnry«iK - inpfccnykne iCbry. 9R» 
35 2.3-Bnuanthnixnc 
36 7.l2-DinieifcylliciM|«|wilhrKrne 
37 rn»fcenylbeiucne 
;» 1.2- • J.4-Bcnznpyr-ne < fcP. 4 ! > 
39 rtrylrnr 
4(1 Impurity * 3-mrili)rkfcu!a3lbi*iir 
41 1.2.5>- » 1.2.3.4-Dil>eii7MMhrave*e 
42 '>-nmiylmrpyicnr 
43 Picene 
44 1.12-Ren/operykrnr 
45 Awhanlhrene 
46 3.4.9.1 O-Dibrnzopy renr * uwonene 

'Concentration in ppm found in one co»l-derr*ed liquid product. 

file:///3-BYnjrofWfene


reasonably pure, and thai the detector responses of 
ismneric PAH are approximately equal. We wiB refer to 
"estimates'* rather than "deierminaiions" until these 
assumptions are proven. 

A separate procedure is necessary for determining the 
mcihy khrysenes. because meihylbenzanthracenes inter­
fere in the gas chromaiogram. The ben/anthracenes 
selectively react with malek anhydride-' and can be 
separated from the chrysencs by passing the reaction 
mixture through Florisd. The unreacled melhyl-
chryseries are selectively duted. cimcenf rued, and 
determined by isothermal t i L f . using a c K n n packed 
w i t h O V - : : 

Typical results are included Hi Table tt.Z. The most 
striking features of these data aside from the 41 ppm 
of fcP. a strong carcinogen arc the relative!) high 
levels of the methyl naphthalenes, particularly 2-
methylnaphfhalene (more than 1000 ppm). This finding 
may be quite significant in view of the known tumor-
promoting activity of ihe methylnaphthalencs. again, 
particularly of 2-methy Inaphthalene Although we were 
unable to measure the cocarcinogens pyrene and 
ftooranthene in this particular oil sample because of 
chromatographic interferences, we found 73 ppm of 

J S S llrchi rl j l . "ClNywiH- jnd MrllrtitNry«nr« 
f inanc m I.*JVV«> Smnfcc j«4 Cafciniijttitkil*." J \*ll 
Cmutr Iml 51. 1121 • I974>. 

pyretic and I * ppm «>t lluoranthene in a process stream 
leading to tins particular oil J-Methylchrysene. a weak 
carcinogen, is present to the extent of 106 ppm. but we 
were unable to detect any 5-methylchtysene. a very 
potent carcinogen. An asaessmeni of these data showing 
the presence of carcinogens, tumor promo:ors. and 
cocarcinogens would lead us to predict that these 
materials wos*d possess considerable carcmogemc 
ootential. as has been observed for at least one coal 
product in the past.4 W. H. Grwst. H. Kubota) 

Tobacco smake terprwes Several studies have sug­
gested that ICT penes may be related to the carcinoge­
nicity of tobacco smokes. This work is to determine the 
relationship of tobacco smoke terpenes to biological 
activity. 

Methods have been developed to isolate a lerpene-
enrichrJ fraction of tobacco smoke. A series of solvent 
extraction and precipitation steps are used to give a 
ferpene-enriche-i fraction suitable for p s chromato­
graphic profiling. The Mind away techniqae* was 
applied to the chromatographic data from C1C profiles 

4 I.. I Sextain rr d. "Ttir I b / j r * to Hrjlili MI ifcr 
Itydrupmaikm «r. foal- Pi. l iV." Ink tnrmm Hrallh I . 
121 »l"»w»» 

I K I (rtwrin tt j l . "MuliK<>mpi>i»<ni rWihn*. jnd Ibr 
• A M I AMJV" Anal ihtm /):> Annu Ftirt Rrp %rp$ Jo, 
l«74 OR*l -MUM. p 5ft 
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of the terptne fractions of TFM from eight Nt. I series I 
experimental cigarettes. Gas chruwniograuu. were ob­
tained on each ol the fracuons. using a glass cutamu 
packed with a Drul-400 coated solid support and 
temperature prngr— ;ng Approxaaately 50 peaks 
were obtained hi each profae. 

Correiatiaa of the entire terprne fraction peak area 
and 16 mdrridnd peaks with data from three different 
skin-painting bioassay pmmafirti indkjHd dm the 
tcrpeae fraction zs a whole and at least 12 of its 
constimeMs cuneiaie w d widi biohftcal activity Six 
of these omMMMf were tentatively identified as 

phytol. and squakae tacophvtadicne and sqaak-ne were 
confirmed by anss saectrunrtryl- Correlations aho 
were made between the TFM concentratioas of these 
constituents and the total terpene fraction in search of 
the best "Terpeue indKator .** Again, high condations 
were observed- Of the indmdnal terpene constituents. 
J-hmoaene would act as the best indicator of rhe 
tobacco smoke biological activity related to das terpene 
fraction. J-Lhnonene in the gas phase abo was found to 
curre.'alc highly with biological activity. A direct 
correlation of J-fcmonene measured in the gas phase by 
an independent method widi the concentrations of 
JAmtmeme m die te.-pent-enriched fraction from the 
TFM of eight cigarettes produced a simple correlation 
coefficient of 0.99. tf-Linmaene in the gas phase 
therefore would be a very good indicator for total 
smoke lerpenes. and the gas-phase J-fatnonene analysis 
might be able to replace the TFM terpene profile for an 
assessment of terpene biological activity. (C. H. Ho) 

Sutwr-cauwnaJng caaaujunu*. Sullur-corw uning con-
stituenis of fossil fueb are known to be hnportant to 
cngmeermg consideralioRs. The role of sulfur constitu­
ents in environmental and health effects of smoking 
andor advanced fossil fuels technologies is less well 
known. This work has included die development of new 
analytical methods, quantitative determinations of 
sulfur compounds in smokes and coal-related gas 
samples, and identifications of mgher-nmlecuiar-weighl 
sulfur-containing constituents in smoke condensate and 
coal conversion products. 

Sulfur constituent* have been determined in the gas 
phase of smokes and in coal-derived caseous samples by 
direct gas chromatography with sulfur-selective photo­
metric detection. An 18-ft glass column of "free laity 
acid phase" (FFAPl was temperature programmed from 
25 theld HolhermaUy lor6min» «<> I NO (' j l 4 /mi , i 
Conwdenni five diflereni cigarettes made of synlhetic 
s«m>k»7 materials we found .onceniralions (per puff) 

rangmgfrom 2-* to J5«gCOS.0.7 to 7.8^gll :S.and 
<0-02 io 0.0*7 ug duopheae. It seems that the hajh 
cunccmratwas of sulfur ctiaqnw.idi in some of these 
synthetic products mt sufficient to raue the qnesuun oi' 
possdde heakh importance Conridf ring the cuaceaira-
tious of suhwr-cuatainjng earn*, ears in pvrotysis and 
slack gift samples from a coal hajnefactiua process.*'"* 
we fuund H : S. COS <CH,Sh. and uahwheae to be 
present The stack gas contained approximately 10 
ng/Kd at H : S and COS. while dnr pvrotysn gas 
cuntamed 68 ag/ad of COS. The pyrolysis gas afto 
contained 16 ng/nd of ihwahcne and I ag/m! tif 
methylaiiuhidf. These sanades were napped in gas 

react with orgaaks in the samples- lie therefore 
estimate that results foe I I ; S are anifkiaty low and 
dnt orgnnvs such as thnphcat ate present m lower 
concentration in the amends actuafy dncbatged hno 
the carinmmeat in das process. 

Cigarette smoke condensate, an aqueous sample from 
one tad conversion process, and two coal liquefaction 
products have also been examined. A suHur-enriched 
fraction of smoke condensate can be prepared by 
extractanj the neutral portion with nrtromethane. 
Nnrumelhane concentrates sabjected to sulfa -selective 
profumg have been found to contain as many as 50 
sulfur-bearing constituents. IKben/oduiipberie and 
hm/oihu/ole have been tentatively identified in con­
densed smoke by cochronBlupaphy. The number of 
high rntdfcular-weight sulfur-bearing organks observed 
m various coal-derived samples has ranged from * to 
I 20 . * 7 A product separator IKUM* I aqueous sample) 
from one process coniame«i 15 disiinguidable sulfur -
containing organics. 

Fosilive identification of these compounds is difficult, 
since dwed GLT-MS is only useful after nunsulfur 
constituents are chemically removed. Mercury salt 
sutulion: are found lo i»ffer a means lo sdeclively trap 
sulfur conslituenis for CLC-MS and form the basis for 
further isolation procedures. Efforts are now being 
directed at the isolation of individual constituents from 
macro samples to obtain wllkient material for positive 
structural identification. (C. H. Ho. A. D. Morton) 

fc tv. IX Shall*, «d.. "ftttummmy Rrtahv Chemical and 
H**>SH.H IVMnaatiMU <•* f'ozt-Drnval NaMriah." m arcaa-
tjtum. 

7 M R. (imam. w. I I . Uiew. I I I Ho. ana t . D . 
Shall*, "Tarmkj) ClwraclcnMlinR id Owl (OMVCHMI Mnf 
Pbni Uiien-jlv" [had lltDA Imanamrmal Promipm 
i iinlmiKr. Vptembcr 23. I "75. 



61 

far 
to 

tracuunatc csfwetfe 
Mr class fractions for tw-tagical tesoag 
applied lo nnMcrited hijaidi. This 
•nukes acid-base paritfMn. precipitation. 

of the 
is 

rjl 
the 

of A t 
ahnweli 

h>s been fraction-
the 

r fractions: 

also 
pro 

to 

fractions. I 
known lot the flactioas. 

One sample of t n k e 
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work. The results of das test 
with those paHished foe the add a 
ID* total neutrals, dtjuui a brae 
sw and I I K use of different: 

This 
prodacis from two coal 

i of COED process Syucrudr aad oae saajpte of 
irnvged Synrbod process product oil have been 

fractionated. Distribution into the major fraction* of 
these two prodacis as wel as cigarette smoke con­
densate are show* m Table 6.3. ReprodacAdir> for the 
COED samples was generaly of the same order as foaad 
for ihe condensate fractionation.* These three products 
represent wry different types of maieriab which can be 
processed by lias method. The COED Syncrude is a 
lebtively Kghi o i . unwary bexane soluble, which is 

the uncenliifuged Synthoil prodacl oil conla 
substantial amount of solids m the form of finely 
derided char and carsfysi and b much more Affkulr to 

an umdrnnd smoke. Some variations m the 
I chemical extraction procedures were necessary, 

bat no ntapK changes were made except to extract the 
COED oil by a continuous procedure rather than 
bafchwise. 

Further separation of ihr major fractions has not yet 
been attempted beyond cohering each of the gross 
ehntes from the Horinf chromatography in three equal 
portions. Gas chrowmograplik profiling has been ap­
plied lo each of the neutral subfractions of the COED 
oi . With this procedure, very lew peaks were detected 
in the benzene-ether and methanol phases. A number of 

I:. C'nnprr. « • I 1 Swunau. "Urge 
of Cjrarvtir Sm>Ae Omnia tat* for 

Immipiiont." Cmctr Ra JO. 

n. A. r. imam. I. 
Sen* VtatiinMkm 

S79 X)flW9l. 
0. J. H ma. S. IrctrnJ. and A. W. Sunn. "WcmnKatimi 

<4 Aronutk Ketone* m Cuawi* Smokr ino4cmatt" Ami 
Chtm. 41.310 |3fl*ft*h 
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constiinenis m the bexaue and hexanf-benzeu* i'r. 
lions have been tet.iativeiy identified by cocbro»ua-
lognphy. The poiyaromatic hydrocarbons apparently 
are ewteJ in the btter two-thirds of the hexane fractiun 
and the first third of the hexane-benzene fraction. Gas 
chromatographic profles were abo obtained from the 
three corresponding Syntbod fractions. Comparison of 
the two sets of profiles shows some substantial qualita­
tive and quantitative differences 

Samples of the major fractions of the COED 
Syncrude have been examined for mutagenic activity at 
the motogy Division-1" Relatively strong mutagenic 
activity has been found m the hexane. hexane-brn/ene. 
and benzene-ether fractions of the neutral portion, as 
«eB as in the ether-soluble base fraction. These tests are 
being extended to wbfractions of ihe neutral samples, 
and where activity is detected, these fractions will be 
further subdivided. Gas chrornaiofraptiic profiling of an 
undertvatued portion of the eiher-soiuble hue fraction 
reveals the presence of over 100 constituents. Several of 
these have been tentatively identified by cochroma-
tography. Tins fraction win be further subdivided by 
column chromatography for more detailed mutagenic 
tetting and cternkal characteruation. 

10. J. L. Fplrr. mi>lii]Qf Divmitn. unfmblnlwa «bu 
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There b some concern ihM the acid and base 
•reaimem in this wpmatiuart procedure could lead *> 
changes w the amfua iMi of the ted mjniuiV 
Cannuuenlk. other separations schemes are being 
invesugaied which repntedH do wot create artifacts and 
which may be faster and MOW; swtable lor mecbam-
zatiou and scale-up. these methods involve M I « • 
change and adsorption cw/owasopapby'' and gel 
permeation ctuomatopapfey.1" Stndscs on the diari-
bntion of specific constituents of coat-related materials 
by standard kqwd-hquad extraction procednres are also 
in proses*. I I . B. Rubmi 

Fund cwanKSCnkawMi of ; i a a n m n l a . The bst 
of rhe \CKsnppfaed uv.auana cigarettes were cou-
ssnaed to produce sampki for a fnrthrr analysis of the 
smoke. This work is summarized here as an example of 
on? present capabilities in dnracieriring a given cam-
pin sample. Analysts carried out m this stndy are: f I ) 
BsAanJ UM*.<2> oriole and skatule.|3)carbaade.|4) 
gasphw sulfur cmnpuMiidi. |5) gafrpbase nitrogen 
commnrnds. 16) favphast organics. 17)PAH profile.IS) 
TPM profde. (?) terpesx profile. 110) metals, and I i I ) 
physical characteristics of the cigarettes- AH analyses 
have been completed except for 16). (9). and ( 10). 
Metab are being dctei.iuncd by the Mass and Emission 
Spectrometry Croup, while the other analyses are 
carried out in tins Gronp. 

A batch of 21 SS-mm nonfdter marijuana cigarettes 
visual) selected for completeness of packing exhibited 
a mean weight of 1.175 • 0.157 g and a resistance-to-
draw of 159 • 83 mm H 2 0 . The large variation in 
resistance-to-draw is the result of nonhomogeneous 
packing - large pieces of stems and seeds are present in 
emy cigarette. Loss of fiKer on handling required us to 
select cigarettes only upon the bash of completeness of 
packing. These were randomly grouped for TPM gen­
eration at 15 cigarettes/pad. In spite of these variations, 
these groups probably represented a more uniform 
product than one would find "on the street." 

The lower PAH*s such as napthalenc and its alkyl 
derivatives (possible tumor promoters) were found to 
be present at lower levels than those in cigarette smoke 
condensate, but this trend docs not hold for the other 
ring systems. We found elevated levels of Ba A119 ppm) 

I I D M . Jewell. J. I I . Weber. J B. hunger. H. Ptmchcr. 
and D. R Latham, "lon-l xchanre. C'niifdmalvin. and Ad­
sorption Chromatographic Separation of lfcavy-tnd Petro-
leum Dniittatc*." An* Ckem. 44. 1391 95 fl972». 

12. H.J Klimncb. "AmcKhminp-und Trennverfahren m 
Analyw entycyenwhet aromaiMchcr KoMenwa«ertioiTc." 
/ And Chrm. 2*4. 275 78 «19731. 

and BaPtnppbi- The latter is a strong carcinogen, and 
both are present m condensed smoke at ahnwi I pmn. 
The AWrenes. partKutarty the mtthyllluwwwrs. appear 
in awmrnn. sutsvwhat greaser than m condensed smoke, 
and U.Tantbrue is also m somewhat greater amuwaiv 
Bothmdoktll9Sppm)andsk»tolell0blppmlarem 
constfeiaUy higher ammntr than m condensed smoke 
(about 600 and 350 ppm respective*} k and the amowM 
of carbaftde IcstimMed at about 55 ppm) is ahw 

condensed smoke, but the carhaame/mdoie ratio of 
about 1/20 HIT marijuana is approximately tbaf ob­
served for tobacco smoke. 

I"i munition of the gas phase of marijuana smoke 
with ckuKnt'Scirxliwe gasvsohd chrowatugraphy re­
vealed rwmthBy no differences from the Kentucky 
reference cigarette ( I R I ) for the girphisf suttur 
profie. The fonowmg constituents were identified and 
measured: CCS (3 J jaj/patT). H 2 S ISJO jig/putT). and 
tlnophcne (0.2 ug/pufDi. Ifcmcver. the mlrogen-
compuund gas-phase profiles of the marijuana cigarette 
and IRI were quite different, with the I It I exlmmmg 
lugher levels. Acetonitrile was mcamred m marijuana 
smoke at 0.99 ug/puff and w-butylyainint at 0JS 
Kg/puff. The corresponding levels in IRI smoke arc 
3.76 and I.I ug/putT respectively. The TPM profiles, 
which represent a broad scan of the TPM constituents. 
atsv revealed some significant similarilits and differ 
enccs between the marijuana and IRI cigarettes. 
Phenol, the crcsob. catechol, hydroquinone. and 
ncophytadiene are present in thv marijuana-TPM at 
about the same levels as m IRI-TPM. However, the 
marijuana apparently contains a considerably larger 
amount of glycerol and the free fatly acids. This pvinl 
may requite mass spectioscopk confirmation. In place 
of nicotine in IRI-TPM. the marijuana-TPM contains 
large amounts of cannabmol. A*-tetrahydrocannabinol, 
and cannabidiol. These are the last three major peaks of 
the marijuana profile. In addition, several other major 
differences in unidentified TPM profile peaks can be 
easily seen. 

The significance of these differences and their relation 
to the biological activity of marijuana smoke is not yet 
clear. The disparity of results among the various 
reported tests of the biological activity of marijuana 
smoke prevents us from drawing any conclusions in this 
area, but the data do show thai significant compo­
sitional differences do exist between marijuana and 
tobacco smoke, and these could result in different 
biological activities. 

file:///CKsnppfaed
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fally 

measure of T f M 
ncoohytadwuc are 
conomtmtion. Gas 

oxygen* and 
nitric oxidt can ahc now be drtiiminiil routinely. 
Except for hydrogen, these constituents aft particular, v 
important a* measures of animal effects on the aerom 
and animal respiration. Hydrogen promises to be a 
useful indicator of gas anas* concentration and can be 
monitored continuously by thermal conductivity. TFM 
and organic gar phase constituents can now be profiled 
routinely as measures of smoke composition. 

A new sampling device has been developed for studies 
of flowing aerosols. Smoke is withdrawn through a 
mkroCambridge filter at a constant rate (3.S ml/mm) 
by a syringe pomp. The particulates accumulated on the 

in exposure systems is of cow* 

ship of aatauJ studies to the human experience requires 
that anrmats receive smoke that duplicates human 
smoke as closely as possible. Wt arc navestajatnuj the 

and the effect of exposure variables on the compo-
SNmn. 

One study addressed the question of compositional 
changes in organic gas phase constituents for smoke 
offered by the Wtlton horizontal exposure system. A 
rngh-rrsohitron gas chromatographic profHmg meth­
o d ' 4 was used to analyze smoke in the exposure 
chamber of the system. This method visualizes approxi­
mate!) I2S organic components of the gas phase of 

I J. N. R. Gvcrm *i al., "Smoke Easusare &ntm Chw-
actertealiiM.'' Amri Chem. Ut. Armu frog. Rtp. %tpt. 30. 
1974. ORNL-SOOfr. P. *7. 

14. M K. Gocrm ami P. Nctt;*nrtm. OKML Totttto 
Smoke Rtfwrth Ptvgmm Summry Rtparl. ORNL-SOOf 
(March l«75>. 
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i far apm to >• ppm at 4 K cad of war r t f M K . 
of the mumoBudr M I 

I by bethefhmmj < w f a r a V c K d n c i a a a m t h r w w n -
• jKCftfMBMfttMitS 

: in war prraid 123 sttk A normal Tfcetc aid unrr imdiri — ananni dcptctam wf i 

• rtir -Biiwif himhn Yai 
' >«ri 

«i 
tac 77 of aV peats iiaahtliiy utoiai of the; 

d» antra rr ^nnjptt die amaaah aaaaaW and ini im. W W I J W a 
<Ja*y five peak area* wear portam of riar rfcwdjri CMMCMS. TW 

far nan* peak*, cimmjet am* mctyfaar. expo ird a* a laaahr of omta 

«*Ji3> 
the 

a normal JbVtec 
the peak areas of 7? peaks in the 
dart the average area of a l peaks decreases by a (actor 
of I J daring a 3 t a c exposure. CounmncMs wfthlajli 

points (peaks with brgr retention li 
si were atatcatn 

These effects are beheved I P resalt ft 
ikr uptake and selective watntion of cumpunrwts by 
tbeaninals. 

EvaJcncf that at net smoke compwncitts in the Warnm 
horizontal exposure chsanber arc affected by animal 
interaction has abo been obtained. *i«ric oxide is a 
pirystohvjicaaiy intportani smoke component present at 
a level of 0.2"* in the gas phase, (tar initial concern was 
thai nitric oxide coald reac: with oxygen to form 
nilragen dioxide daring exposures, producing a smoke 
depleted in nitric oxide. Analysts nf the chamber 
contents by a new gas chromatngrapkic method'* 
wowed that the nitric oxide concentration was not 
signifkanily reduced in lime rvrwds of up to JO sec. 
Farther studies with animals, brwever. showed a steady 
and rapid decrease in the nitric oxide concentration 
during the exposure. In a 30-stc exposure of 20 mice, 
(he concentration decreases from an initial value of 72 

15. <V l». Unf i t * . I . It. Smttcty. and M. R. <i«CT«). "ti»* 
f'w<>inaln|rra|4Ni I'kitrmtnaitrm of Nilrk OxaJr fWOi m 
f'iprcMc Smnkr." Ami Ixll 7. 177 l1*741 

of omer taaaags to NJM a 
thjirjianiitw'i Tcrnm. palyctajyi-

matj tubing were faand to prodoce i 
of gas phase ainmnncnis. Future modebof 

exposure system wdl incorporate one of 
far smoke transfer lines. I C E . 

JR.Stafc«ty> 
PsaaaEa* * • * tfAaaattpaaaaaBtf* ̂  aaa^Mvm ^afc^k« C*^^k 

retle tobacco smoke it an acrstol of ipherajl l»pnl 
panicles iwpindrd m a gas phase. Most of the known 
aawogicany active consiNoents ere co». Hnvd in these 
partartts. Cn mladaMon they drposa in varum 
of the retfaratwry system in a aim dependent 
Thus one of lite unportanl variables of tobacco smoke 
dnaimetry it the distribution of sins of the particles. A 
standard puff of smoke contains about 10'' particles 
almost aR of which are less than I «m ht ammeter, loth 
ihr nnanVti of particles and their sin distribution 
change rapidry. prmuiily by coagulation, bat other 
processes such as evaporation, sMC-sttectivc impaction 
on walls, gas turbulence, and stirring may alto contri­
bute. 

None of the standard instrumental lechniqirs leg., 
light scattering, gas ccnlrifugaiion. cascadr impaction, 
electrostatic analysis) for measuring sue arc without 
objection when applied to the tobacco smoke problem. 
Most require extensive dilution pra-r to mrasuremenl: 
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b a t t cud of the uke dJM'unrtnm. Direct —cwwcwjec 
naarriahun of nV aartkan has aL J proved untnrwrsv 
tal. The IBBHHJ awrpkti spread when coBcctcd and 

The cu » • < -ethyl 2<yanoaaytstr 1MCA. 
C 9 H W W B B V | V wn»WnnOu"wn?f' "ptJ^TaaWowwC* fwajuanansj f j M wave 

need m due gas awaar to u p h i l l kr crystals for 
najcrmwaat investejanjon as duty let duwanfc iu 
u p r t 1 * aVuntfy. Carter mi Haargawa'7 npumd 
the fixatM and sMhanouun of tonaiou smoke parti­
cles far drctron wacroatopk nam ivathm ay contacting 
thrm with MCA vapors. We hair undrrtaliin a paraM 

veaapang a nanmad wlurrchy nee pariKKS May be casey 
conuctcd and oatir uuunhcr anal siar drttrnnstion 
leavoducnny anal unanftolivcly dctcrnuned wins aa 

wu* das ai« • nund we am* chosen to cancel tat 
particles by nalraiian. Of a nainbet of uimmficiaHj 
avauahfc filters, we have tonnd Nacutopoec fibers to or 
na«l satisfactory. They have awl defined. swflkieniTy 
saol pons, and ttacir surface appears smooth at hajn 
mopmrmMiom. ahowing easy observation of die MCA-
fbed particles in a itannmg rlrrtron nucroscopr fSEMI. 
Routine expeiwacuts arc now none widt fillers of 0.1-
«r 0J0&«a pore Jsumur. 

la a typical experiment. MCA vapors an? filtered into 
a heated vesae). The smoke sample is dun Mann in and 
mixed with the Ml A vapors. After a few seconds die 
toed portkks arc tillered onto the Nackoporc mem-
bones. These arc cm and moonted on SEN sinks. Prior 
lo obamatiwo rhey arc coaled with a lain layer of 
condnclive nvjarnnl. Both carbon and pom have h n 
nard: the gold gives sumtnhjl bttler emission. Typical 
rcaahs arc shown in da? electron photomicrograph of 
Fn> 6.2. The magnification of this figure, abowt 10X100 
limes, is typical of thai need lo adeojaatcJy display the 
snujucst panicles for measurement. The particle diame­
ters have been nansared from the SEN photographs or 
enlargements, wsing an Ebgnph Graphic DajMun 
coupled, via punched tape, lo a uuniccmpuier. Typi­
cally. 500 to 1000 particles arc measured. The nuni-

I*. R. I. SmMt-fokm***. "Minim Vaunt KvencatiMi 
TcrlMtoac for Smm Crystals a*J RMnaksl Sfummmt." 
Vofarr J H . 121* HfS5). 

17. W. L. farter ami I. ItarBW. "Haarto* of Totorm 
Stunk* Armagh for Stow Drmitnilion SlwJkt." Abstract* of 
2WH Totacm ffcrimsis RVsrarch Cn-r«Tmce. tbMeh. N.C. 
Octnlwr M. 1*74. 

i 

•amrtrri and output chr statistics necessary to define 
to saw dmraattftton. 

We have faaaj nut the partide dnaneters do not 
continue to grow on piuluapd contact wtah MCA 
- i f I -firj- rfinnj- " f i r tfr Tin" mi - r m p " 
rrnc is incaeaacd from 50* to TO*. At these unanii-
twjrs the prides are uianafctidji fixed in thr few 
seconds nnrnnj to a n and funer the annate At 

mm is nrrmnji to fix thr paitibi These rcsviu 
nrnkaie dast once a layer of pueymeriaed MCA is 
formed on tht smoke anrtidrs. farther depotitiMi of 
polymer dors not occor. 

In aanfogy to the work on ice crystals'* it was 
oriajinahy aanmed dial dar smoke partidrs were en-
caaaaaatrd in a inm fim of MCA pofymcr and that. Kke 
WwapCa. H T c l « V OvJ wanC O B V a T I I C SniTnOwSnT wMkVlwS inWBEIv 

datfme throng* iln? tnm and evaporate in the lag* 
m a m of dw dcclron imVioscwpr. learmg a dun 
awbbk of MCA poryaaer. A nvasareaarni of the 
dnekneasof dns shefl would estaMah the mas of me 
method: the Minion aetween observed and true snaake 
parfide nJwnrtft. we have eroded MCA fixed smoke 
partkes with a braM of argon ions and have examine a* 
datm in the SEM. The nan shell conjectured <*as not 
confirmed. The manner partades. nVacc less than about 
0 3 van. appeared sotai. Larger partides were soaaethnes 
hoBow. but with a llnck diffnar she! labonl 0.5 ym\ 
Apparently die MCA diffancs into the laauai smoke 
matrix as it potymenres. 

We have since resorted to a hn direct test of tht bias 
of the merttod. The pnrtide size distribution of very 
dnute smoke was measured and uimpaied with well-
regarded gas ccnlrifagalion fconjtwge) results.'* 
Accepting the comfuge results as a standard, then, if the 
addition of MCA to a smoke particle significantly 
mutants its diameter, the sire distribution curve from 
our MCA-SEM method should he shifted to larger sins. 
In fact, both methods gave similar site diuributions. 
peaking at 0.2 am. with 903 of the partides in the 
range 0.1 to 0.7 pm. We have found no evidence, from 
this test, of a significant diameter bias. It dun appears 
dial the MCA-SEM method is at hast as reliable as 
other methods for measuring the sae distribution of 
volatile liquid aerowls such as tobacco smoke and. in 
addition, u fitly capabk of quickly sampling die 
concentrated smokes of iniercst to the Smoking and 

I* . C. II. Kwih and J C Prrrtrk. "MmnrcnN-M .»f Ik* 
Pariklr Sire Pfelritmiinn and CnncrffimiiMi of tfaamic 
Smote fry the Tomfor*'-" J I'nHmd Srt IS. 340 il9«0). 
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Hcahh eVugrsaa. l a t 
ICOned SO WBI I' 
•.tad? spacrJ ii 

I M CM br 

particle ski 
The 

•asm «Mh mar la lac 
hmumHai 

•if of a I HI 

jad JO «v after the paiT. Part idr 
m the same floxaaaae. JK ah* led «s the 

canes arc qme syaaactrk 
expeiaacaial error fit a 

aiiiriaaiiua. |Noar of the 
the skewarn to trgh #aaairrs dm aw area arewjoasry 
reported'T for tobacco sankc.) The atnareirk 

' 0.30.0.47. and 0.68 jna. respectively, al 
the rarer times. The diflribatka» of Fig. 6.3 are far a 
stirred exposure chamber without 
data suggest lhai ihne is a large prnarbaliaN with nice 
present and that the particle size iacrcasts significantly 
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ihr bryax. 
:he 

other< 
from das study a accessary far the 

sfatsun exposure experancats. 
Such experiarents are dciigned to bioassay aerosols 
ia which the object a to get asuumal drposruoa ia 
the target organ of the respiratory tract of experi­
mental aaianb duriag a lifetime exposure. The 
rebZMMSMp between aerosol concentration, exposure 
time, and deposition caa be used to establish 
chronic expotare conditions that will yield maximal 

• M r having a iwiwimil toxic effect on the 
Comparable but much more extensive studies 

are ander way ia coanboration with MkiubkilogKal 
Associates to establish naximum dose coaditioas for 
mice exposed using the Walton horizontal system. 

The use of smoke tracers has the advantage that 
bcabwd Attribution can be determined. Major dis­
advantages arc that most constituents cannot be 
traced in this manner and that the animals must be 
sacrificed. An important finding is that by measuring 
the decrease m quantities of smoke constituents in 
the chamber during the exposure stand period, we 
can make an accurate prediction of animal dosime­
try. We find that the depletion of , 4 C m chambers 
containing ,4C-dolriacontanc and , 4C-B«f labeled 
smokes is quantitatively recovered in the exposed 
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a n n b . Catboxylseufcjglubiu revets m tkr twood oi 
•fmofcr-exposed annum* C M be accurately predicted 
iron: w u M n t t H of carbon usonoside depletion in 
ike . ••!•!• rr. AMsowga this mrtuod. - • • • m m by 
depletion.- does not ptiuut dtiriuumiiiuu of ike 

to be obtained hie any iudrridaal Amsntuui m the 
cbanJber. Because • is nondestiuctvre if aha aBows 
one to loBo* the cuwnaatne dote lo given auMBBJs-
U E.Caton) 

deal «<h the evaluation ol" rtuugo caned by an 
nank. O n interests are generally cunfmed i-> d n » 
cat changes occurrmg either lo unadmg dstwncabur 
to nwlecnles name to the knag •irgjuiiui One inch 
cwauge thought lo be muvatrte of ike iuumct oi 
suae nsntu si the level of aryl hydrocarbon hydrox-
yfaac IAHH) usmxed by iht msufc. One approach lo 
tke nrvestwjMion of AHH activity has been lo study 
H on ike nnlecntar level Titos, prepacatioru of in­
duced rat beer MKrosonsts have been Mt*wcd by 
electropboresii and anion exchange chrurmtography. 

DE.\E uBnlujt as a stationary phase and stepwise 
ctvjtion with phuiphiir buffers of tncreasmg IOMC 
strengih and Jecieasiag pH. The metnod separates 
ike cmde preparation inlo seven fractions. FJectro-
pkoretk analysis uwJicjies thai each fraction contains 
several runstmm proteins. At least one fraction 
Jpntan to ODRtain enhanced AHH activity unnpartd 
with »he original preparation. These efforts to care-
fuBy borate AHH activity are aimed at development 
oi a more sensitive and mote specific AHH assay. 
Snch an improved assay night involve quantitation 
on etectropkoretk separation media or the develop­
ment of a specific imnwnoshenucal reagent. 

Other work on monitoring the impact of experi­
mental smoke exposures involves ike periodic screen­
ing of urine sampks. using high-pressure liquid 
duomatograpny. and applying a battery of clinical 
analyses, using the GeMSAHC. A unique sample 
bank of brood specimens from animals scheduled to 
undergo long-term smoke exposure at several labora­
tories throughout the country win soon be estab­
lished. These samples will provide the first opportu­
nity to examine biochemical changes, in a given 
animal, resulting from chronic exposures. Animals 
exhibiting pathological changes can be compared 
with those whkh do not. (J. E. Caton) 

Clreruicuj evnjuufmn nf beeswax ptnef im-
phmfafiun. A tracheal graft procedure has been de­
veloped at the Biology Diviskm as a means of test-

me various types ol caKmuerut on i«nnhv> tract 
epwiehuui withunt rudmgeivag, the whole anuvol.1" 
This concept mdudes ike unxsne »4 the carcinogen 
with an avert carrer and instiling ike resaJimg prhVt 
•no the irackeal graft. Tke result sfcuuhl be a lune-
Mm. low-level uvswtt t-» tbe nswe. a sttuatwn 
gcneiany analogous to Ike effect M inndiuw, >« 
humans. The irackeal graft studies have been ex­
tended using pure test ..vuvpouuds sMch as 
7.i:-dhnethy»en/|*|aMluacene iDMBA) at beeswax 
pcuei unptauts:* Any daman* to the ttssae shuuU 
be related to the amuwni of the single omsp.nnd 
reseated to the aawnai system. On rhe othe, fcanJ it 
a countex uuxtnre suck as cqaiefie smuke con­
densate tCSCf were lo be used, n would seem logi­
cal that some constituents would diffuse iron tke 
penei raster than others, analyses for any given com­
pounds would be very difficult, and aweiiment of 
tissue damage as related to tne parent material 
would be convpKcated. Veal and Doyle-' nave de­
veloped an in vitro model to study release rates. 
This model has been modified and adapted t» the 
study of .race quantities of tanous ctuuirfumts m a 
CSC-beeswax matrix. 

Reproducible peBets wvre obtained by beating 
equal pans by weight of CSC and beeswax, agslatrng 
the mixture vigorously, and immediately frceong it 
in liquid nitrogen. The o i shaped pcUets were 
formed by extruding the mixture from a syrmge 
The CSC conteni of each peUet was equivalent 
approximately to that from one cigarette. Because 
almost dt of the components would be present in 
quantifies too smal to measure, each mixture was 
made up with a '*C tracer compound- These tracers 
represented differcRl classes of constitHenis. Control 
peBets from each batch were analyzed lor CSC con­
tent by flmimueiry and for "C content, average 
relative standard deviations per batch were y* and 
Ti respectively. T V test pellets were inserted in 
small lengths of glass rubmg. and isotonic saline was 

I*. J. KrMtrkfc. P. Netted***, ami A. S. Ibmum**. 
"TMVMT iMWciinN m fravfceti Graft* A New K»svriuKMai 
MnM (or fteiuuatnvy CircUHifnmci $»«*r«." J. ,V#fl 
Cmctt Inn 52, 1317 25 11974*. 

20. ft. tfrinnucr. i. Knwkicfc. ana f. fttiHilmm. 
"Sluwn v/Mh Traclusf Tfamabwu." iMcruUkmal Svnun-
iimm on F.»pmMrMtol Umjt f'ancer. Scaiilr. June 2J 26. 
1¥I4. 

21. J. T. VeJ MM) U. f:, bnytt. nallrkc NnrtfcweM ImliMle. 
"Fvatsalmn >4 nrvsuax-TritaprylWi Vcfcidr fnr fvtmnttary 
(aftimiftntw StuuMx" sutwiifled to Tnmcnkmy mul Apftortl 
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pamped taunt** at abowt ISO na day The " C 
ciarteat of the etttoat was reeaswred at recant lane 
ietenab. aad at the end of the sonified lest 
period*, the reiwfcial l 4 C m ike test peaVns n 
arcasnrcd. 

Wc toaad sahstaatiai daTereace* ia the tales at 
wfch.ii the variuns coasiitvrRts a m released fnm 
the pearls. The snaaVr aad more salable cuaaMmnds 
were released mate rapaly. Some coaatuacats. aico-
tine and pheaol. for example, are c o m ^ i e R de­
pleted by the cad of the third day. while others at 
that same m e appear to reach a M r k v d with 
very duw farther release. The less sunhk COB-
povads were released only duwty. if at a l . There 
are obvwas drffcreaces in release rales, drpeadaa; on 
aadecabr sttacane or tax wttlaa a faaaty of conv 
poaaaV The thru raw, pheaaarhrcat is more thai 
ton released after 28 days, wade the 4- aad 5-riag 
cnaawaads irauia esseatiaay in the peter hi the 
tatty add aad alcohol anmp*- release rare appears to 
increase with dtcrcaaaf sine aad with iacreaaag 
unsataraliua. Release rate is abo iaflaeaced by flow 
rale to a greater or lesser extern. drpfnaam. on rJte 
aatarc «•• the mokvak. If the flow is doable, tar 
increase <a the release of pbeaoi ia a 12-hr period is 
at aboat the limit of exprraaental error (*-HPVIi bat 
the rekasr of phrnarttfneac after aiae days increases 
by a relative 2VT 

Carbon-14 tracer ctsaspoandi were ascd. not only 
for ease of anafyas. bat also to prevent artificial 
concentration effects. Grieseaier et a l . 7 * ba*e 
snaked release rases of DMBA from beeswax peHets 
ia a mwnbti of ia vivo tests. 2 1 A large aanrber of 
peftets cia)taraia| varying quaatities of this cotn-

puaad hate beer aaah/ed after tary bad beea re­
a m e d from test anaaih at specaled «aat oHcrvaK. 
The release of DMaA appeals to be cuaceatratiua 
depeadeat ia the raaat of ahuat 0.5 to 2 5 
aaj/pewci. Sat at lower cuaceairatucs. the data ate 
awoacaravr- Siace .jany of the compuwaas rtadrd 
•a the in ntro tests s e at ctmceat'aauas that naaht 
range front 3 to 6 orders of asaanadc kss than 
taunt low amagram » "nes per peflct. the rule of 
cuaccntraiKni at the cuwwarwor: of these release 
rates is opea to ojaesnoa. 

The at « n o release rate model is a wsefal oae tor 
aaxswag the directions that ia vivo stadics coaM 
take. The results of the above tests dnauastrate that 
beeswax a i l not peraat canal raws of release tor a 
large variety of anapuaad types saca as exists in 
cigarette smoke • onainrai' or Ifoaid fads, aad con-
waapady a aot a suitable carrier for sach raixturcs. 
On rJte other hand, nace wbote-aaofcc condensate or 
other complex aaxrares may be fairly toxic, and r*e 
nontoxic, bkaoajcaty active coaawaads may be 
preseat m low coRceatraiioas. die parent materiab 
any aot be appropriate subject* for investigation. 
Fractionation of the naxtares into portions which 
contain araaar compoaad types ia higher concentra­
tions any resalt m more aataWe test materials for 
which a proper iatn carrier can be found. 
( I . B. Rubin, J . E. Catonl 

22. I t A. CnrawicT. P. Nnicmcaa. D. H. Mjflm. awl 
J. E. O I M . Jr. "Omamtmatmt Fxavwrc of tUawjWry Air­
way FaMkiwaa to 1.\ 2-Vmi iw.i tfrlannaaccnt." * * » M « t 
M> Cmcrr AVMWTk 
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Part B. Service Analyses 
fhe «appufi * .mnt> •«* oV «em»x labuiah'fK* M m i ctmrh *..• -Hoacate 

Laborahiry puctrfb A> arm proKYt* are i<«»c«n«d jad anplraKatea • «wW» «fc> ••». 
m jaahlKai * men are reqaacd IN re*p"««r N> aV aanf* of aW crusiac tv*" 
TtwhaoJugy IVapam. iWeuaade.a •.vol laboratory ws» estaMraVed iu pnindtanaHticjl 

.vtaace t«> ibex jnifMicM'-w- Tedaaaan and iipja»anai attw m dasiabu(af«r> anrk 
a break with mtatt oi >w past mpeneawev which na*e bc.-a pi—anli. m a* up—i. 
J M M I > . Sack ptuwvts as nV HTGR. aV MSR. aad nW T i t prograab *» . however. 
•*A *app|t Sic Udfc «l taaajtr* reverted, aad eieantal aad laawxhi—KJ! aaaHie* 
oMtamr t<> be m dflwaad. 

.A* wen • Tabk avl. "Saaunary of Aaaho al work." ekmmial H U M and o r a i a 
spevinanetrv acimiai* lot a iarer fractMi «H tbr*e inerwaa nami aad » awhxjiwn of * r 
hajay tupbiMiiated. aauacated mnhodnfogi dut t» repJacaty irawHaaial *ep»ratMfc aad 
atdmdaal aaaryoxal laboratory mrtbudV film, lot the tawr«wai:aul Laboratory we 
bare acquired two TecbaicoN Aaio.Aaafy. er* and a aew IVrlun-fchaer model 50.? jt««ac 
absurptma iprctrupbotoraeieT. Tar eamau-ra> tpectnaa itsolafam program MfASTR 
w» adapted lor w r a i k radiochemical laboratory. here band pkxtav aad "eyefealT 
nuclide ideaiiiicttma was replaced by cuatpawr .tunpaiar** and jjnajawtat. 

Such efcatten from hand at*! eye operatum to AatoAaaiy/CT. r a n *prctn*»*tet. 
oanpater-ciiairuiled Mtciidr tdetmfwM*>m. or »fhrr machmr rype jaahrcs i4mmnh 
reqmre ckae uatrsticaf control* i«» awwe dial resalb reported air vabd roaseaarath-. an 
expanded sad mow drtaaed qualm control prurram was brfua. VtKStai* draety wit* the 
Qualify Asmraace Committee, we ba«r tet up quality omind protedare* for even 
laboratory m the Drmma. Owe mwiidnii: rewli hs been a 257 WK»ease at Ike wadm 
i«f conirul deicmanaiioav 

Tbe jemce labnraionet are a vna) and aeccwary pari uf mam iif me Lab»rai:w> \ 
brpni prnfcvis. In addition, rfcey prrlorm cniKal deterormafiom for a nawMV' of 
mdmduai imvunaion. To meet the vbaUrace of prondm*. qaaniily witfcoui sacriociat 
qualiiy ttqpmts *njglam.-e and adapiability. Tfeete puab wdl cimtnrae to hr panaed m the 
comirtf year. 

70 



71 

a 
i 
* 

! 

ii 
I 

l 
ii 

li 
ii 
I! 

« = '?!«. 
2*5 "53 *"- m. ** ̂ t — * *; *-. ~ ": ̂  ~: I *"". I " J » I ~ 

* " ~ 

— * « ̂  ? * !*-* 

— — » 
r£j? £ I 

I 

S3 *i ii 

5*5 =35!««SS3 I* * ?5 5 Si* 

X 

i .1 fi If ill 



7. General Analyses Laboratory 
W. R. Lamp. Head 

Kefleciing additional activity in several programs and 
the startup of a new program, the number of results 
reported ihr* year increased from 11.500in 27.000. 

HTCR work included all phases ot' fuel preparation 
iVocn uranium loading of ion exchange resin beads In 
cracked particle testing of carburi/ed fuel slicks. 
Loaded ion exchange beids were checked for Ins* on 
drying rod percent uru»iium. Carburiwd beads were 
analyze J for Li. (*. 0 . and N After ihe addition of SrC 
and pyrolyiic -aibon coatings, the samples were 
chfcifd fnr b-oken particles. coating density, mercury 
density, uranium, and nitrogen. The carhuri/ed fuel 
sticks were checked for broken particles. 

The Environmental Sciences Division began a program 
to measure the sulfur balance in an ecological test area. 
Over I I0G samples of twits, leaves, bark, stems, and soil 
were submitted for sulfui analyse; The Loco sulfur 
analyzer, standardized with NRS orchard leaves was 
used f«?r all determinations. It was Mind that the 
addition of 250 mg of MgO was an aid in the 
cmtbusiion of the soil samples. 

In other Environmental Sciences work. 1200 samples 
were analyzed l 'orC 2 H : andf' :H.» by ins chromatogra­
phy. The conversion of acetylene to trthylene by 
bacteria was u*d lo measure the bacterial population 
of soil plot.*. 

Monitoring of Laboratory effluents I» determine if 
they mec; EPA requirements increased from " sanples/ 
week to 21 samples/week, with another H samples liken 
•m a monthly basis. Twvlvc tests were made on these 
samples, using methods approved by EPA for this 
purpose. Additionally, special sarnies for dissolved 
oxygen were laker, over a period oi three weeks to 
check the performance of a new aerator. 

Samples lor the MSR Program included Li : Te atrd 
l.iTe, for purity measurements, ncodymium and tel­
lurium in fuel salt, and uranium valence studies in 
fluoride salts Six samples of salt containing J M U w r e 

•ulv/ed for oxygen. A new method for F in NaBF*. in 
wnivh the salt is decomposed by C*f l ; '" f h- presence 

nf ammomurr! vanadate .2*1 the Cal- : separated and 
weighed, was traced i-i operaHoa. 

As in past years a number of materials preparations 
were performed, most ot" them for the Solid Stale 
Division For the Neutron Diffraction Gump a major 
project was die preparation of" the mixed compound 
1 * 4 S m » n Y » . n S for neutron scattering studies. Inter 
est dcrirrs from Ihr behavior of SmS. which is black it 
normal pressure but collapse* H* a gold phase of smalkv 
lattice constant umler 6.5 kilobars The introduction of 
yllriwn allows this transition lo ivcur at atmospheric 
pressure. The collapse is ass* dialed with a change in 
valence oi samarium which awry vary from 2.0 to 2.7. 
The compound ' , 4 S m N was also made for this group. 
Another major activity was the preparation of NaVrO.i 
from 300 mg of NaBr prior to making isol.ipic 
Nj 7"*BrO». The norma! material was u>ces>fu!ly pre­
pared, but due to differences in pur'iy. indicated 
between x-ray and laser examination, the study was n-.H 
continued at this lime. For ;he Isotope Target Prepara­
tion Croup the isotopic fluorides , 7 * L i i F . i . " " t i d F . i . 
and i 4 n C e F . i were made. Finally, for the Neutron 
Spectrometry Group a number of alloys were provided 
and treated in various ways such as by annealing: 
Tho. iCc 0 u. f h 0 2 6 f c ( ' e „ . 7 . , 4 . T h 0 2 , t ' e o 7 l . CeAI.*. 
Ni„ 7 Khp , . and N i » . f r 5 R h 0 , 5 . 

For ihe Hyperftnc Interactions Group of the Physics 
Division the three alloys AuAi. An.Al. and A1I4AI. and 
the three isotopic ferrites N i o . « " , C d | , . J " ' F e j 0 4 . 
N i o ^ ' T d o ^ T e j O * . and " " C d ' ^ F e j O , were 
made. For the Electrochemistry Group of the f hem >-
try Division. 3 kg of the lnw-mellin„ euleclic KCI-LiTI 
was prepared by fusiim-fillralion tcchnknies. The re­
covery of several valuable isotopes from completed 
research studies was also accomplished for various 
groups. 

New work for this vrar vsas in the area of coal 
conversion techno' tgy. A coal laboratory was estab­
lished. Initially, procedures for the proximate and 
ultimate analyses of coal and chxr were set up. Later 
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these prutvdurcs were adapted i<> lai and biaiids. Gas 
chromatographic method* have been used I'm the 
measurement ••! hytirocarbun% ami permanent gases in 
oft-fa* stream*. K rVikm timer ekmratal analyzer was 
used t» measure C. H. and N on I- l<» -»-«HJE samples. A 
Parf adiabalic cakinmetei has hern •mtaUed »»measure 
die heal omteni ••!" MMOS and lit|Uids. Additional tests 
winch have been provided are viscosity . density, tonus 
<il Miitur. solids, hen/ene. cvcluheune. mtromethanc. 

cfesH and acetone solubles, ash analysis, and methylene 
cniondc extraction*. Two chemist* v&Mal the flits-
buret tnerpy Research Center durmp the year to 
•4nrrve procedures and techniques used there for these 
ly pes ot samples. 

Sewn technicians atiended a nZ-hr-tramin? clas%. and 
s«c chemist and thr-.e te-.-hrucians attended J i?>-hi 
deciiomct class. 



8. Radioactive Materials Analytical Laboratories 
J. H. Cooper. Head 

Slow than twiHhirds of the results repotted by die 
Radio*, live Materials Anal* tkal LaKwalones were lor 
die Chemical Technokigy Division m support of uW 
Lw'BR Assistance and O K Transuranium Production 
Programs. 

The uranium dioxide powder front the L * B R pro­
- a m must meet certain requiremenis wnh respect to 
surface area before it is acceptable for Mending with 
them. Our laboratory has purefctsed a rapid surface 
area analyzer from the Mtcrumeritics Corporal** . Thrs 
instnimcnt works >« the principle of argon adsorption 
al iiquid-nitropro remperaiuir. Im.'iaUv. a sample ah-
quot is degassed al elevated temperature and allowed to 
adsorb argon al O'C in an ice bain at preset pressure. 
The sample lube is immersed m a liquid-nitrogen baih. 
and mote argon is adsorbed. The volume of argon 
changes 10 keep the preset pressure, and ihe change in 
volume is a measure of die surface area of die powder 
The instrument is calibrated so that digital readout of 
the volume change is in square meters of surface area. A 
sample aliquot and a known standard aliquot can be 
analyzed on this instrument in abo»:S ' fcr The j*r?viou> 
method required more 'han 4 hr for die same analysis. 

The T .lsuranium Analyses laboratory assisted 
Chemical Technology Division personnel in siudyinf! 
the effects of zirconium on the solubility of phitonium 
and die elTecis of ruthenium on ihe oxidation stales of 
ptuionium. Pluionium and zirconium concentrations 
were determined by radiometric and spectro-

pfcatumethc methods respectively. The various oxida­
tion stales of bom phMonium and rudmium were 
followed with time by seaming me absorbance of rfc* 
samples on aCary model 14 spectraphoiameter. 

The Operations Division submitted samples of sludge 
from me radtoactmr waste tanks for a variety of 
analyses. Density and percent solids were determined in 
die hot eels. Sm*i ahquots (10 to 50 mgr were 
removed from the cells and prepared fur analyses by die 
Nuclear and Physics Methods Croup. The samples were 
dispersed by ultrasonic treatment and separated by 
/una! centnfugaiion. Potions were dien examined by 
x-ray diff'action. x-ray fluorescence, and transmission 
microscopy- The samples were abo analyzed for ura­
nium, thorium, and fission products. 

To test various metals for compatibility with molten 
sails, the Reactor Division irradiated small metal cap­
sules fdled whh salt. Portions of these capsules (with 
salt) were submitted tor analysis. The salt was melted 
oui under an argon atmosphere, dissolved in nitrk-bork 
acid. and analyzed for iron, chromium, and nickel. The 
remaining salt (adhering to the metal) was leached off 
in a mixture of sodium versenatc. boric acid, and 
sodium ciirale. The bare metal specimens were partially 
dissolved (approximately I mil of the surface removed) 
in aqua regia. and die resulting solutions were analyzed 
to measure the migration of fission products into die 
metal. 
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9. Environmental and Radiochemical Analyses Laboratories 
R. R. Rickard. Head 

Since a substantial mutuality of interest exists in the 
projects served, the Radiochemical Analyses Laboratory 
and the Environmental Analyses Laboratory were com­
bined during the past year. In both of these labora­
tories, new instrumenialion was acquired to extend or 
improve analytical capability 

Visitors fnim Spain, the Philippines, the University of 
Wisconsin, the University of Kentucky and EPA Las 
Vegas worked one or more days in the laboratories to 
gain practical experience in environmental analyses. 
Both trace element and radiochemical methodologies 
»cic reviewed. 

RadMckcnical analyses. During .he past year, ohs«»-
lete counting euuipmi.nl was either upgraded or re­
placed. Solid-slate electronic systems were substituted 
for iuhe operated units im the low-level beia counters, 
and new gw-flirw proportional alpha counters were 
acquired. In addition two new h- by tvin. well-type Nal 
|Cjmina-ray detectors were obtained to expand the 
capability for low-level gamma-ray measurerrents. 

In cooperation with members of the Nuclear and 
Physics Methods Group and with assistance from IIK 
Computer Sciences Division, a gamma-rav spectrum 
resolulions program used in neutron activation (pro­
gram MONSTR) was adapted for general use. Both 7-
artd "-track magnetic tape systems and a plotting 
routine were tested in conjunction with the resolution 
of Ge(Li> detector-derived gamma-ray spectra. Adop-
liim of program MONSTR obviates the need for 
time-consuming calculation: thus a significant reduction 
in lime for spectral analysis was realized. 

Most of the gamma-ray analyses were performed in 
support of fuel recycle programs, waste management 
studies, and iransplutonium element reprocessing. 
Special analyses included " * l . " T e . HTO. and pro­
tective coaling decimtaminalion studies. There has also 

been a continuing need to measure low coRcentrarrMK 
of "St.' *' I. and 2 " P u in environmental samples. 

E l i — I » 1 a J analyses. Trace element and macro-
nutrient analyses of environmental samples have con­
tinued, but as a result of a change in program emphasis, 
are fewer in number than in the preceding year. 
Generally, service was rendered toward a variety of 
specific projects of rather limited scope. 

New instrumentation was acquired to upgrade or 
expand the capability in the area of trace constituent 
analyses. Two Technicon AutoAnaiy/ers with pre-
plumbed cartridges were acquied to facilitate the 
analyses of nitrate-nitrite, phosphate, sulfate, and 
ammonia. AuioAnslyiical procedures have been ex­
tended to the determination of nickel, chlorine, and 
chromium. 

During the past year, continued use was made of 
group extractions of trace metals fPb. Cd. Cu. Zn) with 
ammonium pyrolidine dilhiocarbamale in methyl iso-
butyl ketone cyclohexane for atomic adsorption spec-
trophotometric measurements. General improvements 
in atomic absorption spectrophotometry have been 
realized with the acquisition of a Perkin-Elmer model 
SO.l instrument with ekclrodeless discharge lamps and a 
model 2100 graphite furnace. The graphite furnace has 
been used to measure low concentrations of zinc, 
copper, chromium, manganese, cadmium, and lead in 
water and in dissolved tissue of small mammals-

Analyses for trace quantities of mercury in environ­
mental samples continued to require the use of the 
"clean" laboratory. In addition to the Cherokee Lake 
and Hotston River survey programs for the distribution 
of both organic and inorganic mercury in fish, sedi­
ment, and water, environmental samples from around 
the Almaden merc.ry mine in Spain were analyzed. 
Bird feathers, bird tissue, fish, and a variety of plant 
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awl tree fottant were analyzed to determine the degree 
of transport of mercwry to the near and far regions 
snrrc*mding the mine she. 

A general paper describing the preparation awl 
analysis of atwaik-relaied samples was written.' The 
paper was presented o n l y at a National n i t a i of 
Standards Symposium. 

I. N. M. *«*•«>«. J. R. Law. R. R. Ru t * * . M I I T 
Curtis. "hrpanMi JM) Analyst «t" AvWK-RcbKil SMH-
pkv" pfmcninl j l SyanwuMi o» Acvwacy • TCMX AaJjr***. 
Wan—J • • W J M .4 Saw** * . t j l W i J—iu ifatyhwl. Om+gt 
7 11.1*74. 



10. Industrial and Radiation Safety 
CR.WHson 

The Analytical Chemistry Division had ten medical 
tieatment cases in the IS months cowered by this 
report. One was a serious accident caused by failure of 
the gear shift on a three-speed bicycle. One of the 
medical treatment cases was listed as recordable, and as 
rar as can be determined was an anergic reaction caused 
by fumes from organic compounds. When the employee 
* : transferred to another laboratory, the rash disap­
peared. The rest of the casts were minor bums. cuts, 
and sprains. 

Three new members have been appointed to the 
safely and housekeeping inspection team. Five safety 
and housekeeping inspections were held in the past 15 
months, and each group within the Division holds 
quarterly safety meetings. 

Two mecbers of the Division are taking the National 
Safety Council Defensive Driving course and plan to 
instruct other divisional employees who wish to take 
the course. 
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II. Quality Control Program 
C. R.Wilson 

Dunne, the live quarters covered by this report, the 
number ol" control praams has rer.-.jined about the 
same- The tmrinmmental Analyses Group dropped me 
atomic adsorption methiid lor determining inm. chro­
mium, nickel, and cobalt: J copper control program was 
added to those oi" cadmium, lead, and /inc. which were 
already being analyzed by the atomic adsorption 
technique. 

As more data became available, several fixed limits of 
error were changed: the low-level Lecu sulfur was in­
creased to a limit of error oi IS''.and the low-level co-
lorimetric thorium in the presence of low-level uraniuni 
was decreased to 47. The thorium and uranium control 
used by the Radioactive Materials Analytical Labora­
tories contains high uranium and low thorium levels, 
requiring a separation to analy/v for thorium: therefore, 
the fixed limit of error was charqeed to 5? for the 

thorium and to 0.S7 for ihr uranium. At the 
time, it was decided that if less than six results were 
obtained from a control program in a quarter, the 
statistical data would be reported to supervision but 
excluded from llie Quarterly Staiittical Control Report. 

Following the recimmendaiions of the Quality Assur­
ance Commit lee. an addition to die Master Analytical 
Manual, containing procedures for the preparation of 
standards and controls, has been written. An assistant is 
being trained to handle die Quality Control Program in 
the absence oi the Quality Control Officer. 

Table 11.1 shows the ujnlily level for each laboratory 
and compares the results with those from the previous 
year. Lists of the different control ptograms and the 
number of results reported for each prorram are given 
in Table 11.:. 

TaWrll . l . •MBfJUMrtmn igr Iworalffry of contra! Itsb 
lor M y 1974-ScpMnkrr I97S 

NumKr •> 1 itminH rv*yl|\ QtijlMy I r t r l ' t °> 

l.jfcwjtury T..lal OuitioV ri.Vdd 
limn * 1974 1975 

tn«ir<mmcnrjl Anj|>w« l o w 
Rjdiiwlivr M^tcruit Ar.jl JW7 
(icnrr.il A i u l y w 1 }$ 1 

Tot.il 3332 
Awrjpx 

m 
127 
I I S 

J02 

9392 
9*.ft9 
K7.I4 

9 3 4 

94.52 
» 5 M 
91.49 

911.94 

*C»nir»l rc»nll* within 25 limit'. 
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11.2. 
I9M-

•rcwN 
lt7S 

T y p e * CwMmrat No. of BrofiaaB No. of main 
Total 

forartfco* 

AIOMK JOiwrptiuo 
C i a M a i 
C o M i 
Copper 
Leaf 

rNmuwm 

Z « * 

CIIIII I—ctric m-umom 
CkfOflMMI 
Iran 
MorrMraom 
Nickel 
Nitrogen 
PfcotahufiB 
SmYale 
Tkoriam 
Uramwn 

Coohirmtrk Uraoiom 

Flame pkniomci'k Lithium 
Sodiwn 

Flourimttrk Uranium 

Grirunclnc Carbon 

PobrttpafkR- Uranism 

Iftfrarea' abwrptun Carbon 

Vntomrirk Fluoride 
Nitrate 
Sulfur 
Uranium 
Thorium 

Total 

M 
5© 

2 
IS 
42 
66 
54 
54 

_73 424 

• 4 
S2 

109 
24 
»J 

250 
132 
17* 
212 
209 1341 

5 M 5 M 

40 
10 50 

l i t 116 

169 169 

12 12 

_ l* l 161 

59 
»: 
67 

I I I 
149 473 

—"~ • ™ ~ ~ ~ 

3332 



Part C. Activities Related to Education 
The Division continues tt> maintain liaison with the academic community through the assistance of its Advisory 

Committee and consultants and by making available facilities and supervision tor stuticnt and faculty research and 
(raining programs. 

ADVISORY COMMITTEE 

This year the Division Advisory Committee was composed of: 

E. C. Doatof. Central Research Department, t I. duPont de Nemours and Co.. Wilmington. IX-laware. 
V. A. Fasscl. Deputy Director. Ames Laboratory. USERDA. and Professor of Chemistry. I«>wa State I Diversity. 

Ames. 
L. • . Rugm. Professor of Chemistry. University of Georgia. Athens. 

CONSULTANTS 

A. E. C— i w advises the Mass and Emission Spectrometry Group ol' the Division. 
M. T. Kdey (Adjunct Research Participant I advises the Advanced Methodology and Instrumentation Group with 

particular emphasis on computer applications. 
C. Manual''*. University of Tennessee, specializes in areas of electrochemistry and molten-salt research. 

The Division continued its Seminar Program on a monthly schedule. The 11blowing specialists were b'oughf to 
ORNL on short-term consulting bases this past year (details of seminars are listed in Part V of this report). 
Dr. Thomas Aczct. Exxon Research and Engineering Company. Bay town. Texas. 
Professor Robert S. Branson. Department of Chemistry. University of South Florida. Ismpa. 
Professor Maurice M. Bursty. Department of Chemisiry. University of North Carolina. Chapel Hill. 
Professor Stanley Demmf. Department of Chemistry. University of Houston. Houston. Texas. 
Professor Charles A. Evans. Department of Chemistry. University of Illinois, Urbana. 
Professor EK GrwMu. Department of Chemisiry. State University of New York at Buffalo. 
Professor Gary M. tKeffje. Department of Chemistry. Indiana University. Bloomington. 
Professor DonaM E. Leydm. Department of Chemistry. University of Georgia. Athens. 
Professor Harry B. Mark. Jr.. Department of Chemistry. University of Cincinnati. Cincinnati. Ohio. 
Professor L. E. Smylhc. Head. School of Chemisiry. The University of New South Wales. Kensington. New South 

Wales. Australia. 
Professor John P. Wallers. Department of Chemistry. University of Wisconsin. Madison. 
Profasor Lauren R. Wihon. Department of Chemistry. Ohio Wesleyan University. Delaware. Ohio. 
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GRADUATE THESIS RESEARCH PROGRAM 

R. V. Ctmmmm. Dr. Crosmun was awarded ihe Ph.D. decree from ihe University of Tennessee. His research was 
mi ihe application ol' the radio-frequency furnace lo environmental trace analysis applicability of Hadamard 
iransform spectroscopy to the uv-visible region under the direction of Y. Taimi and J. A. Dean. 

Sandra T. CIMIMM. Sandra, a student at the University of Tennessee, continued work toward her doctorate 
under the direction of T. R. Mueller and J. A. Dean. Her research ir puked anodic stripping vuliammetry with a 
wax-unpreenated graphite electrode and in the computer-assisted coukmetric til ration of uranium is essentially 
complete 

SHORT COURSE ON "BASIC ANALYTICAL INSTRUMENTATION FOR CHEMISTS 
AND CHEMCAL TECHNICIANS" 

H. II Ross and T. R. Mueller of this Division organized and taught a short course covering the basic concepts of 
chemical instrumentation Sixteen persons attended the sessions, which consisted of two 1-hr lectures per week for 
ten weeks. The primary objective of the course was to improve understanding of modem analytical instrumentation 
among the participants. The first half of the course was oriented toward basic electronics, while the second half 
concenirateJ on practical analytical systems. Homework assignments i problem sets) were given after each lecture, 
alowj! with written supplementary material of general interest. 

COOPERATIVE TRAINING PROGRAM WITH ORAU 

A three-day laboratory and lecture series at ORNL for participants in an ORAU summer training program. 
"Trace Analysis for Environmental Pollutants." w;n held during August. W. S. Lyon arranged theORNI. program in 
cooperation with G. I. Gkrason of ORAL'. Lectures and lab demonstrations were presented by J. F. Emery. L. D. 
Hukti. J. M. Dale. J. S. Eldridge. and Y. Talmi of the Analytical Chemistry Division, and by N. E. Bolton of the 
Health Division. Subjects covered were activation analysis, scanning electron microscopy, low-level radioactivity 
measurements, gas chromatography, microwave emission spectroscopy, and industrial hygiene. The 12 ORAU 
student participants were chemistry and physics teachers at various colleges and universities in all sections of the 
US. 

GREAT LAKES COLLEGES ASSOCIATION EDUCATION PROGRAM 

This cooperative program is now in its sixth year. Three GLCA students were assigned to the Division during the 
fall l°74 semester: R. V. Buhl of Albion College. Albion. Michigan, lo work with D. L. Manning on vollammetric 
sludies in fluorohorale media, primarily: M. A. Freeman from Wabash College. Crawfordsvilie. Indiana, lo H. H. 
Ross, assisting in constructing a nitrogen laser and testing its characteristics and exploring its analytical applications: 
R. H. Morse. Kalama/oo College. Kalama/oo. Michigan, to H. Kubota on analysis of pulynuciear aromatic 
compounds. Two students were on assignment in ihe Divnion during the fall l°75 semester: L. A. Adler of Kenyon 
College. Gambicr. Ohio, lo work with J. F. Emery on activation analysis. J. B. Summers of Denison University. 
Lima. Ohio, to work with J. E Caton on liquid chromatography. 

IAEA FELLOWSHIP PROGRAM 

D. A. Batistoni. IAEA Fellow. University of Buenos Aires. Argentina, was assigned to the Division in August 
I "75 for a one-year period lo work with C. Feldman on evaluation of emission spectroscopy- sources. 

G. G. Thern. iAEA Fellow. CNEA. Buenos Aires. Argentina, was given a six-month extension of assignment lo 
the Division in October l°74 lo cniinue work on burnup analysis and nnsimadialion examination of nuclear furl 
under the direction of W. S. Lyon. He .efi April IK. 1975. 
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P. S. Murty. IAEA Fellow. MuMfe Atomic Research Center. Bombay. India, was reassigned to * e Division from 
the Physics Dnision m June 1975 for a one-year period- He is sradying electron spectroscopy for chemical analysis 
under die direction of L. D. Hatett. 

SUMNOt PROGRAM 

During the summer, the Division was host lo representatives of several programs that haw been developed to otter 
laboratory experience to coMege students and faculty mtmbeis as wef as to promising high school graduates. G. 
Goldstein served as "Dean" for these guests during their visit. 

Dr. N. A. Coeckner. Western llk-ub University. Macomb, spent me summer working with W. H. Chest on the 
identification of potynuclear aromatic compounds in tobacco smoke condensate. 

OftAUSunujmUnfcif^dnw*RestuR*Tim»m 

Mary S. Buren. Angrlo Stale Universiiy, San Angdo. Texas, worked with J. E. Calun on identification and 
bu4aiion of aryl-hydrocarbon hydroxylase enzyme from tissue extracts. 

T. L. Crouton. Cumberland College. WdUamsburg. Kentucky, worked with H. H. Ross on electrochemical 
correlation of heteiogeneous electron transfer rates. 

E. K. Chess. College of Idaho. Caldwell, worked with H. Kubofa on estimation of ben/o|«| pyrene in coal-related 
products. 

J. L. Hmbard. Gusuvus Adoiphus College. Si. Peter. Minnesota, worked with L. D. Huleit on x-ray fluorescence 
methods for the determination of sulfur in coal 

W. D. Reenis. Monmouth College. West Long Branch. NJ.. worked with J. F. Emery on deterrrona'ion of 
uranium by teutron activation analysis. 

xMUvL mnwmnr cmninyccs 

V. E. Norveli. graduate student at the Universiiy of Tennessee. Kr*oxviUe. worked with H. H. Ross on 
organometallic analysis, using the gas chromatographic rricrowave emission speciromeier. and on subsystem 
development in solid-slalc array detectors. 

URIvl* anwMocnj Envuluyns 

T. W. Gilbert. Professor of Chemistry. University of Cincinnati. Cincinnati. Ohio, spent a nine-month sabbatical 
period working in the area of liquid chromatography. 

L A. Knechi. Professor cf Chemistry. Marietta College. Marietta. Ohio, spent a rone-month sabbatical period 
working on trace-metal studies of environmental and biological materials. 



Part D. Supplementary Professional Activities 
Member* of the Division continue lo serve on professional, cnric. and educational boards and committees. These 

activities are hsled below as part ol the Division's overall outreach. 

J.A.I 
Secretary: 

Ntwnsruiinc 
Committee: 

J.E 
Consultant: 

LT.Cotkm 

l u ? 4 Recipient: 

Fellow: 

Member. 

Vice-Chairman: 

Chairman: 

D.A.I 
Member: 

cy»w 
Member 

Fellow: 

Member: 

Scieniific Editor: 

Member: 

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

East Tennessee Section. ACS 

Smoking and Health Program. National Cancer Institute 

ASTM Aw ird of Merit 

American Society tor Testing and Materials 

Committee K 10. Nuclear Applications and Measurement of Radiation Effects. ASTM 
Subcommittee EI00I.FuelBumup 
Subcommi'-ee E 10:02. Radiation-Induced Changes in Metallic Materials 

Committee C-26. Fuel. Control, and Moderator Materials for Nueieat Rc*.'or 
Applications. ASTM 

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

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

Committee F-2. Emission Spectrocnemical Analysis. ASTM 
Subcommittee. Arsenic 
Committee. Msdical and Biologic Effects of Environmental Pollutants. NAS-NRC 

ASTM 

Publications Committee. Society for Applied Spectroscopy 

Optics md$peetn»copy i English iratHaiion of Russian journal Optik* i Sptkltoshtpiyt) 

Committee D-l. Paint. Varnish. Lacquer, and Related Products 
Subcommittee D0I.43. Coatings for Power Generation Facilities. ASTM 
Advisory Board of Utilities Nuclear Coaling Work Committee 

S3 
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Member: 

Chairman: 

President: 

L f t G w i a 
Consultant: 

Chairman: 

A.O. 
Member: 

L.D.Hnhm 

Member. 

H.K« 

Consultant: 

N . R . L M I 

Secretary: 

Chairman: 

Secretary: 

Chairman: 

W. S. Lywi 

Member: 

Regional Editor: 

Associate Editor: 

Secretary: 

MVmbcr: 

Committee on Specifications and Criteria lor Btochenucal Coetvwmds. NAS-NRC 

Subcommittee on Nucleotides and Related Compound* ll!PAC-ll'H Ad Hoc Commute 
on Radioactive and Isotonic Specifications of Labeled Compviaids 

Tennessee Institute of Chemists. AK" 

Smoking and Health Prop am. National Cancer Institute 

Chemtstry Subgroup. Tobacco Working Group. National Cancer Institute 

Committee E-19. Chromal'igraphy. ASTM 
Subcommittee I:-19.07. Indexing of Chromatography Methods. ASTM 

Editorial Board./owfimf tifUntnmSpectntuttpr 

Smoking ami Health Program. National Cancer Institute 

Cmmiltee C-26. Fuel. Control, and Moderator Materials tin Nuclear Rextor 
Appiicalions. ASTM 

ASTM Subcommittee C26.0I 

ASTM Subcommittee C26.05 
Subcommittee C5 05. Test Methods. Anaiyticil Task Group. Cimrmttee C-2t>. ASTM 

Subc«immiiiee CSOI. Nomenclature. Commit lee C-26. ASTM 

Committee D-5. Coal and Coke. Subcommittee on Methodo'oes. Task Group on Trace 
Elements. ASTM 

Committee t-10. Nuclear Appiicalions ;nd Measurement of Radiation Effects. ASTM 
Subcommittee E 10:01. Fuel Bumup 
Subcommittee hi 0:03. Tracer Applications an! Activation Analysis 
Subcommittee LI0:05. Dosimetry 
OrganizingCommittee. 5th Interna.lotial Conference on Modern Trends in Activation 

Analysis 
Committee N43-3. Equipment for Nonmedical Radiation Appiicalions. Inited Stales of 

America Standards Institute 

Jmirntl of RmJiimmlvticwl Chrmiury 

RmJinchnnkal and Rtdkmnalvricwl I -lien 

Instrumenl Society of America. Ch1' Ridge Section 

ASMS Commit lee VI. Biological Applications 
ASMS Commillec cm Computers and Data Processing 
ASTM Committee l>2. Task Group on Hydrocarbon Components of Synthetic Fuels 

frt»m Coal 
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S-A. 

Secretary 

E-Mco 
Chamnan: 

Member: 

Technical Chaw man: 

N.H. 
Member: 

Consultant: 

W D 

Coordinator: 

Secretary: 

J.R.Stafcary 

Member: 

J. C. White 

Representative 
from ACS to: 

Secretary: 

Representative 
from Soc. for 
Appl. Spec, ivi: 

C'WMMIK* D-l«». Water. A5TM 
CMmniitee fc-10. Nuclear Apptkauuns and Mcuurumtnt of Radiation Effects. ASTM 
Environmental Science* Drew**. ANS 
C'uHRMiirc M I Environmental Analytical Methti&awgy- ACS 

Subcomnutiee 4. Methods of Radvochemkat A u i n i 

CotMMtic* on Ahjtytkal Applications ol Radiations 3 
Nuclear Sncietv 

I isotopes. IRD. American 

Executive Comimiiee. WD. American Nuclear Saciery 
Inienutmnal Nuclear awl Atomic Activation Analysis Conference awl l*th Annual 

Meeting on Analylical ChenuurY m Nuclear Technology. Carimbarf. Teun.. 
Oct. 14 16.1975 

ORNL Graduate Student Selection Panel 
QRNL Industrial Cooperation Committee 
Scientific Advisory Committee. International Conference on liquid ScinnUatiou 

Science and Technology. Awerta. Canada. I«75 76 
Special Training Division. Oak Ridge Associated Universities 

ORNL NSFt RANNi Ecology and Analysis of Trace Contaminants Program 

Fellowship Committee. Analytical Drosio*». ACS 
Coal Technology Program Committee 
Panel on Chlorine and Vapor Phase Hydrogen Chloride. NAS-NRC 
Panel on Environmental Quality Indicators. NAS-NRC 
Environmental Quality Advisory Board. City of Oak Ridge 
Committee -jn Environmental Analytical Methodology. ACS 

Commicee D-22. Meihodsof Sampling and Analysis of Atmospheres. ASTM 
Subcommittee on Characterization of Smoking Product Atmospheres. ASTM 

Project N i l . Bask Materials and Materials Testing for Nuclear Applications. 
Nuclear Standards Board 

United Stales of America Standards Institute (sponsored by ASTM) 
F ACSS Governing Board 

Editorial Board. Amtylkml tjttttn 
Analytical Chemistry Division Executive Committee. ACS 
Federation of Analy tkai Chemistry and Speclror jpy Societies Gove <iing 

Board 
Analylkal Specialists Group. Union Carbide Corporation Technology 

Subcommittee 

IUPAC Division cf Analytical Chemistry 
American Chemical Society 



Part E. Presentation of Research Results 
As in po*i years, the D m * * * has actively responded to the chjwpnt priorities of the Laboratory research efTtwi 

by dtangmf the emphasis ul' some of its own programs or mstitniinf new Mwftes. The mcrcasim; concern with 
enet*y nuclear s* wet! as nomwdear is reflected in the research resells listed below. The nmliifetiplinary 
approach recyire*] m many inch probknu is mntcatcd by the number of papers ami taHts cu«ithore«l by members of 
iKher Laboratory divisions. Such persums are dcsifnaied by ar> skiisk. 

PUBLICATIONS 

AlTltOR*) TITLk r i 'MKHMt 

• .4 I .N I . N. ! : . . * 
I. A. Carter. 
J. V. I menr. 
C teMau*. 
W. t-rifcer .<>«.* 
L D Huk-rt. 
* . $. L>>» 

tarter. J A.. 
R l.Waftrr. 
J.R SHe* 

Walker. R L . 
J. R. WaM»n. 
I. A. Carter. 
D. R. Matthew* 

Andirn.A % .' 
D. H Kkm.' 
V. Talnti 

Appkr.R. I-.. 
H f». Daw. 
A.S. Meyer 

RmlKk. D. T. 

Rowltns, J. I...* 
I. A. Item.' 
0 GcMttein. 
J N . N r 

Carter. I. A. 

"Trjcc rfcnnrui Maw Ratmre Amrarf a CnoM-irei Steam Run." pp. 175 »7 
M Tmr t'hmemt m Purl A%imn n mChn-airr Smn 141. o l by 
S P Raha 

"Trace lnv<jn'tr>in Forhby IM4<>P* Muliwn Maw Spri-tn>awiry." pp. 7. 
74 S3 in 7V*rr llnweim or finf ^Jnurrei m CVnmrrr Strin HI. 
re. by S. P. Rah* 

"MeasMemenl Sy«lcm for 1>(al Nrtnieeu ami '*\''*S i-. Plant TK«nr. Soil. 
and Water t lAM£M-l* l /25l ." ' p . 4 » M « / » « f r l l ( ' « i « 

htRmHmt Somrrr *ml fVnrwor lajk xinn. en. by R. A. Reik 

A rude* 

"Selenium inOuMiirf Steam Plant trmwirm" 

Af'S.Wjshmetna.Djr. 
1*75 

ACS.W.»lMVi<*i.i>C 
1975 

lAM.YVmu. 1975 

f'mrmm. Sri Trrkmtl. 
•.».<*» 19751 

/liw/Arrr 7.671 74 
Il974> 

"Arb-:, <* <f Methyl ladMr. Methyl Nitrate, am* Methyl Aknhni in 2rr M 
Nitriv Aiid by Ga<Chmmafii|traphy" 

fSeeTalmi. V.» 

"Rapid Dclerrmnalinn »r Chromium in Natural Water* by ChemiluminrHTntT Ami. t'fiim. Aru 7*» l». 
l'*w« * Centrifugal i » t Analyzer" 47 55 11975) 

rVr KK-in I) l i t 

(Sec Thnmn«Mi.<». M» 

fSec Walker. R L» 
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AlTNOftt* mu f V M J M H i 

X C M N M * 

J J. 

iGHT 

OMrfv.V. H . 
D N S M M A 

C M M W . 1 T . . ' 
J A. Dfa».• 
# - la». JWPM^IWf 

C I M M S T : 
T. IK* MvrtpTf 

M r . J . M 

D. L. I»i •!>•». 
f J . Straw.* 
W. V. H » n M ' 

DBVM.H.G. 

<S*r NttmhnM. F\i 

fSffrOMrv.lt V.. 

lUa tvwka 

en Mm»m: 
W. 0. KirfmwM 
L. NctWtaMM.* 
W. I . BtavMnx 

"Tfcr D M I M M M S «f 

iS t * IMn i .L .DJ 

"SWCKT SMMKT Fffam m a 

lSerAaflr.lt. F.) 

"Oral InWMtMi SjrtMw for tx 

VI> m Natwal Warn* kr OMntMol 

.D.L.. 
W W . H x n N ' 

D M W . H « 

D m . N . C * 
A ». M l . * 
W.S.Lyo* 

Flnr.lt. K. 

EkMrr.E..* 
C.D.OKctry/ 
J. $. KPffMfl'* 
J.B. 

FMrrttt. J i 

EMtMyt.J.S.. 
0 . 0 OTC*Hey.» 

RatMr* H» Ciprcne 

"tUdmlMimmiy Only ton Sawcc in M H i K M Sprctramrtry" 

tSf»Dmfkn*y.F..rl.| 

r V r M r u . L . D . ) 

"BwmcAral SiwNn UMM; Nacfcn Acff»iin« T««MHMjr>** 

fScc Water. R.L.) 

"Stxvk let Ikt Decay o T M Z ( " 

"ActWfifji m4 Wwis ftnttcv WF R«yjiovctivify SVaffvMwt ffn? EnvtwniU'ilCjI 

Sotterp»iiiDvKsrmaii4T««rv»-lHlr«wT' 

Lttttow" 

« I«M| 

fflwPBfc AaW. •WBWL «VMT-

l l l ) » . l } i l * 7 5 i 

7*. 
431 J0U97S) 

^Vavvav W . P P P W L ^ W a v Y * ^ w 

l f» 2*5«t*7S» 

*M( OWML47.M) 

M.472-74II975) 

I52t 31 «»»75» 

row. 4m. jYMf. Jar. 
21,9911975) 

M p H r r . » . 1372 73 
• I f 74) 

EAVfcuft, MoMf* Set*. 
FFA-470/4-73-IX*. 
t)SEM.5»M>.(lf7S) 

LamrSdttwr VI , 
laftar So. Iftrtrf.. 
M M M M . T C X . 
pp.242 44U97S) 

Pit*. Fifth L M M Sci. 
CMtr.,SMjml.3, 
IffWffMV. 
CowMOffntvif. 4r/#2> 
1023 33(1974) 
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i h r U m D N l 

iSnr (.?•*.« S» 
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I w t 
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lScrKkia.D.H-1 

•SflrHaniMft.W W» 

-Sfrrtattr Attay «r 2 '*•>» Hah» Kadx w n n m »»»»*•: AN*rfra> 

Sa*vm»-

-XVN. 
H » m w . Italy. 
Sept. I » 2 2 . I 9 7 J . 
w i 2 . r . * •» . 
A w f t M n N r lufcaaa 
* NrfJhMpuilukMi 

M M . Himrnnr 119'> 4» 

. W a n - 2 5 2 . 5 * 4 t * 
119741 

"Kadfc'hjVi m C i w t A n l * « w l N«w Timr I.wail*SacjprMrd IWC<*aM~H.j«K<w 
and iMtadwlma «if I'MNrnn'* 

f , « S * . 4 7 M > l 9 7 5 l 

•Sec B«wtMc. J- L.I 
i S r r M a y . t l > 

iScr YrlU'tiwiin. P i 

"Tnfcavnt Smwfc* l*katil»>* I i p n u c : Convrpf* and tkrvmrt" 

"Wnrk»bop mi Maw SprrtromrlrH' Aftalytn of Snfcah" 

flwv. T«*»»it» Samfcr 
I n M . *"Mffc»liwp «« 
fxp . .Mrlll. mSamfc-
MM; awl Hrahfc Rev 
HVIIM <da. Md., Jwwc 
I f 3 l . l 9 7 4 . p . 3 l 

>4iMrf. ( V n 47. I059A-
MIA lOw. 19751 

"Anaty M» of SnM% AppmarhMH lh« Wbnte ProWcm" TVvm. .4*?. NwH. 5nv. 
2IO>. I 2 f l 9 7 5 l 

"Rcactinn PmdiKM and Slnwd tncr^y Rr fe i fd from Irradiated Sndiwm / / * w . ( V m . 79.871 
CMnndt by DtnntMinft and b> HralNNt" 119751 
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R.L. 
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KbM.L N . 
J.RCanaaoa* 

Karia.D.H..* 
A.V.Aa4m.* 
J. A. C»rtrr. 
J. V. Imny. 
C H M i m a . 
V. taKcn**.* 
W.$ lytm. 
IX.Oik.' 
Yaw Tata*. 
R I .VjMHn*. ' 

lyn«.» $. 

Ljron.W.S.. 
J. I-'. F.mrrr 

tbMnvW.L 

-Tfcc Rat*aaaj»SMMMa rUa*M-r* r 

r Mmv* Jt^wculcv wiMI ̂ njfcjrfy Ctfĵ ptff 

"Fall— j i i «rf Ttawy •Scwni Tncr FJnaeai* Tama* a C»<al4-innf Fteawt 

94ftw]r EIiYf aaart 

iMVfy D M Caffean Raftr* Ajpin 

Tetania iw Earth M Hawaa" 
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"frentm of ihr UatKafcwip ArtKaiir*) Analyw C«wl*r«ncf ami ihr 
firm? Award" 

"RjJwMmnpr* My OM Flame" 

"Navtrar Welfcnd* in r'nrirnMnrat al Korafrh Tkr CriwaMa CmnVimcr" 

(SVrKMn.n H> 

l J W D y r r . N O 

"NeMron Acfpiaftod Anatywt ArpwW in I I K Sinrfy of Fkmmu Knwrint 
M i Lraww a Coal-Fir**" Steam Flaw" 

iS»« Dwmom). L.I 

fScc Nc uonrim. F) 

fSrrGvrrHt.M.R.) 

• l»T*» 

Cam/ t M » & f I I . 
I f f * »l l l*74» 

«TnML«Mtm 
SIS 2»iltT»» 

SS. 1*1 H9'4» 

AmtL Oar."*. 47. 
7*1 •) I1*791 

* .97J i 1975s 
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Concentration* in Fly A»h" 

"Analyst* of Tobacco Smoke" 

"Analysr* of Ciearette Tobacix Smoke* and 
Condensate*" 

'*lkicrminali«'no , r Carcinogen* m Tobacco Smoke 
and Coal-Derived Sample* Trace Polynactear 
Aromatic Hydrocarbon*" 

"lirndrr*fandmic Defei rive Coaling* on HTCiR 
Furl Particles" 

'Improved Coating Process for Hig h-Temperature 
U t i f i n H Rractor Fuel" 

"Analy t.-al Seivicc* for Coal Conversion 
Tec mokigy" 

"Review of Analytical Chemistry Program* at 
Oak Ridge National Laboratory 

"Heavy Met il Transport Through a F'ore*ted 
Water*hed" 

"Neutron Activation Analysis Applied to Fjtergy 
and Fnvironment" 

Panel Member: "Knvironmenlal Activation 
Analyst?- - Are We Asking the Right 
Que*: ion*?" 

"Si-arch for Plutonium Fluore*cence" 

PRESENTED AT 

Ct*. i-^ital laMramcataoua Award Symuaiiam. I t9 tb 
N ati—a! Mreta% of the Anamcan Cbcaacal 
Soc^.y.PhdadelpbiaPa . Apt » I 1 . I 97S 

I'mvcrsity of Terccssee. KaoxvaV. l-eb. I I . 1975 

Sympvtnm on Recent M n a t n in Analytical 
Yoiiaaunrtry at tbc l (9 ik National Meet, of the 
A n . Cfcem. Soc.. Pteiadeiab». Pa . Apr « 11. 
19*5 

Cbemniry Department. Lanicnc Livcrawfe Lab.. 
Lrverawfe.Calif .Sept. I I . I 9 . ' 5 

Fifth Annual Symposium on Recent Advance* tn the 
Analytical CHeiaisiry of PuRMaai*. Jefcyll Island. 
( i a .May 19 21,1975 

Second Amraai Mceimf of FcuetatPM of Analytical 
Chemrstry and Spectroscopy Societies. 
ladianapolr.lMj .Oct * 10.1975 

Antencan Chemical Society. Ptiibdelphia. Pa . Apr. 
• 11.1975 

OR At' Ttavrtiut Lecture, \icorgb Stale University. 
Atiauta.May22.1975 

ORAL' Traveling Lect-jrc Tennessee State Universitv. 
Nashville. Jan 17.1975 

9th Annual Conference on Trace Sabstaace* m 
Environmental Health. University of Missouri. 
CoiMnMa.Jmel l .1975 

American Ceramic ioctriy 77th Annual Meeting and 
Expimtio*.Wa*JMaclo«.D.C.. May 3 S. 1975 

American Nuclear Society Merlin*. San Francisco. 
C V f . . \ o » . 17 21.1975 

Coal Conversion Program.OKNL. Apr. I I . 1975 

Whitnhell Nuclear Station Seminar. Pinawa, 
Manitoba. Canada. Mar. 14.1975 

International Conference on Heavy Metal* in the 
Invironment.Toronto Canada.Oct. 27 31 . 
1975 

Conference on Nuclear Power and Application* in 
Latin America. Mexico City. Mexico. Sept. 28 
Oci 1.1975. 

International Nuclear and Atomic Activation Analysis 
Conference an-J I nth Annual Meeting on 
Analytical Chemistry in Nuclear Tcchrtoloey. 
CallinhurtTcnn . O i l 14 16.1975 

Fifth International Cotif. on Plutonium and Other 
Aclinides. Baden-Badrn. West Ctermany. Sept. 
Id 1.1.1975 

file:///icorgb
http://Atiauta.May22.1975
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AUTHOR* «l Tim PRESFXTIDAT 

M J. aV SoKtmM: 
K. K Dyer 
R. P. »Vharr.* 
« J. M J C I M . * 
J O. KoaV 

D.L 

Sfcwiw. h L . 
V . S. Croenirf* 

Marttrf.T R 

Mnrftrr.T R.. 
S. T.CrwoM.* 

Marker. T R.. 
H. H Run. 
J. li.Mr.~n 

~t r t w a PhNtart Brfcrnvf Danny Opemiua « i 
ibr STCMMI Wrji.1i Bwttwa C«NV~ 

"EkvtnK-ht —cat Mrxutfrtarat vt a * j O r f m 
MvurwVuraCr Mr l tV 

"Paftatiwa Ahttvmriufey Suforaf. K M return 
RranKat *ad Rr.-mrry vt Zaw. Ciaaaani. 
jad Cyaaalr from laJw>:rul Mrt^4andiatr. 
r fnanwV 

"T'oimaVfjIUHH m ibc ApatkaliMi of LSI 
O l c a b l w CircaM* l» Aruty ik-ji 
lauraawaUlMa" 

"Computer-A»«ird C>«lroard-fk>lm(i*l 
CuahKWtry in ihr IVief imaalioa of I r j w u m " 

"Tfcr HuorvmrUH Drfermwuiion «•! I 'unwm 
Drrcfupawnf wf lb* Prtrcrdiwr JO<J •.••cm; 
Improvrmrnt in the Melhi«d j*4 InHttuottUj-

IAi ' A-DCCD • M A I InirmjihMul S> mpwwmii ••« 
l^4~»ufc-4 Rejcior.. JatKh.l ir inum.Ovi. 
I J 17.1975 

MSRP Rrorw Mrrtm*.ORXL. Dr. 5.1974 

AH'br MmiBf . t lav jcu . 13 May 4 ». 1975 

Amencm ffcraacsi S«»c»rty MreMae.. I."iwc.ir>>. IN . 
Aaje.24 29. 1*75 

SevuMf Annul Meriinr. K*aV»it.>nol Analytical 
Chnamiy ami ypevirmcvrpy Sowt i rv 
laJiaaap»fcvInd.Oti • l » . 197$ 

I69lh Natiuaal N a m ; «>l ihr Amrocjn Chri««,ai 
Singly. rliibaVlphu. P i . A ; » » 11.1975 

Nrtlnlteiin. P..* 
M. R. (iurrm. 
J. Kradrtcfc.* 
J. Ciion. 
* Dalbry * 
R. Gririnnrr* 

Rainey.W. T.. Jr. 

"AIBU and ChrwaK Inluiai** m Rait" 

Rcrnlv W D..* 
J l ; . fcrnrry. 
K J North* ut I 

"Adwnon m Organic M*» Sprciromrtry" 

""O-pmK Mas* SpeclrtHnrtry J» Apphrd lo O a i 
ProWrrm" 

"Satnplinr.. Prrpuiation. and Analytical Problem* 
AtMHMird «ilh (be Peivrrrorwlum of Low 
Lrvrk of I rjmum in Watrr and Srdimmi" 

Jrd World CoalVrrritcr »n Smofcme and Hralih. Ne» 
Votk . jHnr ; 5.1*75 

ChrnMk.il Trcbnotory Dicnmn Run heron-J 
rrihntth^y Srmwuf.ORNL.Mar. I * . 1975 

ORXL ArtaiviKal Chrnavry D i l i * * * Annwil 
Information Merlin*. Oak Rider. Trnn.. I rb . i. 
1*75 

ChcRtniry Dcpadmrni Srmnut.M.«nim«nhC»IW(sr. 
I ' m L-.ny Branch. N.J.. K»H 1975 

Rryn»M<.S. A. 

Ri ci . . 

R..«.H H 

"Pr»rrc« in tnvirunmcnlol ActnKfr Analyw it 
Ort Ridpc Njfii>Rjl L*N>rjli>ry'* 

"Pjrl i fk RcfUiimn" 

•"MrlhiHli>li»j:y r»i Hiyh-I lu \ Arnoluic Muili-
ckmrm NAA" 

Mmli-rjlor "t-nvinmrmrnivl Aclivudon \njlv%i'» 
Arr »'c A^kini: rhc '.--jshi Quc%lii»n»?" 

"l.K|tMd Scinlilliilixn 5p*ilr<«n>py" 

"Principh't :'l Liquid Siintilljii.in !'i>unlinc" 

I f I h ConlrrriH-c on Arulyii i j l Chrnmrry in Nm.lr.if 
Trvhm>k>):y.<ijll>nbiMic.Tcnfi .Ovi. 22 24. 
1*74 

ThrrrrNHluvlrxr Oivnum Procrjm Rrvirw Mrrlinr.. 
ORNL.May 14.1975 

1975 Anniwl Mrrtinj! <>f ihr Armrujn Ninkjr 
Sotiriy. Nrw Orion*. L».. Jimr 8 13. I * ' 5 

lnU'rnjiH>njl Ni i ik jr jnd Atomic Ailivjiion 
An^ly^i^Cnflfcrcncr and I9(h Annwil Merlins on 
Arulylival Chrmniry in NuvhMr Tcchmnitry. 
(Mlhnbitrp.Trnn Ovl 14 Ift. 1975 

ORAL' Merlin* on l i indjmrnuK of Nuclear 
MrdnincOak RH)?r.Trnn..Sepi. • 2ft. 1975 

ORAl ' Merlin* on rund»mrnul< of N I K I O -
Medivinv.CMk Ridpt.Tenn.Ovi. 20.1975. 
Nov 7.1975 

http://li.Mr.~n
http://Wrji.1i
http://JatKh.lirinum.Ovi
http://ChrnMk.il
http://Nm.lr.if
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ACTHOKi*! T I T L I PRESENTED AT 

Sea*. D R . * 
L .V Kttff 

Shall*. W D . 

SnMh.D.H . , 
R. rxMlc>. 
A.Unhl* 

SoKth.D H 

Snath. D M . . 
* H thmlK 

Slnif. L. R..* 
R • Walton." 
T D. ReWy.* 
L W E t e w V 
R L Walker. 
W. T. MaNm*.* 

Snrt/acr.R. * ' . . 
H. S. McKown. 
J R.Sitr. 

Slnkdy.J. R 

Slokdy.J « . 
I . H. Money hun. 
M. R.Guerm 

Tjimi. Y. 

Walker. R L. 

Walker. R. L.. 
R . t . r b y . 
C. A. Pritchaid. 
J. A. Carter 

"PrepafalMi of Sample (or L * | * N 1 Soatdbttu* 

T h e r fleet of ibr Reaclm S • C £ A • D upon 
Ihr CoMiuaVd Poiralal Mecirolyut of the 
ECf: Meibaartm" 

Srunaa Chairman. "t*raeral Spec: rophotonur try"' 

Ptue,mat Chatfmaa: N . T. KcNey Awani 
Sympaiiwm 'laMruawntation Awardl 

""Rnrarch and Drwrinpmeni AclrvitirV 

"Yonevlnw and PTOCCWMC Itoiopic Ma« 
SpeuromeirK Data vil l i a Sma!t. N«m-
Dedtcaied Computer" 

Panel Member. ASMS Secondary Ion Man 
Spectrometry Workshop 

T^iantiricaiiwn Studies l \ ra * IMMA Result* 
from the N K Iron Standard*" 

"Nvsrron M.-a*iormral*of * , 4 t : Isotopk 
Abundance m I I » Sample*" 

Xomputeri/ed Spark Source Ma** Spectrometer 
Densitometry" 

"Inhalation Chamber Chemistry in Support of 
Rnu**ay Sludiet" 

"Chemical Indicators and Method* fur Deiermina-
naf ion of Tobacco Smoke Concentration m 
Inhalation Exposure Sy*lem*" 

"The Applicability of a t « * Chiomalofraph with 
a Microwave Krnrwmn Spectromet rk- Detector 
IfJC-MES) to Trace Analysn" 

"The Application of Solid<5ialc Array Imager* to 
l 'VVwWe Spectrometry" 

"MicroChannel flair fnlr iMifier Solid State 
Imager Spectrum Scanning 5y*tems" 

"Pu and I ' Analysis Empkwine, Rrvm Read 
TecRmqur" 

"I'se of Resin Head* as a Carrier for Nanogram 
S i « Sample* of Dissolved Irradiated Reactor 
Fuel" 

ORAL' Mretmr na E— dawf lar . of Nuclear 
Mrdtciac.Oafc Ridfc.Tean.Oct 20. 1975: 
No* 7.1*75 

24th Southeastern Regional Meetm* of the * 
CbemKalS>Kjely. Norfolk. V a . O c i . 1974 

Second EACSS Mcetme. Indrauputav Intl.. Oct 
l*75 

ACS Mertmr. Philadelphia. Pa.. Apr. I9?5 

Analytical Chemistry Divrwrn Information Merlin;. 
OXNL.Eeb. ». I975 

DECIS Users *^< -line, /yrick. Switzerland.Sept. 
I974 

Houston. Tcxav May I975 

ASMS Secondary Ion Mass Spectrometry Workshop. 
Houston. T e v . May I975 

IsVlk Annual Meeting of Institute for Nuclear 
Material* Management. New Orleans. La . 
Jane I t 20. I975 

l*9ih National American Chemical Society Meeting. 
Philadelphia.Pa.Apr 6 I I . I 9 7 5 

MCI Smoking and Health Program Contractor*' 
Meeting. Atlantic City. N.J.. July lb l > . I975 

29th Tobacco Chemist*" Re*earch Conferen,.. 
l'niver*ily of Maryland. Collrpr Park. Oct t 10. 
1975 

Iniemaf ionai Conference on Heavy Meral* in the 
Mvironmeni. Toronto. Canada.Oct. 27 31. 
I975 

22nd Sptciro*copy Sympmium. Sprctro*copy 
Society of Canada. Ml. Royal. Quebec. Canada. 
Oct 26 I « . I975 

27fh hfl*burph CorfererKT on Analythai Chemmry 
and Applied S pre I rovcopy. Cleveland. Ohio 
Mat. I 5. I97» 

ORNL Analytical ChemHtry Divwion Annual 
InformatNinMeeiinf.Oak Ridpe.Tenn . leb. 5. 
I975 

I A M Headquarter* Seminar, Vienna. Au*lria. Nov. 14. 
1974 
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AlTHORui T I T U r R t S F N T t D A T 

J R Wjlt«a. 
J A Carter. 
D R. M^ilhrmt* 

Wlui*. J. C. 

V M U C . J r 

Y««n*.J f . 
R C . H O B C . ' 

K. L. I cRW*.* 

J. R. Peter*.*!* 

"A Saaptr Rrt-a Real SepoiatKW MeihMtf hH ibr 
Swralt»arw«k IvwtwpK- Aajiy%r> M|" P U jmk V~ 

~Hc . M I C B W I M S««iem U M Total X ia< ' ' V ' * X 
• ffaai • : * * » . S M I . j a l l i w " 

"Aaaty tK-J Cbcmdiy m tredrrjl L jfcwfa'unr* 
Alvmac i-netjy 1 \ mmnsmm f W j m * " 

"TV* AajKi icJCItemM J M ! the ( a e r y C m e " 

"Mjnjprmcni \H l.abtm*«rirv BaJfr I CuiKwtt" 

"1 am* O r b t M Mmaprmrnl Sy*ienT* 

"Sprvujl Siadm ot A*, (sank- H j M r t j t Oak 
Rtfpr Njiiocul lafcorjt.icy" 

"Spevtrmtiipw jnJ X-R.iy O I I O A coil ScuaW< 
••I the tuimwift ni CahftwMiira-249 jml 
Kwncmium-253" 

Aulylh-.il O i m n l r y DnnkHiSciaauf.ORXI-.Sfpt. 

M W « H ladntwft . YtrMU. Awt ru . !*«•. • * 22. 
1*74 

Sympmmm «•• ~Aajtyl.oji OknnMry m I nfctjl l_*b«.' 
I *9 l» Moriinc wf ihr A a m i c j i fh rmka l Smart?. 
"•MaMpfcu. Pa.. Apt. * 11.1975 

!-:»• Tnmrvwe Scctum. .Atwrniaa Crtnnh at Sourly 
MrrlMc.Ouk Rirfy*. K T M . . Apr 4 . I*T5 

1975 Aaaiyikal SprcohM* Mornac. I'notnt'jrbuk-
C . K P . N O ^ M J KiRXN.Y . Apr. 21 22. 1*75 

Orc-nUlkw dar t * ie*w N Xon-Svprriivrty Siatl. 
O R N L . A i * 5. 1975 

Srmaur - I Drpjrlmrnl •>!' iMTjOfm awl Nm.-kr.ir 
Cbrmtttiy. Trcfcnr* br Hmbvlmfc.-. Oar imc j d l . 
l^tnuny.Scpt 19.1975 

4rb ImcnulMXal TraW'pluli'firwn Mrmmi 
SympirMum. Raileii-ftjaVn. WoM«riiiunv. 
Sept I.* 17.1975 

SEMINARS 

The Division continues lu spimsur seminars covering a wide variety of topics in its commitment to keep current 
with new development* in analysis and measurement and to keep informed in related fields of interest. Listed M i m 
are Analytical Chemistry Division seminars fur the current fvriod. 

SPf-AKtRMl 

A*.vrl.Th«mj*. 
t>.\i<fl Research 
and hnpnrennft 
Cumpjnv. 
Ray limn. Tex. 

Rrrkau. K. l i . . 
Kufihjtmy 
Divnmn. l'CNI> 

Ciratevw'.O.. 
I--naik-e and 
Material* OI» IMI« I 
ORNI. 

ftuney. Maurice. M. 
Department of 
One ml»iry. Univ. 
t»f North Carolina. 
Chapel Hill 

DavH A . 
Rcaclor Centrum. 
The Netherlands 

TiTl . f 

Appbiauom i>l Ma»Speiirt>mrlry m the Aruly*iM<f d i a l 
Liqiirtjiliiin Pmdtt.1*" 

"The Putihauny and Receiving I'linilNHi*" 

DAT* 

Mar 13.1975 

CM. 2*. 1974 

"Some Newer Methods of limi/iilmn In OrKJnn M J « 5pei inimciry' 

"Ai livjihtn AMJIVMS" 

JIHH- 2 * . 1975 

Ni» 5.1974 

http://Aulylh-.il
http://Nm.-kr.ir
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S*FAKERr*» 

Drmac. Stanley N 
Deaartauai of 
Caennslry.Unn. 
-t H i w d M . Tex. 

Ena* .C<* fk*A- . 
Drawlawnl of 
Cneanswy.Uanr. 
of M M M * . 
Urfcaaa 

ORNL 

Gtashka. t . 
Deaarimrai ot 
C1ara>Blry. State 
University of 
New York at 
•aflato 

ORNL Cheat. 
Tech. Dn . 

HtrfiK-.C M . 
Department of 
Cheanslry. 
Indiana I 'nn. . 
Mni iMl l te lnn 

Lrydea.D. E.. 
Department of 
Chemtslry. 
I 'm*. of Ueorrja. 
' then* 

Mart. Harry R . Jr.. 
Chemisiry Depart­
ment. I'nivemiy 
I t f C m c m n a l l 

Reynold*. S. A.. 
ORNL 

Shall)'. Hyman. 
Analytical Reseaich 
and Service*Sect. 
PF.RC. PHtshwrJi 

Smyihr.L C . 
University of 
New Soafh Wain. 
Australia 

Warkrr.R.L.. 
ORNL 

Waller*. John P. 
University of 
Wisconsin. Madison 

TITLE 

"Siwalrx OphawalMMi aad tar Antoatted V .riupment oT Analytical 
Cheaacal Methods" 

" C i w f w w i w( Dtfnramt T*i.fc—|M i. for Saf face AJalyses" 

Testate <>fCwaUar> fur Ike Nacfear ladnl iy" 

"Mednanlk Stadirs of Several Lm,a*4 Crystal* a* Stationary Phases i 
G*» Cfcroauiogi aahy " 

"Coal Liqacfat-rioa" 

" C u r a f U r Control of Exprmaeat*" 

"PreconcentMmn of Cations and Selected Amum L'sme Rearem* 
InanoMucd ViaSdylatioa: Appiicafion* to X-Ray Fluorescence 

"Some ProMrm* m the Chemical Analyst* of the Environment" 

"Alalia Emitter* in Environmental Materials" 

"The Role of the Anafytt^l Research and Service* Section at the 
Pit isbwrfh Enerry Research Center" 

"Some Improved Methods for the Determination of Metal* at the 
Uli'a-Trace Level" 

"A Simple Resm Read Separation* Method for the SimnHaneoas 
Isotonic Analyst* of f i i and U" 

"Ressarch-OneraZed Development of Specrrochemical Method*" 

DATE 

Feb I t . 1975 

Nov J. 1*75 

Oct. 30.1975 

Oct 31.1974 

Nov. 12.1975 

Dec. 16.1975 

Nov 21.1975 

May 20.1975 

Oct. 2». 1975 

Dec 10.1974 

June IS. 1975 

Sepi 23.1975 

Jan. 9.1975 
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SPtAKtRttl T i m l»Afl 

Wrlm I L . ~Ne« Mrthufemlatuml JOJ TlvwrwriKvSpr»if«»*cw|>* f»»n«vW'l N»« If. I"»74 
Drptwlntmi •>! An*** 1***' '>' .*•»!*«•» ul Pann-abie ^Jyvvvto* Ofyjun, MJIICT ~ 
Chnmtiis. I'M*. 
•rf T«w.. kmvwiHf 

Wtfwn. LJUKM U-. "faweimc Chrwwi* A*pr*l« M XHiuprn I ivitixa" U > :». f>75 
Oh»> Woky jn 
l/anrfsitv. 
Dct>»jr<- Oho* 

V.MMW. J P . "Kctxni Spcvtrjl Stwbr*,4 Aclaulc HJIMVOw*H T<rtlHW|Hr> jaJ Apt. *». IT> 
OHXl RcMril«~ 

M-HOUSE SEMINAR PROGRAM 

To increase communication between stall' members and Division management, a dual pr«M!tain ••! in house 
seminars was begun. The Division Director met bwionihly with ihe Mall to discuss per linen I items ol interesi jnd to 
answer questions. In-house seminars, presented on a group basis and intended primarily i«» inliwnt management. w.;ie 
scheduled about three times a month. The I'uihnving presentations were made under ih:-> second phase 01 the 

ummunication exchange program. 

April I I . 1975: BioOrganic Analysis 
M. R. Guerin: "CiKil-Dehved Samples " 
I. B. Rubin: "Chemical Subfractionaiior."' 
A. D. Horion: "Mulikompuneni Gas Chromatographic Profiling." 

April IS. 1975: Advanced Methodology and Insirumeniaiion 
H. H. Ross: "The Architecture and Application ol Large-Scale Integrated Circuits 10 General Instrumentation 

Problems." 

May 9.1975: Gas-C ouled Reactor Programs 
D. A. Costan/o: "Status ol the HTGR and GCFR Programs." 

May I t . 1975: Nuclear and Physics Methods 
W S. Lyon: "R&D Associated with Energy Program." 
W.S. Lynn: "Prospects: NURE.Coal" 
J. F. Emery: "Fission: Fission Heal." 
L. D. Huleii: "Fossil: Studies with fcSCA and SKM 
E. Ricci "Fusion: Six Months in CTR." 

Mqr 23.1975: Molten-Sail Bleeder Reactor Program 
A. S. Meyer: "Stains and Projections ol ihe MSBR Program." 
D. L. Manning: "Vollammetry of Oxide in MSBR Fuel Solvent." 
J. P. Young: "Resonance Ionization Specirosci>py." 

May 30.1975: Quality Control 
L. T. Corbin. G. R. Wilson. "Quality Control Program." 
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M M ? 27.1975: Mas and Emission Spectrometry 
D. C. Canad?: "Organic Mass Spectrometry." 
D. L Donohue: "Multiekineni Isotope Dilution and New SSMS Sources." 
D. H. Smith: "Ion Microprobe Measurements." 
J A. Carter: "MURE Program Uranium and Trace Metals Results." 
W. H. Christie: "IAEA Mass Spectrometer Status." 

M y I I . 1975: General Analyses Laboratory 
L. J. Brady-: "Coal Conversion Program." 
W. R. Lung: "Reactor and Associated Programs." 

M y I t . 1975: Radioactive Materials Analytical Laboratories 
J. H. Cooper: "The Westiaghousr Program." 
J M.Pcele: "The TRU Program." 
J. H. Cooper: "Testing of Coatings for Nuclear Applications." 

M y 25.1975: Environmental and Radiochemical Analyses Laboratories 
R. R. Ricfcard: "Introduction." 
N. M. Ferguson: "Selected Environmental Projects." 
J. M. Shaboskie: "Program MONSTR." 
R. R. Rickard: "Summary." 

Angatf 8.1975: Advanced Methodology and Instrumentation 
J. E. Strain: "In-Line Monitoring: the Development of New Monitoring Systems for In-Line. Real-Time 

Applications. Protected Applications Are Varied." 
Deborah Bostick: "Sulfate Analysis: Research on New Methods (of the Analyse of Sulfates in Particulate 

Materials. A Unique En/yme Approach May Have General Appeal." 

AvpBf 15.1975: Gas-Cooled Reactor Programs 
D. A. Costan/o: "Status of the HTGR Program." 
D. A. Costan/o: "A Continuous Monitoring System fin Tritium in the GB-10 Capsule Irradiation Experiment." 
D. A. Lee: "In-Line Monitoring o: the HTGR Fuel Particle Process Effluent Streams Using a Time-of-Flight 

Mass Spectrometer." 

Angast 22.1975: Bio-Organic Analysis 
M. R. Guerin: "Chemical Characterization Introduction and Background." 
C.-h. Ho: "Terpenoids in Cigarette Smokes." 
W. H. Griesl: "Polynuclear Aromatic Hydrocarbons in Smoke and Coal-Derived Materials." 

AugaM 29.1975: Bio-Organic Analysis 
M. R. Guerin: "Bioassay Systems Introduction and Background." 
R. W. Holmberg: "Particle Si/e Methodology and Significance." 
J. E. Caion: "Inhalation Dosimetry from Chemical Analysis of Exposure Environment." 

Stfttmbet 2ft. 1975: Nuclear and Physics Methods 
L. D. Hulett. J. M. Dale: "ESCA Laboratory." 
F. L. Moore: "Mini-Plant." 
J. F. Emery: "ORR Laboratory." 
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OcMkcr 3.1*75: Pattern Recognition Studies! jowl with Computer Sciences Dhmunl 
Nancy Larsen: "Ttthruque and Results ObfauW " 
R. W. Stebner. J. R. Siokely: -Chemical and Riolopcal Measurements Involved-" 

October 24.1*75: Man ami Emission Spectrometry 
R. L. Walker: "Introduction." 
J. C. Franklin: "Installation and Performance of the thgh-Resolution M5-50 Mass Spectrometer.-

W. T. Ramey: "GCMS Modifications. TOF Mass Spectrometry, and Data Evaluation." 
R. t . Eby: "Gas Analysis fur the Coal Program." 

October 31.1975: Mass and Emu_un Spectrometry 
J. A. Carter. Introduction." 
R L Walker: "NIRET Activities and Sd for MSRE " 
W. H. Christie: I o n Microprobe Mass Analyzer R/D for MfcC Programs." 
H. S. McKown: "Construction of the Two-Stage Mass Spectrometer for IAEA Status Report.'* 

Niwmhn 14.1*75: General Analyses Laboratory 
W. R. Laing: "Activities ot the General Analyses Laboratory." 

November 21. 1*75: Radioactive Materiab Analytical Laboratories 
J. H. Cooper: "Programs of the Radioactive Materials Analytical Laboratories." 

PATENTS 

AUTHOR! *> TITLE PATENT NO DAT tBS lED 

Diririth.W C . •L'MiHum-Sciiwiw Efctiruor Montane" 3J64J33 lct> 4.1975 
D. L. M^nnu* 



107 

Nwabn of varies ttnemtt at tcftctc4 rat 

i—r 

Irann 
tw 

ICKIU 

* • e s 
i 1 i 

5 I 5 

I 
X 

fc R 

l l 
1 i 

] 
I 

X -i > 

• M C . L C 
C a n ^ D C 
CJTRT.J A 
Cfcmrit.W H. 
Cbrk.R R 
EMnfcr.J.S. 
EoKiy.J F. 
F d i w i . C 
GoMuaa.G 
G M I M . M R. 
M e n . L D 
Klaii. L N 
I U o U . H . 
Lyon.W.S. 
M a M a j . D . L 
Meyer. A. 5. 
Moore. F.L. 
MBCHCV. T. R. 
Rsncy.W.T. 
RcyMMs.S A 
R O H . H H 
S M I I . W D 
Smi* .D.H. 
Sfokdy. J. R. 
While. J. C 
VoMf.J.r . 

Tottl 

I 
6 

I 
3 
' 
1 f 

! i 
I 

> 3 
• 

1 
> f 

1 23 2 [ l 

I * 

! 3 

• 4 

I 
I 
i 
I 
I 
I 
I 
7 
I 

10 
I 
5 
• > 

16 
I 
^ 
4 
I 
4 

10 

I 
I 
6 
3 

I 23 ! » 



ANAlVTICAl CMMMTIV DIVISION 

M M n H K t m i * 

• • • * * • . * « ) 

I* W I M W M I 4 I 

' • « • » ' M«ti«Mi«* w m w w 
t *'u% • * v «4. S . l \ ' •>« '>• 

. - « * • • * • • * ' ^ « • ^ t « W * . 
«. V * t t * i 

• * •**••!• u W K W t K i ^ 

••mi mm*>* Hi*«tM* 

* • * • « » «< •« • • * • 

• . •**•*« *tt>V4N'' 
!*<•<* M M « M - M * 4 « i 

H N W I t M f 1 « M * * « 

• • * v • 
• V M S ' 

I « « « l | * - t 

<HA*l<»*aMi»iMa<mit 
• 1 ! • • V * * » . v * 

- . W ' t * 
^ V V • * ! * * • 1 a 

• , W N M 
l» • « » « U > 

ft • «* - * •< .« 

t • mint' nMttwwt 
• i m—M> M M M n 4 l i « l M M * * * * 
• » W W I I I ' « t l » « M l i v l ic t « * 

W M M M I M 
, 1 t ( M » « i > Q u « M l * M * U t M K t M f * l « 

t *<V. >«4*1> 

i 4 §* •%•«•» ' 
. 4 » * • <• 

l | .U*J4* 

* i > * • V I H U H * 

* W M « l l M < « < « V « t * « t W l * 

V 4 M t W I 
I 4 Lt 4 M 

I * • . 4>*n, «•.*(. 

4 t « • • ! • •*•*« 

. (J U4>l 

• . • ! «M K.1 4 

> « t J 4 * t * t M 

•MMlMMfW b M M I M 

8 
, ' • • • W i l l W H i W i M H 

• M M I M 
• • H I . ! * • • • • . Vi« 

I 1 • ' • • • < • " « 4 V« * ' 
4 '. . • , - . , -

• I . . , . , ' 4 V < « ' 
• • « < M ' 

, * • V 4 < » % * • > ' 

1 • « 4(1»\ 
| 1. ftHL>. I 1 * "*• ' * 

• V ' 4 . I 'M . -

§§sniir 

4 M » * M * l 4 < f t 4*T l * ! 4 - 4 i 
W ' l * l > t * t 

< • « • • * 
« V 


