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INTRODUCTION 

W. D. S 

The Analytical Chemistry Division of Oak Ridge 

National Laboratory (ORNL) s a large and 

diversified organization. As such, it serves a 

multitude of functions for a clientele that exists both 

m and outside of ORNL. These functions faB into 

the following general categories. 

1. Analytical Research, Development, and 

ImpkXDcntaoon. The division maintains a program 

to conceptualize, investigate, develop, assess, 

improve, and implement advanced technology for 

chemical and physicochemical measurements. 

Emphasis is on problems and needs identified with 

ORNL as.d Department of Energy (DOE) 

programs; hewever, attention is also given to 

advancing the analytical sciences themselves. This 

program a composed of medium- to long-term 

projects and is supported primarily by the DOE. 

2. Programmatic Research, Development, and 

Utilization. The division carries out a wide variety 

of chemical work that typically involves analytical 

res -.arch and/or development plus the utilization of 

analytical capabilities to expedite programmatic 

interests. The effort in \'.ii. ̂ aiegory comes from 

ORNL and DOC programs and f r a : "Work-for-

Oihcrs" agreements, hmphasts here » on "applied* 

chemistry. 

3. Technical Support The division performs 

s. Director 

chemical and phystcochemical analyses of VU'L illy all 

types. The development of methodology is an 

inherent part of this activity because of the variety 

of analytical problems that ansc in a multiprogram 

institution bke ORNL. Consultation, collaboration, 

and special projects are involved. Much of this 

work is short-term in nature and comes from other 

divisions and programs within ORNL, but a 

significant fraction originates outside of ORNl and 

involves the use of talent and/or facilities in which 

the division a particularly s:rong. 

The Analytical Chemistry Division B organized 

into four major sections, each of which may carry 

out any of the three types of work Ticntiooed 

above. Chapters 1 thiough 4 of this report 

highlight progress within the four sections during 

the period January I to December 31, 1)89. A 

bhef discussion of the division's role in an {specially 

important environmental program is given in 

Chapter S. Information about quality assurance, 

safety, and training programs is presented in 

Chapter n, along with a tabulation o analyse! 

rendered Publications, oral presentations, 

profciMoii.il activities, educational programs, and 

seminars arc cited in Chapters 7 and 8. 

Approximately 69 articles, 41 proceeding.'., and 11 

reports were published, and 151 oral presentations 

were given during thus reporting period. Some 

308,981 determinations were performed 

http://profciMoii.il


H I G H I J G H T S 

This year we Kgan a series of experiments in 

ultrasensitive detection that use an dectro-

dynamically levit ited micropanide or droplet as the 

sample. The areas of interest indude single 

molecule detection, laser ablation mass spectroscopy 

of rmcroparucfci, and photoemission spectroscopy of 

analyte molecules a/sorbed on particulates. A 

sample volume of less than 1 pL can be obtained 

with levitated microdroplets and measuring time is 

limited by the photochemical lifetime of the analyte. 

First experiments (with rnodamine-6G) indicate a 

fluorescent sensitivity of better than 100 molecules 

per droptr.. We also modified a commercial 

electrodynamic ion trap to allow for introduction of 

charged panicles and for illumination and 

observation of them. Because the trap can be used 

for mass spectrometry analysis, we now have the 

possibility of trapping a panicle, ablating ions from 

its surface, and generating a mass spectrum of the 

ions in the trap. For photocmisston studies, a 

purely electrostatic Millikan ievitator was constructed 

and used to study charge scavenging by a 

polystyrene sphere, the charge being introduced by 

laser pulsing. This new work has many exatiiu 

possibilities. 

Construction and successful operation of a high 

intensity positron source at (he Oak Ridge Fleet ron 

IJncai- Accelerator was reported in the last Ann jal 

Report (ORNI.-6547). During this year iwo 

regime* of positron mass spectrometry have b<en 

studied. In the first, mass spectra of several 

compounds were obtained using 3 kcV <4ow 

positrons. The spectra were comparable 

qualitatively to those obtained with 70 and 2700 eV 

electrons. In the second mode, the 3 kcV positron 

beam was rcmoderaied and contained in a small 

Penning trap at low energies (0.2 to 10 eV). Some 

twenty large organic compounds were studied with 

these low energy positrons and it was found that in 

all cases ionization occurs when the kinetic energy 

of the positrons is less than the ionization potential 

of the compound. This is attributed to the 

formation of positronium. 

One of the most exciting developments this 

year has been the coupling of electrospray ionization 

with ion trap mass spectrometry (ESI/ITMS) via our 

atmospheric sampling glow discharge ionization 

source (ASGDI). The ASGDI actually functions as 

an interface between an ckxirospray and an ion 

trap, the "electrospray* of ions being directed at the 

orifice of the ASGDI. Using this HSI/Il'MS system 

we successfully injected both negative and positive 

ions into the trap and performed MS and MS/MS 

experiments on them. Biomoleculcs with molecular 

weights well beyond the normal range of the ITMS 

have been studied. They form multiply charged 

species. To date, the largest molecule that has 

been de'cctcd has been bovine albumin, molecular 

weight 66,000. 

The first unit of our new maw spectrometry 

laboratories was completed ihis year and much of 

the organic MS instrumentation and corresponding 

staff were moved from Y-12 to X-I0. Funds for 

I he second unit have been approved and (he 

XI 
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building is scheduled to be constructed during CY 

1990. It will house instrumentation and staff 

interested in inorganic MS. 

One of the most challenging analytical projects 

that we have faced in tecent years is the 

characterization of the contents of approximate!- 25 

inactive (unused) tanks at OR .L. 

"Characterization" entails chemical, physicr*. and 

radiochemical measurements. These tanks 

contained low-level waste that had been collected 

from the late 1940s to the early 1970s. The 

material varied from contaminated rainwater to 

complex mixtures that contained aqueous, organic, 

and sludge phases. EPA methodology was used 

insofar as possible. This study was essentially 

completed this year and a report has been issued. 

Characterization of material in active tanks -- wastes 

collected since the early 1970s - has now begun. 

This work has involved many people and many 

groups working together. 

Asbestos has become a very important material 

at the Laboratory because of its health implications. 

We evaluated our capabilities in polarized light 

microscopy (PLM) and transmission electron 

microscopy (TEM), against the growing demand for 

asbestos analysis. PLM is used for bulk sample 

analysis and TEM is used for "clearance" analysis 

after cleanup is complete. During 1989 we 

established facilities, equipment, procedures, and 

personnel for both methodologies in preparation for 

the National Voluntary Laboratory Accreditation 

Program (NVLAP). 

Laser desorption Fourier transform mass 

spectrometry (FTMS) has been demonstrated to be 

well suited for (he direct detection and identification 

of compounds on thin layer chromatography plates. 

The laser provides high spatial resolution and can 

be used to ionize compounds directly from Tl.C 

plates with virtually no sample preparation. Best 

ion signals were obtained via desorption from 

modified (C18) silica gel plates and detection limits 

were in the low nanogram region. The effects of 

laser wavelength and power are being investigated. 

We were able to generate and study aluminum 

duster ions (negatively charged clusters of 3 to SO 

Al atoms) by laser ablation of a flat aluminum 

target and trapping the ions in an FTMS. Ouster 

ions were observed ranging continuously from AI-3 

(m/z 81) to Al-50 (m/z 1349). AI-13 was the most 

intense ion and the odd numbered clusters were 

more abundant than even numbered. We examined 

the electron affinities of these dusters, their 

structures and fragmentation mechanisms, and their 

reactivity to small gaseous molecules. Laser 

ablation FTMS proved to be extremely useful for 

this type of study. 

Real progress was made this year in our 

development of methodology Tor prompt detection 

and analysis of organics in environmental and 

physiological matrices. Direct sampling mass 

spectrometry using ion trap or glow discharge mass 

spectrometry is the approach. Many organic 

compounds in water can be determined by purging 

them with helium directly into an ITMS, for 

example. Parts-per-billion levels can be determined 

in about two minutes. Volatile compounds in soil 

can be determined by making an aqueous slurry and 

purging it for about five minutes. Ambient air can 

be monitored by blending helium with air as it is 

drawn into the spectrometer. We believe this 

approach to organic analysis has great potential. 

Major initiatives this year have involved the 

development and application of new analytical 

methods for explosives and their metabolites, in 

biological (issues, ordnance materials, and compost. 

This work is sponsored by ihe U.S.Army and some 
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of it is done in collaboration with staff of the 

Environmental Sciences Division. The objective is 

to determine if animals near ammunition plants take 

up significant amounts of explosives and their 

derivatives and if composting is a viable method for 

disposing of explosives wastes. Two high 

performance liquid chromatography (HPLC) 

methods were developed specifically for these 

studies. One of them allows both ionic and neutral 

compounds to be retained and well separated in a 

single HPLC experiment. This work has provided 

the division with rather unique capabilities. 

One of the most satisfying accomplishmerits of 

the year has been the restructuring and revitalizing 

of our Organic Services Group. This group 

performs qualitative and quantitative determinations 

of organic compounds in a wide variety of sample 

types. Virtually all of the work is environmental in 

origin, supporting Laboratory programs and external 

Work for Others activities. Most methods are 

multicomponent in nature and operate in the low 

paru-per-billion range. This group has added 

instrumentation, staff, procedures, and capabilities to 

become a strength ••ithin the division. 

The physico-chemical properties of the surface of 

ceramic powders may hold the key to the success of 

the molding and flung processes used to prepare 

specialty ceramic products. These surface properties 

are not differentiated well by tests that are common 

to the ceramic industry. Accordingly, we have 

initiated development of tests based on the 

determination of the adsorption isotherms for a 

series of probe compounds. From the isotherms, 

we hope to derive the energy distribution function 

and the energy of formation of monolayers of the 

probe compounds. This is an extension of previous 

work on the theory of nonlinear chromatography. 

The goal is to correlate these chemical surface 

properties with the performance of samples of the 

corresponding material in actual production. 



1. ANALYTICAL SPECTROSCOPY 

J. A. Carter 

The Analytical Spectroscopy Section was reorganized this year. It is pretentry comprised of four groups: Optical 

Spectroscopy, Inorganic Mass Spectrometry, Organic Mass Spectrometry, and Secondary Ion Mass Spectrometry. 

Special research and development projects in radiochemistry are also carried out in this section. Research and 

development efforts in each group are directed toward enhancing analytical capabilities and reaching a clearer 

undemanding of fundamental processes that can be exploited tor application to energy-related analytical problems. 

Highlights of this year's work include: development of microparticle techniques that combine laser and mass 

spectroscopies and promise to yield unprecedented sensitivities in some areas; initiation of a collaborative project 

with staff of the Metals and Ceramics and Fusion Energy Divisions to investigate the fundamental processes 

affecting chemical vapor deposition; use of positrons to ionize various compounds for subsequent mass analysis; 

and development of the apparatus necessary to use electrospray ionization with an ion trap mast spectrometer, 

an advance that has far-reaching implications for future mass spectromethc research in relevant areas. 

This year marked our occupation of the first building in a." move from antiquated Y-12 facUitir, to modern 

ones at the ORNL site. The first occupants are researchers in organic mast spectrometry; their increasing 

involvement with people associated with universities and industry will be substantially eased by these new, more 

accessible accommodations. The rest of the section at Y-12 is scheduled to move sometime during the early 

1990s. 

About 50% of the section's research and development activities are supported by ;he Division of Chemical 

Sciences of the Office of Energy Research, U. S. Department of Energy. These efforts are broad in scope and 

provide the technical base upon which future advances will be founded. Another 30% of the section's research 

and development funding is about equally distributed among DOE's Office of Safeguards and Security, tne Office 

of Arms Control, and the Office of Health and Environmental Research. The balance of our work it funded by 

other ORNL divisions and programs, with additional support coming from Y-12 and K-25, through various 

interagency agreements (FAA, State Department, IAEA), and other work-for-otbers contracts. 



OPTICAL SPECTROSCOPY 

J. M. Ramsey 

The project! in tins group cover a broad range of 
topics and adudc instrumentatiu) development a* 
weflai fundamental studies. Moat of these activities 
involve laser-based instrumentation. M ukjphoton 
wngaiinn spectroscopy was empbasoed, usaig 
several different dotation schemes, ——fH**j 
techniques, and detection devices. Two new areas 
of study include analysis of mkroparticles (is., 
diameter < 100 *m) and fundamental studiei of 
chemical vapor deposition processes. We have 
continued to investigate the use of photorefractive 
barium titanatc optical elements in laser cavities. 
In addition, instrumentation concepts were 
developed for the measurement of stable isotope 
ratios by rotational spectroscopy and the probing of 
advanced absorption beat pumps by laser-baaed 
measurements. Work in the area of antfeU 
deterrence was also completed. 

Rcamant Mukiphoton irmiiMk^t 
with Flame Sampling 

We are invest gating the use of resonant (2+1) 
multiphoton ionization (MPI) for the sensitive 
detection of metals from aqueous sohifons aspirated 
into flames. Material from the flame is expanded 
through an orifice into a low-pressure ceO where the 
laser analysis is performed. Photoelectrons or ions 
are collected by a biased probe electrode within the 
cell as the laser wavelength is varied. Earlier 
experiments showed that significant cooling occurs 
during the expansion into the cell. It was found 
that the [2+1] MPI signals through RydUrg states 
of potassium, rubidium and cesium show a 

quadratic dependence on the metal concentration. 
This implies an ionization mechanism for these 
atoms that involves a mission between them. This 
is known to be the case in pbotoexritation in alkali 
metal vapors. However, our flame srnpbng cell 
provides an environment in which the metal-atom 
density is quite low-typically ca. 10 9 atoms/cm*, far 
below a pascal of pressure. Yet tbe total pressure 
inside the eel is on the order of a few hundred 
pascal, so a metal metal cottsm is a rare event 

Comparison was made of tbe ionization signals 
from 'lie [2+1] ionization of sodium through tbe Ss 
state and of potassium through tbe Sd state using 
yettow light from the NdYYAG-pumped dye laser. 
AM such ionization of sodium through Rydberg 
states was shown to have a linear concentration 
dependence, while potassium was always quadratic. 
The photoionization crots-iection is known to be 
larger for excitation schemes that terminate dose to 
the ionization threshold than for those far above 
threshold. Experiments were therefore conducted 
using pulses of the YAG fundamental at 1064 nm 
to increase tbe photoionization of L>t prepared Na 
5s and K Sd states. Under our experimental 
conditions, the Na Ss signal was seen to increase 3-
4 fold with tbe admission of tbe infrared pulses but 
tbe K Sd signal was essentially unchanged. Thus 
even for these lower energy photons, potassium 
ionization is dominated by some process (oollisional) 
other than pbotoionization. 

We have also recently verified that the [1+1] 
ionization of cesium through the 7p state is 
quadratic with concentration. This adds generality 
to these observations in tb. '*eavy tikalis since tbe 
results bold for s, p and d states and do not depend 
on tbe order of the ionization process. In contrast, 
non-resonant two-photon ionization of sodium and 
potassium are both linear. This is as expected as no 



long-lived excited st *e • prepared which survives to 
coKde with soother atom. Signs* from potassium 
are much srasfer than tboae from sodium, 
consistent with a lower [ihou ionr/at kin yield. 
Rubidium and cesium yield even lo t signal under 
the same circumstances. A mystery remaini m uat 
rrpNrm. at ralnrtittwrrc mtfifttf thm thf man tarty 
•«!•»•«-•» route for an atom that doesn't 
pbotoioncR it by an cncifjetic roaarinn with the 
background gat. Thit discrepancy it ttii 
unfipfajitnl 

Other experiments haw attempted to investigate 
further the state oMributiont of the atoms in the 
ceB. In particular, we haw searched for transitions 
from triplet and mctastabte levels in strontium to 
determine if they may survive the expansion into the 
celL Different nozzles were employed to alter the 
sampling characteristics of, md density distributions 
in, the eel. 

Two-color «"""»»«"" of sodium using the 
N&YAG and YAG-pumped dye later in 
combination with our higb-retohition ring-lye later 
hat been performed. Signals from the sodium 3p 
and 6d states show a DoppteT-bmartrninK in the eel 
of 3-4 GHz. No signals have been teen using the 
ring-dye later to drive two-photon transitions, 
Calculations suggest that the combination of low 
later power from the ring later together with the 
low species concentration in the sampling eel give 
rite to a situation where few atoms can be anted. 

(P. R. Blazewicz*, W. B. Whittttt, J. M Ramsey) 

•ORAL' Post-Doctoral Research Associate 

PhotoBonsEatkn man Ian Trap 

A Ftanigan ion trap detector (TTD) was recently 
acquired for studies of laser induced photoknization 
fbfiowed by mats analyjs. The operating conditions 
of the ion trap permit several measurement 
techniques that would be very difficult in 
coDvcotionalresniissKrioniTatirwmiJSSpectrcsKMpy. 
The pretence of a buffer gat within the trap makes 
poaabtf reaaajoiial iongation from excited atomic 
and motenilar levels, repassing the phtitoioniiation 
step that requires very high laser intensity. Thus, 
low-power lasers could be used for resonance 
«—"»•'•"" with high spectral resolution. The ion 
trap should also integrate favorably with our low-
pressure sampling of analytical flames and other 
atmospheric pressure atomization sources. The 
commercial ITD was modified by drilling two 
opposing botes of • 5-mm diameter in the vacuum 
chamber. Corresponding hotel (• 3-mm diameter) 
were driDeri m the ring electrode of the trap. 
Quartz windows were eponer. over the botes in the 
vacuum chamber. These modifications allowed 
introduction of laser light into the trapping region. 

Nitric oride (NO) was the analyte in our first 
experiments. A Nd YAG-pumped dye later was 
used to excite a four photon (2+2) pbotokntzation 
process involving the A V ( V « 1 ) - X 2«^(v=0) 
transition (430 tan). Spectra were measured with 
total NO concentrations between 1% and 6 ppm in 
the helium buffer gat used in the ion trap. After 
data :.-".«tment the P ^ + 0 2 1 two-photon bandbead 
it identifiable for the three major isotopes with NO, 
^ ^ O (99.4%), 1 5 N 1 6 0 (0.4%), and M N i a O 
(0.2%). At 6 ppm total NO, the U N 1 8 0 
concentration in the trap it 12 ppb and considered 
the detection omit in our experiment. The position 
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of the three bandbeadB match the literature values 
to within the bandwidth of our measurements 
(0.014 am). Withic the confines of the ion trap 
electrodes, there are 6 attomoles or less than 4 x 
10 6 molecules of U N 1 8 0 . On average, less than 
100 molecules are in the laser beam at any instant 
and only ten of these molecules are in rotational 
levels that can be excited by the laser beam when 
tuned to the bandhead. In theory, all of the 
molecules in the trap could eventually be ionized, 
given sufficient time. 

We have also observed resonance ionization of 
rubidium atoms in the ion trap. The rubidium 
atoms were evaporated from a rhenium filament 
inserted in place of the electron gun. The atomic 
beam was excited to a series of P.ydberg levels by 
two-photon transitions from the ground state 
followed by photo or coUisional ionization. The 
Quanta-Ray YAG-pumped dye laser was again used 
as the excitation source. For intermediate Rydberg 
levels of low n (less than 30), the ionization signal 
from the nD levels predominates over the nS. As 
the n-value increases, however, the signal from nS 
levels becomes increasingly larger than from the nD. 
The nature of the ionization process from the 
Rydberg levels is currently being explored. 

(D. E. Goeringer, J. M. Ramsey, W. B. WJtten) 

Resonance ionnadon Mass Spectroscopy 

Last year, we described a 1 + 1 + 1 resonance 
ionization mass spectroscopic (RIMS) method that 
utilized an inexpensive diode laser to promote the 
first optical step of a three-photon resonance 
ionization process for lanthanum. Unlike other 
lasers that have been used for RIMS, semiconductor 

diode lasers possess simple operating characteristics 
while maintaining the desirable properties of 
tunabitty, narrow bandwidth (down to 25 MHz for 
cS-tbe-shelf devices), and spatial coherence. In the 
earlier study, we positioned the diode laser 
wavelength on a lanthanum transition and scanned 
a dye laser (that provided the second and third 
photons of the RIMS process) to record spectra. 
Since then we have discovered that if the 
expeiimenl is reversed, L e^ the diode laser is 
scanned over a narrow spectral range (« IS Griz) 
with the dye laser wavelength stationary (at 584.8 
tun), very sharp spectra result. The byperfine 
structure of the La-139 atom produces these sharp 
resonance*. The high resolution of this technique 
has import for isotopically selective RIMS 
measuremena. 

Spectral linewidths as narrow as 150 MHz have 
been measured, well below the expected Doppier 
limit of 1 GHz. Some process that effects sample 
atom beam coUimation must be operative; the most 
likely is collection of photoions only from a 
restricted spatial region. The resolution is not as 
yet limited by the linewidth of the scanning diode 
laser, further improvements in resolution (and 
isotopically selective ionization) may be possible by 
changes in the ion optics of the mass spectrometer. 

Sub-Doppler resolution spectra were acquired for 
both the 2 D 3 / 2 and 2 D J / 2 to 4 F * J / 2 transitions at 
753.9 and 819.0 nm, respectively. Atomic hyperfine 
structure constants were determined for the 
heretofore unanaryzed 13260 cm' 1 4 F ° 3 / 2 «ate. 
A computer program was written to perform this 
analysis. Both the 754 and 819-nm spectra yield the 
same values for the nuclear magnetic dipoie and 
electric quadrupole constants (A and B, respectively) 
within experimental error: 



A « -350 t 4 MHz 
B « 54 t 12 MHz 

In addition, 61 symtal calnilaiiom nave been 

pei formed to compare tbe obierved bypedSne Moe 

mtenaitiet with theoretical values. Thoae values 

agree within »15%, to no agnifrant optical 

pumping appears to be occurring in our CW 

lactopbcaay selective itsccawgioonation was slso 

achieved for a natural abundance Kathanum 

(0.089% La-138) :«mpie. The 754 am La-138 

spectrum • vr.y tiaiiar to that for La-139, but the 

foes extend both to higher and lower frequencies. 

Tbe spectral offset of the lowest 6equcncy foes 

(670 MHz) was used to Mtempt JsctopicaBy selective 

ionization Preliminary ion counting rcsuitt indicate 

that the apparent La-139/La-138 isotope ratio of a 

natural abundance lanthanum sample can be 

changed from about 30 to over 22,000 by judicious 

selection of diode laser excitation frequency. Narrow 

bandwidth laser-derived isotopic selectivity can be 

used to reduce tbe dynamic range required of a 

mass spectrometer for isotope ratio measurements 

of elements with widely differing isotopic 

abundances; the selectivity due to the diode laser 

can serve to skew the apparent abundances toward 

equality. Recall that the isotopic selectivity achieved 

here was accomplished with a simple and 

inexpensive diode laser. 

Although this study utilized a diode laser for only 

the first excitation step of a three-photon process, 

the obvious extension is to employ diode lasers for 

all of the optical steps. The last step, excitation to 

the continuum, has a much lower cross section and 

a method such as electric field or carbon dioxide 

laser ionizat ion wil l be requi red . 

Counterpropagating beam methods tor Doppler-free 

knewidtbs ' * * permit isotopic selectivity in many 

cases, and a practical instrument for isotope ratio 

determinations can be envisioned. Tbe feasibility of 

such an instrument is currently under investigation. 

Tbe development of a deposable graphite furnace 

as an atom source for mass spectrometry continues. 

As has been pointed out, such a source offers 

potential advantages over existing thermal sources. 

Tbe work function of carbon promotes tbe 

generation of neutrals, as opposed to ions; tbe 

shape of tbe furnace wiB yield a directed beam of 

stems; and the presence of carbon wiH minimize 

metal oxide ion formation. A prototype graphite 

furnace has opetated as a thermal ionrratirin source 

with either lanthanvm or gadolinium loading; the 

samples were loadeJ as aqueous solutions. These 

tests were performed with the graphite furnace 

opening directed toward a hot rhenium metal 

filament that ionized tbe species effusing from the 

furnace. Both La and Gd ions in expected isotonic 

distribution were seen during the operation of the 

furnace; no evidence of LaO* or GdO* was 

observed. 

(R. W. Shaw. J. P. Young, D. H. Smith J. M. Dak) 

Mjcropartide Techniques 

We have begun a series of experiments in 

ultrasensitive detection that use an 

ekctrodynarnicalh- levitated microparticle or droplet 

as the sample. The areas of interest include single 

molecule detection, laser ablation mass spectroscopy 

of rnkropartides, and photoemission spectroscopy of 

analyte molecules adsorbed on particulates. 

Detection limits for molecules in solution by 

laser-induced fluorescence have been limited 



historically to about 10" 1 Z molar by solvent 

fluorescence and Raman scattering. Improvements 

in detection through the past decade b*ve been 

either through reducion of sample volume or 

increase in measurement time. Wkh levitated 

microdroplets, we can attain a sample volume of 

leas than 1 pL with a measuring time taMed by the 

photochemical lifetime of the anaiyte. If histoncaBy 

detectable concentrations can be achieved with 

levitaied droplets, detection of single molecules 

should be poatibie. 

We have constructed an eiectrodynamic trap 

consisting of three electrodes in the form of a 

hollow sphere for these measurements. With this 

trap and a commercial piezoelectric pipette, it is 

possible to generate and levitate charged dropleu 

with diameters in the micrometer range. A 

combination of a graded refractive index lens and a 

microscope objective coUecu the fluorescence from 

the droplet and focuses it through several filters 

onto a photomultiplier tube. Fluorescence is excited 

by an argon-ion laser beam, 514.5-nm wavelength, 

with an intensity from 500 to 1000 W cm' 2 . 

Calculations of the expected signal and Raman and 

Mie scattering contribution to the background 

indicate that a detection limit approximating one 

anaiyte molecule per droplet should be attainable. 

Our first experimenu have beer with a solution 

of rhodamine-6G dye in gtycerol-watcr with S *M 

concentration- The peak fluorescence intenury-to-

background ratio • about 10* for droplet* with 

diameters in the 10-«m range, so the present 

sensitivity is better than 102 molecules per droplet. 

Some of the background signal varies with droplet 

size, probably due lo solvent Raman emission. Our 

sensitivity can therefore be increased by reducing 

the size of the trapped dropleu. 

For the photoemission studies, a purely 

electrostatic Mifiikan tevitator has been constructed. 

This device uses scattered light from a He-Ne laser 

to generate a position error signal so that the 

levitating field can be feedback-stabilized. The 

apparatus is sensitive to a very small change in 

electric charge on the susprnded particle. We have 

used the apparatus to measure charge scavenging by 

a levitated polystyrene sphere when a focused dye 

laser pulse produces ions within the trap volume. 

For taser-abiauon mass spectroscopy, the 

electrodes of a commercial eiectrodynamic ion trap 

were modified to allow for the introduction of 

charged particles and for iOumioaticn and 

observation of the part ides. The trap is a three-

dimensional quadrurjoie naade up of three electrodes 

with hyperbolic surfaces having rotational symmetry 

A vacuum chamber was a-nstruasd to contain the 

trap and a new puw r̂ supply was construacd to 

provide the elecric field for levitating the particles. 

Panicles of polystyrene, 24 microns in diameter, 

have been levitated in the trap under both vacuum 

and atmospheric pressure. The trapped particles 

are illuminated with a helium-neon laser and 

observed with a twenty power telescope. 

A charged particle, from hundreds of microns in 

diameter to as small as a single ion, can be confined 

in the small volume of the trap. Because the trap 

can also be used for mass spectromeinc analysis, 

this leads to the exciting possibility of trapping the 

particle, ablating ions from the particle, and then 

generating a mass spectrum of these ions in the 

trap. Ions can be sequentially ejected from the trap 

in order of low to high mass-to-chargc ratios (m/e) 

by increasing the AC electric field. The ejected ions 

are detected with high sensitivity with an electron 

multiplier. The radio frequency supply for storing 



and measuring the matt spectrum of the ablated 

ions is under developmenL 

(W. A Whaen, J. M. Ramsey, J. hL Dale, 
S. Arnold,*. B. V. BnriT) 

'Polytechnic Institute of New York 
••U. S. Army CRDEC 

Continuous Wave Laaen with Photorefractive 

The refractive index of BaTiOj can be modified 

by exposure r.-> tight through a combination of 

photoconductivity and tbe PockeU effect. Of 

particular interest to us, a holographic diffraction 

grating can be produced when two laser beams 

interfere within a tingle-domain crystal. We have 

been exploring for several yean how these 

photorefractive crystals can be used as miracavity 

optical dements in CW lasers. In one 

configuration, light scattered from such a grating is 

reflected around a triangular path so that it is one 

of tbe beams writing the grating. The other beam 

comes from tbe pump laser. Since the optical path 

around the ring is in general a nonintegral number 

of half wavelengths, tbe new interference pattern 

may be spatially displaced with a consequent but 

delayed revision in the holographic grating. As this 

process unfolds continuously, the frequency of the 

light circulating in the ring can be slightly different 

from the pump laser. We also observed that the 

transverse mode pattern of the ring beam undergoes 

a complicated but cyclical evolution from the lowest 

TEMQQ mode through as many as 10 higher order 

modes until the pattern repeats. We have recently 

catalogued the cyclical mode patterns in terms of 

Laguerre-Gaussian modes of laser theory. It is 

especially intriguing tnat the mode succession 

proceeds first through six patterns described by tbe 

real part of the Laguerre-Gsussan mode, followed 

by five (one is identically zero) of tbe imaginary 

parts of tbe same scries before repeating. We are 

currently evaluating two possible explanations for 

tbe mode succession - either spatial gain depletion 

due to cb. ** displacement by tbe moving gratings, 

or variations in tbe optical path length around the 

ring that produce a aeries of transverse mode 

changes for each longitudinal mode jump. 

In another expciinieiital study, a BaTK>3 crystal 

was placed within tbe cavity of an argon-ion laser to 

see if mode selection effects similar to those for 

CW dye lasers could be observed. Without tbe 

crystal, the laser oscillated with a bandwidth of AS 

GHz and a longitudinal mode spacing of 63 MHz. 

With the crystal in place, the overall bandwidth was 

the same but tbe number of oscillating modes was 

reduced to give a mode spacing of c/2L where Lis 

the distance from the crystal to the front mirror. 

This behavior is consistent with our earlier 

observations that holographic feedback restricts 

oscillation to those modes whose interference 

patterns are coincident within the crystal. 

(/. A. Howelf, J. U. Ramsey, W. B. Whitten) 

*Eartham College, ORAU Faculty Research 
Program 

Fundamental Studies of Chemical 
Vapor Deposition Materials 

Growth Pioceasta 

We have recently begun a program to apply 

several spectroscopic and materials characterization 

techniques to foster a fundamental understanding of 

film growth by chemical vapor deposition (CVD) 

processes. Although many technotogicaHy important 



materials are synthesized by ttaaa general family of 

techniques, jnrturling semiconducting and insulating 

fkdt, bydrogeoated amorphous ahoon for solar cesfc, 

higb-te&perature supmnuducting films, and 

diamond 61ns for wear hardening, attic • known 

about i te details of tbe chemical and physical 

mechanisms involved in tbe pioccjsts of fihn 

growth. The experiments to be conducted wiB be 

used to develop a fundamental undemanding of the 

materials growth proceai at the atomic (molecular) 

level The goal • to team bow to control tbe 

material growth proceat for desirable film properties, 

not to optimize a given preparation technique. This 

study is a collaborative effort with staff from tbe 

ORNL Metals and Ceramics and Fusion Energy 

Divisions; it was initiated with Director's R & D Fund 

support in October 1969. 

For our initial studies we have selected tbe 

growth of diamond films. The details of their 

growth processes will be studied by a battery of 

plasma diagnostic and materials characterization 

techniques. The current and expected applications 

of diamond films are tied to the unique physical 

properties of diamond: excellent thermal 

conductivity, extreme hardness, chemical inertness, 

high resistivity, and semiconducting character when 

doped. Current commercial applications include 

heat sinks far electronic components, optical 

windows for harsh environments, transparent 

coatings for optical disks, and wear-resistant coatings 

for cutting tools. Semiconductor applications are 

expected to be the largest growth area, particularly 

for high-power appbcationi where high thermal 

loads are encountered. For semiconductor 

applications, diamond films must exhibit low-de feet-

density structure* and very high puhty. 

Diamond films are currently prepared via several 

growth techniques, and the commercial potential of 

a l of these methods would be enhanced if lower 

substrate temperatures were possible and if film 

growth rate and spatial uniformity for large area 

deposits could be improved. Tbe purity, 

tnicroatructure, and substrate adhesion of tbe 

resulting films are highly dependent on the method 

selected. The details of these growth processes are 

only poorly understood. 

Initial studies will be performed using a hot 

filament C V D reactor. Growth of diamond films in 

this reactor involves placing a tungsten filament 

< 1 cm from a substrate in a 95/5, HyCH^ 

atmosphere at • 5 kPa. The diagnostics to be 

developed involve collection of information from 

three different regions of the reactor and correlation 

of these data with tbe quality and properties of tbe 

material grown. Tbe three different regions are tbe 

bulk reactor volume or plasma region, tbe skin layer 

(the gas phase species within a few molecular 

diameters of the surface), and tbe molecular layer 

on tbe growing surface. Such a comprehensive 

examination of the overall deposition process is 

necessary because a combination of gat phase and 

surface chemistry is probably operating. Laser 

induced fluorescence, iooization-detected absorption 

spectroscopy, and non-linear optical surface 

spectroscopy will be emphasized. 

The bulk plasma is probably the easiest region to 

investigate. Techniques that allow three dimensional 

speexs-and temperature-mapping of the volume will 

be used. For the investigation of the skin layer or 

gas-solid boundary layer, we propose the use of a 

technique developed in our laboratory for 

combustion diagnostics: orifice sampling into a high 

vacuum. Once process-intermediate species are 

extracted into vacuum, various types of optical 

spectroscopy and mass spectroscopy will be used to 

identify them. The final region is the material at 
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the surface oT the substrate itself. For an 

uiiderstanding of growm processes, we fed mat only 

the monotayer or material on the surface should be 

tummwA TV) interesting new approacbet to 

probing the surface layer of materuto are secood-

harmonk: generation and sum-frequency generation. 

These are optical probes of the surface that are 

quite sensitive to mterfacial phenomena while not 

requiring ultra-high vacuiun conditions. Mfcrmauan 

coaected using these techniques would be correlated 

with the quality of the material that • actually 

grown, using Raman spectroscopy, scanning electron 

microscopy, and transmiasion electron microscopy. 

Assembly of a net filament diamond film growth 

reactor is underway in the laser laboratory. Initial 

experiments wiB involve orifice sampling of reaction 

intermediates from methane-hydrogen pyrocys» and 

resonantly enhanced muttipboton ionization mass 

spectroscopic detection. 

(I hi Ramsey, R W. Shaw, and W. R Whitten) 

Spectroscopy of Plasmas Used 
for Thai Han Deposition 

The goal of a Director's R&D Fund project 

under the direction of J. B. Bates, Solid State 

Division, • the development of thin film batteries 

and seniors. These devices consist of thin layers of 

conductors, electrolytes, and ceramics. The entire 

assembly is teas than 1G microns thick. These films 

are prepared by magnetron sputtering, a RF plasma 

technique that removes material from a target and 

deposits it as a thin film on a substrate. The 

chemical reactions that occur during thai process are 

essentially unknown; consequently, film preparation 

techniques are determined empirically. We are 

mtnmn^ optical diagnosis methods in an attempt 

to understand the thin film preparation processes. 

Initial studies involved measuring the spatially 

resolved spontaneous emawon spectrum from the 

discharge. Exploratory studies were conducted with 

an *—*~*Ki*i linear diode array detector coupled to 

a spectrograph. The light collection system consists 

of a fiber optic with a spherical lens positioned at 

the launch end of the fiber; the fiber optic cots the 

vacuum chamber via a vacuum feedthrough. The 

vertical resolution of the errwarinn collected by the 

optical fiber is about 4 mm. 

Emission spectra were collected for several targets 

(Li 4 Si0 4 , L»3P04. L^COj * different mole ratios), 

different plasma gases (argon, oxygen, and mixtures 

of argon and oxygen), gas pressure, and magnetron 

powers. In the 475 to 690 nro region, the observed 

emiarions were assigned to neutral lithium emission 

and O z * molecules. The intensity of the neutral 

lithium emission increased with RF power and 

plasma gas pressure. In a pure oxygen plasma, 

emission from neutral oxygen atoms was also 

observed. Emission from phosphorous or silicon 

was not observed. 

(L N. tOatt, R. W. Shaw, and J. At. Ramsey) 

Mkiowjwt Spectroscopy 

We are developing a microwave spectroscopic 

technique for the determination of stable isotope 

ratios for clinical studies. The microwave rotational 

transitions of small molecules are generally shifted 

substantially compared to the spectral linewidth by 

isotonic substitution. It • therefore comparatively 

easy to obtain the necessary specificity with 

microwave techniques. For clinical tracer studies, 
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minor isotopes must be determined witb high 

sensitivity as wefl. 

Our microwave spectrometer use. supersonic 

expansion to rotaiionaay cocC tbe analyte mokoilrs 

The molecules can thus absorb strongly at tbe 

frequency of tbe 'owed rotational transition. Tbe 

sample interacts with ibe microwaves a a Fabry-

Perot cavity formed from two diamond-turned 

copper mirrors. The microwave frequency is locked 

to a resonant frequency of tbe cavity and can be 

scanned by translating one of tbe mirrors slightly 

with a piezoelectric pusher. Superheterodyne 

detection it used, followed by a lock-in amplifier 

referenced to tbe pulsed expansion nozzle. To test 

our sensitivity, we have measured tbe microwave 

absorption of a mixture of 1% carbonyl sulfide in 

argon. We observe a signal-to-noise raiio of 25 for 

the 12.1238-GHz line of ^ " c ^ S that has a 

natural abundance 1.05%. Carbonyl sulfide may be 

an important analyte for clinical tracer studies 

because of its substantial dipole moment and 

because it can be generated from breath CC»2 by 

a reaction with HjS. 

(W. B. Whiaen, J. M. Ramsey) 

Two-Photon Excitation of Actinide 
Huoreaceace 

Two-photon exdutior. of actinide (or lanthanide) 

ion fluoresce-ce in the solid stale is being evaluated. 

This study it being carried out in cooperation with 

personnel of the Transuranium Research Laboratory 

at ORNL Two-photon excitation schemes have 

been reported for Tbflll) in CaF 2 (Maknet, A. G. 

and Skripto, G. A., Phys. Slams Solids, 53, 243, 

1979) but no mention of actinides * given. From 

a sample of CmBr, we have observed anti-stokes 

nnjawini that concapond to a number of ievett up 

to 9000 cm' 1 above tbe photon energy of tbe 

exciting laser beam, 16800 cm" 1. Three of these 

are transitions from known excited states to tbe 

ground state that have not been observed in 

fluorescence before. The mechanam for tbe 

nriiarinn is not yet proven, but is believed to be 

due to two-photon excitation into tbe several levels 

of CmfTO) in the vicinity of 33600 cm' 1 . This 

method of fluorescence nritatinn should be 

generaly applicable to actinides and may lead to 

new methods of actinide identification and 

determination in tbe environment, 

(J. P. Young and G. U. Murray) 

Hot-Pel SpecOT|*r»nmrtrT Syatrm 

Tbe Chemical Technology Division (CTD) « 

embarking on a program to separate large amounts 

of curium from amendum at the Radiochemical 

Engineering Development Center (REDC). L M. 

Toth of CTD it leading the effort to develop the 

separation scheme. An oxidant win be added to tta 

solution containing Am and Cm to oxidize all of tbe 

Am to Am(Vi). The AmfVT) is then selectiveh 

reduced to Am(V) and the separation performed 

in dilute nitric acid media with an ion exchange 

column; tbe CmfJH) it retained on tbe column. A 

high concentration of nitric acid is used to strip the 

Cm(IlI) from the column. Because of the high Cm 

alpha activity, which produces hydrogen peroxide 

resulting in the reduction of AmfV) to Amflll), the 

concentration of oxidant, reductani, oxidation state 

of Am, and the speed of the ion exchange 

separation are important parameters. Since all of 

the relevant oxrjauon states of Am and Cm have 
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absorption bunk in the visible spectrum, 
fpeujophotometry • ideafly suited to monitor this 
process. Our task • to assemble «nd natal a not­
e d spectrophotometer at REDC 

The hot-eel spectrophotometer system being 
assrmtitrrl and tested • patterned after tbe in-line 
sprttiophntnrrrtrr system developed at the USDOE 
Savannah River Laboratory (SRL) (D. R. Van Hare 
and W. S. Pratber, Tiber Optic Mortification of a 
Diode Array Spectrometer, DP-1714, January, 
1986). The system • based on • HP8452A Diode 
Array Spectrometer (Hcwtm-Packard, Palo Ata, 
CA). It • controled by an IBM compatible 
computer. Quartz optical fiber* are used to 
transmit tbe output of a 75 watt aenon arc lamp 
from the measurement eel, located in the hot eel, 
to tbe spectrometer, located in the control room of 
REDC A high precisian linear translation stage is 
used to multiplex tbe source and spectrometer 
optical fibers to eight different measurement points. 

For in-line measurements, flow-through cetts 
constructed from Swagelok components win be used. 
The bot-cet end of tbe optical fibers is terminated 
in a specialty designed and fabricated connector that 
fits into a standard 1/4 inch Swagelok reducer and 
is secured with a stainless steel ferrule and nut A 
custom designed lens, which coKmates tbe Kght 
emerging from tbe fiber, is waled in the tubavg end 
of tbe Swagetofc reducer. This lens also provides 
the optical interface to tbe process solution. 

Equipment for the system has been received. 
The HP84S2A required several notifications for 
use with fiber optics and an external light source; 
these were completed. Software to operate tbe 
spectrometer was obtained from SRL, and tbe 
modifications required for this application were 
completed. Initial noise and stability studies were 
made. Short term noise, expressed in terms of 

detector signal, is better than 0.4%; king term driP 
(greater than 8 tan.) is *bout 1-5%. A mock-up of 
tbe fiber optic cables -«uh tbe anticipated number 
of spaces planned for the REDC inwalatinn was 
mmjin^A Light l o s across tbe mukiptnrT and 
one butt jout averages -15 dB; tbe theoretical 
reflective lass for the same number of quartz m 
intcrfaces is about -0.6 dB. 

Multivariate modcang tecaniqur* wil be used to 
decoavokite tbe atmerved spectra into tbe individual 
tonsjMocnts. Software to accomplish this was also 
obtained from SRL. Modebng of tbe spectra wil 
be undertaken after tbe system is instated and 
spectra of Am and Cm solutions at tbe process 
solution concentrations can be measured, 

(L. N. KUm) 

InsSTumcatatian for Absorption Fluid Studies 

Tbe objective of tbe Chemical Heat Pump 
Program, managed by tbe Energy Division, is to 
identify and develop potential beat pump systems 
capable of recovering energy from industrial waste 
beat. Openuing temperatures of these proposed 
systems arc as high as 200°C Tbe proposed fluids 
arc aqueous ternary mixtures of sans with total salt 
concentrations ranging from 55 to 85 w/w%. Very 
little pnysicccbemKal data are available for these 
systems. Assist snrr is being provided to the 
Chemical Heat Pump Program in instrumentation 
and computer-based data acquisition. 

Two experimental loops were assembled for these 
studies. One loop is being used to obtain density 
and vapor pressure data as a function of 
temperature and solute concentration. The second 
loop it a complete absorption beat pump system 
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that is bang used to obtain beat and tnaai tram? x 

information from the tea fluids so ujoyrisoiu with 

existing fluids can be made. 

Data acquisition and processing are accomplished 

with an IBM compatible computer. The data 

acquisition system ccnsists of a high resolution 

digital voltmeter and multiplexer unit (Mcdeb 

3456A and 3497A, Hewlett-Packard, Palo Alto, CA) 

interfaced to the computer with an IEEE-488 bus. 

Dau acquisition and processing software were 

written as a scries of GW-Basic subroutines, which 

are merged into the program required to accomplish 

the task* specified by each experiment. Sensors 

installed on the system include 12 Type K 

thermocouples, three pressure transducers, two 

density monitors, two mass now monitors, and one 

volumetric flow meter. 

Procedures to verify the calibration of aO the 

sensors were developed. A design flaw with the 

density sensors was identified during this phase of 

the work. The density monitor signal processing 

electronics require the temperature of the fluid 

flowing through the sensor as an input signal. We 

discovcrd that the temperature sensor is mounted 

on the outside wall of the fluid bne in ihe sensor 

module, resulting in an incorrect temperature as 

input. This caused large errors in the density 

values. The problem was solved by installing 

thermocouples inside the fluid lines to obtain the 

fluid temperature and using a digital-to-analog 

converter to convert these temperatures to the input 

voltages required. With this modification to the 

density monitor, steam table dau were reproduced 

with an average density error of 0.003 g/cm3 over 

the temperature range of 15 to 150°C 

A fluid consisting of LiNO,, NaNO,, and KNO, 

(S3:19:28 % weight ratio) was completely 

characterized. A manuscript describing these results 

has been submitted for publication in J. Chem. Eng. 

Data. Measurements on a proprietary fluid 

developed by Trane Company, LaOoss, WI were 

also "nmfinfrf This fluid is a candidate lor the 

Triple Effect Cycle licensed by ORNL to the Trane 

Company. Measurements with LiBr HjO, a widely 

used fluid in absorption beat pumps, were 

completed to serve as a basis far comparison. 

(L N. Kkm) 

Program for The Detection of 

The VS. Department of Treasury, Bureau of 

Engraving and Printing (BEP) has an on-going 

program to develop new methods to detect and 

deter the counterfeiting of VS. currency. As pan 

of this program, BEP is investigating the possibility 

of introducing taggants into the inks as a coven 

counterfeiting deterrent system. BEP has issued a 

solicitation for offerors to submit taggants that can 

be used in the currency inks. 

Phase II of this uggant proposal involves an 

adversarial analysis to assess the degree of difficulty 

for detecting the taggants, reproducing the uggants, 

and simulating the authentication scheme without 

actually reproducing the taggants. We submitted a 

work proposal to perform the adversarial analysis 

and received a contract from BEP. Work is 

currently in progress to identify the taggants in one 

set of federal reserve notes and to determine the 

probable mechanism to be used for detecting the 

taggants for the authentication process. 

As a result of work for BEP for an earlier 

project, a paper entitled 'Principal Component 

Analysis of Diffuse Near-infrared Reflectance Dau 
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from Paper Cutuacf was written and pubashed in 
Apofced Socaroecjpr. 

(I. M. Dak, L N. Kkm. amiJ.U. Ramtey) 

INORGANIC MASS STBCTROMETRY 

D. H. Smith 

A number of different ariiviiitt boih support and 
UKMCh arc carried out la Ma group- Inorganc 
maai apectrometric reaearch it a major effort, and 
both iantope. ratio and eh*menial analyses are 
performed. A ffo» disrhargf maat spectrometer it 
used for the latter, and recently a cotaboratne 
effort with staff from Qemaun Umvuiaty wat 
begun. Much of the isotope ratio work wat 
directed toward transferring our hitetium double 
spike method for inventory of tank content* to the 
international safeguard* community. We continue 
to provide cupport to the stable isotope* program 
and to aid in the analyst of gases. 

Analytical apparatinrit of potitrom continue*, The 
inteme ORELA beam it being used to explore 
pOBtronHnduced irritation for mat* spectrometry. 
Work hat just begun on poatiWe apportion of 
positron* for ftiar*fif T r r» t' n n of tupT-conducting 
material*. 

Heavy ion x-ray sMelte etnsnon (HDCSE) u 
being studied at a method to characterize the 
chemical slate of element* in various sokd material*. 
Result* are encouraging. Sulfur and a combination 
of sulfur and oxygen were implanted in a variety of 
matrices and analyzed with HIXSE. Fluorescence 
yield* varied in a predictable way with sitslanied 
core and matrix. It was shown that impurity oxygen 
can be observed in an oxygen-rich matrr.. 

Tbit year we provided a oonauliant to the 
International Atomic Energy Agency for developing 
a training course for inspectors. The goal was to 
train inspectors, many of whom have little technical 
experience, to prepare and analyze sample* using a 
Fainigan-MAT THQ maat spectrometer. 
Consukatjcn wit provided on aample pi conation 
chenastry and • ovcral course content. Active 
aasatance was provided in developing inatruction 
manualt and in teaching the first course. Four 
•Mpcctor* received trasning. 

Thai concept has mr*ratinns for the IAEA that 
transcend the tccbniral question* involved. Tha • 
the first project for which a courtiy signatory to the 
non-profferation treaty (Japan) ha* agreed to 
provide laboratory space in which a permanent 
IAEA initiation could be housed. It • important 
that the excrdsc be successful so that future nmitar 
aMaaauont become a recognized pan of 
international safeguards. Only thus can timely 
analyse* of samples be assured. 

A chrrniral procedure it being developed for 

use gartnanairn at a neutron poison, and its 
presence in a sample can cause ptutsuu* in mat* 
apectrometric anaJyaa ( 1 6 0 G d O * interferes with 
1 7 *Lu+ ), this it iiprciaBy true **eu gatofaiium is 
present at concentration* up to 5000 higher than 
kueuum. Preliminary studies indicate that hiteuum 
can be separated from gartnanhirn on a 25-40 urn 
Dowcx 50X8 cation exchange column. A synthetic 
sample solution comaining the two rare earth 
dements (REEt) i* loaded onto the ion exchange 
cokima. Inrtaty, the cation cotuoin m in the 
hydrogen form to lake advantage of the greater 
affinity of the rain for the REE* in this form and 
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to prevent any Ion of REEs due to hydrolysis. The 

column it then converted to the ammonium form 

prior to REE dution, using an etuent of 0.25 M 

alrjha-nyctraty-Bobutyme at pH 4.1S. REE 

separation is carried out at 505°C to produce a 03 

mUam ducat Bow rate. As little as 14J ng Lu 

have been separated and coBected in the second 

half-mffluiter of duett; as much as 153 ug Gd have 

been cotecied in the fifth through eighth rnttfeiers. 

ICP analysis of the ekient fractions has been used 

to determine that the recovery of both metals is 

quantitative. Mass spectral analysis of the kitetium 

fraction ndicace that traces of gadofinhim are 

present, but its effect at these levels can be 

eamiaated by the proper selection of filament 

temperature prior to hiiethun analysis. 

Future work win be directed toward the sample 

preparation procedures required to remove 

uranium, piutonhim, and fission products from the 

dmotver tank sample prior to REE separation. 

Either a liquid extraction or clean-up column 

procedure will be used to remove uranium and 

piutonium from the sample. Initial results indicate 

that the separation of hitettum from alkali and ateak 

earth metals may be possible by simply washing the 

metal imerferenu off the Down 50X8 column prior 

to REE separation. Other REE fission products, 

such as Ce,Pr, Nd, Pm, and Sm, have elution times 

greater than gadolinium and should not be present 

in the initial lutetium fraction. Once the purified 

lutetium fraction is collected, a concentration step 

may be required for mass spectral analysis. Sample 

volume reduction and resin bead loading wiH be 

investigated as possible concentration techniques. 

(D. H. Smith, R. L Walker, D. A. Bottick, M. P. 
May) 

Gtow Discharge Mass Spccuome'nr 

The VG-9C00 Glow Dischaige Mass 

Spectrometer is being nwrBfirrl tu run an RF 

discharge, thus permitting the analysis of non­

conducting samples such as glass, ceramic, or 

geological materials. This work is being carried out 

in ooBaboration with Professor R. K. Marcus and D. 

C Duckworth of Oemson University. They have 

made a modified glow discharge ion source to mate 

with the VG-9000 and have brought their RF power 

supply and matching network to drive it. Initial 

results in which a conducting brass sample was 

analyzed to the 100 pom level using the Daly 

detector system nave been encouraging. Mass 

spectra of the various dements including Cu, Zn, 

Ni .Fe .Sn and Pb were taken. Time constraints 

prevented an analysis of a non-conducting sample, 

but a number of important operating parameters 

were measured and problems such as RF noise 

interference were identified. More work is scheduled 

in 1990 to further refine this ion source to the point 

of routine utility. 

(D. L Donohue, D. H. Smith, W. H. Christie) 

Isotope Ratio Mass Spectrometry 

Work was initiated this year in coUaboraticM with 

Professor George Swihart of Memphis State 

University for isotonic analysis of boron using our 

VG-3S4 mass spectrometer. Measurements of this 

type shed light on the mechanisms of mineral 

formation. The method being developed will 

involve measuring the Cs^BO * at mass positions 

308 and 309. Use of these high masses reduces 

problems associated with isotonic fractionation. This 

http://Ni.Fe.Sn


nark is in its early stages; we are presently trying to 
learn now to cope with aa ioterfcrcooe at mass 308. 

A technique has been developed to analyze 
lutetium using the VG-354. Lutetkim is being 
evaluated in Japan and in Germany as a double 
spike to help assay the contents of holding tanks for 
disaoiver solutions at u pur using plants. To make 
our results directly comparable to tbcae from other 
laboratories, we decided to obtain them using our 
VG (most laboratories have similar instruments) 
rather than our more sensitive ORNL-butt mass 
spectrometers, whica are unique. The procedure 
requires 50 ng of lutetium end yields a 1-vok ion 
beam that lasts several hours. Typical internal 
standard deviations range from 0.1 to 0.2 %. This 
procedure has been communicaicd to the Japanese 
staff at their Tofcai-mura reprocessing facility. 

(EL H. McBay. R. L. Walker, L. K Baton, a K 
Smith) 

Mass Spectionsetric Suppuit Activities 

Mats spectrometric support for various actmkks 
programs has continued. The final fuel pin from 
the joint US-UK actinides program has been 
received and is presently being dissolved. This pin 
is crucial to the characterization of various physical 
parameters for many isotopes. It has undergone 
very high burn-up and • thus very difficult to 
dissolve. 

We have continued to provide analyses to support 
work carried out on the ORIGEN code. These 
specialized measurements allow fine-tuning the 
predictive ability of the code. 

We continue to analyze various water samples for 
uranium and ptutonium on a scheduled basis. We 
are able to analyze very small quantities (detection 

tanks of about 10" 1 6 gAnl) &nd can usually provide 
a 235/238 ratio for uranium. 

Work has continued in collaboration with Steve 
Lambert of Sandia. He provides sak brine samples 
for studies of Z S 4 U / 2 i 8 U dir quitbriurn, where the 
high abundanrr sensitivity of our instruments and 
our ability to analyze amal samples are major 
assets. These studies have jrnpiralinns for the use 
of brines as waste disposal sites. 

We have anaryaed many gas samples this year. 
Of particular interest are tr.tium samples that 
originate at Savannah Riven these are the first to 
arrive since resumption of activity there. Numerous 
isotopiraBy enriched krypton and xenon samples 
have bee, analyzed, along with our more routine 
work tc characterize gases used in various 
atmospheres in the Martin Marietta facilities at Oak 
Ridge. 

(R. L Walk*. L K Bertram, R. J. Hydak, J. *£ 
McMahon, M. M Honoker. C A . Priiehord, M. P. 
May. £ G. Miller, R. M. Coleman. D. H. Smith) 

The ORNL IHaatraa Source: 
Improved Positron Moderation 

The ORNL positron source makes use of waste 
gamma radiation produced by the Oak Ridge 
Electron Linear Accelerator (ORELA). An 
extended description of this facility is given in the 
1968 annua: report (ORNL-6547). The gamma 
radiation is converted to positron-electron pairs by 
means of an anneaSed tungsten moderator placed in 
the path of the gamma brernastrahlung of the 
accelerator. After the positrons emerge from the 
moderator surface they are extracted and 
transported through an evacuated solenoid to an 
adjacent experiment room. After about one year 
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of continuous use, which included exposure to 
corrosive vapors, the surface of our first moderator 
became damaged to the extent that the yield of slow 
positrons was reduced by a factor of 10. At that 
point the decision was made to install a new 
moderator, and to experiment with different designs. 

In designing the new moderator, extensive use 
was made of the ray tracing program, SIMJON. 
Calculations showed that the yield of positrons 
might be improved by opening up the moderator 
configuration such that the electrostatic extraction 
field could penetrate more efficiently. A V-shaped 
configuration was used, which involved about 40 
straight vanes inclined with respect to the axis along 
which extraction occurs. The vanes were annealed 
in the usual fashion to condition the surface for 
slow positron escape. This new configuration 
restored the yield of positrons to about the same 
level as for the old moderator when it was first put 
in use. About a month after installation a faulty 
weld in the new moderator bousing caused a water 
coolant leak, which necessitated its removal. The 
original moderator was re-installed in order that 
spectroscopic studies could continue. 

A third moderator configuration was fabricated, 
using a reinforced homing. At this time it has been 
in UM for several months with no failure. The 
present moderator consists of a stack of 40 annular 
rings of tungsten sheet, 1/2 mm thick, spaced 1 mm 
apart. The inner and outer diameters of the rings 
increase conti iuou»ly from the bottom of the stack 
to the top, su<.h that the inside surface of the stack 
is conical. The yi?<4 of the slow positrons is only 
slightly better Itvn that of the first moderator 
configuration when it was first insulted. At this 
point we conclude that the slow positron yield is 
somewhat independent of the moderator 
configuration. The yield is quite high, however, 

about 1.1 x 10 s positrons per second, when the 
accelerator • operating at 30 kW. 

Positron beams have a unique feature, compared 
to ion or electron beams, in that the brightness can 
be enhanced This is accomplished by re-
moderation. The beam is condensed onto the back 
side of a tungsten film about 100 nm thick. The 
positrons are tbennabzed and diffuse to the 5ront 
«fc of the film and are re-emitted. The total 
number of positrons is reduced by factors ot 3-4, 
but because the energy, divergence angle, and croc.*, 
section of the beam are also reduced, the brightness 
of the beam is increased. The beam is better 
coDimated, and smaller in diameter, such that the 
number of positrons per unit area is much greater. 

To accomplish brightness enhancement, the 
tungsten film must be carefully prepared, which 
UK jdes a special growing procedure, followed by 
cleaning auid annealing in high vacuum. Many 
experiments have been done in an attempt to 
deposit tungsten films at ambient temperatures, but 
in most cases it assumes a metasuNc crystal 
structure, face centered cubic, which reverts u the 
normal body centered cubic when annealed. This 
crystal transformation causes the film to disintegrate. 
Another group, located at the University of Aarhus, 
Denmark, has perfected a method for growing the 
films at high temperature, producing a remarkably 
tough single crystal structure. We have acquired 
several of the Aarhus films and have developed an 
electron beam annealing procedure for them. 
Annealing must be done very carefully, using a 
special tungsten mounting plate to avoid 
contamination. It has been found that if the 
commonly UK»» -icthod of tantalum holder 
mounting ir used the fun is contaminated and iu 
remodcration capability destroyed. With the new 
preparation techniques, effective brightness 
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enhancement films with high yield* have been 

produced. 

(L a Huktt, Jr^ D. L Donahue, T. A. Lewis*) 

•I&C Division, ORNL 

Posstron h ••!•!• w Man Spectrometry 

Two regimes of positron ionization mats 

spectrometry have been studied. The first 

measurements were made using the 3 keV positron 

bean. «initially extracted from the moderator. In 

the second work the 3 keV bean» was re-moderated 

and contained in a Penning trap at low energies, 

ranging between a minimum of about 0.2 eV and 

an upper limit of 10 eV. 

The line-of-sight beam criming from the delivery 

solenoid contains ions, Cast electrons, and fast 

positrons, as well as the monoenergetic 3 keV slow 

positrons. To avoid the fast particles, the 3 keV 

positron beam was diverted 30° from line-of-sight 

into ? collision chamber to which a time-of-fiight 

mass spectrometer was attached. Mass spectra of 

methane, isobutane, toluene, SF6, and o, m, and p-

xylene were measured, using the 3 keV positron 

beam for ionization. An electron gun was in place 

in the ionization chamber so that an immediate 

comparison to the mass spectra produced by 70 and 

2700 eV electron bombardment could be made. It 

was found that the spectra produced by the high 

enetgy electrons and positrons were qualitatively 

very similar. 

For the low energy ionization studies the collision 

chamber was equipped with a 100 nm tungsten ..lm 

that intercepted the incoming 3 keV positrons. A 

large fraction of the thermalized positrons diffused 

to the exit side of the film where they were ejected 

with energies ranging from 0 to about 2.4 eV. 

Using a retarding grid spectrometer, the peak 

energy of the distribution was found to be at 1-2 

eV. By biasing the moderator film with respect to 

the entrance grid of the collision chamber, the 

energy of the positrons could be varied from a 

minimum of about 0.2 eV to a maximum of 10 eV. 

The low energy collision chamber was in the form 

of a miniature Penning trap. The entrance grid to 

toe trap, held at +5 volts, was placed immediately 

after the re-moderation film. As the positrons 

emerged from the film the grid potential was 

dropped to let them enter a 3 cm drift region, after 

which the potential was restored to its 5 volt level 

Exit from the other side of the drift region was 

blocked by a grid held at 24 vote. Lateral 

containment of the positrons was accomplished with 

a 50 gauss magnetic field running parallel to the 

drift region. Aa extraction grid was located at the 

side of the trap. After a period of 20-30 

microseconds, the ions produced were pulsed out of 

the trap in a direction 90° with respect to the 

positron entrance, and accelerated to 3000 eV for 

mass analysis with a time-of-fligbt mass 

spectrometer. 

Low energy ionization of over 20 large organic 

molecules has been studied. Among these were 

straight chain aliphatic*, such as butane and decane, 

alkenes such as bexene and 1,5 hexatiiene, and 

several aromatic* such as benzene, aniline and n-

butyt benzene. In all case* it ha* been found that 

positrons having kinetic energies less than the 

ionization potentials will effect ionization. This is 

believed to occur via positronium formation. 

Positronium is a neutral species consisting of a 

positron and electron bound together in an atomic 

orbit. The ionization potential of positronium is 6.8 

eV, exactly half that of atomic hydrogen. When a 
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positron passes by an atom or molecule, it a able to 

"rob' it of ooe of its valeoce elections, provided the 

kinetic energy of ibe positron • above a certain 

threshold- The threshold for tbe transfer of the 

electron to tbe positron it reached when tbe sum of 

the kinetic energy of the positron phis 6.8 eV • 

greater than tbe ionization potential of the atom or 

molecule giving up the electron. For a number of 

organic molecules used in this study, this threshold 

coof*!'ion for tbe production of ions was observed. 

The fragmentation behavior of tbe molecules tended 

to parallel that induced by electron bombardment 

for corresponding kinetic energies above the 

respective thresholds. 

Tbe extraction cf an electron from a molecule to 

form positronium is a sudden process, occurring in 

times less than 0.1 picoseconds. This implies a 

vertical Franck-Condon transition similar to that for 

ionization by electrons or photons. 

We are currently preparing to investigate very low 

energy positron attachment to molecules, which 

presumably can occur only if the positron 

approaches the molecule at a rather low velocity, 

such that the electron doud of tbe molecule can 

become polarized and attach the positron before it 

passes by. For this to occur, the positron kinetic 

energy must be lower than 0.2 eV. Positrons have 

been observed to be trapped under conditions for 

which their kineuc energies should be approaching 

this value, but possibly it was above the attachment 

threshold. In our next experiments the magnetic 

field of the Penning trap will be increased in order 

to reduce the possibility of positron loss *y elastic 

scattering. 

(D. L. Dononut, L D. Hideo, B. A. Fxkavode*. 
S. A. MclMckey, G. L Gluh) 

•ORAU Post-Doctoral Research Associate 

Mutagenesis of DNA by Positron Bombankneoi 

The ability to produce mutagenesis of DNA by 

positron bombardment is being investigated. Low 

molecular weight DNA (approximately 3 kiiobase) 

was placed on surfaces of annealed tungsten plates 

and exposed to 3 keV positrons. After doses 

ranging from 107 • 10 9 positrons, tbe DNA was re-

dissolved and instilled in E-ook Normally, DNA of 

the particular type used will cause E-coa to become 

immune to streptomycin, but positron irradiation of 

tbe DNA altered wis effect. These results are 

encouraging, indicating that a mild dose of positrons 

wifl produce measurable effects. Perhaps by using 

tbe bacteria as a biological amplifier, the mutated 

DNA can be replicated and generated in 

concentrations sufficiently high for analysis by other 

techniques. The 3 keV positrons were much higher 

in energy than tbe 0 - 10 eV positrons that will be 

used m future experiments. With the lower energy 

particles it may be possible to surgically implant 

mutations in selected areas of tbe large molecules. 

(L D. Fulea, D. L Donohue) 

Hjgb-ReaoMiao IflXSE Studks of tbe 
Chemical Environment of Sub-Surface Moieties 

The characterization of ion implanted materials, 

thin films, and film-substrate interfaces is becoming 

increasingly important to the materials processing 

iulustry. Although a wide variety of methods are 

routinely used to analyze these substances, few 

techniques can answer questions concerning the 

local chemical nature of sub-surface moieties. For 

example, some surface analysis techniques when 

combined with sputter depth profiling methods yield 

spatial and chemical information. Unfortunately, 
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sputtering can significantly alter both the 

concentration profile of the implant or interface and 

its chemistry. Other mfhods, such at badocattering, 

provide information about concentration profiles of 

implants but do not reveal chemical spectator; or 

bonding. Heavy-ion-induced X-ray sateukr ernissicn 

(HIXSE), an X-ray fluorescence trctnique which 

uses fast ( • 1 MeV/amu), hesvy ions for exotatinn 

and yields intense, chemscafly sensitive satelite foes, 

is being evaluated as a method which can cnemicafly 

characterize sub-surface moieties. 

We have implanted a series of quartz glass, 

Si(100) wafers, aluminum, and alumina targets with 

varying doses of sulfur and sulfur phis oxygen 

ranging from 0.5 to 10 x 1 0 1 6 / cm 2 at the Surface 

Modification and Characterization Collaborative 

Research Center (SMAQCRC). Rutherford 

backscattering (RBS) measurements were used to 

verify the dose, the depth, and the uniformity of the 

implant. Using a 24 MeV Si ion beam extracted 

from the EN-tandem accelerator to excite the sub­

surface atoms, high-resolution sulfur K # X-ray 

measurements were obtained with the Hl-PER-X 

spectrometer. The data show that the relative ion-

induced X-ray fluorescence yield of ion implanted 

sulfur varies both as a function of the implanted 

dose and the matrix in which it is implanted. These 

changes can be predicted on the basis of the local 

valence electron density or chemical environment of 

the implanted sulfur moiety. In addition, we have 

shown that co-imp'9:ii>:d oxygen hat a direct effect 

on the sulfur X-ray spectrum in silicon and silica 

matrices. The latter result means that we can 

indirectly and nondestructively observe impurity 

oxygen in an oxide matrix. We currently know of 

no other technique which can yield this information. 

Potential applications in the field of ceramic 

materials wul be explored. 

(T. M. Rootd, J. P. Youn&R. A. Zuhr* C R. 
Vane,** and US. Peterxm*) 

•Soid State Division 
••Physics Division 

•••University of tbe South 

ORGANIC MASS SPECTROMETRY 

GaryL Gash 

Efforts to develop new and improved mass 

spectrometric and related techniques for the analysis 

of organic molecules have continued. Progress has 

been made in several on-going projects and several 

new projects have been initiated. The research faDs 

into both the fundamental and applied categories. 

A major focus of the work has been related to our 

atmospheric sampling glow discharge ionization 

(ASGDI) source, with continued applications to tbe 

detection of organic compounds bi ambient air and 

new itppucations. Much of the work has been a 

continuation of the development and application of 

the quadrupole ion trap. This device is developing 

into a very powerful mass spectrometer for both 

analytical application? and fundamental studies. In 

addition to the work summarized below, we have 

continued to collaborate with the positron group in 

studying the ionization of organic molecules by 

positrons. Also during this year, much of our 

research experienced a major interruption as we 

moved most of the instrumentation from Y-12 to 

the new building at X-10. We are still in the 

process of getting some of the instruments back up 

and running. 
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Escuiuaptay fongatJnrvTTMS 

Probably tbe moat doting advance in tbe past 

year • tbe successful demomtration of electrospray 

ionization (ESI) maat spectrometry with tbe ITMS. 

Tbe system it baaed on tbe ITMS fitted with tbe 

atmospheric sampling, glow dacbarge ionbation 

(ASGDI) source. However, the ASGDI is not used 

as an ionization source but as the interface between 

tbe electrospray, which operates in tbe atmosphere, 

and tbe ITMS. Our current ESI system consists of 

a dome tipped stainless steel syringe needle (120 jun 

id.) connected to a syringe pump via a short length 

of 0.5 mm id. teflon tubing. A solution of tbe 

analyte, dissolved in tbe appropriate solvents, is 

pumped through tbe needle at flow rates of 1-10 

rUam. A voltage of 3-4 kV applied to tbe needle 

result* in an "electrospray" which is aimed at the 

100 *m orifice in the entrance aperture of the 

ASGDI source. To facilitate positioning of the 

spray relative to the orifice, the needle is mounted 

on an X-Y-Z manipulator. The ASGDI source 

operates as a platform from which to inject the 

ekctrospray-generated ions into tbe trap. Tnat is, 

it provides tbe region of differential pumping 

needed to transfer the ions generated at 

atmospheric pressure into the lower pressure region 

of the trap. To facilitate this transfer of ions, the 

region between the aperture plates of the ASGDI 

source has been fitted with two focusing lenses. 

Using this ECl/TTMS system we have successfully 

injected both positive and negative ions into the 

trap; MS/MS and MS n experiments have been 

carried out on the injected ions. Most significantly, 

bkxnoiecuies with molecular weights well beyond the 

normal mass range of the ITMS, which is 650 

daltons, have been successfully analyzed. This is 

possible because these large biomolecules can be 

multiply charged in tbe electrospray, makiag their 

mfi values withm tbe range accessible to the ion 

trap. For example, horse heart cytochrome c, a 

bemoprotdo with a molecular weight of 12360 amu, 

was successfully injected and then detected as tbe 

(M-H7) 1 7*, (M+16) 1 6 *, (M+15) 1 5 *, (M+14) 1 4 *, 

(M+13) 1 J * species, which have m/fc values 

compatible with ino trap analysis. Bovine albumin 

(mw * 66,000) is the largest molecule that has thus 

£v been detected (and tbe largest attempted). 

Sample quantities necessary for such analyses on 

our system appear to be similar to or less than 

those reported for other ESI systems. In tbe case 

of peptide bradykmin (MW =1060 amu), 16 fmol 

of sample was required for detection. For most 

other samples studied to date, similar quantities 

were sufficient tc detect the material. 

(G. J. Van Berkei S. A. McLuckey, G. L. Gtiih) 

Biptaswts Detection 

The development of an explosives vapor detector 

has continued to be a major focus of the applied 

research. Advances have been made in this area on 

both the quadrupoleAime-of-flight (QT) instrument 

and the quadrupole ion trap (TTMS). On the QT, 

a new mode of operation has been developed, 

referred to as tbe targeted daughter ion mode. 

This method of operation is possible with some, but 

not all, types of instruments capable of MS/MS. It 

involves operating the first stage mass analyzer as a 

high pats filter and using a second stage of mast 

analysis to identify daughter ions from a targeted 

compound das*. Instruments which have a 

quadrupole as a first mass analyzer are capable of 

operation in this manner. This mode of operation 

can be employed in those cases where a parent ion 
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scan it useful. Tbe targeted daughter ion mode, 
with some sacrifice io specificity, provides a roughly 
ten-fold improvement in detection limits relative to 
conventional daughter ion analysis. These findings 
have been demonstrated with anions derived from 
2,4-dmitrotoluene and RDX, a heterocyclic 
nitramne. The targeted daughter ion mode of 
operation lias been incorporated as an option in the 
automated detection scheme at tbe first stage of 
screening. If an explosive is indicated by this, the 
moat sensitive mode of operation, a more specific 
mode, such at the conventional daughter km scan, 
is used for confirmation. 

In the area of explosives detection with an ITMS, 
we have combined our experience with forming 
anions from explosives in the ASGDI source with 
our recent work in ion injection into an ITMS to 
evaluate the present ASGDI source/TTMS 
combination as an explosives detector. Under 
optimum ion injection conditions, we obtain 
detection limits at least as low as, and sometimes 
lower than, those obtained with tbe 
quadrupoleAime-of-fligbt instrument using a single 
stage of mats spectrometry, In MS/MS, the ITMS-
based device is superior to tbe QT due, in general, 
to tbe much greater MS/MS efficiencies observed 
with tbe ion trap. The specificity of the ASGDI 
source/TTMS combination it superior to the 
qiiadrupofeAime-of-flight instrument in the MS/MS 
mode of operation due to the factor of 20-30 
enhancement in daughter ion matt resolution with 
tbe former instrument. However, because 
dissociation can occur with particularly fragile ions 
upon injection into tbe ITMS the utilty of the 
ASGDI source/TTMS at a detector for nitrate esters 
it compromised. Using the present approach to ion 
injection, we detect no high mass ions from nitrate 
eaters. Rather, we readily detect the NO,' 

fragment Our detection limit may be more than 
a factor of ten lower than with the quadrupoieAime-
of-fiight instrument, but this it accompanied by a 
lost in specificity. During the course of this work 
we have noted that we can readily detect black 
powder which contains no organic explosives but 
consists primarily of nitrate salts and elemental 
sulfur. We detect anions derived from sulfur, 
primarily S j \ This is significant m that no other 
instrumental explosives detector claims to be able to 
detect black powder. Indeed, those that rely on the 
pretence of an N-O bond, such as 
chemiluminescence and roctastabte atom induced 
fluorescence, cannot detect sulfur. 

A potential application of the explosives detector 
was investigated for the U.S. Army Tone and 
Hazardous Materials Agency. They are testing a 
technique which employs hot gas to remove 
explosive* from equipment and materials An 
integral part of tbe test is to determine tbe extent 
of contamination before and after the materials 
have been exposed to the hot gas. Both vapor and 
surface wipe samples were collected on site at the 
Hawthorne Army Ammunition Plant 
deconumination facility. R. F. Weston, contractor 
for the facility, coueded similar samples, which will 
be analyzed by conventional HPLC methods. A 
comparison of the results from the explosives 
detector and the HPLC method win be made when 
the results from Weston are available. Preliminary 
results indicate that tbe surface wipe samples are 
more dependable when sampling In uncontrolled 
awl highly variable temperature and wind conditions. 

(S. A. McLuckty, B. C Grant, G. L Gliih, K G. 
Mono, H. S. McKown) 



22 

Atmospheric Samptiog 

We have been examining the utility of our ASGDI 

source to detect compound classes other than 

explosives. One such class is organopoosphonatc 

compounds. Two alkyl methyiphosphonates, 

diisopropyl methylphosphonate (DIMP) and 

dimethyl methytphosphonate (DMMP), were studied 

on the ASGDI source-quadrupoleAirne-of-flight 

system and the injection too trap (ASGDI 

source/TTMS). The most interesting results were 

observed during the negative ion analysis. In the 

negative ion mode, both phosphonates have a base 

peak corresponding to the loss of an alkyl group. 

MS/MS spectra snowed poorer fragmentation 

efficiencies in the negative ion mode on the QT 

than on the injection trap system. However, the 

daughter ions formed suggest that this compound 

class would be a very good candidate for screening 

by the targeted daughter ion mode of operation. 

Preliminary MS/MS detection limits determined 

using the conventional daughter ion mode of 

analysis are in the low paru-per-biliion range. 

Another class of compounds which has been 

investigated using the ASGDI with the QT is 

natocarbons. The ASGDI source provides positive 

ion mass spectra that are much more informative 

than (hose obtained with conventional electron 

ionization (EI). While the EI mass spectra are 

dominated by low-mass, structurally unmformatrve 

ions, the ASGDI source generates, in most cases, a 

molecular ion and also high-matt, more structurally 

informative fragments. In the negative ion mode 

the ASGDI source generated predominantly 

molecular species with a few high mass fragment*. 

Single too monitoring detection limits were 

determined to be typically a few pans-per-billion for 

positive ions and in the pans-ptt-trillion for negative 

ions. 

fJC G Asano, D. E. Goerixger. G. L. Gtish, S. A. 
McLuckry) 

ASGDI/TTMS 

In a somewhat different application of the 

ASGDI/TTMS, we have performed some studies 

that are a continuation of our selected reagent ion 

chemical ionization work. Negative ions are not 

readily formed in the ion trap because the taw-

energy-etectrons necessary for the formation of 

negative ions are not trapped in the ITMS. In 

addition, those negative ions that are formed are 

often lost via ion/ion recombination due to the large 

excess of positive ions formed when using the 

conventional electron ionization of the ITMS. We 

used our ability to generate negative ions in the 

ASGDI and injected these 10.1s into the ITMS to 

overcome this problem. Several different gas 

mixtures were investigated to generate different 

reagent ions. We showed, with trinitrotoluene as 

the analyte, that different reagent ions interact in 

different ways. Some ionize TNT via electron 

transfer while others ionize it by proton abstraction. 

We have also applied this approach, along with the 

MS/MS and kinetic measurement capabilities of the 

ITMS, to characterize the ions and reactive neutrals 

that issue from the ASGDI source. 

During the course of characterizing the ions that 

issue from the ASGDI, we obtained some 

unexpected results for the anions of nVz 62. We 

interpreted these results based on the hypothesis 

that at least two structures of NO ' are formed in 

the ASGDI source and support this contention with 
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both theoretical calculations and novel experiments. 

The MS/MS spectrum of the tn/z 62 anion from 

normal background (air) of the ASGDI source 

shows daughter ions at m/z 32 (presumably 0 ," # ) 

and sometimes at m/z 46 (N0 2 ~). The NO z 

fragment is to be expected from NOj" with the 

D ^ stmaurc (Lt., the conventional nitrate anion) 

However, an O ' fragment is unexpected. The 

MS/MS spectrum of m/z 62 when nitroglycerine was 

admitted into the ion source showed that the 

intensity of the mfi 32 ion was unchanged from 

background while that of NO,' went off scale. 

Others have previously hypothesized the existence of 

two stable structures of NO.' from kinetic data 

acquired in flowing afterglow studies. 

(S. A. McLuckey, B. A. Echavode\ R. A. Flurtr** 
G. L Glish) 

•ORAU Post-Doctoral Research Associate 
**ORAU Laboratory Cooperative Postgraduate 

Research Program 

loo .'structure Studies 

We have performed a series of calculations to 

elucidate other bound structures for the nitrate 

anion in addition to the common Dj. structure. In 

addition to the D ^ structure, we have located two 

linear structures with similar energies on the N O / 

potential energy surface. In each linear geometry 

the ON-O ' or NO-O * bond it long and weak, 

especially for the NO-0 2 ' species. Either linear 

form can account for the formation of O," upon 

CID of NO,' formed by sampling ambient air. We 

can assume that the ON-O,' structure is more 

likely to be stored in the ion trap upon injection 

from the ASGDI source when sampling ambient air, 

since the NO-O,' structure, due to its relatively 

weak O-O bond, is less likely to survive injection 

into the ion trap. 

Due to prohibitively high costs associated with the 

use of the STC VAXes for calculations such as 

those in the above study, it has become necessary to 

curtail the use of these computers and seek other 

computational facilities. To achieve this end, we 

moved to the UNIX operating system running on a 

high-end personal computer, and converted our 

computational chemistry software to run under 

UNDC Having completed our study of the nitrate 

anion, we have begun to apply our new 

computational facilities to new problems in organic 

ion chemistry. One such problem is the structure of 

the ion formed by loss of NHj from the (M-H)* of 

N,N-dimctliylaniline. 

We have observed that the (M-H)* ions from 

NJi-dimethyianiline lose neutral fragments of 17 

and 29 daltons in the MS/MS spectrum. It has 

been shown by other groups that daughter ion 

empirical formula information can be obtained by 

doing MS/MS on naturally occurring isotopic peaks. 

This method is limited to cases where the natural 

isotopic peak is not isobaric with another peak in 

the matt spectrum. For the N,N-dimethylaniline 

case, however, isobaric interferences were present. 

We demonstrated a method to overcome this 

limitation by using multiple stages of matt 

spectrometry (MS") with the ion trap mats 

spectrometer. An MS* experiment was done using 

the 1 3 C isotope peak of the molecular ion. The 

results of this experiment were compared to the 

corresponding MS 3 experiment of the 1 2 C ion to 

obtain the desired information. It was found that 

the lost of 17 dalle i corresponded to N H } and 

that the lost of 29 daltons was CH 2*NH. These 

tastes are unexpected since they can only occur via 

some complex rearrangement. This method for 
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determining daughter ion formulas is very simple 

and straightforward. Further ciampirs have 

demonstrated the widespread utility of the technique 

for structural and reaction mechanism 

determinations. 

(R. A. Fhnr*, G. L GSsh, S. A. McLuckey. K G. 
Asano) 

•ORAU Laboratory Cooperative Postgraduate 
Research Program 

Laser Descrptioa/TTMS 

Interest in the N,N-dimethylanitine came about 

due to observations when doing laser 

desorption/MS" experiments. We have continued to 

explore the utility of laser desorption in an ion trap. 

While we had been using the 1064 nm wavelength, 

we have investigated using the fourth harmonic, or 

266 nm, output from the Nd:YAG laser. This 

provides us with a higher power density. We have 

also found that the variation in l a w pulses does not 

necessarily make it worthwhile to average more than 

one or two putoes per scan. Using the 266 nm 

wavelength, we have successfully desorbeC 

porphyrins, such as octaethytporphyrin (OEP) and 

deuieroporphyrin IX dimetnyl ester. These spectra 

are similar to the F.J spectra obtained on other 

instruments. In addition, sucrose experiments using 

a probe coated with a KCJ solution enabled us to 

obtain more reproducible spectra that showed a 

(sucrose*K) addict ion as well as a molecular ion. 

(D. E. Goeringer. R. A. Flurer*. G. L Glish, S. A. 
MclMckey) 

•ORAU laboratory Cooperative Postgraduate 
Research Program 

Experiments with Hybrid Mass 

We have also continued work on instruments 

other than ion traps. In a continuation of our work 

with hybrid MS/MS instruments, we have been 

exploring and comparing the capabilities of the 

different collision energy regimes for coflision-

nduced dnaoriation (CID) in our QEB geometry 

instrument. CID is an integral part of most MS/MS 

experiments. There are two r~ traosiatknal energy 

ranges in which CID is normally performed. Low 

energy CID is performed with ion translational 

energies of a few tens of electron votes, while high 

energy CID uses translational energies of a few 

kiioeiectron votes. Hybrid mass spectrometers, 

instruments consisting of sectors and quadrupoies, 

are the only instruments that can readily access both 

collision energy regimes. One question that has not 

been satisfactorily addressed in the comparison of 

the two CID energy regimes is their relative 

sensitivity. The QEB offers unique capabilities in 

this area. Wc have compared iulirecuy the 

sensitivity of the two CID regimes by determining 

the ultimate resolution obtainable on daughter ions 

formed by low and high energy CID using 3-methyl-

2-butanonr. as the standard compound for 

comparison. The molecular ion and protonated 

molecule of this compound both dissociate to give 

•obanc daughter ions C,H 7 * and C^HjO*. At 9 

keV collision energy, the maximum resolution 

obtainable was approximately 1,000, while at 50 eV 

collision energy a resolution in excess of 10,000 was 

obtained. We also demonstrated the capability of 

performing high resolution parent ion scans with the 

QEB and the ability to operate it in the targeted 

daughter ion mode. 



We nave continued our work m the area of 

porphyrin analysis. Due to the limitations of our 

seoor instruments, much of this work hat been 

performed on the BEQQ at the University of 

Tennessee. Having determined the chemistry 

involved in the reduction of porphyrins to 

porphyrinogens in the chemical ionization source, 

and how to control this to our advantage, we have 

now demonstrated the utility of this for direct 

analysis of porphyrins. By doing MS/MS on the 

(M+7H)* ion we are able to sequence the pyrroles 

in the porphyrin. Spectra that are much more 

informative than conventional CI spectra are 

obtained, allowing totally unsymmeirical porphyrins 

to be analyzed. We have also demonstrated that 

even simple mixtures of porphyrins can be analyzed 

this way. In addition to this work, we have 

continued our investigation into the analytical utility 

of doubly-charged porphyrins. We have found that 

only very low ionization energy targets (Le. organic 

molecules and not inert gases) are suitable for 

electron-capture induced dissociation. These studies 

are continuing. 

(R C Grant, G. J. Van Berkek G. L. Glish, S. A. 
McLuckry, H. S. McKmm, L K Bertram, A. A. 
Tubman*) 

'University of Tennessee 

Ion MobMty Spectrometry 

A new area of interest is ion mobility spectrometry 

which can be thought of as time-of-ftight man 

spectrometry at atmospheric pressure. A basic IMS 

instrument consists of a sample inlet, reaction 

region, shutter grid, drift region, and detector. It it 

used :o reaabty detect chemicals at concentrations 

in the part-per-biOion range. The performance of a 

conventional IMS system is limited in both resolving 

power and sensitivity. The shutter-grid pube-width 

controls sensitivity and resolution. A long shutter 

grid puhe is desired to aOow more ions into the 

drift region and therefore pmvides greater 

sensitivity, but a short pulse is required for greater 

resolution. Thus, IMS performance is a 

compromise between these two parameters. An 

IMS model has been designed to study the trade­

offs of resolution and sensitivity. Severai user 

programs have been written to aOow dynamic 

control of the ring electrode voltages (the current 

geometry has 10 electrodes) in the ion optical 

calculation program SIMION. The ions of a 

particular mobility, IC, are located at a particular 

position in the drift region at each instant in time. 

Their motion can be changed by linear or nonlinear 

drift field voltage adjustments, and they can be 

moved to different locations in the drift region at a 

later time. By reversing the field at specific times, 

certain Kg's can be isolated. Models of initial 

spatial spread and initial kinetic energy direction and 

magnitude in the IMS have been completed. It was 

found that the initial spatial spread was most severe 

in limiting resolution. With this result, it was 

decided to trap the ions into a new starting position 

and then ramp them to the detector. With this 

system the time spread of the ions was reduced 

approximately two orders of magnitude. These 

theoretical results will be tested when our IMS, 

which hat been ordered, it delivered. 

(B. A. Eekenrode* S. A. McLuckey, G. L Glish) 

•ORAU Pott-Doctoral Research Associate 
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SECONDARY ION MASS SPECTROMETRY 

W. H. Carafe 

This group conducts research in both organic and 

inorganic secondary ion mass spectrometry (SIMS) 

and provides apedaaxed analyses that require the 

extreme sensitivity of the SIMS trrttniqur During 

this reporung period, a purcbjse order was placed 

with CAMECA Instruments for the arraiaainn of a 

newDilS^ioniDkioaoopeAnicroprobe. Innsflrrm 

it anticipated for early spring, 1990. This 

instrument wil be used mainly in our inorganic 

SIMS research program, but wal also be used to 

investigate imaging capability for organic (biological 

matrices) materials. 

Organic SMS 

Our efforts in organic secondary ion mass 

spectrometry include basic and applied research. 

We investigate fundamental processes thai lead to 

emission of secondary ions characteristic of organic 

samples when such samples are impacted by high 

energy (ca. 5-10 keV) primary ions. These findings 

are applied toward the use of organic secondary ion 

mass spectrometry to determine the spatial 

distribution of fixed organic compounds in various 

matrices, such as biological tissue sampk-i. Funding 

for this biter project is provided by a grant from 

the National Institutes of Health. 

In previous work on fundamental processes, we 

reported evidence that the chemistry governing the 

abundance of various species of secondary ions 

appears to occur beneath the monolayer surface. 

This was determined from the variation in secondary 

ion emission ftm glycerol solutions of various 

•ftytammes. It was observed that the relative 

intensities of anaae-characteristic ions varied with 

the bulk, amine concentration rather than the 

surface mnrrntratinn Exactly way this is true is 

stal not dear, but evidence suggests that secondary 

ion emission from liquids is determined by the 

kinetics of protonatioo of the amines in solution. 

From our pulsed pnmary beam experiments, we 

demonstrated that the sohitioo-phase precursors to 

glycerol secondary ions were glycerol mnsmiffs in 

solution. We have found more recently that the 

same is not true of secondary ions characteristic of 

dissolved amines. The ion intensity of protonated 

amine rises slower than protonated glycerol ion 

intensity. This lag, or induction period, indicates 

that the free base amines in solution must undergo 

some chemical reaction before they can be emitted 

at secondary ions. This reaction is most likely 

amine protonation by protonated glycerol in 

solution. Other evidence indicates that protonation 

in solution is the rate^letermmmg step that controls 

the protonated amine secondary ion intensity. The 

data include the bet that protonated amine intensity 

a proportional to free-base amine concentration, 

which determines the rate of amine protonation in 

solution. Secondly, secondary protonated amine 

intensity decreases exponentially with increased 

primary ion current density. This Utter feature 

arises because, as the primary ion current density is 

increased, the rate of sample removal is increased. 

Thus, the time allowed for protonation of any 

individual amine a reduced, reducing the amount of 

protonated amine in solution and near the surface. 

These findmgi have practical implications. In 

particular, design and construction of a practical 

organic SIMS rnicroprobe depends heavily upon (he 

chemistry and physics of the secondary ions emitted. 

For example, effects of primary ion induced 
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chemistry must be unrivertsl for a l pants on the 

sample, or the determined distribution wfl be 

Hawed. OIK way to establish a universal primary 

ion chemistry n a nonhomngeneous sample is to 

have no effect at al. Thii can be accomplished by 

using a very limited dose of primary not. Of 

course, using a lower primary ion current results in 

a lower secondary ion current Consequently, the 

mass analyzer used to identity the ions characteristic 

of the compound of interest must be very sensitive. 

In terms of mass spectrometers, this means it must 

have a high transmission efficiency. 

In the present design of our prototype organic ion 

mkiopiobe source, we have employed second order 

ion optics to effectively coaect over 70% of the 

secondary iocs emitted. Unfte most mkroprobes, 

this instrument is capable, in theory, of obtaining 

images from samples up to 2 cm x 2 cm. For such 

large samples, second order ion optics are necessary 

to correct lor aperture aberrations. The 

performance of the source is currently being tested 

using a unique low energy beam imaging device 

developed far this purpose, 

Our expertise in ion optics was employed to 

design and construct a mass spectrometer for 

monitoring magnetically confined plasmas. These 

plasmas - ionized gases - will be used in the 

manufacture of the next generation of solid state 

electronic compnenu. The mass spectrometer we 

designed wiU provide information about the mass, 

population, and kinetic energy of ions and neutral 

species within the plasma. 

Even without primary km induced chemistry, 

biological tissue samples are complex matures. For 

any targeted km, there are likely to be other kms of 

different structure generated from the sample. To 

distinguish the targeted ions from other species, 

tandem mass spectrometry (MS/MS) is employed. 

That is, for each spot on the sample bombarded by 

the primary ion beam, the MS/MS spectrum is 

obtained for ions having the same mass-to-charge 

ratio as the targeted tan. For an image 100 x 200, 

consisting of 40,000 picture elements or poxb, 

almost one megabyte of data is coBected. Software 

and haidwarc have been developed so that this kind 

of image can be nNssnrd in about 20 minutes, with 

the evolving image being displayed in real time. 

(Ptm J. Todd. Cmttf C O M * * X- Tmudtf 
Shorf) 

•UT Post-Doctoral Research Associate 

linsgam S O B 

In collaboration with S. A. David and T. Zacharia 

of the Metals and Ceramics Division, SIMS was 

used to study properties affecting the weidability of 

two Al-Li alloys. Al-Li alloys have superior 

rnecttanirat properties over other Al alloys. 

However, welding of these alloys significantly 

degrades these properties in the fusion and beat 

affect zones. 

The aBoys studied are: 

Alloy 2090: Al (12) Li (2.7) Cu (0.12) Zr («*.%) 

Alloy 2091: Al (1.7) Li (1.8) Cu (1.4) Mg (0.09) 

Zr(wt%) 

loo images of the above elements in the fusion 

and beat affected zones showed Cu and Mg to be 

non uniformly distributed, while Al, Li, and Zr were 

uniformly distributed. Ion images of the base alloys 

showed uniform distribution of all the elements. 

The inbomogeneity of Cu and Mg in the fusion and 

beat affected zones is the cause of degradation in 

mechanical properties. The ktbomogeneities are 

irregularly shaped regions of high Cu and/or Mg 
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concentration ranging bom 5 to 15 iiwmia in sac. 
The inbomogeneiries could be the remit of any 
number of processes, such as a phase change or a 
precipitate. Abundance measurements for each of 
the aBoy elements were made in and around these 
regions and in the o n e aaoy. These data are being 
analyzed and should heap identify the process by 
which the inhnmoyneiocs are farmed. 

In collaboration with D. B. Geohegan and D. N. 
Mashbum of the Solid State Division, SIMS v*t 
used to study the composition of plumes ablated 
from a peBet of Y-Ba-Cu high-temperature 
superconducting material by a pulsed laser. 
Superconducting thin films are made by the 
repeated deposition of these plumes onto a SrTiOj 
substrate until the desired film thickness is achieved. 
Understanding the nature of the ablated plume win 
aid in the development of the deposition process. 

The study consisted of allowing the ablated 
plumes to expand between two oppositely charged 
silicon plates. The objective was to collect positive 
ions in the plume on the negative plate. SIMS 
analysis of both plates showed that Y, Ba, and Cu 
were collected on both plates in approximately equal 
amounts. These were not the expected results. 
Rather than coUecting positive ions, it appears that 
neutrals expanding from the plume were deposited 
on the pbtes. Other studies indicate that at least 
4% of the plume is composed of positive ions. 
Further studies of the plume are needed to explain 
the results of this experiment. 

Finally, due to the age of the ARL Ion 
Microprobe Mass Analyzer, a large amount of time 
was spent on maintaining its electronics and vacuum 
system. An unexpected benefit of these efforts was 
a ten-fold improvement of the vacuum systems 
pressure. This will increase the life of the ion 
pumps and will reduce adverse effects, such as 

hydride and oxide formation, that residual vacuum 
gases produce during the sputtering process. 

(R. £ Kongo, W. H. Christie) 

SSaB A—Ijast of LWR Speat Ftod 

Phase One of this program involved the analysis 
of five smafl core-drilled fuel specknens (approx. 50 
mg each) and a composite of circumferential 
fragments. A new procedure had to be written to 
meet NQA-1 standards and to incorporate 
improvements in the analyses of highly radioactive 
samples by the high gamma-level SSMS facility in 
Budding 2026. Hot eel methods involving minimal 
sample handling had to be developed for crushing 
and powdering the samples, fabricating silver 
electrodes containing the samples, and mounting 
ttem onto graphite support blocks. A solid UjO g -
matrix standard containing various metals of interest 
was prepared and characterized. This was the first 
time solid spent reactor fuel has been analyzed by 
SSMS without prior dissolution and dilution. 

Phase Two of U* program, which provides 
experimental data to validate the ORIGEN source 
code, was initiated. Wen-characterized LWR spent 
fuel, as collected and archived by the Materials 
Characterization Center at BatteUe Pacific 
Northwest Laboratories (PNL), is being tried for 
analyses. The computer software programs used in 
analyzing the SSMS photoplaus were documented 
and validated to rectify the only adverse finding 
cited in a QA audit that was conducted by PNL's 
QA department representative. 

(D. O. Vkk, L Landau.* W. H. Chrisht) 

•Y-12 Plant Laboratory 
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SPECIAL PRQIBCTS 

H. H. Roes 

n • . f in - rt »m*nin*~ 

The measurement of 1 2 S I and/or 1 W 1 activiry in 

environmental samples • often compicatcri by two 

factors: 1) the snal decay energy of the nuclides, 

and 2) the low specific activity usual? present Low 

specific activity usually means that some farm of 

concentration procedure is required in order to 

make reasonably precise measurements. Such 

concentration efforts are especially exacting for 

iodine nuclides; loss by volatilization is a frequent 

problem. 

Photon emissions from both 1 2 5 I and 1 2 9 I 

include a variety of gamma and * rays, primarily in 

the energy range of 20-40 keV. 1 2 9 I also has a 

beta emission with a maximum energy of 154 keV. 

Such low energies complicate the assay of these 

nt-cbdes by photon spectroscopic techniques, 

especially at eovironmenul levels. Sample self-

absorption and counter geometry are critical 

parameters. Beta measurements of 1 2 9 I in solid 

samples prove even more demanding. 

We have developed a new technique to make 

radioiodine measurements using a liquid scintillation 

counter. Liquid scintillation techniques offer the 

advantages of no sample self-abscrption, 4-pi 

counting geometry, and high counting efficiencies for 

beta and tow-energy photon radiation. The novel 

aspect of our method is the use of what we call an 

"extractive-reactive" scintillator (ERS). In the 

method, all of the iodine in the sample (organic and 

inorganic) is converted to the iodide ion. Further 

treatment converts the iodide to elemental iodine in 

the presence of the ERS. The generated iodine s 

extracted into the ERS and simultaneously reacts 

with the ERS to form a non-colored, non-quenching 

counting medium. The ERS secures three 

important objectives in the technique: concentration 

of iodine, transformation of volatile iodine to a non-

votaule form, and generatioc of scintillation photons 

m the counter. Another advantage of the ERS 

method is that radiochemical contamination of the 

iodine-ERS by other radionuclides is virtually 

rrrtifniUfiH 

We nave compared the ERS method with photon 

counting techniques using thyroid samples from deer 

that contained 1 2 9 L Excellent agreement was 

achieved. Although we have not yet optimized our 

counting system specifically for , 2 9 I counting, even 

with the standard setup we can detect 0.004 Bq in 

5 minutes. Work is continuing on stuJies of natural 

and spiked groundwater using both 1 2 5 I and 1 2 9 L 

(H. H. ROB and C Stockton*) 

•S1RIVE participant, ACD, 1989 

Radndtcxuatry Course at 
the Savannah River Site 

In the spring, a nuclear and radiochemistry 

course was conducted at the Savannah River Site, 

South Carolina. The presentation was carried out 

over a seven week period and consisted of 30 hours 

of lectures, problem sets for homework, and a final 

earn. Lecture* were at the graduate level 

Course content covered a broad spectrum of topics 

in nuclear and radiochemical technology; special 

emphasis, however, was placed on nuclide detectors 

and measurement techniques, nuclear 

instrumentation, and radio-analytical concerns. Also, 
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specific questions were addressed to meet tbe needs 

of tbe course attendees. Sixteen SRS participants 

were involved in tbe class; these were primarily 

chemists but also included were several engineers of 

various disciplines. 

(H. H. Ross) 

Photon Scattering Effects 
in Heterogeneous 

SrimiBalrr Systems 

Flow-cell scintillation detectors are used 

extensively for monitoring alpha- and beta-emitting 

nuclides in flowing aqueous or organic streams. 

Major applications of such cells include liquid 

chromatography detectors, in-line process monitors, 

and a variety of environmental measurement and 

control devices. For low-energy emitters, two quite 

different approaches are used: tbe heterogeneous 

and the homogeneous flow-cell. Both, however, use 

a scintillation piocess. 

Heterogeneous detector cells are characterized by 

contacting the flowing liquid to be measured with a 

solid phase scintillator, most often in powder form. 

Such a flow-cell must fulfill certain physical 

requirements for efficient operation. Obviously, 

detection geometry must be high in relation to the 

energy of the nuclides) to be measured. Powdered 

scintillator detector cells exhibit deficiencies that are 

characteristic of their design. For example, radiation 

generated by weak emitters degrades significantly in 

it* passage from the sample liquid phase to the solid 

fluor. If the sample absorption path length is 

sufficiently large, and the radiation energy 

sufficiently low, total absorption takes place and the 

event is lost to the system. Attempts to use even 

finer particles to improve the geometry have not 

improved detection efficiency as expected, and this 

suggests that a factor other than geometry has a 

critical influence on cell response. We have 

completed an experimental study with scintillating 

plastic beads to correlate tbe detection efficiency of 

heterogeneous cells with both particle size and 

photon scattering parameters. 

Monte Carlo computer simulations carried out 

for heterogeneous flow-cell radiation detectors 

fabricated with spherical scintillator beads show the 

geometric response functions for alpha and beta 

emissions to be somewhat different. For alpha 

radiation, tbe computed response is flat up to a 

bead radius of about 40 microns and then drops off 

significantly. This result implies that particles smaller 

than 40 microns probably will not materially 

improve alpha detection efficiency in practical 

implementations. The experimental data observed 

with alphas from 2 4 1 A m support the shape of the 

observed simulation function and confirm tbe idea 

that ultra-small particles are not needed for good 

alpha response. Tbe overall maximum pulse-height 

and spectral resolution (but not counting efficiency) 

exceed those obtained with a typical homogeneous 

cocktail for aqueous samples. 

Conversely, in beta counting the 1*C response 

functions (computed and experimental) show a peak 

in tbe detection efficiency-bead radius curve. On 

one side of the peak, geometry is the controlling 

factor, on the other side (smaller particle size), 

photon scatter determines the response. Thus, 

experimental data demonstrate that significant 

photon scattering occurs with small particle 

scintillators and is an extremely important limitation 

in heterogeneous cells. Under the conditions 

investigated, these ceils may be 3-4 times more 

sensitive to photon scatter and absorption than to 

geometry. The conclusion is clear that the 



development of high-sensitivity heterogeneous flow-
cell detectors may ultimately be cVtmnined more by 
toe optical rather than physici properties of the 
scintillator ceO. This work was reported at the 
International Conference on New Trends in Liquid 
Scintillation Counting and Organic Scintillators and 
win appear in the proceedings. 

(H. H. Roa) 



2 RADIOACTIVE MATERIALS ANALYSIS 

J. R. Stokely 

The Radioactive Materials Analysis Section performs radiochemical and neutron activation analysis, chemical 
and instrumental analysis of radioactive materials, and special developmental projects for a large number of 
Laboratory and DOE programs and a few non-DOE governmental agencies and private corporations. The section 
provides major support to Laboratory environmental monitoring, waste operations, and waste and environmental 
remediation efforts. Applied R&D and special projects make up about 25% of the section's activities. 

The section has continued its heavy involvement in projects to characterize mixed radioactive/hazardous wastes 
stored in approximately 40 tanks at ORNL Characterization of tec waste is required to establish the regulatory 
status of the tanks and to aid in the design of processes for disposal or fixation of the waste. A large number 
(35-40) of chemical analyses and physical properties measurements are made on the waste providing a fairly 
detailed knowledge of the waste composition and properties. This work has utilized the capabilities, expertise, 
and personnel of several groups in the division. 

Analyses for low-levels of radionuclides in environmental materials is a major involvement for the section. This 
work consists of both routine analysis to monitor for radionuclides in soil, water, vegetation, fish, and air in the 
vicinity of the DOE's Oak Ridge facilities and special projects to identify and measure uptake and retention of 
radionuclides by wild animals on the Oak Ridge reservation. Each fall for the past few yean, the section has 
provided field measurement of radionuclides in deer taken during annual hunts on the Oak Ridge Wildlife 
Management Area. These measurements are made to prevent release of contaminated deer to hunters. This 
year, similar assistance was provided to the DOE Paducab Gaseous Diffusion Plant in field and laboratory 
monitoring of radionuclides in deer taken on managed hunts near the Paducah plant. 

Neutron activation analysis (NAA) service and R&D work has been curtailed for the past three years because 
of the reactor shutdowns. Startup of the High Flux Isotopes Reactor is expected soon, which will allow 
resumption of our work in this area. A new very high-flux reactor (Advanced Neutron Source) is presently being 
designed at ORNL with projected startup in the late 1990s. Six irradiaticc facilities are proposed for the reactor 
for NAA work including conventional pneumatic irradiation tubes, a neutron beam for prompt gamma analysis, 
and a beam tube for cold neutron activation analysis. When built, the new reactor will give us an opportunity 
to develop one of the best NAA facilities in the work) providing unique capabilities for some types of analyses. 

Upgrading of analytical and radiochemical capabilities is a continuing activity within the section. Over the past 
year, we have continued to improve our service operations by addition of new instrumentation and procedures. 
ICP and AA spectrometry instruments located in highly radioactive containment hoods are in full operation now. 

33 
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A total organic carbon analyzer has been set up for radioactive samples. A modern liquid srintillation counting 
system is being placed in service along with two additional high purity germanium detectors for gamma-ray 
spectrometry. The section is actively involved in upgrading laboratory, operating, and QA procedures and in 
improving training of personnel to meet current standards. 

LOW-LEVEL RADIOCHEMICAL ANALYSIS 

J. W. Wade 

The Low Level Radiochemical Analysis Group 
provides analytical suppon and services for several 
divisions and programs at ORNL During the past 
year, we analyzed over 6,800 samples and provided 
over 22,000 analytical measurements. With the 
completion of work on the Idaho site for the DOE 
Environmental Survey, our involvement with that 
program came to an end. The survey demanded a 
great deal of our time ovet the past year, and we 
win continue to feel its impact for years to come. 
Many SOP's, procedures, and other documentation 
that were required by the survey are applicable to 
other work that we do. 

We analyzed over 400 samples of grass, soil, fish, 
air filters, and water in support of environmental 
monitoring programs here at ORNL. Over 2,000 
analyses were performed on these samples including 
isotopic uranium, thorium, and plutonium; total 
radioactive strontium; grass alpha and beta; total 
radium; and several gamma emitting radionuclides. 
There was a 20 percent increase this year in the 
number of grass and soil samples and a 10-fold 
increase in the number of air filter samples. We 
provided similar analytical support to Paducah for 
their Environmental Monitoring Group's annual 
report. Samples analyzed included vegetation, fruit* 
and vegetables, small animals, deer, fish, and water. 
Radionuclides that were determined in these 

materials included isotopic uranium and plutonium, 
a 7 N p and " T c 

The Department of Emvonmeutal Compliance at 
ORNL continued with routine sampling of 
monitoring weds during the past year. The high 
level of quality assurance required is complicated by 
low detection limits. Some of the monitoring wells 
are located near the perimeter of ORNL burial 
grounds, and the data we provide monitor possible 
movement of radionuclides from the burial grounds 
to the groundwater system. Most wells have been 
relatively free of radionuclide contamination, but we 
have seen a few with elevated levels of tritium and 
^Sr. All wetts will be sampled quarterly for one 
year; thereafter, they will be sampled annually unless 
radioactivity above background is detected. We 
expect the sample load to increase approximately 
two fold during the next year as new wells are 
installed. 

We completed a software package that interacts 
between IBM PCs and Mettler AE163 analytical 
balances The program is menu driven and allows 
either piaachettes or petri dishes to be weighed. 
The program saves valuable time and eliminates 
calculational errors. 

Most of our instrumentation has functioned very 
well during the past year. One of our older 
germanium detectors failed; a replacement was 
ordered for delivery in late 1969. We are in the 
process of upgrading our muffle furnaces with new 
microprocessor controlled units. Our current 
furnaces are approximately 10 years old and nearing 



35 

the end of their useful life. The new furnaces are 
smaller, and will fit in a regular hood without 
modification to either the furnace or the hood. 

(L D. Bible, C R. Cooper, J. S. DeJashmitt, P. S. 
Gouge, C R Granger, C M. Johnson, h\ D. 
Johnson, S. H. Pmtwood. L C Tabor, AT. A. 
Teasley, J. W. Wade) 

Status Report on AnaLIS 

Backlog and report batch jobs were modified to 
use a different method of gathering and sorting 
data. The change made a dramatic decrease in 
CPU time charges for the operation of the 8300 
VAX. A total time reduction of 83% has been 
achieved. 

Ail results for EPA semivoiatile and volatile 
analyses may now be electronically transferred into 
AnaLIS using programs which read an ASCII file of 
the EPA CLP-type form that it created by the HP 
computers in the Organic Analysis Laboratory. 
These programs have greatly reduced the time 
required for reporting data for volatile and 
semivoiatile constituents and eliminated the 
possibility of transcription errors. Reporting time 
has been reduced by approximately 96%. 

The PURCHASE-REQUISITION Database is 
now being fully utilized and it available for use by 
anyone in the division. A previous purchase 
requisition may easily be called up for viewing by 
any of a number of key fields. All purchase 
requisitions are now entered into AnaUS at (hey 
are created. AnaLIS prints the purchase requisition 
onto forms which are then submitted to Purchasing. 

The number of ACD customers wanting 
electronic transfer of their completed data continues 
to increase. Programs are run approximately 20 

times each night, electronically transferring 
customers'data. 

(N. A . Tcasiey, J. W. Wade) 

TRANSURANIUM ANALYTICAL 
LABORATORY 

J. M. Keller 

The Transuranium Analytical Laboratory (TAL) 
has continued to provide analytical support to the 
Radiochemical Engineering Development Center 
(REDC) of the Chemical Technology Division 
(CTD) and to the monitoring of radioactive waste 
effluent for the Waste Operations Department 
(WO) of the Environmental and Health Protection 
Division (EHPD). In addition, the group has 
provided analytical support to the Remedial Action 
Program (RAP) within FHPD and the Waste Tank 
Characterization Program within CTD. More than 
11,000 samples have been recewed by the TAL 
group with approximately 34,000 analytical 
determinations completed during 1969. About 94% 
of this work was in support of EHPD programs. 

The TAL OA program has been completed and 
accepted by the ORNL Quality Department as a 
QA Plan. The program it based on the 
requiremenu of ANSI/ASME Nuclear Quality 
Assurance Standard (NQA-1). When fully 
implemented, the program will provide for quality 
assurance within TAL that complies with NQA-1. 
Not all of the 18 elements listed as requiremenu in 
NQA-1 apply to TAL The TAL program is bated 
on nine of the requiremenu which represent a 
combination of most of the 18 elements titled. 
These etemenu are: (1) organization; (2) training; 
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(3) design control; (4) instructions, procedure*, and 

drawings; (5) document control; (6) control of 

nonconforming items; (10) CA and laboratory 

records; (11) computer software; and (12) other 

operatioot (eg., housekeeping). Of the twenty 

SOP'S required by the QA Program, sateen have 

been completed. 

The TAL group > now engaged in a formal, 

documented training program far aft laboratory 

personnel- Shift personnel who work in the TAL 

group are required by the group QA program to 

successfully complete three phases of training; this 

includes facility, generic, and occupational on-tbe-

job-trammg. The facility training is provided by 

CTD and includes written examinations on specific 

subjects relating to Building 7920 such as building 

layout, safety equipment, HP instrumentation, and 

radiation safety. The generic training is provided by 

Industrial Hygiene and Environmental Safety 

personnel and also includes written examinations on 

safety and waste related subjects. The occupational 

training is provided by ACD personnel and includes 

discussion of written proced.irt*, SOP'* and SAM's, 

demonstration of techniques used in sS phases of 

the laboratory operation, demonstration of specific 

procedures and methods, and documentation of 

trainee proficiency ijaing written examinations. 

Due to new requiremenu, the TAL must 

restructure the current Training Program to satisfy 

DOE Order 5480.18, Accreditation ofPerform ince-

Baied Training for Nuclear FacUioes, (U-Ol-89). In 

an ORNL review REDC and HFIR were identified 

as the two ORNL facilities required to have an 

accredited training program (ATP) which follows 

DOE specifications. Since the TAL group operates 

within the REDC facility we must structure our 

training to meet (he DOE requiremenu. Based 

upon a review of REDC/TAL training program, 

done in November, ws expect the current TAL 

training program to satisfy some cf the new 

requirements. 

The DOE ATP requiremenu include a highly 

structured and formalized training plan with 

extensive documentation that covers job 

description*, job entry requiremenu, lesson 

objectives, lesson plans, and zesting. In addition, the 

training instructors must be DOE certified. Based 

upon current information, we wiB have about three 

years to implement the new training program. 

Radiochemical analytical support for the RAP 

was oontinueJ on the inactive liquid waste tanks. 

Abo, similar work Las continued during this year for 

the Waste Characterization Task within CTD on the 

active waste tanks. It it anticipated that both 

projects will continue into the next calendar year. 

We win provide analyses that include gross alpha 

and beta determinations, actiniae identification by 

alpha spectrometr), gamma-ray spectrometry for the 

fission products and other gamma emitters, «°Sr 
determination, pH, and the alkalinity determination 

for hydroxide, carbonate, and bicarbonate content. 

(J. L Boas, J. ML Peek, K O. Jeter, D. L Dihei C 
Cook, R. A. Jones, K T. Pack, R F. Peacher, L C 
Tabor, D. A. Caquelin, B. K LaHans, J. E. 
Sutherland, C. S. What) 

s»*»m"»q««t" ** Upgrades 

The TAL is upgrading computer software and 

counting instrumentation to reflect technology 

advances and group needs. Quality control (QC) 

software from Nuclear Dau was implemented this 

year to monitor all counting room measuremenu 

and provide QC ptou each week. An old 8% 

efficient Ge(Li) detector was replaced with a new 

Tennelec 25% efficient high purity germanium 

(HPGe) detector in September. This now gives the 
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TAL two 25% efficient HPGe detectors, which are 

mostly used for tank farm samples received from 

ORNL waste operations. In addition, the electronic 

components (eg., amplifiers, ADCs, etc) for these 

detectors and an other counting systems are being 

evaluated and upgraded as west 

The TAL is also upgrading in gas proportional 

counters. Our high-level alpha counting systems, 

which consist of Nuclear Measurements Corporation 

(NMC) shielded gas proportional counters, were 

upgraded with new decade scalers and wiodowless 

detector assemblies. We also plan to upgrade our 

tow-level counting system to a Tenoelec taw-

background LB-4000 gas proportional counter when 

funding becomes available. The LB-4000 is a 

computer controlled, multi-detector system which 

will fill a critical need for the TAL by providing the 

capacity to handle the increasing sample load from 

waste operations. 

Tests with a surface barrier detector were 

conducted to determine if dependable qualitative 

and quantitative analyses of alpha emitters could be 

obtained for REDC process samples. TheTennelec 

TC-256 Alpha Spectrometer, with a 1000 mm 2 

surface barrier detector, was capable of giving 

accurate and consistent alpha counting results with 

standard alpha plates. Further tests on samples that 

more closely represent those analyzed during a 

TR'J campaign will be completed on a new alpha 

spectrometry system we are currently placing m 

operation. The new system will ccusist of several 

TC-256 alpha spectrometers interfaced to the ND-

9900 multichannel analyzer system. A new alpha 

spectrometry software package from Nuclear Data 

will be used for spectral analysis. In addition, an 

Alcatel high speed vacuum pump was installed 

during August to speed-up the alpha counting 

process and to provide consistent low pressures 

suitable for alpha spectrometer operation. 

(J. kL Keller, J. M. Peek, K. O. Jeter) 

Special Q»»*— 

Analytical support for the Mark-42 Assembly 

Process flowsheet development is currently m 

progress. The development of a Bow sheet to 

ultimately obtain pure 2 4 3 A m from the Mark-42 

assemblies from the Savannah River Site is a major 

project for REDC TAL will provide most of the 

analytical support for this project. Several other 

groups within ACD win also be involved. Currently 

TAL has analyzed approximately 70 samples for 
2 4 1 Am and 2 u C m from a series of ion exchange 

column separations that were made in the hot cells 

at REDC In addition, TAL personnel were 

involved with the initial development work for the 

hot ceU column separation; this work has now been 

taken over by REDC personnel. In addition to the 

Am-Cm separation studies, the TAL group has also 

provided analytical support for pi Jtonium extraction 

studies, which is a different aspect of Mark-42 flow 

sheet development project. TAL sample load 

should increase dramatically with the continued flow 

sheet development followed by actual processing of 

the Mark-42 assemblies. The high activity level of 

the samples from this project will be similar to 

samples from a HFIR target campaign. Current 

plans indicate that REDC will alternate between the 

Mark-42 Assembly Process and the TRU Processing 

Program. 

Analytical support was also provided for several 

REDC special projects. Test specimens from 
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REDC were irradiated in the FFTF reactor at 

Hanford, Washington to determine the feasibility of 

actinide production from this reactor. In support of 

these tests, TAL has prepared numerous samples 

for mass spectrometry analysis. Each sample was 

for a specific actinide and mntamwl not more than 

5 nanograms of material per sample. A special 

effort was made to obtain maximum adsorption on 

the resin beads and to avoid crass contamination. 

Another special project supported by the TAL 

group involved the determination of Au. The 
1 9 6 A u content, as a measure of the neutron flux, 

was determined by gamma spectroscopy on a series 

of R 2 C f irradiated gold foil samples. These tests 

are part of a study of 2 * 0 as a treatment for 

malignant brain tumors. 

The TAL group has also provided analytical 

support for the testing of coating materials. The 

objective here was to determine the 

decontamination efficiency of various coating 

materials, usually paint, to be employed at nuclear 

reactor facilities. Prepared specimens, either steel 

panels or concrete blocks, were received from 

prospective vendors of these coating materials. 

These specimens were contaminated with a tracer 

solution of near equal amount; of 1 J 7 C s and M C o . 

The initial contamination was measured by gamma 

spectroscopy. The relative gamma activity was then 

measured after each of three decontamination steps. 

The decontamination steps consisted of 10 minute 

immersions with stirring; first in water, then in an 

add solution of oxalic acid, sodium fluoride, and 

hydrogen peroxide, and finally in the same acid 

solution at 90°C. If 90% or more of the gamma 

activity were removed from the test specimens the 

decontamination characteristics of the coating 

material was considered to be excellent. During the 

par. year, 60 coated specimens were tested by the 

TAL facility. 

(J. L Baas, I M Peek, K O. Jeter, D. L Dihel, C. 
Cook, R A. Jones, R. T. Pack, H F. Peacher, L C. 
Tabor, D. A. Caquelin, R K. Laridns, J. E. 
Sutherland, C S. While) 

INORGANIC AND PHYSICAL 
ANALYSIS 

J. L Bolts 

The Inorganic and Physical Analysis Group (IPA) 

provides analysis of intermediate and high-level 

radioactive materials that must utilize glovebox or 

hot cell procedures in the High Radiation Level 

Analytical Laboratory (HRLAL). During this 

period, the group processed approximately 2,000 

samples and performed some 5,000 analyses, which 

is about the same level of productivity as for the 

1988 report period. 

RjduacJvc Waste Characterization 

Several projects are underway to characterize 

mixed radioactive/hazardous chemical waste at 

ORNL These characterizations include chemical, 

physical, and radiochemical measurements necessary 

to classify the waste and to evaluate methods for 

treatment and disposal. The goal here is to provide 

data necessary to meet both regulatory and 

engineering waste treatability requirements. 

A project to characterize waste in approximately 

25 inactive tanks at ORNL was essentially 

completed this year, and a report was published 

describing this work ( 1 ) . These inactive tanks 

contained low-level waste that was collected from 
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the late 1940*s to the early 1970*3 and varied in 

composition from contaminated rainwater to 

complex mixtures containing aqueous, organic, and 

sludge phases. Where they applied, EPA and 

Contract Laboratory Program (CLP) methods were 

used. The characterization of material in active 

tanks began this year for waste collected since the 

early 1970's. This waste is typically 3-5 M in nitrate 

with a pH of 10-13, with the major radionuclides 

being 9 0 S r and 1 3 7 C s . The sludge phase is high in 

alpha activity from the uranium, piutonium, 

ameritium, and curium which has precipitated. 

Analytical support for stored waste characterization 

has been in progress throughout the year and has 

involved numerous group within the division. The 

main portion of the work, organization, sample 

preparation, distribution, etc, has been done by the 

IPA group. The analytical characterization has 

included radiochemical and physical measurements, 

spark source mass spectrometry, anion analysis, 

metal analysis by ICP/AA and organic analysis. 

(J. L. Boas, C. J. Baggea, K N. Ceo, C Cook, Jr., 
M. T. Davis, D. L. Dihel, H J. Hall, LR Hall, 
M. G. McChmg) 

0)Aulrey, J. W.; Costanzo, D. A.; G.iest, W. H; 
Kaiser, L L; Keller, J. M.; No, C £ ; Tomtom, B. 
A.; Sampling and Analysis of the Inactive Waste 
Storage Tank Contents at ORNL, ORNLIRAP-53, 
1989. 

Decontamination of Hot-Cefl Facilities 

HRLAL personnel are involved in the 

decontamination of the Building 3019B hot cell 

facility in preparation for final decommissioning of 

the facility. This work is supported by the Remedial 

Action Program as part of the plan to 

decommission all surplus ORNL. facilities. The 

operating area and the ceS access area (behind the 

cefls) have been cleaned and cleared of aO 

equipment. Solid waste removal from the cefls has 

been initiated to reach the point where a 

fnmnvrnii contractor can implement the fnal 

decontamination prior to dcammissiuning the 

facility. 

In addition to dean up activities in Building 

3019B, a procedure has been written and approved 

to remove the accumulated radioactive waste from 

the HRLAL storage ee l No high-level radioactive 

waste has been removed from the facility in a 

number of years due to changes in waste disposal 

methods at the Laboratory. 

(C Cook, H. J. Hall, 1. L Boas) 

Upgrade of Caps**tks 

The group has continued to maintain and develop 

analytical capabilities to meet the needs of the 

various waste-related programs. The Perkin-Elmer 

Model 6500 Inductively Coupled Plasma 

Spectrometer and the Perkin-Elmer Model 5100 

atomic absorption spectrometer continued to be 

used for elemental determinations on radioactive 

samples. These systems primarily support the 

characterization of the mixed radioactive waste 

samples and other samples requiring cation analysis. 

These systems were also used in determining the 

failure mechanism for a leaking capsule containing 
1 3 7 C s d retrieved from the storage pool at the 

Radiation Services. Inc. facility in Decatur, Georgia. 

The analysis of intermetallic alloys containing 

neptunium and curium was made to verify ibeir 

mole ratios. Alloys of and barium were also 

analyzed for barium. 
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A number of routine IP A group operationt have 

been improved to provide a more efficient and 

state-of-the-art operation. AH weighing operations 

have been modified and improved by using a 

Mettier AT2S0 balance interfaced to a PC A 

microwave digestion and dissolution system bat been 

installed to be used primarily to dissolve sludge 

samples from the various waste tanks. The 

fluoranetric uranium method bat been improved by 

replacing the old conventional flame fusion 

equipment with a programmable muffle furnace. A 

new Dohrmann high temperature total carbon 

analyzer was purchased and has been put into 

operation. 

An Ethernet II communications network is being 

installed in the HRLAL complex A central PC is 

being set up to receive raw data from al the PC-

based instruments ».~>£in the building. At this 

central point, the data are reviewed before 

transmitting the final results to AnaUS. 

All QA/QC related work within the HRLAL 

complex is being upgraded. Facility group QA plans 

are now in draft form and into the review process. 

Qualification cards and lesson plans for a 

comprehensive group training program have been 

developed. The program is now being put into 

operation. SOP* are being written for normal 

routine operations and ail procedures and methods 

are being reviewed and revised. 

The radiochemical capability at HRLAL h » been 

improved by the acquisition of new instrumentation 

and improved documentation and OA procedures. 

A new software package hat been acquired from 

Nuclear Data Corp. for alpha spectrometry which 

includes peak search, calibration, and nuclide 

identification. A new Packard liquid scintillation 

spectrometer containing a multichannel analyzer, 

enhanced data manipulation, and PC control hat 

been acquired. The new instrument will be 

interfaced into the new Ethernet system for data 

transfer. 

(C J. Baggett, H K. Ceo, J. L Boas, D. L. Dihel) 

Support lo Ooosofdated 
Rid Recycle Program 

A special analytical chemistry laboratory located 

in Building 7602 continues to provide services for 

process and engineering R&D studies at the 7600 

Fuel Recycle tacOiry. This effort it associated with 

the Consolidated Fuel Recycle Program (CFRP). 

The laboratory provides support far continuous 

processing campaigns to develop technology for 

rf processing breeder fueL Chemical analysis and 

physical measurements are performed at weU at 

study and testing of prototype equipment developed 

far this processing of the urankim/TBPAutric add 

system. Throughout the year over 1000 analyses 

were performed on some 400 samples from this 

program. The laboratory is now undergoing a 

cleanup and modernization campaign. 

(hi. T. Daw, J. L. Boat) 

RADIOCHEMICAL AND ACTIVATION 
ANALYSIS 

J. F. Emery 

The Radiochemical and Activation Analysis 

Group (RAA) provides general neutron activation 

analysis (NAA) services, radioisotopic assays, 

gamma-ray spectrometry services, oxygen analysis by 

14-MeV NAA, and general technical assistance for 

projects for a number of Laboratory and WFO 

organizations. Because of the continued shutdown 
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of tbe HFIR, no reactor NAA service wort could 

be performed this year. In addition, special requests 

for radionuclide analysis by gamma-ray spectrometry 

services have dimnisbed to a low level Demand 

far arygen analysis by 14-MeV NAA has continufri 

at about the same level as in the past. A number 

of developmental projects have been performed by 

the group to support ORNL and WFO programs. 

We have provided radon emanation measurements 

on concrete and concrete components for the U. S. 

Navy, have continued a project to determine cobalt 

and 6 0 C o in steel from Hiroshima, Japan, have 

been involved in several projects investigating 

radionuclides in wildlife on DOE reservations in 

Oak Ridge and at Paducah, Kentucky, and have 

been mvorved m planning for analytical chemisiry 

facilities at the Advanced Neutron Source (ASS). 

Radiological Survey of Gecae 

Tbe population of resident Canada Geese on the 

Oak Ridge Reservation (ORR) has increased over 

a period of several years. In order to plan for 

hunting season and locations, the Environmental 

Sciences Division in cooperation with the Tennessee 

Wildlife Resources Agency conducted extensive 

tagging of the geese at six locations during mid-June 

to determine the movement of the geese. After 

capture, the geese were tagged with standard leg 

bands and loose-fitting throat collars that are visible 

with binoculars at some distance. Several hundred 

geese were tagged and collared during this study. 

A similar round-up in 1968 was conducted, but 

throat collars were not used. Twenty-six selected 

geese from the 1988 round-up were assayed in a 

whole-body counter containing a 15- x 15-cm Nal 

detector housed in a massive lead shield. The 

detection limit for 1 3 7 C s in tlus counter was 

determined to be approsamately 0.04 Bq/g> A 

saniar program of rsdjotogkal measurements was 

performed on 8-10 birds from each capture location 

duimg the 1969 round-ups. Thus, 52 geese from 

ORGDP. Clark Center Park, CARL, Sotway Park, 

and the ORNL Swan Pond were assayed. The 

gamma-ray spectrum from each whole-body count 

was fxaminrd for the presence of gamma-emitting 

radionuclides. A special search was concentrated on 

the photoptafc region where 1 3 7 C s would be found. 

None of tbe 52 geese from the 1989 round-up or 

the 26 from the 1988 coOeaion yielded 1 5 7 C s 

whole-body concentrations exceeding the detection 

kmst of 0.04 Bq/g. These measurements indicate 

tto. the off-site transport of contamination from 

ORNL is of low probability. 

An entire flock of thirteen geese from tbe O R N L 

Swan Pond were collared and assayed in mid-June. 

The birds were released at tbe capture location 

following the measurements. A week or two 

following the mid-June round-up, the collared geese 

(Swan Pond) along with an equal numr-? of un­

tagged birds were observed inside tbe main O R N L 

enclosure. Plans were initiated to capture tbe entire 

Bock for subsequent measurements. Three weeks 

after the initial capture at the Swan Pond, twenty-

one geese including eleven that were collared earlier 

were captured near the aeration pond of the 

Sewage Treatment Facility. All of the birds showed 

measurable uptake of , 3 7 C s , but the concentrations 

in the un-ugged geese were only 1/3 to 1/2 those of 

the eleven collared ones that had shown no 1 3 7 C s 

three weeks earlier. This indicates that the 'new* 

birds joined the Swan Pond flock some time after 

the Swan Pond birds entered the Laboratory. 

Several of the geese containing higher levels of 
1 5 7 C s were sacrificed for subsequent laboratory 

measurements by Environmental Sciences Division 

personnel. This latter collection shows that there is 
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a potential for off-«ite transport of radionuclides by 
Canada Geese if wen birdi are stowed to reside 
within tbe ORNL enclosure for any appreciable 
tine span. 

(J. S. Eldridgt) 

RarBntapcal and Chemical Baaeftne Survey of Deer 

ArcafPGDP) 

Deer hunu near the Paducah Gaieout Diffusion 
Plant (PGDP) have been restricted to property 
Deluded in tbe West Kentucky State Wildlife 
Management Area. For several reasons including 
tbe need to lessen deer-vehicle collisions, tend 
adjacent to tbe PGDP will be opened to hunters 
during the 1989 season. Because of the potential 
for off-r'r transport of radiological and chemical 
contaminants by the resident deer, a survey of 
animals collected from the new bunting area is 
being conducted. We were asked to provide 
assistance in sample colltciion and analysis for this 
program because of tbe four-year experience at 
ORNL in conducting radiological surveys for tbe 
local deer hunts. 

Deer were collected as part of an abomasum 
parasite study in tbe PGDP herd. Tbe sampling 
locations were chosen so as to provide maximum 
probability of detecting any adverse contamination 
conditions. We provided on-site assistance with the 
organ collection at tbe time of sacrifice when tbe 
stomachs were removed for tbe parasite study. 
Twelve deer were sampled in a single evening and 
night in mid-August. Following tbe held sampling 
expedition, samples of liver, muscle, Eat, hair, 
thyroid, and bone from each animal were brought 
to GRNL for radiological and chemical 
characterization. In addition to typical fallout 

radjonudktes, tbe PGDP herd may contain several 
specialty nuclides that are found in tbe vicinity of 
gaseous diffusion plants (^Tc, 2 S 7 N p , as wefl as 
uranium isotopes). Analyses for these radiological 
cciotarninants as w d as PCX's and priority metals 
are being performed in several laboratories within 
tbe Anrytjcal Chemistry Division. Subsequent 
samples from two deer sacrificed at a distance of 
40-45 runes from PGDP were obtained so as to 
provide control information for tbe Paducah study. 
Preliminary information showed higher 
concentrations of fallout nuclides in one of the 
controls than in the PGDP animals. 

(J. S. EUridge) 

An Expert System Training Tool for 
Gsmroa-Ray Spectroscopy 

In many radiochemical laboratories, aside from 
the expert analyst, only a few individuals are trained 
to interpret gamma-ray spectra. Tbe expert most 
often is responsible for training which is usually 
informal and places a great deal of emphasis on 
instruments and their operation. Much of tbe 
expert's time can be consumed by tbe analysis of 
both routine and complicated spectra. In order to 
reduce tbe exnert's involvement and to generate a 
.nore accessible training process, an expert system is 
being developed for gamma-ray spectroscopy. This 
knowledge base is designed to supplement existing 
computer programs by emphasizing tbe importance 
of spectral features such as peak area, peak width, 
background, and counting statistics. It also attempts 
to make the user aware of the possible presence of 
interferences from artifacts such as escape peaks, 
sum peaks and backscatter. This activity is a 
prelude to the development of an expert system 
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which wM assist in the actual identification of 
radnoucbdes in gamma-ray spectra. 

(lurry Robvoon) 

Proposed Aaahtical ffecaWns fcr Ike Adwaaoed 
Neutron Source 

The Advanced Neutron Source (ANS), presently 
in iu conceptual design Mage, • a propoaed reactor 
with a nominal 350 MW power to be cooler' with 
heavy water and to have a small replaceable 
pressure vessel surrounded by a large heavy water 
neutron reflector. ORNL it the lead contractor in 
the ANS design. Although construction on the 
reactor is not scheduled to begin until 1994, efforts 
are presently underway to describe in some detail 
the experimental systems needed by the scientist 
involved. Currently the reactor is projected to go 
critical in 199a 

The Analytical Chemistry Division has proposed 
six experimental facilities in the ANS including a 
cold neutron beam in the guide hail for capture 
gamma ray measurements, a cold neutron beam 
(slant beam tube) for neutron depth profiling 
studies, three pneumatic tubes for neutron 
activation analysis, and one gamma irradiation 
facility for materials studies. The capture gamma 
ray facility would make use of a curved guide that 
would transmit neutrons with wavelengths about 0.4 
nanometer and have a neutron flux of about 1 0 1 0 

neutrons c m ' V 1 . Each of the pneumatic tubes 
would be located near the outside of the reflector 
where the neutron flux it about 5 x 1 0 u neutrons 
cm' 2 *" 1 . One of the pneumatic tubes would have 
a large diameter and would accept a rabbit with a 
capacity of about 0.2 liter, thus making it possible to 

irradiate many samples at one time in the highly 
uniform flux of the reflector. Laboratory fttihties 
to accommodate 20 persons have aan been 
proposed. These include four radkxbemistry 
laboratories, four counting rooms, an irradiation 
room that would bouse tamnfc* storage areas and 
pneumatic tube loading stations in the appropriate 
shielded celt, a data 100 dean room, a sample 
preparation room, offices, an equipment storage 
room, and a resources room with special computer 
equipment. 

A presentation about these facilities was made at 
our Gatlinburg Corierence held October 10-12, 
1989, and a special roundtabte discussion session 
was held at the American Nuclear Society Winter 
Meeting in San Francisco, November 26-30, 1989. 
The purpose of the roundtabie discussion was to 
hear the ideas of additional tcientistt from the U. S. 
and around the world about the plant that we have 
made tor the use of the ANS. 

(F. F, Dyer, Larry Robinson, J. F. Emery) 

Status of the Californium Cold Neutron Source 

A Seed Money Proposal to perform a feasibility 
study of the Californium Cold Neutron Source 
(CCNS) has concluded that although the device 
would most likely yield a cold neutron flux useful to 
analytical chemitu, the overall cost to maintain the 
CCNS at ORNL would be prohibitive. For 
example, modifications to TURF and installation of 
the CCNS there were estimated to cost nearly two 
million dollars. The grand total for the project was 
estimated at 65 million dollars. These findings as 
well as other technical information about the 



proposed experimental system were included in a 

vnai report < 2 ) . 

(L Robinton, F. F. Dyer) 

iZiAImtuTer, R. Gj Hendenon, D L.; Montgomery, 
G. H, 'Final Report an Seed Money Project 3210-
03& FeasOOay Study for Californium Cold Neutron 
Source,' ORNL/TM-11027, October, 1981 

in Hiroshima Steel 

Analysts of the data, damned in last year's 

annual report < 3 ), obtained in measurements of the 

*°Co in steel specimen from Hiroshima, Japan was 

completed, and a report describing the findings is 

being pubhsbed. This study was prompted by the 

fact that previously measured *°Co specific activities 

(dpm/gram) in Hiroshima steel taken from areas of 

about the same distance from the Hast as were 

these samples, namely 1300 meters, were about 4-

5 times larger than activities calculated using 

neutron transport codes, dose agreement was 

found between calculated and measured specific 

activities for the steel specimen from the building at 

700 m. It was found, however, that the measured 

values for the bridge sample at 1300 m were 

appronmately twice the calculated value. It has 

been concluded that a systematic error easts in the 

transport calculations for neutrons from the 

Hiroshima bomb. 

Since the work above was completed, another 

effort was begun to measure ^Co in a reinforcing 

rod taken from the building at 700 m. This 

measurement is nearly complete and is being carried 

out by dissolving the steel sample, which weighed 

about 290 grams, separating the cobalt and 

measuring the *°Co as wss done on the steel plate 

from the railing of thai building. Previously, Co* 2 

was separated from Fe* 3 by loading them in 9 N 

HO on Dowex-1 anion exchange resin pretreated 

with 9 N HO, and eluting the Co* 2 from the 

column with 4 N HCL The Fe* 5 was then eluted 

with OS N HO to dean up the column, and the 

column was treated again with 9 N HQ to begin 

another separation. Due to the tact that the resin 

capacity was rapidly taken up with Fe* 3, only about 

18 grams of Fe* 3 could be processed with cohimn* 

containing 500 grams of resin. This procedure for 

separating traces of cobalt from large amounts of 

iron was very toborous and time consuming. In the 

current work, a process was found to avoid this 

problem entirely and make it possible to separate 

the cobalt from 100 to 200 grams of iron in one 

operation. A paper describing this process is being 

prepared for publication 

(F. F. Dyer) 

il)Shubs, W. D„ Analytical Chemistry Division 
Annual Prog/ess Report for Period Ending December 
31, 1988, ORNLr6547, pp. 29-30. 1989. 



3. INORGANIC CHEMISTRY 

W. R. Laing 

The Inorganic Chemistry Section provides analytical support in areas of classical and instrumental analyses and 

physical measurements to a variety of ORNL, DOE, NRC, DOD and outside contractor programs. 

Environ ncntal support was the largest segment of work performed during the year. Every member of the 

section was involved in the analysis and monitoring of surface and well waters, soils, sediments and environmental 

materials for tone metals, cyanides, sulfides, asbestos and other potentially hazardous materials. Effluent 

monitoring programs which ensure compliance with DOE, r"\\ and state discharge regulations were the largest 

single segment of support for the section. 

Other important programs to which the section contributed included remedial action studies, toxic metals in 

groundwater and PCBs in fish, decommissioning of former uranium mines and mills, US Air Force surveys, the 

Strategic Petroleum Reserve, nuclear coatings and superconductors. 

New equipment and facilities included a Zecman atomic absorption instrument, a sample preparation laboratory 

for asbestos samples and a renovated laboratory with a self contained heating and ventilating system for an 

ICP/MS instrument. 

Quality assurance emphasis continued with new documentation in the form of QA plans, standard operating 

procedures and standard analytical methods. External QC programs included EPA performance evaluation and 

water pollution samples, NPDES studies and proficiency environmental testing samples. Internal OC programs 

included QC samp'es related to programs, blind controls and spiked samples. 

CHEMICAL AND PHYSICAL ANALYSIS 

N. M. Ferguson 

The Chemical and Physical Analysis (CAPA) 

group provides technical support to a multitude of 

ORNL programs, and to a variety of external 

organizations including the US Army and Air Force, 

the Nuclear Regulatory Commission, the Strategic 

Petroleum Reserve, and the DOE Environmental 

Survey Program. New methods and modifications 

of existing procedures were needed to meet the 

requirements for these programs. Significant efforts 

were also necessary to meet the stringent time 

limitations for completion of the analyses. During 

this year the CAPA group reported 68,000 analyses. 

45 
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The Environmental and Healui Protection Division 

continued to generate the largest number of 

samples. 

The ICP lab continued to experience instrument 

problems with the JY48 porychromator. The 

spectrometer failed catastrophicalry on January 20, 

1989. The instrument was inoperative from this 

date until March 10. A service engineer replaced 

all 45 photomultipiier tubes in the main 

spectrometer and several phototube socket 

assemblies. Instability problems continued through 

March. The porychromator became unstable again 

in June. After numerous consw»aiions and a 

service call, the problems were again corrected. 

During the inoperative period we met all required 

analysis for state discharge permits by utilizing a 

commercial laboratory and K-25 ICP facilities. 

Support of the DOE Environmental Survey 

Program continued The ICP analyses of the Idaho 

samples were completed and Contract Laboratory 

Program forms were generated. CAP A sample data 

were reviewed for the Argonne, Brookhaven, Idaho, 

and Lawrence Livermore/Sandia sites. Case files 

and quality control summary reports were prepared 

for anion and "exotic" (hexavalent chromium, PCB, 

recoverable oil and grease, total cyanide, total 

dissolved solids, total uranium) data. Data quality 

evaluations were made. Also EPA data packages 

were prepared for these sites. Filw for the Rocky 

Flats site were removed and sent to Idaho Nuclear 

Engineering Laboratory. 

This year we did a complete reevaluation of our 

asbestos program. More rigorous requirement* for 

asbestos analysis [brought about by the Asbestos 

Hazard Ernergency Response Act (AHERA)] led to 

improvement* in the polarized light microscopy 

(PI.M) and transmission electron microscopy (TEM) 

laboratories. AHKRA was signed into law on 

October 22, 1986. Accordingly, the EPA 

promulgated the final rules for asbestos in school 

buildings by October 17,1987. These rules are now 

the only definitive legal guidelines for controlling 

asbestos-containing materials in buildings. Under 

the new AHERA rules, analysis of bulk samples is 

to be done by PLM by laboratories accredited by 

the National Institute of Standards and Technology 

(NIST). i*hase contrast microscopy (PCM) will be 

allowed for clearance of small projects and for 

clearance of some larger projects during phase-in of 

the TEM requirements. The TEM requirements 

began on October 7, .989 and will be phased in for 

a period of one year. Personnel have been trained 

in the PLM technique for determining asbestos in 

bulk materials such as tiles, insulations, and soils. 

We have installed a small Class I High Efficiency 

Paniculate Air Filter (HEPA) hood for the handling 

of bulk samples. The standard operating procedure 

for the 'Determination of Asbestos in Bulk 

Materials by Polarized Light Microscopy" has been 

written. A new refractometer has been placed in 

operation for verification of the refractive indices 

(RI) of standard RI liquids. This will meet the 

requirements of the National Voluntary Laboratory 

Accreditation Program (NVLAP). 

The major thrust of our improvements has been 

focused on our TEM sample preparation area. 

Modifications to Room E-7 (4500N) were made so 

that TEM sample preparations could be made 

according lo the EPA-NVLAP guidelines. New lab 

benches and tops have been installed, a sink has 

been built, water lines have been connected and an 

ultra pure water supply (Milli-O) has been 

connected. Two class 100 HEPA hoods have been 

installed and two fume hoods are in place. A new 

piasma-asher has been installed. Personnel have 

also been trained in TKM asbestos analysis. A 
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second standard operating procedure, the 

"Determination of Asbestos in Water", has been 

written. 

During this period we refurbished the mercury 

purification laboratory. It was upgraded to ensure 

improved environmental and safety conditions. The 

glass extraction columns were rebuilt using thicker 

wall glass tubes, and a design change was made in 

the joint connectioc. The electrical system was 

updated so the equipment could be run from one 

position. The existing pumps were refurbished and 

all lines were replaced, along win two pumps. One 

spare pump was purchased. The entire area was 

denied and all trash and waste material were 

removed. Use of shoe covers and gloves for 

operator protection is now standard procedure. 

Shelves were fabricated and installed to get all 

equipment off the floor, which greatly eased cleanup 

and organization of the work area. The control 

system for the tube furnaces was improved with 

microprocessor control. 

A laser fluorometer was evaluated for the 

measurement of uranium in aqueous samples with 

good results. The instrument was calibrated from 

0.006 to 600 ng/ml. Precision and spike recovery 

of "clean" water samples were satisfactory with an 

analysis time of approximately five minutes. 

Over 500 samples of fish tissue were analyzed 

for PCB's and lipids. About mid-year, PCB 

contamination was found in our procedural blanks. 

After examination of the method, three problem 

areas were found. Modifications of the proceoure 

eliminated the source of the contamination. CAP A 

participated in two PCB round robin tests with 

TVA and the Tennessee State Environmental 

Laboratory and measured 12S4 and 1260 PCB 

isomers and lipids for both programs. There was 

excellent agreement between TVA and CAPA 

results, but the Tennessee State Environmental 

Laboratory results were extremely low. 

The Extraction Procedure (EP) Toxicity Test 

Method is designed to simulate the leaching which 

a watte win undergo if disposed of in a sanitary 

landfilL The waste (liquid, solid, and multi-phase 

samples) is extracted for 24-28 hours with distilled 

water mai^ian^i at a pH of 5 using acetic acid. 

The extract obtained from the EP leach is analyzed 

by ICP to determine whether any of the thresholds 

established for As, Ba, Cd, Cr, Pb, Se, or Ag have 

been exceeded. CAPA assumed responsibility for 

these extractions during this period. 

(D. J. Batiste. S. J. BobrowjJd, P. V. Ditavong J. H. 
Hackney, R. L Holmes, C S. MacDougaU, N. £ 
Owens, a Philpot, J. C Price, W. F. Rogers, S. E. 
Schow, S. I. Simms, J. K. Thompson, K. I. Webb, 
K S. Whaley, C YandeU) 

ENVIRONMENTAL ANALYTICAL 
LABORATORY 

T. B. Shope 

The Environmental Analytical Laboratory (EAL) 

provided analytical support for the Environmental 

Sciences Division (ESD) primarily, but also had a 

significant amount of work from other ORNL 

divisions. Approximately 45,000 analytical results 

were reported during this period. 

Compliance samples continued to generate a 

substantial portion of our workload. Weekly, bi­

weekly, and monthly effluent samples were analyzed 

to demonstrate compliance with National Pollution 

and Discharge Elimination Systen: (NPDES) 

permits. Groundwater samples were analyzed 

quarterly to meet Resource Conservation and 

Recovery Act (RCRA) requirement*. Special 
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project samples, such as those analyzed for the 

United States Army Toxic and Hazardous Materials 

Agency (USATHAMA), met project-specific 

compliance needs. In addition, blood, urine, and air 

filter samples were analyzed for Industrial Hygiene 

groups. Technical support for the DOE 

environmental survey was completed during this 

report period; however, we continued to analyze 

quarterly performance evaluation samples from EPA 

to maintain active Contract Laboratory Program 

(CLP) qualification. Instrument detection limits 

were determined for As, Ag, Hg, K, Na, Pb, Se and 

Tl on a quarterly basis. The laboratory also 

analyzed several samples as part of the Water 

Supply Laboratory Performance Evaluation Study 

2i (WS025). EAL used a cold vapor atomic 

absorption method to determine mercury, flame 

atomic absorption methods to determine sodium 

and potassium, and graphite furnace methods to 

determine other metals. 

In the ACD annual report for 1987 (ORNL 

6474), EAL reported the purchase of a Lachat flow 

injection auto analyzer. During this year, final 

revisions were made on software programs which 

enabled direct data transfer from the Lachat 

instrument to the ACD data management system, 

AnaLIS. (Hardcopy reports were retained for 

record storage.) The auto analyzer was used for 

the routine measurement ot NHj-N, NO--N, P 0 4 -

P, Si, total phosphorus and total kjeldahl nitrogen. 

EAL is in the process of preparing direct data 

transfer capabilities for other instruments in the 

U.'xxatory. This capability will be functional during 

the next report period. 

The laboratory purchased a Pcrkin Elmrr 5100 

atomic absorption system this year. This instrument 

is controlled by a laboratory computer and is 

capable of running for long time periods with little 

or no analyst supervision. The system was installed 

in May 1989 and has been in routine use since. 

Software is being written to provide this instrument 

with direct data transfer capabilities to the ACD 

data management system. 

EAL has begun the investigation of the use of 

ion chromatography for the analysis of metal 

cations. The immediate goal is to be able to 

determine Na*, K*. Ca2* and Mg2* in water 

samples. Li* and NH,*, in addition to the four 

metals listed, can also be determined in a single 

scan. Long-term interests include the ability to 

determine transition metals by ion chromatography. 

Of particular interest is the ability to determine 

metal ions of different oxidation states. A good 

example is the determination of Fe 2 * and Fe 3* in 

a single scan. In addition, EAL has investigated 

and placed into operation a procedure for 

regenerating anion columns which doubles column 

lifetime. 

(T. L Baxter, L S. Bamngtr, L A. Greenman, S. A. 
Maclntyre, M. L Moore, S. J. Morton, J. Summers, 
C L Watson) 

SPECIAL PROJECTS GROUP 

J. H. Stewart, Jr. 

The Special Projects Group was established in 

April 1989 to coordinate interactions between 

ORNL programs and the ACD. Non-routine 

unusual analytical requests are now routed through 

this group, and the appropriate ACD staff us 

notified. One request was to assist in developing the 

practice for an on-line continuous CO, monitoring 

and control system for an Environmental Sciences 

Division study of the greenhouse effects on 
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forestation. This involved analyzing and controlling 

large volumes of air in 305 x 508 mm 

environmental chambers containing growing trees. 

This project was successfully coordinated between 

ACD, AIRCO (Chattanooga), ESD, and the I&C 

Division of ORNL. 

The new non-radiation waste water treatment 

plant is being prepared for initial test operation. 

Assistance was requested to verify the removal of 

water from sulfuric acid lines prior to their being 

filled with add. Special Projects located a humidity 

meter and a portable heated air line system for 

purging the water from the lines. The operation 

was successful and the lines are ready for routine 

use. 

A major effort was expended in writing 

procurement specifications for the new ACD 

inductively coupled plasma-mass spectrometer (ICP-

MS) analyzer system. The analyzer was acceptance 

tested for performance prior to shipment to ORNL 

and was installed in December 1989. An important 

concern was the quality of the laboratory 

environment in which the analyzer woutf be 

installed. Expert advice was sought, the resulting 

clean facility information was evaluated and used to 

upgrade an existing laboratory. The renovated 

facility will meet all room environmental 

requirements, be clean, well lighted, and convenient 

to use. 

Interfacing of Analytical Instruments 

The ACD continues to be concerned with 

possible corruption of data resulting from calculation 

and transcription erro-;. Wherever possible, 

therefore, we are implementing ways to eliminate 

hand calculations and manual data entry into the 

A C D data management system, AnaLIS. In a 

previous ACD annual report (ORNL-6547) we 

reported the development of a program, 

FISPARSE, to assemble and review data from a 

Lachat, Inc, flow injection spectrometer (FIS) and 

to store it in AnaLIS. 

In its present state of development, FIS_PARSE 

includes features to process data from its four 

channels; Le., from four analyses that may be 

performed simultaneously. Analyses are presently 

performed for ammonia, nitrate, phosphate, total N 

and P, and silicon. To facilitate review and storage, 

data from several trays of up to 40 vials each from 

the auto-loader are concatenated to form one file 

for processing. A search routine was incorporated 

so that data for a specific customer, data set, 

sample, element or any other identifier could be 

located and processed. 

The program was designed to uncover faulty 

sample identification, results that are true outliers, 

and missing and/or improperly formatted data. The 

Lachat instrument reports all data on an elemental 

basis. Some customers prefer their data to reflect 

a species other than the element or to report only 

results above some minimum value. Any 

calculations or data manipulation* are performed by 

the software and needed reference values are taken 

from tables in the program. 

The FIS_PARSE program was written in VMS 

FORTRAN 77 for the VAX. A version of this 

program was also written in Quick BASIC 

(Microsoft, Inc.) to run on IBM PCs or compatible 

clones under MS-DOS, version 3.3 (Microsoft, Inc.). 

One implementation of the BASIC program, 

MERCURY, prepared data from reports for 

incorporation in AnaLIS from data generated by an 

acquisition program used with the Milton-Roy, cold-
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vapor, mercury analyzer described previously 

(ORNL-6547). 

An expanded version of the BASIC program was 

written for use with a Perkin-Elmer Model 5!00 

atomic absorption spectrometer (5100 AA) which 

was installed in mid-year. The spectrometer is 

operated by an NCR Model 916 (16MHz) via a 

IEEE 488 buss. Data processing is accomplished 

by a program which, although following the general 

pattern of the FIS_PARSE and MERCURY 

programs, is considerably more complex. The 

5100AA instrument is equipped with both flame 

and graphite furnace sources with Zeeman 

background correction attachme.L- and can be 

operated in fully automatic, semi-automatic, or 

manual modes. Further, different types of 

elemental line sources are available, and nearly all 

of the elements can be detected and/or determined. 

A single sample report may contain data for up to 

15 different elements contained in 1000 to 1500 

lines of data generated by the instrument. 

In order to evaluate the dau generated, the 

reviewer needs perhaps 20 to 30 of the operating 

parameters displayed for evaluation of their impact 

on the results. Color coding of the monitor display 

was used to highlight the mere important of these 

and of those data that change from sample to 

sample. 

For all of the above programs, only an image of 

the original dau is employed in the preparation of 

the file to be reported to AnaLIS. Backup copies 

of the original files are made on floppy discs, and 

hard copy reproductions are also stored. A copy of 

the original data is sent to the ACD VAX so that 

supervisory review may be accomplished at any time. 

We anticipate that modifications will continue to 

be made to the present program as new analysis 

protocols and changes in the ACD data base are 

implemented. The BASIC program is currently 

being modified to acquire and process dau from a 

gas chromatograph (Perkin-Elmer, Model Sigma 

300) and three Dionix, Inc., ion chromatrographs. 

Our work with these interfacing applications leads 

to the conclusion that a set of dau format 

standards is needed. The customer, not the 

instrument manufacturer, needs to specify the 

format compatible with the customer needs. If a 

set of standard formats were available, the customer 

could specify at the time of purchase the exact 

format for his data base requirements and avoid 

such nearly meaningless specifications as "ASCII 

output* and the costly process of recovering and re­

formatting the dau. 

(T. R. Mueller) 

Electrochemical Investigation 
Leadmgto Speaation 

of Chromium At Trace Levels 

The purpose of this work was to identify the 

conditions under which a represenutive analysis for 

the ratio of Cr(VI) to Cr(III) in Cr-conuining 

samples could be obtained. Since the total amounts 

of both species is expected to be quite low, the 

method must be sensitive as well as specific. A 

method using ammonium acetate as a supporting 

electrolyte was developed for Cr(VI) standards that 

yielded a method good to 5% relative error at the 

50ng/L level (Crosmun and Mueller, Analytica 

Chimica Acta 75, 199-205, 1975). Present work 

indicates that the detection limit for Cr(VT) by 

differential pulse polarography (DPP) may be more 

than two orders of magnitude lower when optimum 

conditions for analysis are determined. Also, DPP 

provides enough resolution between reduction waves 
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for CrJOj'* and CrO^** to estimate the ratio of 

these species as a function of pH. 

The electrochemistry of Cr(III) is also quite 

complicated. Because of the large number of 

species that appear when compiexing agents are 

present and because ligand exchange is slow, 

interpretation of poiarograms is difficult. In the 

eight weeks available for this study, we concentrated 

our efforts on identifying supporting electrolytes that 

could be used for analysis. The following materials 

were evaluated for the purpose: NH,*,0.2M 

( N H 4 ) 2 S O v pH 92; NH4*/O.05M ( N H ^ S O ^ pH 

8.0; Tris1A).0lM ( N H ^ S O ^ pH 8.0; HO; ICO; 

0.01M Na 2 B 4 G 7 ; 0.01 M Na acetate. Additional 

work will be required to select the best medium. 

(W. Hussein*, T. R. Mueller) 

'Professor of Chemistry, Jackson State University 

1Tris (hydrorynKthyl) aminomethane 

Analytical Assistance to the DOE 
Strategic Petroleum Reserve 

The ACD has been investigating interlaboratory 

variability of analytical results from DOE Strategic 

Petroleum Reserve (SPP) analytical facilities at the 

request of the SPR Washington DOE office. The 

major cause was found to be gross inhor.iogerieity 

of the "blended" material that had been submitted 

to the SPR laboratories for analysis. The ACD 

developed a technique for blending small crude oil 

samples (100 ml) and demonstrated an analytical 

standard deviation of 8%. The DOE then 

requested a technique for blending liter-sized crude 

oil specimens from five separate SPR sources. 

Viscosity of these varied from very light to 

exceedingly thick crudes. The technique used for 

the small specimens was ineffectual for the liter-

sized crudes. A variety of techniques were 

evaluated, ranging from simple to exotic. The latter 

included a dual chambered, heated, stirred 

apparatus which was connected by tubing to a 

peristaltic pump for continuous mixing. The 

resulting homogeneities from the several tests were 

not acceptable. Evaluation of a simpler technique 

using 70°C heated crude oil in a Waring blender 

resulted in a homogeneous product that was 

analyzed with a standard deviation which met the 

desired 8% goaL The five liter-sized SPR materials 

have been Mended, subsampled, and analyzed for 

completion of ths initial stage of the project. The 

subsets have been distributed to the National 

Institute for Petroleum and Energy Research 

(NIPER), and Sandia National Laboratory for 

additional testing. Further experimentation ;o 

reduce the SPR variabilities is underway. 

(C Feldman and J. H. Stewart, Jr.) 

Superconductor Materials Analysis 

The discovery of liquid-nitrogen-tcmpcraturc 

superconductor materials, such as the YjBa.Cu, 

oxides, has generated much research at ORNL 

The ACD has provided highly accurate analyses io 

assist in determining stotchiomctry of the 

compounds being fabricated and tested by the 

Metals ard Ceramics Division staff. The copper 

was electrodeposited and measured gravimeirically, 

the yttrium was double-precipitated and 

gravimetricalry measured as the fluoride, and the 

barium was determined gravimetrkally as the 

sulfate. The specimen analyses were performed on 
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10 mg crystals, with precisions of + 11% for Y, + 

0.08% for Ba, and ± 0.06% fa Cu. 

The ICP scanning monochromator was evaluated 

as an alternate technique for rapid, low cost analysis 

of starting materials. The initial results were 

encouraging; the three elements have been 

determined at the 1 pom concentration level with 

1% relative standard deviation. Further 

improvements and modifications of the method are 

being evaluated. New superconductor materials are 

now being received, including the btsmuth-calcium-

copper oxides, and methods for stoichiometric 

analyses are being tested. 

(C. FeUman) 

Detcnninaaan of Ftaoride io 
Aluminum Nitrate Raffinate 

Aluminum nitrate is used in liquid-liquid uranium 

extraction processes to ensure transfer of the 

uranium from the aqueous phase into the organic 

exiractant. Taking into account the initial cost of 

the aluminum nitrate and the cost of waste disposal 

of used salt, there would be a significant economic 

advantage in recycling and reusing the salt if 

fluoride from the process did not accumulate in the 

salt. The ACD method for vapor transport of 

fluoride from acidified aqueous media at a 

Iiexamcthyldisiloxane (HMDS) fluoride complex was 

found to be a'ocessful for the process test solutions. 

These solutions contained percentage quantities of 

Al and potential comptexmg agent impurities of Fe, 

Zr, and Hf. The process solutions were spiked with 

100 micrograms of fluoride and the HMDS vapor 

transport experiment was performed. The fluoride 

recovery W2s 96%. A series of process solution* 

were analyzed using the HMDS technique and 

showed that the fluoride did not concentrate in the 

aluminum nitrate salt; thus recycling and reuse of 

the sail a feasible. 

(C. Feldmon) 

Nuclear Coatings Testing Program 

Coatings used within the primary containment of 

a njctcar power generating plant must be able ».o 

withstand exposure to high humidity and cumulative 

radiation dosage at elevated temperatures. These 

coatings must ado be easily decontaminate and 

must be of sufficient durability to withstand 

projected conditions of certain Design Basis 

Accidents. A coating system must pass three tests 

in order to qualify: radiation stability, 

deccntaminabtlity, and Design Basis Accident 

(DBA). ORNL it the only independent facility with 

capabilities of conducting all three tests. 

(Irradiations of the specimens are accomplished 

elsewhere using ^Co sources during the HF1R 

shutdown.) 

An upgrade of our DBA testing apparatus is 

complete. Automatic monitoring and control of all 

process parameters it now possible ' hrough the use 

of a Bristol Controller, pneumatically controlled 

valves, temperature and pressure transmitters, and 

controller software. The new system includes an 

IBM/AT computer and a multichannel 

programmable chart recorder. 

At this time, there are about ten utilities and 

manufacturers under contract for continuing testing 

at ORNL. We completed extensive testing projects 

for five companies in 1989. 

(D. O. Wick) 



4. ORGANIC CHEMISTRY 

M. R- Guerin 

This section is responsible for a diverse program of research, methods development and analytical services. 

Research is directed toward separations and spectroscopic techniques that can yield faster and more accurate 

methods for identifying and quantitating trace orgastics in natural media. Fourier transform mass spectrometry 

and ion trap mass spectrometry are being studied for this purpose both alone and in combination with separations 

techniques. High performance liquid chromatography with fluorescence detection, displacement chromatography, 

and supercritical fluid chromatography are the principle separations methods under development. Research 

continues to emphasize environmental media and is expanding to include physiological media. Field sampling 

and direct-sampling mass spectrometry methods have been developed for the rapid determination of organic 

pollutants in water, soil, wastes, and air. Thermal desorption ion trap mass spectrometry has been shown to be 

very promising for determining constituents of urine. Progress has also been made in applying our unique 

analytical capabilities to physical and material sciences problems. Examples include the use of laser ablation 

Fourier transform mass spectrometry for the generation and analysis of aluminum cluster ions and the use of 

reverse chromatography to characterize the surface propertie* of ceramic powders. New or expanded activities 

are under way in the areas of military propellants, explosives chemicals, environmental tobacco smoke monitoring, 

and radioactive mixed waste characterization. Our analytical services operation has expanded and is now the 

largest activity in the section. Environmental compliance and survey services are being routinely provided for 

both ORNL and other DOE installations. Specialty services involving various chromatographic and mass 

spectrometric techniques as well as infra-red and nuclear magnetic resonance spectrometry are carried out in 

support of life sciences and physical sciences research at ORNL. 

53 
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ORGANIC SPECTROSCOPY 

M. V. Buchanan 

The primary focus of this group is the 

development of spectroscopic techniques for the 

unambiguous identification and quantitation of trace 

organic* in biological and environmental matrix*. 

Trapped ion techniques, including Fourier transform 

mass spectrometry (FTMS) and ion trap mass 

spectrometry (ITMS), are the principle tools used 

for these investigations. Conventional gas 

chromatographyAnass spectrometry (GOMS), 

nuclear magnetic resonance (NMR), and infrared 

(IR) spectroscopy are also employed. The 

development of new analytical approaches for the 

unambiguous identification of DNA adducts 

continues to be a major area of research, including 

the identification of alkyl and larger adducts, as well 

as UV-induced photodimers. New approaches for 

sample introduction and for detection of picomoles 

of adducted nucleotides and higher molecular weight 

oligomers are being investigated. This includes 

direct analysis of these and other biological 

compounds from chromatographic plates using laser 

desorption FTMS. Investigations into fundamental 

processes of laser desorption have led to 

demonstration of the ability to generate negatively 

charged clusters containing 3 to SO aluminum 

atoms. Examination of the stability ana reactivity of 

(he various clusters gave experimental results which 

supported previously published theoretical 

calculations. This work demonstrated the ease of 

forming aluminum metal clusters without an 

elaborate experimental setup (e.g., molecular beams 

and cooling ba;h gases). 

New approaches for the prompt analysis of 

environmental and physiological samples by mass 

spectrometry have also been developed. A direct 

thermal desorption ITMS instrument, which was 

designed and constructed here, was demonstrated to 

detect less than SO pg of chemical agent simulants 

in a total analysis time of less than two minutes. 

This instrument was shipped to Tooele, Utah and 

successfully field-tested using actual chemical agents. 

Trace detection of volatile and semrvolatue organics 

from a wide variety of matrices, including water, 

soil, air, and physiological media, has been 

demonstrated using direct sampling ITMS and glow 

discharge quadrupole mass spectrometry. 

Numerous special spectroscopic studies using FTMS, 

GC/MS, NMR and IR were conducted in support 

of programs in the Organic Chemistry Section, as 

well as other groups within the Laboratory. 

Structural F«mmati.in of DNA Adducts 
Using Fourier Transform Mas Spectrometry 

Previous research here has shown that Fourier 

transform mass spectrometry (FTMS) is applicable 

to the structural characterization of methyl 

nucleoside adducts at the picomole level. For 

example, five isomers of methyl guanosine can be 

differentiated based on differences observed in the 

fragmentation of negative ions from these 

compounds. We have now applied FTMS to the 

analysis of a variety of other DNA adducts, 

including ethyl nucleosides, alfcyl phwhotriestcrs as 

well as porycydic aromatic hydrocarbon (PAH) 

adducts. New instrumental methods, such as direct 

laser desorption of thin layer chromatography (TI.C) 

plates and construction of an external ionization 

source for the F1MS, have also been addressed. 

Laser desorption of ethyl thymidine adducts was 

found to generate pteudomolecular ions (M + Na) + 

and (M + K) + , which could be used to verify the 
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molecular weights of the adducts. In the negative 

ion spectra, an abundant kn corresponding to 

elimination of the sugar ring was observed. 

CoilKional disaoriaiion of either positive or negative 

ions from isomers of ethyl thymidine indicated only 

one fragment product: elimination of ethylene. 

Because the adduct was lost in all cases, these 

isomers could not be differentiated based on 

fragmentation information alone. Alternate means 

of differentiating these isomers, such as selective 

ion-molecule reactions, are currently under 

investigation 

Alkytation of the phosphate linkage of an 

oligonucleotide forms a pbospbotriester which is 

another common alkyl DNA adduct, and must be 

differentiatied from nucleotides containing alkylation 

of the sugar ring or the nucleic base. Laser 

desorption of methyl- and ethyl-thymidine 

phosphotriesterdinucleotides generated characteristic 

negative ions corresponding to cleavage of either the 

nucleic base (thymine) or the phosphate ester 

linkage. The coUisional dissociation of these 

negative ions provided detailed structural 

information, including alky! phosphate ions, which 

could be used to verify the site of alkyl attachment. 

Accurate mast and high resolution measurements 

were needed in order to separate uobanc ions in 

several cases, especially for the ethyl phosphotriester. 

Detailed structural information for amino-PAH 

adducts of guanine can also be obtained with this 

experimental technique. Standards of several C8 

amino-PAH guanine adducu synthesized by G-h. 

Ho of the Separations and Synthesis Group were 

examined by FTMS. Laser desorption of these 

compounds generates negative ions at (M-H)', 

which can be further examined by coilisional 

dissociation experiments. The (M-H)'ions for theae 

compounds fragment to give (M-NHj)*, 

(adduct+CN)", and (adduct-H)*. These fragment 

ions were sufficient not only to identify the adduct 

but also to verify the position of attachment, which 

was C8 for all compounds. This technique was 

used to characterize Ac guanine adducts of ortho-

totuidine, 8-aaKnopyrene, beu-aminonaphthalene, 

para^rntnobipbenyL and 2-amiaofluorene. We have 

extended theae studies to indude PAH adducts of 

nucleotides, such as 5-methylchrysene-

d^oxyguanosme-3'-phosphate and benzo(a)pyrene-

dcoxyguarjosine-3'-phosphate. These two 

nucleotides adsorb strongly to the stainlcw steel 

target used for the laser desorption experiments and 

require higher laser energies for desorption/-

ionization. Since these higher laser energies cause 

extensive fragmentation, alternate sample surfaces 

are being examined. 

Laser desorption FTMS has been demonstrated 

to be well suited for the direct detection and 

identification of compounds or. TLC plates. The 

laser provides high spatial resolution and can be 

used to ionize compounds directly from TLC plates 

with virtually no sample preparation. Research has 

been directed at examining the application of this 

technique for several different biological compounds 

and different types of TLC plates. The 

chromatographic media examined included silica gel 

and modified (C18, C8) silica gels. Laser desorption 

of compounds on C18 silica plates gave the best ion 

signals, whereas compounds were difficult to desorb 

and ionize from conventional silica plates. These 

results suggest that the adsorption of the 

compounds onto the silica stationary phase controls 

the desorption and ionization process. Detection 

limits for the C18 plates were found to be in the 

low nanogram region. The effects of laser power 

and wavelength may also influence the application of 

this technique and are under investigation. 

• 
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An external ionization region is under 

construction for the FTMS. This cxternaQy-pumped 

vacuum region win alkw investigation of alternative 

ionization techniques, such as fast atom 

bombardment and ion spray, as well as providing a 

means to couple chromatography with the FTMS. 

The vacuum system has been constructed and an 

-dectrospray ionization source has been built. The 

design of the ion optics needed to transport the ions 

into the FTMS cell is currently being examined. 

(R. L Hetach, M. V. Buchanan, J. C. Dunphy*. and 
E. L Kertey") 

•ORAU Lab Grad Research Participant -
University of Indiana 

••ORAU Postdoctoral Research Associate 

Generation and P—miwiitui of 
Alumnum Cluster Aniam 

There is considerable interest in ionic metal 

clusters because they may serve as models for 

studying catalysis and related processes. We have 

recently demonstrated the generation of aluminum 

duster ions (Aln* where n*3-50) by laser ablation 

of a flat aluminum metal target (Figure 4-1). The 

ions were then trapped and examined in a Fourier 

transform mast spectrometer (FTMS). The ease of 

duster ion formation in this case was quite 

surprising since no bath gas was present to cool the 

dusters during formation. The addition of a static 

pressure of argon did not change the duster ion 

distribution, implying that these dusters did not 

contain substantial internal energy after formation. 

Ouster ions were observed ranging continuously 

from Al3" (m/z 81) to AIJQ' (m/z 1349), with Al, 3" 

(m/z 351) as the most intense ion, as seen in 

Figure 4-1. The odd-numbered dusters were more 

abundant than the even-numbered, implying an 

increased stability (or reduced reactivity) for these 

odd-numbered species. The intensities of the ions 

containing more than 13 atoms decreased 

almost uniformly, except for the ions of AI 1 4" and 

AI24*, which were observed in very low abundance. 

The electron *tfm*ifa. of these dusters were 

obtained by examining charge exchange reactions of 

the cluster ions. Specifically, each aluminum duster 

ion was isolated and allowed to react with either 

nitrogen dioxide (E-A. = 2J0 eV) or p-

benzoquinone (RA. = 1.89 eV). All dusters for 

ALj where n « 4-23 had electron affinities between 

nitrogen dioxide and p-benzoquinone. AI3" will 

charge exchange with p-benzoquinone and nitrogen 

dioxide, implying an electron affinity for AI3 below 

1.89 eV. These values were in good agreement 

with previously published theoretical and 

experimental results. 

The duster ions Al„" for n = 3-13 were 

coDisionaliy dissociated in order to probe the 

structures and fragmentation mechanisms of these 

species. These duster ions fragmented either by 

aluminum atom elimination or electron detachment, 

depending on which process was lower in energy. 

Ouster anions for n » 4,5,8-13 fragmented by loss 

of one or more aluminum atoms, whereas dusters 

of n * 3,6,7 fragmented primarily by electron 

detachment. 

Apart from charge exchange reactions, these 

duster ions were unreactive with most small 

molecules, such as N 2 0 and CH 4 . However, these 

duster ions react readily with 0 2 . Ousters of Aln~ 

for n « 3-8 read rapidly with 0 2 to generate both 

AIO' and AIC»2*. Ousters containing more than 

eight aluminum atoms read with 0 2 in a size-

spedfic manner. The even-numbered dusters read 
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rapidly with 0 2 to form the two ionic products 

mentioned above, whereas the odd-numbered 

clusters are virtually unreactive with Oj. This size-

dependent reactivity may be related to the stability 

of the neutral aluminum dusters which arc formed. 

Laser ablation FTMS has proven to be very 

useful for tbe structural characterization of 

aluminum duster anions. The selective ion trapping 

and manipulation of FTMS can be used to examine 

the nature of the duster ions, thus providing a 

method of measuring both tbe reactivities and 

structure* of these species. 

(R. L Hetach) 

Thermal Desorpucn MS/MS of 
MsKary Chemical Agents 

Construction of an automated thermal 

desorption unit was completed and interfaced to an 

Ion Trap Mass Spectrometer (ITMS). A 

photograph of the thermal desorption device is 

shown in Figure 4-1 Methods were developed 

for the rapid (< 2 minutes) determination of 

chemical warfare agent simulants, induding 

dir/Kthylmethyi phosphorate (for agent GB), 

diisopropylmcthylphosphonate (for agent VX) and 

dibutytsulfide (for agent HD). A series of tests 

were then performed for each simulant to 

determine the detection limits, precision, and 

accuracy of the analytical methods. The results of 

these tests were statistically analyzed by the VS. 

Army sponsors and found to fall well within the 

requirement* for linearity, detection limits, and 

precision. Army personnel and technical staff from 

the Chemical Agent Munitions Demilitarization Site 

(CAMDS) laboratory at Tooele Army Depot were 

trained here in late June in the operation and 

maintenance of tbe automated thermal desoprtion 

ITMS. Tbe instrument was then packed and 

shipped to Tooele, Utah for final testing with actual 

chemical warfare agents. ORNL personnel set up 

the instrument at Tooele and tested it to verify its 

performance. Later, tests with aD three chemical 

agents demonstrated the ability of the system to 

desorb aod determine the compounds in less than 

two minutes. Precision and accuracy tests, as wtU 

as a reliability and maintainability tests, were 

completed by the end of the year. 

In addition to operating the automated thermal 

dcaorber with the ITMS, tbe Army made an 

additional request to interface this device with a gas 

chromatograph for analysis of Depot Area Air 

Monitoring System (DAAMS) tubes. This would 

allow current analytical procedures used at Tooele 

to be automated. Additional transfer lines were 

constructed and electronic modifications were made 

so that the desorber could be used with a Hewlett 

Packard 5890 gas chromatograph. At present, final 

reports for this project, induding an operating 

manual, a technical data package, and a final project 

report are being compiled. 

In addition to this primary project, some work 

was also performed for the Army in support of a 

related project being conducted by another 

laboratory. This project involved the real time 

detection of chemical agents in Mack emissions using 

MS/MS. This particular project was hampered by 

the presence of low levels at compounds in the 

stack matrix which interfered with the determination 

of the targetted chemical agents. That is, these 

interfering compounds were isobars of the chemical 

agents and yielded the same daughter ions. Our 

work involved an evaluation of data obtained in this 

project, as well identification of chemical 

interferences present in the stack matrix using ITMS 



Figure 4-2 

Automated Thermal Dcsorption Instrument 
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and FTMS. Using GC/TTMS, sixteen compounds 

were observed which yielded daughter ion spectra 

containing the three ions being monitored for agent 

GB, for example. The most useful information was 

obtained from GC/FTMS, which yielded the 

elemental composition of the interfering daughter 

ions and demonstrated that eight of the interferon's 

were isomers of decene and that the other eight 

contained oxygen. Suggestions were made to 

modify the other laboratory's procedures by using 

ammonia chemical ionization to selectively detect 

the more basic chemical agents in the presence of 

the less basic interferences. 

(M. R Wise, R. H, Ilgner, and M. V. Buchanan) 

New Approaches for the Prompt Detection 
of Orgaaks by Ma* Spectrometry 

in Environmental and Physiological Media 

Work continued on the evaluation of dire X 

sampling mass spectrometry using ion trap nviss 

spectrometry (iTMS) and glow discharge n,ass 

spectrometry (GDMS) for the rapid determination 

of organic* in environmental samples. A number of 

compounds in water were tested to establish the 

detection limits and linearity of response using direct 

sampling into an ITMS. Some of the compounds 

studied included benzene, toluene, methylene 

chloride, triebJaoethyfene, tetrachlorocthylene, and 

several hydrocarton fuels. Water containing part-

per-billion levels of these materials was purged with 

helium at a rate of about 100 mLAnin. The purged 

material was split at a ratio of about 100:1 through 

a spiit-open-spli'. interface and allowed to enter the 

ITMS through a heated transfer line. Purge times 

of two minutes were typically required for sample 

analysis. Chemical ionization using either water or 

•obutane was employed and full scan mass spectra 

were generated for single component samples and 

matures. Tandem mass spectrometry was 

investigated for more specific compound 

identification. Detection limits for volatile 

compounds in wattr were typically 1 ppb or less. 

Because of the 100:1 split at the split-open-split 

interface, moat of the sample is being diverted from 

the mass spectrometer. By placing a sorbant trap 

on the split vent, purged material may be trapped 

for later analysis. This feature could be very 

important when the instrument is operated in a 

screening mode in a field situation. In this case, if 

a sample tested positive, a split from the same 

sample could be sent back to the laboratory for 

confirmatory analysis without having to worry aooui 

accurately reproducing field sampling. 

Volatile* in sous have also been investigated using 

direct introduction into the ITMS An aqueous 

slurry was made of soils contaminated with jet fuels 

by mixing 5 grams of soil with IS mL of water. 

These slurries were purged in the same manner as 

with the voiatiles in water. Using water chemical 

ionization to selectively protonate aromatic 

compounds, alkyf aromatics in the fuels were easily 

identified. Detection limits with the direct purge 

ITMS method were found to be at least as good as 

that of the standard method (about 10 ppm), which 

includes ultrasonic extraction into an organic solvent, 

concemration, and analysis by gas chromatography. 

An important feature, however, is that the ITMS 

method required less than 5 minutes per sample, 

including sample preparation, as opposed to four 

hours for sample preparation and analysis using the 

standard GC method. 

Pilot studies were also conducted to assess 

whether the ITMS could be used for direct air 

monitoring without the need for major modifications 
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to the instrument and the conventional ionization 

source. AD air sampling pump was placed on the 

vent of the standard open-split interface and a 

source of helium was mixed with ambient air as it 

was drawn into the interface line. Using this 

arrangement, benzene and toluene vapors were 

easily delected in air. 

A new ITMS has been purchased by the Army 

Tone and Hazardous Materials Agency to enable 

extensive testing and methods deveSopmert for the 

rapid detection of organks in environmental 

samples. In addition, a new set of quadrupole rods 

and a spectrometer controller were purchased to 

repair and upgrade the glow discharge mass 

spectrometer, which is also being evaluated for 

direct analysis of environmental samples. This 

system has been assembled and tested with an axial 

electron impact ionization source. Using a purge 

device similar to that used with the ITMS, a 

number of volatile organics in water were purged 

into the mass spectrometer and easily detected. For 

example, a calibration curve for benzene showed a 

detection limit below 1 ppb with excellent linearity. 

A new version of the glow discharge ion source is in 

the design stage anl a prototype will be constructed 

soon which will be considerably more versatile than 

the present source. 

(M. B. Wist, M. V. Buchanan, C. V. Thompson, and 
M. R. Guerin) 

Rapid Detection of Nicotine 
in Environmental Tobacco Smoke and Urine 

Direct sampling FTMS was evaluated for the 

rapid detection of nicotine in ambient air and in 

unne as part of our National Cancer Institute 

program. For both experiments, direct thermal 

desorption into the ITMS was used with no 

chromatography. For the measurement of nicotine 

in ambient air, cigarettes were smoked in a test 

laboratory m order to produce a controlled 

concentration of environmental tobacco smoke 

(ETS). Samples of laboratory air were collected on 

Tenax traps (75 cm long a. d 0.6 cm in diameter) 

by pulling a few hundred mL of air through the 

traps. Sntultaneous samples were collected on 

treated fiberglass filters for analysis by a 

conventional gas diromaiograpnic method for 

comparison No internal standards were added to 

the Tenax traps prior to analysis. The traps were 

deserted by beating them for 10 seconds at 200*C 

while purging them with helium at a flow of 25 mL 

per minute. The sample was split through the 

opee-tpyt interface of the ITMS and introduced 

directly into the instrument. Isobutane chemical 

ionization was used to generate protonated nicotine 

at rati 163. AH ions were ejected except for the 

m/L 163 ion, and collision induced dissociation was 

used to produce characteristic fragment ions at m/z 

84, 106, 120 and 139. The extracted ion currents 

for these ions were integrated over the width of the 

thermal desorption peaks (typically 15 seconds) for 

quantitative measurements. Detection Limit* were 

found to be equivalent to or better than the 

standard GC method for the determination of 

ambient nicotine. Additionally, the time required 

for analysis and quantification by thermal desorption 

JTMS was leas than 10 minutes per sample. 

Experiments for the ejection of nicotine in urine 

were performed in an identical manner except that 

the Tenaz traps were replaced with glass tubes 

containing glass wool packing. A 1 «L aliquot of 

urine was injected through a septum on the thermal 

deserter body and onto the glass wool The 

samples were flash heated for 10 seconds at 200*C 
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and purged with helium at a flow rate of 25 sni­

per minute. ITMS conditions were identical to 

those described previously for the detection of 

nicotine in ambient air. Experiments demonstrated 

that nicotine could readily be observed in the urine 

of a smoker (with only 1 jd. of this solution 

injected) or in samples of urine spiked with nicotine 

at levels of 1 *g/ml~ Analysis time was less than 

five minutes per sample. 

(M. B. Wise, C E. Higgi/u, and M. R Guerini 

Special Spectroscopic Studies 

A variety of specialized studies were performed 

for researchers within the Organic Chemistry 

Section, as well as in other ORNL divisions. Gas 

chromatography/mass spectrometry was the primary 

tool employed, although Fourier transform mass 

spectrometry VFTMS), nuclear magnetic resonance 

(NMR), and Fourier transform infrared 

spectrosavy (FTIR) were also used. 

As part of a project contacted in the Special 

Projects Group, compounds in rocket propellant 

exhaust generated from M-7 and M-36 test motors 

were characterized using GC/MS. The samples 

were collected on triple sorbant traps and thermally 

desorbed into the GC/MS for analysis. Results 

indicated that although the background level of 

volatile componenu was relatively high, a number of 

compounds related to the rocket exhaust could be 

identified. In addition, a number of specific 

polycyclic aromatic hydrocarbons (PAH) and nitro-

PAH were quantitatively determined using single 

ion monitoring and isotope dilution techniques. 

Positive and negative ion chemical ionization have 

been used to characterize a number of compounds 

for projects conducted in the Separation and 

Synthesis Group, including compounds collected 

from HPLC analyses of DNA-related materials and 

synthesized trinitrotoluene metabolites. In addition, 

FTMS was used to establish the elemental 

composition of some of these compounds, while ' l l 

and 1 3 C NMR were used to confirm molecular 

structures in some instances. 

Special support was also given to the Organic 

Services Group to better characterize samples which 

gave ambiguous spectra when analyzed with the 

conventional mass spectrometric methods employed 

by them. Using positive ion chemical ionization 

allowed the molecular weights of compounds which 

extensively fragment under electron impact 

conditions to be determined. Negative ion spectra 

were obtained on samples suspected of containing 

trace levels of potychlorinated biphenyts and/or 

pesticides, which respond only weakly under electron 

impact conditions. 

GC/MS and direct-probe MS have been used to 

characterize a number of metabolites and 

synthesized compounds for researchers in the Health 

and Safety Research Division, Che—islry Division, 

and Chemical Technology Division. FTMS has 

been used to establish molecular weights for 

some of these materials, as well. In addition, laser 

desorption FTMS has been employed in the analysis 

of compounds with low volatility. 

A series of studies have been conducted with 

R. N. Compton of the Health and Safety Research 

Division involving the generation of atomic clusters 

and negatively charged ions using FTMS. This work 

spawned ideas that have been approved for a 

ORNL Seed Money project, which will begin in 

early 1990. 

Combined GC/FTIR has been used to 

complement GC/MS data for the analysis of 
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complex matures ia a number of studies. For 

example, GC/FTIR was used to confirm the 

presence of carbooyi-containing compounds in 

environmental tobacco smoke. Diffuse reflectance 

FI1R (DRIFT) was employed to characterize 

impurities in polymer samples for the Metals and 

Ceramics Division. In addition, NMR was 

employed for projects in the Biology, Chemistry, 

and Chemical Technology Divisions. 

(C. Y.MO.R.L Htttkh, and M. V. Buchanan) 

SEPARATIONS AND SYNTHESIS 

W. H. Griest 

The focus of this group is the development and 

application of organic chemical separations and 

synthesis to environmental and health issues. This 

year, energetics-related activities were increased 

while analytical services to other Laboratory divisions 

were limited to organic analysis of radioactive mixed 

wastes. Some shins in staff and equipment to other 

groups in the Organic Chemistry Section resulted 

from this narrowing of services responsibilities. 

Group funding is mainly from the \JS. DOE Office 

of Health and Environmental Research, the US. 

Army Biomedical Research and Development 

Laboratory, and the U.S. Army Armament, 

Munitions, and Chemical Command. 

Chromatographic Isolation and Detection 
of DNA Adductt 

Chromatographic separation and detection 

schemes necessary to identify and quantitate primary 

uructural alterations in DNA resulting from either 

chemical or physical insults are being developed to 

facilitate studies in molecular dosimetry and repair 

processes. Isolation and enrichment of trace 

amounts of modified DNA structures or adductt 

from excess normal constituents have been 

approached using preparative liquid chromatography 

under column overload conditions. When the 

column capacity is fwredfd, the band profiles 

become broad and unsymmetrkaL the retention 

times arc stained toward lower values, and the 

resolution between dosdy eluting compounds is 

decreased. Peak shapes may also be distorted due 

to competition for adsorption sites on the stationary 

phase. If the elution behavior can be accurately 

predicted then the optimum collection times for a 

given recoverv may be specified. In a collaborative 

study with G. Guiochon's group, the band migration 

of the thymine-thymine dimer has been investigated 

as a function of thymine concentration. The 

separation factor for dilute solutions of these 

compounds is 1.11 but at elevated levels of the 

monomer the peaks are not separated. The semi-

ideal model of nonlinear chromatography was used 

10 predict elution behavior and to determine the 

contribution of each component to the observed, 

combined profiles in binary mixtures of varying 

composition. Given a 1 to 24,000 mixture of dimer 

to monomer, it was shown thai collected fractions 

could be recycled twice to yield a final solution 

where the ratio of the dimer to the monomer is 

dose to unity and the recovery is 95%. The 

agreement between the experimental and theoretical 

data was excellent. The approach provides a 

method of generating samples at a purity level 

required for analysis by other techniques. Related 

work using displacement rather than overloaded 

elution is also being explored as a means of sample 

enrichment. 
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Fluorescence has been used to improve the 

detectability of photoproducts and other selected 

adducts. A method for the determination of the 

pyrimidine dimers has been developed based upon 

derivatization with coumarin. The products are 

separated by HPLC and can be detected by 

conventional fluorescence at S ptcomcles/mL or 40 

femiomoks in the detector. The advantages of the 

method are that analyses ar«. performed entirely by 

high performance liquid chromatography (HPLC), 

products are obtained that can be detected by any 

number of highly sensitive fluorescence techniques, 

and the fluorophore may be immobilized on soiid 

supports to enable reactions in the solid phase, 

thereby improving selectivity and reducing 

background. The method is being used in UV 

exposure studies for animal cells to determine repair 

rates for uracil dimers and in plant studies to 

examine concentration/dose relationships. 

Several carcinogenic aromatic amine guanine 

adducts have also been synthesized (o-toluidine, 

b-naphthylamine, 2-aminofluorene, p-aminobiphenyl, 

and 1-aminopyrene) for spectroscopic and 

chromatographic investigations. The approach was 

a nudeophilic substitution of the aromatic amines at 

the C8 position of guanine-3-N-oxide in dimethyl-

sulfoxkle/dimethylformamide. After azeotropic 

solvent removal, the adducts were purified using 

HPLC. Fluorophcre tagging at the amine 

functionalities using a variety of reagtnu has been 

examined for sensitivity, yield, and reaction rate. 

(R. S. Ramsey, C.h. Ho, and G. A. Guiochon) 

Analysis of Energetic Compounds 

Major initiatives this year have involved the 

development and application of analytical methods 

for energetic compounds in biological tissues, 

compost, and ordnance materials. A joint project 

with the Environmental Sciences Division (ESD) will 

measure the concentrations of 2,4,6-trinitrotoluenc 

(TNT) and several TNT metabolites in tissue 

samples from animals harvested in expiosivcs 

contaminated areas of an Army ammunition plant. 

This is part of an Army investigation to determine 

if the animals are suitable for human consumption 

and if the area can be opened to hunting. A 

related issue requiring similar analyses is whether or 

not composting win decontaminate wastes from 

explosives processing to safe, nontoxic products 

which can be disposed by surface application. 

Both of the these projects have required the 

purchase or synthesis and purification of eight TNT 

metabolites including two monoamino-dinitro 

isomers, two diamino-mononitro isomers, a 

bydroryarnino-dinitro metabolite, irinitrobenzyl 

alcohol, trinitrobenzotc acid, and an azoxy dimer. 

For the first time, an HPLC separation has been 

developed for TNT, the eight TNT metabolites, 

HMX (oaahydrc~l,3,5,74etraniiro-l,3,5,7-tctra-

zocjne), RDX (hcxahydro-l,3,5-trinitro-l,3,5-

triazine), tetryt (N-methyl-N,2,4,6-tetranitroaniline), 

di- plus trinitrobenzenes, and 2,4- plus 2,6-

dinitroioluenes. Two HPLC methods have been 

developed. The first is a reverse phase separation 

on a ISO mm x 4.6 mm ID Zorbax octytdecylsiiane 

column with a complex acetonitrile/water gradient 

ranging from 25% to 75% acetonitrile. This 

method utilizes a 250 *L injection and UV 
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absorbance detection at 230 nm, and required 

80 min. per sampie. It can detect TNT metabolite* 

to ca. 0.02 nftcL injeaed concentration. 

Unfortiinately, the trinitrobenzoic add is difficult to 

separate from the solvent peak because of its high 

polarity, and the injection solvent must contain no 

more than 25% acetonitrile because of the very 

large injection volume. For these reasons, an 

improved separation method based upon a mixed 

mode combination of anion exchange and reverse 

phase has just been perfected. The column contains 

both reverse phase (octadecytsilane) and anion 

exchange (tertiary amice) functionalities, and utilizes 

a compiez ternary elution gradient involving 0.015 

M phosphate buffer at pH 5 in watenmethanol (9:1, 

vol.-vol), methanol, and acetonitrile. The run time 

is halved, and the sensitivity is increased because of 

the improved peak sharpnefs. Most importantly, 

both ionic (e.g., trinitrobenzoic acid) and neutral 

compounds arc retained and well-separated in a 

single HPLC run. 

The latter HPLC method is being applied to 

TNT and metabolite tissue extraction recovery 

samples prepared by investigators in the ESD to 

complete the analytical method development. Both 

HPLC methods have been applied to regulatory 

leacnates of composted explosives wastes, and have 

demonstrated the presence of mg/L to *g/L 

concentrations of HMX, RDX, TNT and two 

rnonoamino-dinitrototuene*. Toxicity testing of the 

leacnates, explosives, and metabolites standards by 

collaborators in the ESD and Health and Safety 

Research Division (HSRD) shows only very low 

toxicity. The bacterial mutagenicity appears 

attributable mainly to the TNT residue. The HPLC 

methods also have demonstrated the 

biotransformation of TNT in cell cultures prepared 

by collaborators in the HSRD Solid phase 

extraGJoQS were used to concentrate and fractionate 

toe samples. 

Military ordnance issues are the subject of a 

recently-initiated project aimed at understanding and 

developing a predictive model for the weakening of 

a glue joint and the case wad in the M829 120 mm 

kinetic energy antitank round. The unique feature 

of this round is a niirocelluioje-tttsed cartridge case 

which is consumed in firing. The case wall and glue 

joint strength are being determined in both full-up 

rounds and case wall coupons exposed to different 

combination of temperature and humidity or 

pollutants. Because nitroglycerin and 

diethyteneglycoldinitrate migrating from the 

propeUant appear .o weaken the wad and glue joint, 

a method for their determination in the 

nitrocellulose case wall material is being developed. 

Initial experiments show that 0.01% of nitroester in 

the case wan can be detected in a methanol extract 

using packed column supercritical fluid 

chromatography (SFC) on a Delubond cyanopropyl 

phase column with carbon dioxide mobile phase and 

LTV absorbance detection at 210 nm. Spike 

recovery studies and a comparison with HPLC will 

be performed, it is also likely that supercritical 

fluid extraction can be directly coupled with the SFC 

for an efficient, direct analysis. 

(C.-K Ho, J. £ Caton, R. L. Schcnley, B. A. 
Tonkins. W. M. Caldwell, and W. //. Griesi) 

Analytical Services: 
Organics in Radioactive Mnect Wastes 

The analytical services of the group were focused 

this year on the orgwuc analysis of radioactive mixed 

wastes. The characterization of ca. thirty inactive 

and five active nuclear waste storage tanks wax 
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completed. VS. Environmental Protection Agency 

SW-846 and Qntract Laboratory Program (CLP) 

methods and QC procedures were adapted for 

radioactive sampie use Tbe services conducted by 

this group ipchided tbe remote purge and trap of 

volatile organic* in a glove box, the determination 

of major organic solvents by direct aqueous injection 

gas chromatography (GC) in a radioactive 

contamination-zoned laboratory, and tbe preparation 

and GC screen of semJvoiatiie organics extracts in 

a contaminatkn-zoned laboratory. Tbe volatile 

organics traps and semivoiatile organics extracts 

from aqueous liquids or sludges and PCBs in 

diluted organic liquids were low enough in 

radioactivity for analyu- by GC-MS or GC (PCB* 

only) in conventional laboratories by the Organic 

Analysis Group. The modified EPA methods 

generally performed very well and the recoveries of 

surrogate standards and mains spikes were 

comparable to the QC Acceptance Limits required 

for soil or water under SW-846 or the CLP. 

Method Uanb were dean. Future work will 

improve the sensitivity for srrruvolatile organic 

compounds and recoveries of acid compounds. 

The observation that tbe regulatory organics 

determinations usually accounted for less than 20% 

of the organic matter suggested to be present in the 

waste tank liquids by total organic carbon (TOC) 

analyses prompted an investigation to account for 

unidentified organic matter. It was found that more 

information could be gained from the regulatory 

semrvoiatilc organic* extract if it was chemically 

dcnvatized prior to GC-MS Although additional 

compounds such as dibutyt phosphate, di{2-

ethylhexyl)phosphate, and fatty aads were found in 

the extracts, they still failed to account for the TOC. 

Previous work at the Pacific Northwest Laboratory 

showed the presence of chelators, extractanti, 

decontamination agents, and their degradation 

products in nuclear wastes. We developed a 

method for tbe determination of compounds in the 

aqueous liquids, based upon pH adjustment, 

evaporation, trimethytalyl derrvauzation of the 

residue, and GC Although the TOC accounting 

was increased (ranging from 25% to nearly 

quantitative in one sample), tbe bulk of the TOC 

was not identifiable. Later desorption Fourier 

transform mass spectroscopy and reverse phase 

HPLC suggest that tbe TOC consols of highly polar 

compounds with molecular weights ranging up to 

tbe low 700s, with most less than ca. 300. 

Additional work is needed on isolation and 

separation methodology for these compounds. 

(R L Schadey andW.H. Griest) 

Fsnsmy inaiiagf must 

Tbe facilities at the Hazardous Materials 

Analytical Laboratory in Building 2026B are being 

upgraded with the installation of additional benches 

and cabinets, a more efficient rearrangement of the 

office and laboratory space, and the start of the 

construction of a change room/bathroom. The 

radioactive contaminaiion-zoned laboratory for 

preparation and analysis of nuclear mixed wastes 

and other radioactive samples has been operated for 

over one year without significant contamination and 

the background radiation level remains very low. 

The DOE Synthetic Fuels Repository collection 

remains in inactive archival status because of the 

very high cost of disposal through current 

Laboratory disposal contractors and a continuing 

low level of sample requests. A much lower 

disposal cost through a fuels recycle program has 
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been located, and the suitability of this company win 

be investigated through Laboratory channels. 

(W. H. Griat and R. L SchenUy) 

SPECIAL PROJECTS 

R- A. Jenkins 

The generation, sampling, instrumental 

monitoring, and chemical characterization of 

controlled and/or specialty atmospheres continues to 

be a major focus of this group. Field and 

environmental analytical chemistry is becoming an 

increasingly important component of its efforts. In 

general, funding for the group continues to be issue-

oriented, originating predominantly with the 

Department of Defense and the National Institutes 

of Health. 

Tobacco Smukr Studies 

This year, we performed an independent 

characterization of the components of the smoke 

aerosol of a cigarette recently introduced to the 

commercial market which heats, but does not bum 

tobacco. The cigarette uses a burning charcoal 

element to produce hot air. The hot air warms a 

cartridge containing a glycerol/propylene glycol 

solution of nicotine and other flavor components. 

The resulting warm vapors condense as they leave 

the cigarette, and a smoke aerosol is produced. 

Because the composition of the aerosol is so 

different from conventional cigarette smoke, a new 

gas chromatographic method was put in place which 

simultaneously determines the major particulate 

phase compounds in the aerosol (glycerol, propylene 

glycol, and nicotine). Results from the analyses 

indicated that the smoke component deliveries were 

20 - 5 0 * greater than those reported by the 

manufacturer. This vas subsequently determined to 

be due to significant batch-to-batch differences in 

the cigarettes themselves. 

An important issue related to sampling, analysis, 

and human risk assessment associated with exposure 

to indoor air pollution is whether a sample acquired 

in the general area where an individual is exposed 

is likely to provide an estimate of exposure identical 

to that from a sample acquired in the breathing 

zone. There is an increasing body of evidence to 

indicate for those exposures where the activity of 

the exposed individual is likely to be the source of 

the exposure (e.g>, cooking), the breathing zone 

sample is likely to provide a much greater exposure 

estimate. The situation is not so dear when the 

exposed individual does not generate the exposure. 

Such is usually the case for a nonsmoker exposed 'o 

environmental tobacco smoke (ETS). We ar-

currently investigating the extent to which area 

samples describe the exposure of a norunok-r tr, 

ETS, as <Jeiermined by a breathing zone 

measurement of vapor phase nicotine. The study 

has both a laboratory and field component to it. 

First, in our ETS room, a converted office with 

modified ventilation and a number of on-line 

monitoring instruments, a wide range of 

concentrations of ETS were generated using a new 

aspirator apparatus linked to a sidestream smoke 

generator. The system can produce a continuously 

variable and highly reproducible concentration of 

ETS in a fixed volume environment. These 

atmospheres were sampled simultaneously, using 

both the area sampler (a pump/XAD-4 resin 

cartridge combination) and the personal sampler (a 

smaller pump/Tenax resin cartridge combination). 



68 

The data from multiple samplings over a range of 

nicotine concentrations of 1 - 150 «gAn3, followed 

by GC analysts using nitrogen specific detection, 

indicated the two systems produce virtually identical 

concentration values. Tbe next phase of the study 

will be to place both area samplers, and individuals 

wearing tbe personal samplers in the field in public 

places, such as bowling alleys, restaurants, and 

gaming establishments. Tbe individuals win move 

through the areas in a manner similar to that of a 

nonsmoking individual, while tbe area sampler wifl 

remain stationary. A comparison of the two suites 

of samples win provide an estimate of tbe extent tc 

which an area sample of vapor phase nicotine can 

estimate an individual's exposure to environmental 

tobacco smoke. 

(C. E. Higgms, J. H. Moneyhun, R. L Moody, and 
R. A. Jenkins) 

Military and Specialty Atmoaphcre Studks 

Our aerosol technology program includes projects 

related to the generation and characterization of 

test atmospheres for military and other purposes. 

During the past year, our work has been 

predominantly experimental. Last year, we 

completed development and characterization of a 

laboratory scale generator for a military biphasic 

obscurant aerosol. One phase is generated from a 

petroleum based liquid (PBL) using 

evaporation/condensation technology previously 

developed in our laboratory. The other phase is 

generated from finely divided solid material which is 

deaggiomerated and dispersed using a small jei mill. 

The two aerosol clouds are mixed at ambient 

temperature and delivered to a chamber for 

characterization or inhalation exposure. We initiated 

construction on five generator systems. This year, 

we completed construction on those systems, and 

installed and tested them at tbe Illinois Institute of 

Technology Research Institute in Chicago, where 

they arc now being used to study the inhalation 

toxicity of tbe combination aerosoL 

Characterization of exhaust from test scale rocket 

motors from band-held anti-tank weapons systems 

has continued. The purpose of the effort is to 

provide both a data base for health risk assessment 

and input into improved computer model 

projections of exhaust products. For this study, the 

concentrations of both major and minor vapor and 

particle phase constituents are being determined. 

Since many of tbe potential species are reactive, 

real-time monitoring systems to determine leveis of 

particulates, ammonia, oxides of nitrogen, hydrogen 

cyanide, carbon monoxide and dioxide, and 

hydrogen chloride are used. Analytical methods 

validation experiments are being performed using 

free burns of small quantities of the candidate 

propelianu in a small chamber at Building 5507. 

Samples for the actual characterization studies are 

collected from firings of scaled down test motors in 

a 19.6 m 3 chamber at the Army's Signature 

Characterization Facility (ASCF) at Redstone 

Arsenal in Huntsville, Alabama. One sampling trip 

was made to the ASCF in late January. Another 

took place in early December of 1969. The January 

tests of a 25 gram 1/4 scale motor, containing a 

large fraction of ammonium perchiorate in the fuel 

formulation, produced exhausts that were relatively 

high in both CO and HO (330 and 115 pom, 

respectively) when diluted with the dean atmosphere 

of the chamber. Particulate concentrations were 

about 40 mg/m3, of which aluminum, copper, and 

lead represented a significant fraction (3.5, 4.5 and 

2 mg/m3, respectively). Vapor and particle phase 
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organic* are still to be analyzed. This is a joint 

project with tbc Comput ing and 

Telecommunications Division, whose staff are 

ramming existing computer models to determine 

the extent to which such models can predict toe 

concentrations of major and minor toxic constituents 

produced. Interestingly, in the initial comparisons of 

the first propeUant characterized, the agreement 

between the observed and predicted concentrations 

of HO, CO, and (X>2 have been outstanding 

We have aiso been involved with a small, but 

interesting new project involving the control of pest 

species of birds. Currently, the avicide 2-chioro-p-

toluidine (CPT) must be sprayed at very high 

concentrations from airplanes over blackbird or 

starling roosts so that a sufficient quantity of the 

spray will contact the feather* and be artorbed 

through the skin. Because the concentration and 

concomitant environmental burden is so high, there 

is some question as to whether CPT can receive 

approval for routine use. Consequently, the 

Department of Agriculture's Denver Wildlife 

Research Center (DWRC) wanted to investigate 

the inhalation toxicology of an aerosol of CPT, to 

determine if a more effective route of 

administration could be found. ORNL was 

requested to develop a laboratory scale generator 

for an aerosol of CPT to support animal studies, 

and chemically characterize the resulting material. 

Because of chemical thermodynamic considerations, 

the development of a controlled atmosphere of a 

relatively volatile compound with a significant 

fraction of the target compound in the liquid is not 

straightforward. A number of approaches were 

investigated. A small nebulizer intended for human 

use proveti most efficacious. In one approach, a 

water-propylene glycol solution was nebulized at a 

sufficiently high rate so as to saturate the 

atmosphere in the exposure chamber and impede 

evaporation sufficiently to retain a significant 

fraction of the CPT in tne liquid phase. In another 

approach, the CPT, a primary amine, was titrated 

in the formulation with HCL The resulting 

hydrochloride salt (CPTH) is very nonvolatile. In 

fact, an aerosol with virtually aO of the CPTH in a 

sostd phase can be generated easily. Initial 

detenninationt of aerosol concentrations and particle 

size distributions were performed by collecting filter 

or jmfrtnr stage samplta, eiuting the deposited 

solution, and determining the CPT or CPTH with 

UV absorption at 245 nm. A series of scoping 

experiments were performed at the DWRC with the 

aid of ORNL stafT in October. The results 

suggested that CPT delivered in an inhalable size 

(3 - 5 micron diameter) aerosol is substantially more 

toxic to target species than even CPT administered 

intravenously. If the remainder of the scoping 

studies prove equally promising, we are expected to 

have a major role in the development of a more 

sophisticated laboratory and field aerosol generation 

system. 

(R. A. Jenkins, J. H. Moneyhun, C V. Thompson, 
At L Moody, C. £ Higgins, and T. M. GayU*) 

'Instrumentation and Controls Division 

Pjivironmenul Studka 

The other major component of the group's 

activities is environmental analytical chemistry. The 

major focus of the work is field analysis, with the 

goal being to facilitate, reduce reliance on, and/or 

replace laboratory analysis. In collaboration with 

staff from the Radioactive Materials Analysis 

Section, we performed a detailed evaluation of a 
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portable X-ray fluorescence (XRF) system for the 

field analysis of copper, arsenic, mercury, and lead 

in contaminated soil and water. This work was 

sponsored by the Army's Toxic and Hazardous 

Materials Agency (USATHAMA) in support of 

ongoing programs at Rocky Mountain Arsenal 

(RMA). In initial evaluation experiments, 

temperature was shown to have no effect on the 

system performance. The ruggedness test for 

pressure determined a 12% difference in response 

for standards run at the elevation of RMA (ca. 

1600 m) and those run at the elevation of ORNL. 

Abo. variation of the iron content of the soil was 

shown to have an effect on apparent copper 

concentration. However, this effect was shown to 

be small, compared with other factors. Certification 

of the analytical methods was performed in the 

laboratory and under field conditions acceding to 

USATHAMA guidelines. Repeated field analyses 

of actual environmental samples were conducted 

with one sump water and four large surface soil 

samples collected at RMA. Far soil, certified 

reporting limits (CRL) were determined to be 112, 

187, and 192 ppm for arsenic, mercury, and lead in 

RMA soil, respectively. CRL's for copper, mercury, 

and lead in water were 38, 39, and 176 ppm, 

respectively. For samples acquired in the held and 

returned to the laboratory for analysis, the XRF 

system was shown not to be equivalent to the lab 

analysis, in terms of precision and/or accuracy in 

those cases where the contaminant level was above 

that of the CRL. However, in nearly all of the 

element/sample comparisons, the XRF system was 

abie to accurately determine whether the 

contamination level was above or below the CRL, 

and the approximate level of contamination. Thus, 

it appu.<-s that the Xr.F system can be used for 

screening toils and waters contaminated above the 

100 - 300 ppm isngc. 

As part of the overall goals cf remedial action at 

DOE facilities, there has been increasing research 

emphasis on performing field-based screening and/or 

quantitative analysis of environmental samples. As 

a result of a detailed technology assessment 

conducted far the US Army's Toxic and Hazardous 

Materials Agency (USATHAMA), a number of 

promising strategies for the rapid field processing, 

screening, and/or analysis of volatile and semivolatile 

organic contaminants were identified. These 

included, among others, the use of industrial 

hygiene type, coiorunetric indicator tubes for field 

screening of volatile*, and the use of triple sorbent 

resin traps for the concentration or stabilization of 

voiatiles prior to field screening or return to the 

laboratory for detailed analysis. We have initiated 

laboratory evaluation of these two approaches. 

Cotorimetric indicator tubes for benzene, toluene, 

carbon tetrachloride, tetrachlorocthylene, and 

acetone were interfaced to a small, field portable 

purge device. Following studies designed to 

minimize the impact of water aerosols on the lubes, 

analytical detection limits were established. The 

detection limits observed were SO ng/L for benzene, 

carbon tetrachloride, tetrachloroethene, toluene, and 

trichloroetnene, and 1000 *g/L for acetone. 

Because of the criteria chosen for determining the 

detection limits, a conservative estimate for the 

dynamic range for these cotorimctric indicator tubes 

is two orders of magnitude. The rationale behind 

using a triple sorbent trap is that the use of a 

second stage and a third stage sorbent significantly 

increases the number of constituents visualized and 

reduces breakthrough. Most of the compounds in 

the evaluation study were chosen to bracket a large 

range of volatilities for compounds found on FPA's 
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target compound lot (TCL), and because tbey nave 

been identified as contaminants at a number of 

DOE sites. The trisorb traps were shown in 

laboratory evaluation to effectively trap VOQ 

purged bom spiked water samples, with 100% 

retention except for 1,1 dichioroetbene and benzene 

at high purge Dow rates, where percent 

breakthroughs were <30%. The purge efficiency 

and component recovery from the traps was 53% 

and greater, with the efficiency and recovery 

increasing with orwtarninant level. Both of these 

approaches will be field tested in the coming year. 

Our studies of determination of pre-analytica.' 

holding times for environmental samples were 

transferred to the Special Projects Group at 

mid-year. These studies have been directed toward 

determination of the extent to which environmental 

samples can be held prior to analysis without 

'significant* degradation of the target analytes. 

These studies have been accomplished by spiking 

selected soil and water matrices, storing the samples 

under a variety of conditions, and analyzing them at 

preselected intervals. The effects of various 

preservation strategies have been investigated. 

During this past year, experimental efforts have 

been directed toward the emplacement of analytical 

methods for the determination of suites of 

semivolatiie compounds in soil and water. 

Currently, we have in place analytical procedures for 

organochlonne pesticides by GC/ECD, phenols and 

phthalates by HPLC, and PAH's by HPLC, using 

programmable wavelength fluorescence detection. 

Our data evaluation studies have been directed 

toward a detailed statistical determination of 

maximum pre-analytical holding times (MHTs) for 

volatile organics in water. For most of the species, 

in both unpreserved samples, and samples preserved 

with ascorbic acid or sodium bisulfate, MHTs could 

be determined using zero- or first-order 

approximating models of the diminution of 

concentration cf the target species with time. 

However, in some caws, a cubic spline fit of the 

data was required. In general, for those species 

which had minimal stability ia unpreserved samples, 

preservation with acid significantly increased holding 

times. However, addition of acid did not necessarily 

reduce the variability of the concentration 

measurement, and neither of the acids tested 

uniformly achieved longer MHTs for the volatile*. 

During the coming year, we expect to continue our 

data evaluation of experimental results obtained 

earlier for explosives in soil and water, and begin 

the experimental phase of our studies of holding 

tiroes of semivolatiie species. 

(R. L Moody. C V. Thompson, C. £ Higgins, 
F. F. Dyer* C. K Bayne," B. A. TomJdns, and 
R A. Jenkins) 

'Radioactive Materials Analysis Section 
• 'Computing and Telecommunications Division 

ORGANIC ANALYSIS 

M. P. Maskarinec 

The Organic Analysis Group performs qualitative 

and quantitative determinations of organic 

compounds in a wide variety of sample matrices. 

Virtually all of these matrices are environmental in 

origin, and work can be roughly divided into routine 

environmental analyses and compliance analyses. 

Most methods used are multicomponem in nature 

and capable of achieving low part-per-billion 

sensitivities. The group supports Laboratory 

programs as well as similar external and worfc-for-
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others programs. The group currently consists of 

fourteen full-time staff members. 

The primary function of the group is supported 

by four interdependent efforts: 1) administration, 

consisting of sample receipt, tracking, reporting, and 

quality control; 2) sample preparation; 3) gas 

chromatographic analysis; and 4) gas 

chromatographyAnass spectrometric analysis. In 

each of these areas, both staff and equipment 

capabilities have been expanded and/or upgraded. 

Sample tracking and chain-of-custody procedures 

are now in place and have been approved in various 

audits. Consequently, it is possible to precisely 

locate any sample in the system with minimal effort. 

All standard operating procedures have been 

updated, and scvera' new procedures have been 

written. There are still procedures which must be 

implemented, and this will undoubtedly be a 

continuing process. 

Several other steps have been taken in order to 

improve the quality of data generated by the group. 

A group Quality Assurance Plan has been written 

and is currently under review. Ir.-house quality 

control samples are now being run on an ongoing 

basis. These will probably assume a major role in 

quality control as external performance evaluation 

materials become lew available. We have 

implemented a data base style system for customer 

tracking and charging, and have developed a formal 

system for sample receipt. We have continued our 

participation in the USEPA Quarterly Performance 

Evaluation system, and our scores over the last 

three quarters have been acceptable. 

There are several steps still to be taken to 

improve the administration of the group: one 

arirfiiintfai staff member is needed for the 

receiving/reporting area, space is required for a 

formal sample receiving area, and sample 

preparation information ought to be electronically 

enteied. The latter should be accomplished soon. 

(M. f. Maskamec, L, J. Wachter, and R L. 
Williams) 

The sample preparation area is currently staffed 

by five technicians. Their primary function is 

preparation of samples to a point where 

instrumental analysis is possible. Several significant 

changes have been made to the preparation 

laboratory this year. First, the effort has been 

divided according to sample matrix and final analysis 

required. One full laboratory has been devoted to 

the preparation of soil, waste, and tissue samples. 

This laboratory has the capability to perform all of 

the required Resource Conservation and Recovery 

Act (RCRA) methods, including Soxhlet extraction 

(six extractors), ultrasonic extraction (four 

sonicators), the newly approved Soxtec extraction 

(12 unit*), Kudema-Danish concentration, Florisil 

and gel permeation chromatography cleanup, and all 

arsocjatcd procedures (pH, % lipids, etc.). A 

second full laboratory has been devoted to the 

analysis of water samples. Thn laboratory also has 

the capability to perform all approved RCRA 

methods, including separatory funnel liquid/liquid 

extraction, continuous liquid/liquid extraction, extract 

concentration, and alumina cleanup. One small 

laboratory remains dedicated to the cleanup -nd 

final concentration of pesticide extracts. 

Administration Sample Preparation 
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There have been several benefits to this division 

of effort. First, the staff member assigned to the 

preparation of a group of samples is now 

responsible for the entire preparation, rather than 

only one step in the process. This reduces the 

chain-of-custody problems and helps assure that no 

errors in communication are made between the 

sample preparation technicians. Second, the 

equipment (glassware) used in each area is now 

kept separate. Since the water samples are 

generally clean and contain the analytes at low 

concentrations, it is critical thai the glassware remain 

uncontaminated. However, waste samples, soil, and 

tissue samples are often very high in contamination. 

This made it difficult to maintain dean glassware for 

the low level analyses. Third, new technicians added 

to the group are generally assigned to the sample 

preparation area iirst. The division of methods 

makes training a simpier task, since each method 

can be taught from start to finish, and proficiency 

can be tested to assure competency. 

There *iave been several additions to the sample 

preparation laboratories in terms of equipment. As 

mentioned earlier, the Soxtec extractor » now set 

up and available. This device, which is approved 

for the extraction of potychlorinatcl biphenyls 

(PCBs) m soil, is much more rapid than SoxhJet 

extraction and has higher throughput than ultrasonic 

extraction. Unfortunately contamination and 

carryover have been problems which have limited 

the utility of the device. Because of the 

contamination problem in general, a large oven 

which is capable of providing high temperature 

bake-out of glassware was acquired and installed. 

This oven has been operated up to 380* C, and we 

are hopeful that its use will eliminate many of the 

contamination problems. 

We have also acquired three automated 

evaporation units. These units, manufaaured by 

Zymark, are capable of replacing the time and labor 

intensive Kudema-Danish evaporators. Each unit 

can evaporate six samples at once. The evaporation 

is carried out using a nitrogen stream aimeo at the 

sample in such a way as to create a helical motion 

in the concentration tube. This motion provides a 

relatively high evaporation rate without aerosol 

formation and the resulting anaryte kr* .iie 

concentrator tube is a simple design with a n >pled 

bottom; very easy to dean. The units are (.quipped 

with a thermostatically controlled water bath and 

optical sensors for endpoint detection. The units 

can be set to evaporate to dryness or to 0J raL 

In operation for approximately three months, these 

units have been quite useful in the concentration of 

pesticide/PCB extracts, since they can also be set to 

perform a solvent switch (methylene chloride to 

bexane) as required by the USEPA methodology. 

The time involved in the concentration has been 

reduced approximately 50*%, glassware cleaning is 

now trivial, and operator attention b no longer 

necessary. We are currently optimizing the unit for 

the concentration of semivolatile extracts. 

The primary methodology addition has been the 

establishment of a dilution system for the analysis 

of waste samples. Each waste sample is diluted 

with methanol fur ihe analysis of volatile organics 

and "F-list" solvents. A second aliquot of the 

•ample is diluted with methylene chloride for the 

analyse, of semivolatile organic compounds. Finally, 

a third aliquot of the sample is diluted with bexane 

and cleaned up using Florisil for the determination 

of PCB's. With the addition of GC screening 

analysis (described below), we have been able to 
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cope reasonably well with the large number of waste 

samples received over the last twelve months. 

(M. P. Maskarinec, G. M Henderson, D. A. Jenkins, 
D. D. Pair, P. L Pierson, and C D Vamadon) 

Gas Cbromatognpby 

The gas chromatography laboratory is presently 

starred by four chemists. There are nine gas 

chromatographs available, six of which have 

automated sample injectors. Six instruments are 

equipped with electron capture detectors, three with 

nitrogen/phosphorus detectors and all with flame 

ionization detectors. All have capillary capability, 

either narrow bore or megabore. However, only 

two of the instruments were purchased in the last 

five years, and four are 12 years old. The limited 

reliability of these instruments causes considerable 

down lime. The laboratory also contains a Nelson 

Anar/.cal PC-based data system. We are hoping to 

add a VAX-based data management system in the 

near future. 

Methodology used in the gas chromatography 

laboratory includes any of the RCRA 8000 series 

CC ,r: hods, although method 8080 

(pesiibdjs/PCBs) is used for the majority of the 

samples analyzed. However, due to the large 

number of waste samples characterized during the 

past year, a capability was established for gas 

chromatographic screening of the diluted samples. 

This screening process allows us to more accurately 

predict the appropriate dilution if gas 

chromatography/mass spectrometry (GC/MS) 

analysis is necessary, and in addition allows us to 

eliminate the GC/MS analysis for those samples not 

containing chromatographabie components. Initially, 

the screening was done manually by direct injection 

for both the voiatiles and the scmivoiatiles. 

However, the capability became more and more 

necessary as the year progressed, and both systems 

are now automated, with the voiatiles being 

analyzed by purge and trap injection. 

(M. P. Maskarinec, ft M. Edwards, £ M. Smith, and 
ft Merriweather) 

fii f T m i i l n n J i j / M M "|w> IIIMIM liji 

Toe GC/MS laboratory performs routine analysis 

primarily on environmental samples. The laboratory 

has been staffed by as many as four chcmistV-

technicians. Currently, three staff members are 

assigned to the labora~ry, with an anticipated 

addition of one technician in the near future. Four 

instruments are available, two each for volatile 

analysis and semivolatile analysis. All instruments 

are maintained on vendor service contracts, which 

has allowed the instruments to be operated with 

minimal down time 

Hardware improvements in GC/MS have again 

been significant during this year. A second central 

computer iwstem has been added and dedicated to 

the instruments performing volatile organic analysis. 

This greatly improves the data processing and 

reporting capabilities of the two systems. Improved 

interfacing capability has also been added, although 

this caused considerable difficulties during startup. 

The full capabilities of the system have not yet been 

tested. 

One of the volatile organic systems has now been 

equipped with a heated, automated purge and trap 

device. This capability is required by EPA 

methodology. However, several difficulties were 

encountered in the initial validation, which resulted 

in modification of the device. Needle spargers with 
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valves were added tc tbe individual purge units, to 

that internal standards and surrogates could be 

added to a dosed system, as is done with water 

samples. This eliminated tbe problem of poor 

internal standard response and surrogate recovery. 

The connectors were modified to accept a VOA 

vial, so that soil samples could be analyzed without 

weighing and/or transfer. Other wc + in tbe section 

had indicated that this was necessary for precise 

measurement of volatiies in soiL We now have 

confidence in the analyst! of volatiies in toil, 

although there is still some question about the 

techniques used for sampling. 

Also during the past year, EPA has approved the 

use of wide bore capillary columns for the analysis 

of volatile organic*. We have installed such a 

column in one cf the instruments and anticipate 

converting the other instrument as well. The new 

method offers the usual advantages over the 

previous packed column: faster analysis, better 

chromatographic resolution, and higher sensitivity. 

At the present time, we are working to develop the 

required software to take full advantage of the new 

technology. We anticipate that capacity will be 

doubled by the use of the new methodology. 

During this year, EPA created a working group 

for (he improvement of identification of tentatively 

identified compounds (TICs). One member of tbe 

OAL staff (MPM) was invited to join this group. 

As a result of this interaction, we have begun the 

formidable task of creating a new library of max 

spectra which includes only those TICs with a high 

probability of occurrence in environmental samples. 

There are two sources of possible compounds: 

i) alternate lists of anaryte* used by EPA programs 

other than the CLP such as the RCRA .ppendix 

IX list and the Drinking Water list of volatiies, and 

2) a database generated by the CLP Sample 

Management Office on those TICs reported to EPA 

by tbe entire CLP community during the last 

eighteen months. We have begun to construct this 

library using tbe alternate lists, both because of 

compound availability and because of the possible 

need to perform analyses on these compounds for 

regulatory purposes. We are currently including 

three pieces of information in tbe database: 1) the 

mats spectrum, 2) tbe gas chromatographic 

retention index with reference to the internal 

standards, and 3) tbe relative response factor of the 

compound versus tbe internal standards. 

We have also added tbe capability of performing 

analysis of sorbent traps for tbe presence of volatile 

organic*. Tbe need for this type ci determination 

arises from two sources: 1) industrial hygiene 

investigations, and 2) tbe purging of radioactive 

samples in controlled areas onto traps, which are 

subsequently returned to OAL for analysis. Tne 

methodology is still somewhat cumbersome, and we 

anticipate improving this capability during the next 

year. 

(hi P. Maskarinec, S. H. Harmon, G. Z. Fleming, 
and 5. D. Glover) 

ORNL/UTK RESEARCH P R ' M J R A M 

G. A Guiochon 

The recent years have seen a rapidly growing 

interest devoted to the theory of nonlinear 

chromatography and to iu various applications. 

Considerable scientific activity is taking place in this 

area and great progress has been achieved in the 

understanding of the behavior of large concentration 

zones in chromatographic columns, and in the 

development of the first serious attempts at 



optimizing the experimental cooditkns under which 

a separation is run, in order to maximize the 

production at a stated degree of purity, as weB as 

in various other applications. 

The research work conducted by the group deals 

with the relationships between the chromatographic 

signals obtained at high concentrations and the 

thermodynamics and kinetics of the interactions 

between the chromatographic system (mobile and 

stationary phases) and the components of the 

mixture studied. 

Theory of Chromatography 

Important advances in the theory of 

chromatography now permit the understanding of 

the migration of large concentration bands along 

chromatographic columns. The theory of 

chromatography is based on the solution of a system 

of equations which accounts for. 

- the mass balance of each chemical species 

involved in an infinitely thin slice of the column. 

• the kinetics of mass transfer of these chemical 

species across the column and between phases. 

All the components of the sample must be 

considered, since the presence of one compound 

influences the kinetics of sorption and desorption of 

all the other components. Similarly, we ought to 

consider as wed all the components of the mobile 

phase, except that we may assume, by a proper 

choice of the adsorption convention, that the weak 

solvent is not sorbed. But certainly the presence of 

(he strong solvent (the organic modifier) changes 

the sorption kinetics of the sample components: the 

purpose of using these additives is to adjust the 

retention, i.e., the rate of adsorption, of the mixture 

components. 

Two kinds of models of chromatography have 

beeu drrloped: equilibrium models (ideal and 

semi-ideal models) and kinetic models. The models 

of the first kind predict correctly the dution and the 

displacement of large concentration bands, the 

gradient elution of such bands, and system peaks in 

most chromatographic systems used in the high 

performance implementations of the method 

(normal and reversed phase HPLC, ion exchange, 

size exclusion and hydrophobic interaction 

chromatography). They are relatively simple to use 

since they require only the competitive equilibrium 

isotherms of the compounds involved. They are 

incorrect, however, when the kinetics of the 

retention mechanism become slow, such as in 

affinity chromatography or in the determination of 

breakthrough curves in adsorption processes. Then 

kinetic modeb must be used. These require 

information regarding the kinetics of mass transfer 

and of phase equilibria which is often difficult to 

obtain. 

In both cases, it is not possible to derive an exact 

analytical solution of the system of partial 

differential equations to which the selected model 

leads, except in some specific cases. The ideal 

model and the kinetic model can be solved in the 

case of tr? Langmuir model of adsorption. 

Otherwise, numerical solutions may be obtained. 

They are in excellent agreement with experimental 

results, provided the proper equilibrium or kinetic 

equation be used. 

The main roadblock seems to have become the 

lack of proper model for these equations, in fact, 

the very limited theoretical background on the 

kinetics and thermodynamia of adsorption for 

complex systems. We are collecting adsorption data 

for various compounds and for several binary 

mixtures (alcohols, phenols, optical isomers of 
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amino-aeids, peptides and proteins). These data are 

Sited against those corresponding to the known 

models. CcskJerabJe difficulties come from the 

lack of suitable isotherm equations, especially for 

tre competitive adsorption of several compounds 

cxnbined with the extreme sensitivity of the 

chromatographic band profiles to minor changes in 

the isotherm. Supplying the isotherm data to the 

chromatographic program as a table requires an 

accurate procedure of interpolation. 

Comparison between the individual dution 

profiles of the components of binary mixtures and 

the profiles predicted by our simulation program 

gives excellent results when the correct isotherms 

are available. 

(G A. Guiochon, M. Z El FaUah* A. St. Katti," 
and J. V.H. Schudtf) 

'Postdoctoral research associate 
••Predoctoral student, University of Tennessee 

Optimization of Experimental Conditions 

The development of a reliable and useful theory 

of optimization of the experimental parameters of 

a preparative chromatographic separation requires 

essentially a rapid, convenient and accurate method 

of determination of mixed, competitive isotherms. 

Tho, in turn, requires some significant advances in 

our understanding of adsorption mechanisms. 

Various procedure* have been suggested for the 

optimization of experimental parameters. The main 

ones have been described by Hupe, by Snyder, and 

by us. The first two are empiric*'. As such they 

are valid only within the range of experimental 

conditions where they have been determined. The 

same is true for the conclusions derived from 

computer simulations, which require exact numerical 

values. In both cases, general conclusions may be 

based only on the results of a large number of 

results, obtained for a broad range of values of the 

parameters involved. The combination of an exact 

simulation algorithm and a Simplex optimization 

procedure has given excellent results. 

More general conclusions can be derived from 

the analytical solutions of the ideal model which we 

have recently obtained. The difficulty, once again, 

is in the proper introduction in the theoretical 

model of the exact isotherm equation. Any 

optimization procedure which does not take into 

account the interaction between the compounds to 

be separated and their competition for the available 

sites in the stationary phase is doomed to fail to 

predict correctly the etution profiles of each 

compound. Any prediction procedure which takes 

these phenomena into account is very complex and 

requires the preliminnry acquisition of large amounts 

of data. 

It has been possible to demonstrate that the 

production yield for each of two compounds to be 

separated and isolated with a certain degree of 

purity increases, at constant sample size, with 

increasing column efficiency. However, the 

production increase: with the Row velocity, since the 

injection frequency increases. Since the column 

efficiency decreases with increasing flow velocity, 

there should be some optimum flow rate, for which 

the production of a component at a stated degree 

of purity is maximum. There is no reason, however, 

that this optimum flow rate to be the same for the 

different components of a complex sample. It has 

not been pocsibie yet to determine exactly what this 
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flow rate is or how an experimentalist can find it 

out rapidly. 

(G. A. Guiochon and A. M. Katti*) 

*Predoctoral student, University of Tennessee 

Surface Properties of Ceramic Powders. 

This work is an application of. our previous 

results in the theory of non-linear chromatography. 

Pure compounds are used as probes to investigate 

the physjco-chemica; properties of the surface of 

ceramic powders. Plugs of pure compounds are 

injected on open tubular gas chromatographic 

columns whose walls are covered with a layer of 

these powders. The eluiion profiles are recorded 

and analyzed. They contain the information 

necessary to derive the surface energy distribution 

of the particles. 

Specialty ceramic products have achieved great 

importance, notably in the production of high 

temperature materials for aeronautic engines and of 

materials with unusual dielectric, magnetic or 

electric properties for electronic devices. In most 

cases, considerable difficulties are met when molding 

and firing these ceramic parts. The raw material 

used is a very fine powder (size distribution between 

0.2 and 1 /un) of the desired oxide, nitride or 

carbide. After mixing with other powders (flux), a 

binding agent (usually polymeric), a dispersam 

(surface active agent), and an appropriate solvent, 

the powder - agglomerated and molded, then fired. 

l)ur>.ig the thermal process, the parts, which are 

originally porous, unconsolidated agglomerates, 

shrink, while their porosity decreases from ca 40% 

to almost none. This change in volume is often 

accompanied by the appearance of internal stress 

resulting in the rupture of the pan or the formation 

of cracks. Ceramic materials having the same origin 

and apparently the same properties behave very 

differently, some giving satisfactory products, others 

not. 

Growing evidence has been accumulated that this 

phenomenon is due to differences in the surface 

chemistry of the particles, differences which are not 

shewn by tests conventional in the ceramic industry, 

suet as the titration curves, the zeu potential, the 

pH of a suspension of the powder, etc Other 

methods of studying the chemical properties of the 

surface appear to be necessary. 

Our aim is the development of a scries of tests 

based on the determination of the adsorption 

isotherms for a series of appropriate probes, 

followed by tte derivation of the energy distribution 

function and of the energy of formation of a 

monolayer for all these compounds. The probes 

are chosen after consideration of the nature of the 

binding agent, the surfactant and the solvent used 

in the ceramic processing, since the relationship 

between the surface energy of the powder and the 

properties of these chemicals is of great importance. 

The adsorption isotherms are determined from the 

elution profiles of high concentration plugs of each 

probe compound, using dedicated computer 

programs we have developed. The surface energy 

distribution is derived from these isotherms, using a 

model which assumes that the surface is an irregular 

quilt made of uniform surface energy patches, on 

which the adsorption isotherm is given by the 

Langmuir isotherm. The coefficients of these 

Langmuir isotherms are related to the patch surface 

energy. 

The characteristics of the energy distribution 

functions and of the monolayer formation energies 



of tbe probe oompouodi for a certain surface wffl 

be related to the performance of samples of tbe 

corresponding material in actual production. If A 

proves possible to distinguish tbe products which 

perform well from those which behave poorly, the 

method win permit tbe development of a quality 

control program for tbe high technology ceramic 

industry. 

(G. A. Guiochnn, E. V. Dote,9 andJ.L Roles**) 

'Postdoctoral research associate 
"Predoctoral student, University of Tennessee 



5. ORNL ENVIRONMENTAL PROGRAMS 

W. R. Laing 

Environmental analyses are an important part of the work done by this division. Samples from the 

Environmental and Health Protection and the Environmental Sciences Divisions and tbe DOE Environmental 

Survey totaled 216,000 measurements; this accounted for 70% of the ACD analytical support work. The number 

of groundwater samples from monitoring wells increased as did the number from remedial action activities related 

to waste area groups and inactive storage tanks. Details of these activities arc found in individual section reports. 

DOE ENVIRONMENTAL SURVEY 

This year saw the winding down of the DOE 

Environmental Survey. The remaining samples from 

Idaho National Engineering Laboratory (INEL) 

were completed by the end of December. A data 

quality and useability review of the organic results 

using EPA guidelines was completed in January. 

This review showed that the results from the 

Pantex, Lawrence Livermore/Sandia and Argonne 

sites were 51% quality level 1 and 2 and 49% 

quality level 3. Quality level 3 results were further 

evaluated for useability and 90% were found to be 

useful data. Overall, 95% of the results were of 

sufficient quality to be of value to the Survey. 

In Jury a team from EPA Las Vegas vnued 

ORNL to review the data quality evaluation and to 

perform two audits. Their report found that the 

evaluation had been done properly. There were no 

major findings in the audit reports. 

AM of the site reports have been issued and 

accepted by DOE The remaining sample materials 

have been sent to waste and a purge of our files 

and records is in progress. The file purge will be 

indcud and sent to INEL for storage. 

Quarterly performance evaluation samples from 

EPA were analyzed for inorganic and organic 

constituents. The average score was 85 for 

inorganics and 78 for organic*. Our inductively 

coupled plasma spectrometer was out of service for 

most of the year and only two of the inorganic PE 

samples were reported. EPA had problems with 

the third quarter organic samples and no grade was 

issued. The radiochemical lab analyzed a variety of 

sample types from the Environmental Measurements 

Laboratory with a score of 91.4 and soil samples 

from EPA with a score of 94.3. 

A third party audit of the Pantex site data had 

no major findings. 

81 
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REMEDIAL ACTION PROGRAMS 

Wont on the characterization of waste area 

grouping (WAG) 6 began this year. Samples from 

a suite of w-Us drilled around the perimeter of the 

WAG were tested for organic*, inorganics and 

radioactivity. Over 28,000 results were reported for 

this program. 

The inactive tank sampling program expanded 

to include a total of 29 tames. Some of the samples 

required hot cell separations and extractions prior to 

analysis. An initial report was issued in August for 

part of the work so that planning could begin on 

the fate of the tank contents. The program will 

continue with sampling of active tanks. This work 

is discussed in detail in the reports from the 

Organic Chemistry and Radioactive Materials 

sections. 

Other remedial action work slowed because of 

funding, reflations, and a reorganization of the 

Operations Division during the year. 



6. QUALITY ASSURAf 

OUAIJTY ASSURANCE/ 
QUALITY CONTROL 

P. L. Howell* 

The Analytical Chemistry Division (ACD) 

continued an effort of upgrading its QA Program to 

the requirements of DOE Order 5700.6A, i.e., the 

use of Quality Assurance Program Requirements 

for Nuclear Faciliiies (NQA-1). The devetapmenl 

of an 18-element NQA-1 QA Program began in 

FY88. To develop the program, small group 

meetings were held to discus* the requirements of 

each NQA-1 element followed by discuss' n of how 

ihe requirements were applicable wu.u.in ACD. 

Procedures were then drafted and sent out for 

review and comment. The manual is in 

reproduction and document clearance stages and 

will be distributed to ACD staff in early CY90. 

Two ACD groups have issued QA Plans to 

supplement the manual, four other plans are in 

draft stages. 

The use of Quality Circles to identify and resolve 

problems was reinstated during CY88. The quality 

circle concept, coupled with performance 

improvement projects (PIP), originally operated as 

the ACD Quality Council. The name has recently 

been changed to Analytical Improvement Council 

(AIC). A charter was approved by division 

management in April, 1988, and a number of areas 

identified for follow-up by PIPs. The charter stated 

SAFETY A N D TRAINING 

that the function of the newly formed ACD Quality 

Council (cow the AIC) is the 'study of any issue 

concerning quality of work, efficiency of work, or 

methods of improvement.* Team members were 

chosen so that each section and facility in the 

division would be represented. 

PIP projects considered during 1989 were a 

Central Personal Computer Resource Facility, 

Standardization of Secretarial PCs, and Investigation 

of Provisions for Greater Flexibility in Changing 

Jobs. Some positive resulu from the projects 

included 1) installation of a central PC resource 

room which allows division staff members access to 

printers, plotters, a LaserJet printer, various PC 

software packages, and a facsimile machine, 2) 

standardization of use of some commercially 

software packages on secretarial PCs, and 3) better 

communication between the division director and 

non-supervisory staff members through periodic 

'Brown Bag Lunch" meetings without the presence 

of supervisory staff. One team considered the 

possibility of cross-training people and decided that 

it should be determined on a case-by-case basis. 

The low-level radiochemical analysis laboratory 

made two improvements in pi^—^ operations that 

resulted in considerable time savings and generally 

more efficient operations. The time required to 

perform analytical balance operations was reduced 

by 85% by computer interfacing and the mc 

required to maintain liquid nitrogen Dewars was 

reduced by 80% by connecting a scries of pipes and 
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hoses to a self-pressurized liquid nitrogen holding 

tank. 

A cost savings was realized through the actions of 

two ACD chemists aided by ACD quality assurance 

personnel. The chemists wrote specifications for an 

inductively coupled plasma/mass spectrometry 

(ICP/MS) instrument which was going to be leased. 

The specifications were reviewed by the QA 

specialist and a QA checklist prepared. Purchase 

specifications were written to include provisions for 

a vendor surveillance and a technical performance 

demonstration. Upon visiting the manufacturing 

plant, the chemists presented a QA checklist to the 

vendor, who provided appropriate documentation, 

including documentation of nonconformances during 

construction and corrective actions. However, the 

instrument did not meet technical performance 

expectations. This failure resulted in the chemists' 

declining to accept the instrument until all problems 

were corrected and acceptable performance 

demonstrated and documented. 

ACD groups are continuing to identify needs for 

standard operating procedures (SOPs). An 

enhanced system for division document control has 

been initiated which promotes a more systematic 

and disciplined approach to distribution and control. 

Previously developed SOPs and standard analytical 

methods (SAMs) are being refined and written to 

conform to NQA-1-type format. Many SOPs are 

being combined for a division-wide application as 

opposed to a group approach which resulted in too 

much duplication. 

A Oual.ry Assurance/Quality Control bulletin 

board has been erected in R-cor. \x of Building 

4500 South to inform ACD staff of upcoming 

activities, availability of reporu, results of 

performance evaluations, and other quality-related 

events. 

Quality Assurance and Quality Control staff 

members participated in twelve training courses and 

also served as instructors themselves in several 

traiLtng sessions. The QA Coordinator presented 

an invited seminar on QA to a group at Argonne 

National Laboratory on the subject of developing an 

NQA-1 QA Program. The Quality Control Officer 

and a chemist did a data quality and usability review 

on 1500 samples from the Department of Energy 

(DOE) Environmental Survey Program. 

Database tracking systems were installed for 

tracking standard operating procedures, inventory of 

quality control and reference materials, and external 

reviews and evaluations of ACD work (both 

technical support and research and development). 

A total of 20 quality assurance audits, 

surveillances, and reviews took place in ACD 

laboratories and facilities. Of the 20, three were 

customer-sponsored audits or reviews, two were 

ORNL audits, two were internal audits, and two 

were radioactive operations reviews. There were 11 

surveillances; nine internal and two associated with 

ORNL Isotope Generation and Depletion 

(ORIGEN) Code Verification Program activities. 

Quarterly and monthly quality control (QC) 

solutions continued to be provided to ACD 

inorganic, organic and radiochemical analysis 

laboratories. Monthly inorganic control solutions 

were purchased from Analytical Product* Group 

(APG), Belpre, Ohio and submitted as blinds. 

Results were reported to APG and statistically 

evaluated with 30-plus laboratories throughout the 

country. All DOE analytical chemistry laboratories 

operated by Martin Marietta Energy Systems, Inc. 

participate in this monthly program. Of the 539 

results reported January through November, 1989, 

96% have been acceptable. During the last quarter 

of CY89, the ACD organic group also participated 
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in this program on a trial basis in order to 

accumulate a database on organic analysis. APG 

plans to offer organic controls for purchase in 1990. 

Laboratories performing environmental 

compliance analyses continued to participate in 

Environmental Protection Agency (EPA) 

administered performance evaluation (PE) programs 

in addition to the mternalty-administered ones. The 

average score for two inorganic PE iet« was 852% 

(out of a possible 100%). Tbe average score for 

three organic PE sets for the same period was 

783%. The low-level radiochemical laboratory 

scored an average of 91.4% for 31 parameters in 

four matrices and 943% on round robin soil 

samples from the Environmental Measurements 

Laboratory. Additional "water pollution" QC 

samples were submitted quarterly and annually to 

the laboratories to monitor other inorganic 

measurements not covered by tbe PE sets. A score 

of "Acceptable" was received for all such sets. 

A cooperative program was established between 

ACD Quality Control and two customers in the 

Environmental and Health Protection Division in 

which quality control samples were prepared by the 

QC Officer, given to the customer and the customer 

submitted the "double blind" samples with routine 

environmental samples. The "double blind" samples 

were coded such that the QC Officer was able to 

access and evaluate the data. A total of 303 double 

blind samples were analyzed, 87% had recoveries of 

80% or greater. 

Quality Control summaries for the ACD QC 

program were not available because of the 

changeover to the Analytical laboratory Information 

System (Anal.IS) data management system. 

Software to summarize and generate reports is 

under development. 

(W. R. Lflvg S. K. HoUaday, C E. Higguu) 

•ORNL Quality Department 

SAFETY PROGRAM 

S. D. Wright 

A Safety Action Plan was implemented as a guide 

toward better safety in tbe Analytical Chemistry 

Division during 1989. The Division experienced five 

(5) first aid cases against seven (7) during the same 

period last year. Increased awareness of safety has 

been emphasized in all our Safety Meetings as a 

result of tbe above incidents. 

The Division has not experienced a lost workday 

case since June, 1971 

Notable achievements this reporting period: 

1. Safety Meetings held: 44; total attendance: 

814. 

2. Training Guide updates for our facilities at 

building 2026 and 7920 continue. 

3. Spring Clean-up week activities in May 

included fire training at building 2026 and 

4500N. 

4. Special Seminars relating to Technical Safety 

Appraisals were given. 

5. Monthly safety meetings at Building 2026 

were implemented. 

6. Nineteen operational safety summaries for 

ACD laboratory operations were documented. 
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As a result of DOE's Technical Safety Appraisal 

and ORNL's emphasis on its Environmental, Safety 

and Health Upgrade program, our personnel have 

made significant advances toward a safer working 

environment. These include better housekeeping, 

safer laboratory practices, and a much improved 

attitude in general about personal safety. 

This division continues to maintain a high level of 

safety awareness and accident prevention among our 

personnel as evidenced by a superior performance 

rating this year. 

TRAINING 

M. P. May 

Our training function, goals, and responsibilities 

have continued to expand during 1989. Training, in 

some capacity, has become a part of everything we 

do. Many changes have occurred on the corporate, 

plant, and division levels. 

Martin Marietta Energy Systems training 

methodology is based upon performance-based 

training (PBT), providing employees with the 

knowledge, skills, and ability necessary to perform 

their assigned tasks. This corporate methodology is 

being adopted throughout the Energy Systems sites 

ard will become our model approach to training. 

Energy Systems held the first "Martin Marietta 

Energy Systems Training Conference" in September, 

1989. It brought together, on a large scale and for 

the first time, people from all levels of training at 

DOE, Martin Marietta, MM Energy Systems, and 

field offices. The conference included invited talks 

(one by the ACD training coordinator), workshops, 

and breakout sessions covering the technical, 

rr^nagement, philosophy, and regulatory aspect* of 

training. Due to iu success the conference «ill be 

held on an annual basis. 

Energy Systems has created several new positions: 

Martin Marietta Training Director (Charles Emery), 

MMES Technical Training Manager (Duane 

Hymer), and ORNL Technical Training (Al 

Officer). This win provide more structure and 

support for training efforts. To respond on a plant 

site to the DOE Training Accreditation Order, 

MMES created a Training Accreditation Steering 

Committee comprised of divisional representatives 

for the affected facilities (W. D. Shults is the ACD 

representative). 

The MMES Technical Training Committee, 

whose function is to share training resources among 

the 5 sites, created several subcommittees during 

1969 to focus on specific training concerns 

(industrial safety, radiation safety, mobile equipment, 

etc.) The Analytical Laboratory Subcommittee deals 

with sharing training resources between the 

analytical laboratories at each site; Melanie May is 

the ORNL repreaenutive. The subcommittee has 

already shared many lesson plans, training program 

plans, on-the-job training checklists, etc. One of the 

major action items of the subcommittee for FY90 

is to develop a laboratory analyst general 

certification program. 

Within ACD, training at our nun-reactor nuclear 

facilities has undergone rigmfcant change and 

growth. Al HRLAL, J. L. Bolts took over as 

facility manager in June. He assigned the laboratory 

group responsibilities to D. E. Dihel. Together they 

are reworking the HRLAL training program to 

more closely meet the needs of those working there. 

The Facility Orientation Training Course, covering 

facility operating rules, safety guidelines, and 

emergency preparedness, is now offered in several 

different format* to accommodate laboratory 
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personnel, facility nuclear operators, maintenance 

and craft personnel, visitors, and temporary 

personnel. They nave completed a facility/group QA 

plan which is now in tbe review stages. Tbe training 

program for both the facility and the group has 

been reviewed and rewritten. They are currently 

writing and updating both analytical methods and 

standard operating procedures. 

The Transuranium Analytical Laboratory (TAL) 

at the Radiochemical Engineering Development 

Center acquired J. M. Keller as the new group 

leader in June. He has continued to implement and 

update tbe formal, documented training program for 

all laboratory personnel begun by the previous staff. 

(See ACD Annual Report for 1969, ORNL-6606, 

Chapter 2, Transuranium Analytical Laboratory*, 

for a more detailed description of training efforts at 

TAL). 

DOE Training Accreditation Order 5480.18 spells 

out new and more stringent requirements for 

training at selected DOE facilities. The ACD has 

employees working at both of the selected ORNL 

facilities: REDC and HFIR. (See ORNL-6606, 

Chapter 2, for Training Accreditation Program 

requirements). With the signing of the order in 

November 1989 by Secretary Watkins, the affected 

facilities will now have 3 years to develop and put 

in place a fully accreditable training program based 

upon the TAP requirements and PBT. A training 

process review was completed in November for 

HFIR and REDC, and revealed our deficiencies 

agiinst accreditation standards. For FY90, ACD will 

have to set forth a Training Program Accreditation 

Plan (TPAP) and complete job/task analyses. To 

assist and manage the TPAP development process, 

these facilities were assigned TPAP Program 

rjemeni Coordinators, with W. D Shulu (Mike 

Guerin- substitute) having that responsibility for 

ACD. Melanie May attended both tbe DOE 

Training Accreditation Workshop in May and the 

PBT- Design Phase Course held in June so that wc 

win better understand the TPAP requirements, how 

they apply to ACD, and to learn the PBT 

methodology needed to respond. These training 

programs rely heavily on a solid QA/QC program 

base, so during FY90 we win be conducting an 

internal QA Audit of our non-reactor nuclear 

training programs. At the current time, HRLAL 

Facility is not on the DOE current list of selected 

facilities to be accredited, but that could change in 

tbe future. 

ACD has completed the 3 planned sessions of 

the Illegal Substance Abuse Awareness Program" 

to be given to all employees before Dec 31,1989. 

The program was deemed highly effective and 

successful both by division employees and plant-wide 

personnel 

ACD also purchased a computer authoring 

system called "Course Builder*, which has the 

capability to allow programmed instruction with 

voice overlay. Future plans include developing a 

course of instruction using this computer based 

training technique. Together with instruction^ 

design experts from ORAU, a proposal was 

presented to the Office of Operational r J-.ty on 

"Developing/Implementing an Interactive Video 

Computer Based Training System on Emergency 

Preparedness, Alarms and Fvacuation for Waters 

at 2026 (Hot Cell Facility)". 

(M. P. May, J. M. Killer, J. L. Bom) 



7. SUPPLEMENTARY ACTIVITIES 

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

ADVISORY COMMITTEE 

The 1989 Advisory Committee was composed of: 
D. D. BIy, Central Research Department, DuPont Experimental Station, Wilmington, DE. 
R. G. Cooks, Chemistry Department, Purdue University, West Lafayette, IN. 
J. C Giddings, Department of Chemistry, University of Utah, Salt Lake City, UT. 
E. D. Pelizzari, Research Triangle Institute, Research Triangle Park, N C 

CONSULTANTS 

The following experts served on a short-term consulting basis this year. 
R. R. Meglen, University of Colorado, Denver, CO. 
S. Arnold, Polytechnic University, Brooklyn, NY. 
A. C. Schaffhauser, Metals & Ceramics Division, ORNL, Oak Ridge, TN. 
M. Poslusny, North Texas State University., Denton, TX. 
R. D. MacFarlane, Texas A&M University, College Station, TX. 
D. M. Schrader, Marquette University, Milwaukee, WI. 
R. M. Barnes, University of Massachusetts, Amherst, MA. 
J. S. Morris, University of Missouri, Columbia, MO. 
A. J. Boyer, University cl Nevada, Las Vegas, Las Vegas, NV. 
D. F. Hunt, University of Virginia, Charlottesville, VA. 
Y. R. Shen, University of California, Berkeley, Berkeley, CA. 
A. P. Tone, Southwest Missouri State University, Springfield, MO. 
J. C. Wright, University of Wisconsin, Madison, WI. 
C. B. Boss, North Carolina State University, Raleigh, N C 
J. A. Leary, University of California, Berkeley, Berkeley, CA. 
R. K. Marcus, Qcmson University, Ocmson, SC 
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The following experts served on a long-term basis this year. 

G. Mamantov, Unr crsity of Tennessee, KnoxviBe. 

A. G. Marshall, Ohio State University, Columbus, O R 

K. D. Cook, University of Tennessee, Kixxviue. 

L. B. Rogers, University of Georgia, Athens, GA. 

F. H. Field, CamSe & Henry Dreyfus Professor, Oak Ridge, TN. 

EDUCATION PROGRAMS 

John Dale and Debra Bostick served as Uojverssty Resationa Coordinators for student guests and faculty 

during 1969. 

OAK RIDGE ASSOCIATED UNIVERSITIES PROGRAMS 

Postgraduate Research f l W l O i Perry R. Bfcoewkz (Yale University) completed his research in laser 

and microwave spectroscopy with Mike Ramsey and Bil Whiten is the Analytical Spectroscopy Section-

Brian T. Buckley (North Caroana Stair University) began working with Mike Ramsey to develop a 

plasma source for tnultiphotoinniTalinn spectroscopy. 

Brian A. Eckenrode (Michigan State) is pursuing research development projects in mass spectrometry/ 

mass spectrometry with Gary Gash and Scott McLuckey. 

Eric Kertey (Texas A&M) has begun research in the development of an external ionization source for 

FTMS to enable investigation of high molecular weight bkxnotecules with Michelle Buchanan. 

ORAU Graduate Student Re—en, f i r m •*** A- Flurer (Indiana University) is working with Gary 

Glish and Scott McLuckey in the area of organic mass spectrometry. 

ORAU Laboratory GrarVfff fMTJT»1T*in'T y""gfffl iocelyn Dunphy (Indiana University) is working 

with Michelle Buchanan in the investigation of laser desorption Fourier transform mass spectroscopy for detection 

and characterization of trace levels of biological molecules isolated on chromatographic plates. 

ORAU Faculty Research Pmfr— Subrahmanyam Pendyala (SUNY, Fredonia) returned for the 

summer to continue his work with Dave Smith and Lester Hulett on positron spectroscopy. 

Elizabeth A. Stemmler (Bowdoin College) began collaborative research in gas-phase ion chemistry and 

isomeric differentiation using mass spectrometry. 

John A. Howell (Earlham College) returned to continue laser spectroscopy research with Mike Ramsey. 

ORAU Faculty RTmrH P m f m f " f T " • * " I W I f 1 " r - " i » i ~ l Wedad Hussein, 

an associate professor at Jackson State University, worked with Ted Mueller in tiie Chemical and Physical Analysis 

Group on R&D projects in the field of etectroanalyucal chematry. 
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SUMMER INTERN PROGRAM 

Summer latere Proaram. The division honed several partidpanu in the summer intern program. 

Steve Lyte, Southern Arkansas University, with C-b, Ho studied labeling techniques for HPLC 

determination of DNA-aromatic amine adducts. 

C Wayne Lyte, Southern Arkansas Univenity, participated in chromatographic research on DNA 

adducts with Michelle Buchanan. 

Joseph G. Ixxiderback, Davidson College, studied atomic spectroscopy using semiconductor diode lasers 

with Bob Shaw. 

David P. Moore, Gusuvut Adokphus College, worked with W. B. Whhten in the study of resonance -

enhanced later ionization of atoms and moteculra 

Robert J. Shine, Harvard University, participated in the study of HPLC separation and enrichment of 

trace constituents in DNA with Rote Ramsey. 

CO-OP PROGRAM 

Co-Op Protram. Jamie McKinney continued her co-op aatignment with Jeff Wade in the low-level 

radiochemical analysis group. 

UNIVERSITY OF TENNESSEE PROGRAM 

Dittintpimed Socantt Proaam. Dr. Georges Guiochon it continuing ha work through the Univenity 

of Tennestee/ORNL Distinguohcd Sciential Program. Pott-docs Mark L. Aubel, University of Georgia, Eric 

Dose, Rice Unrveni.'y, and Martin Czok, Univenity of Teaneatee, and predoctoral students, Jennifer Schudel, 

Aniu Katti, and Jeffry Riles are continuing their work at ORNL. An additional post-doc, Mohammed El Fallah, 

University of Tennessee, hit been added to Dr. Guiocbon's staff. 

Potcaduate Rctearcn Protram. Gary J. VanBerkel (Washington State University) completed his 

assignment in the Analytical Spectroscopy Section. 

Casey Grimm (Florida State Univenity) it continuing hit research of organic secondary ion emission with 

Peter Todd. 

R. T. Short (University of Tennessee) began hit participation in NIH-funded research with Peter Todd. 

Prcdoctoral Protram. Michael R. Troutman (Indiana University, Universisy of Tennessee) is working 

with Gary Glish on QEB instrument development and application. 

SCIENCE TEACHERS RESEARCH INVOLVEMENT FOR ViTAL EDUCATION (STRIVE) 

Charlotte M. Stockton, Dyertburg High School, worked with Harley Rots on the development a new 

technique for the detection of 1 2 9 I in the environment. 
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TEACHER RESEARCH ASSOCIATES PROGRAM 

Judy L Wayman, Knot County Schools, investigated novel mass spectromctric techniques for analysis 

of trace organic* with Michelle Buchanan. 

PATENTS 

Marcus B. Wise and Michelle V. Buchanan were granted two patents in 1989, "Multiplexed Electronically 

Programmable Multimode Ionization Detector for Chromatography* and "Variable Pressure Ionization Detector 

for Gas Chromatography.* 

INTERNATIONAL CONFERENCE ON NEW TRENDS IN LIQUID SCINTILLATION 
COUNTING AND ORGANIC SCINTILLATORS 

This conference was co-sponsored by the Analytical Chemistry Division of ORNL and the Center for 

Applied Isotope Studies of the University of Georgia. Held in Gatlinburg, Tennessee, October 2-5, 1989, the 

organizing committee was composed of Hariey Ross of ACD, and John Noakes and Jim Spaulding of the 

University of Georgia. Attendance was over 200 with 13 foreign countries represented. Papers were presented 

in seven sessions. Proceedings of the conference will be published in 1990. 

ORNL/DOE CONFERENCE ON ANALYTICAL CHEMISTRY Di ENERGY TECHNOLOGY 

11K 31st Annual Conference was held in Gatiinburg at the Riverside Motor Lodge, October 10-12,1939. 

The theme of the conference was "Technology for Today's Challenges*. Attendance was 256, with representatives 

from foreign countiies, academia, industrial institutions, DOE contractors, and other government agencies. There 

were 19 exhibiu (38 vendor representatives). Major topxs included new ideas in mass spectrometry, mathematical 

solutions to analytical problems, applications of plasma mats spectroscopy, recent development in field monitoring, 

r.ovcl methods for trace analysis, and interactive analytical seminars. 

A. L Harrod and S. D. Wright were Arrangements Chairmen, W. R. Laing was Technical Program 

Chairman, and R. K. Bain was Treasurer. S. D. Catet and R. L William were Conference secretaries. Other 

conference committee members were J. S. Jessup (1NEL), R. W. Morrow (ORGDP), W. H. Christie, J. S. 

Eldridge, R. L Hettich, W. D. Shuiu, and D. H. Smith. 



93 

SEMINAR PROGRAM 

Speaker 

R. R. Mcgkn 
Or. for Env. Scieoce, 
Univ. of Colorado, 
Denver, CO. 

S. Arnold 
Dept. of Physia 
Polytechnic Univ., 
Brooklyn, NY 

A. C Schaffhauser 
Metah & Ceramics 
Drv^ORNL 
Oak Ridge, TN 

M. Poslusny 
North Texas State 
Univ., Denton, TX 

R. D. MatFariane 
Chemistry Dept., 
Texas A&M Univ., 
College Station, TX 

D. M. Schrader 
Marquette Univ., 
Milwaukee, WI 

Title 

"Chemometria m the Analytical Laboratory* 

*Ftuorcsccncc Spectroscopy and Energy Transfer 
in Mkropartides* 

•High Temperature Superconductivity Pilot 
Center Program* 

'Analysis of PAH and PCB Emissions from the 
Combustion of Detained Refuse Derived Fueb* 

The Use of Nuck~: Fission as a Probe in 
Analytical Chemistry 

Theory of Positron Chemistry' 

Date 

Jan. 13,1989 

Jan. 17,1989 

Jan. 23,1989 

Mach29, r® 

Apri 26,1999 

May 1, 1989 

R. M. Barnes 
Chemistry Dept., 
Univ. of Massachusetts, 
Amherst, MA 

Inducuvcry-Coupied Plasma Mass 
Spectrometry-Basics and Applications' 

June 23,1989 

J. S. Morris 
Res. Reactor Facility 
Univ. of Missouri, 
Columbus, MO 

'Application of Neutron Activation Analysis 
to Epidemiological Studies* 

Aug. 18,1999 

A J. Boyer 
Univ. of Nevada, 
Las Vegas, NV 

D. F. Hunt 
Chemistry Dept., 
Un v. of Virginia, 
Charlottesville, VA 

'Applications of Mass Spectrometry to 
Environmental Problems* 

"Protein Sequence Analysis by Mass 
Spectrometry: New Techniques and 
Instrumentation' 

Aug. 21,1989 

Oct. 9, 1989 

A P. Toste 
Southwest Missouri 
State Univ., 
Springfield, MO 

'Environmenul Behavior of Organoradionuclides' Oct. 13,1989 
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i. A.Leary 
College of Chemistry, 
Univ. cf California, 
Berkeley, CA 

J. C. Wright 
Chemistry Dept., 
Univ. of Wisconsin, 
Madam, WI 

C B. BOB 
Chemistry Dept., 
North Carolina Sure 
Univ., Raleigh, NC 

R.K. Marcus 
Oemsan University 
demon, SC 

Y. R.Shen 
Physics Dept., 
Univ. of California 
Berkeley, CA 

AWARDS AND HONORS 

Michelle Buchanan received the Martin Marietu Technical Achievement Award. She also was named 

to the Editorial Board of Organic Mass Spectrometry. 

Bob Hettich was eieaed treasurer of the East Tennessee Sectioo of the American Chemical Society. 

Pat Trentham, Gail Vineyard, and Debbie Btazier received the President's Award for Performance 

Improvement for the Standardization of Secretarial Computers in the Analytical Chemistry Division. 

ADDITIONAL PROFESSIONAL ACTIVITIES 

Aaano, C G . 

ACD Representative: Carcinogen Control Program at Y-12 

Bauer, T. L. 

Member. ACD Quality Circle 

Boatiek,D. A. 

ACD Represenuirve: University Relations Coordinator 

"MSAIS of Lithium Catiooned Peptides: Nov. 2,1969 
Mechanism of Ion Formation and Sequencing 
Strategies* 

*New Chemical Measurement Capabilities Nov. 10,1989 
with Non-Linear Laser Spectroscopy" 

"Use of the Electrical Characteristics of Dec. 1, 1989 
a Microwave Plasma as a Gas Chromatography 
Detector* 

"Glow Discharge Mass Spectrometry: New Dec 6, !989 
Sources, Analyzers, and Applications' 

"Some Recent Japerimenu of Surface Studies Dec 18,1989 
by Nonlinear Jprics* 
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M.V. 

Editorial Board: 

Treasurer 

Advisory Board-

Chairman: 

Member 

Biomedical and Environmental Man Spectrometry 

Organic Mass Spectromtay 

American Society for Mas Spectrometry 

National Science Foundation, Biological Centers Program 

East Temeasee Mats Spectrometry Discussion Group 

Martin Marietta Energy Systems Advisory Committee for Values 

ORNL Values Committee 

Carter, J. A. 

Advisory Panel Member 

Laboratory Coordinator 

DOE/ISA Laboratory Advisory Group for Effluent Research (LAGER) 

ISPO Programs 

Ceo ,R.N. 

Chairman: 

Member 

Brown Bag Committee 

ACD Seminar Committee 

Christie, W. H. 

Member Technical Program Committee, 3!st ORNL/DOE Conference on Analytical 

Chemistry in Energy Technology 

Daks, J. M. 

ACD Representative: University Relations Coordinator 

EUridgc, J. S. 

Chairman: 

Member 

Membership Committee, Environmental Radiation Section of the Health 

Physics Society 

ACD Quality Circle 

Oak Ridge Reaervation-Resourcs Management Organization: Environmental 

Surveillance 

Lab Committee 8 of the International Society for the Methods of Air 

Sampling and Analysis 

Emery, J. F. 

ACD Representative: Laboratory Emergency Sample Coordinator 

Division Computer Systems Security Officer 



96 

C 

Felow: 

Member 

American Society far Testing and Materia* 

ASTM Committee E-2 oo Emotion Spectroscopy, Subcommittees on 

Fundamental Methods, Editorial Practices, and Nomenclature 

N. M. 

ACD Representative: Energy Systems Environmental Analysis Committee 

Associate Editor 

Member 

Vice-President: 

Orkat,W. H. 

Jownml of*V American Society for Maa Spectrometry 

Fnoujao MAT, Sao Jose, CA 

Board of Directors, Asiomar Conference on Mass Spectrometry 

ORAU Traveling Lecture Program 

American Society for Mass Spectrometry 

Department of Energy - SBIR Review 

Department of Energy - BES 

Ekctric Power Research Institute 

Environmental Protectkn Agency - IERL/TSO 

Center for Indoor Research 

M.R. 

Univ. of Kentucky, Tobacco and Health Research Institute Advisory Board 

SBIR Reviews, DOE, NCI 

PHS/Officc Smoking and Health Additives 

a A. 
Editor 

Advisory Boards: 

Analytical Chemistty 

6th International Symposium on Preparative Chromatography, Washington, 

DC, May 8-10, 1969 

Permanent Committee of the Internationa Symposia on Column Liquid 

Chromatography, HPLC 

Board of the Chromatography Subdivision of the Analytical Chemistry 

Division of ACS 

Journal of Chromatopvphy 

Journal of Chromatographic Science 

Journal of Liquid Chromatopvphy 
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Gandun,G. A. 

Advisory Boards: Chfonotofftifhu 

Iletnch, R. L 
Chairman: 
Member 

ACD Seminar Committee 
ORAU Traveling Leaure Program 
Organiang Onmrnirirr, 31a ORNL/DOE Conference on Analytical Chernstry 

in Energy Technology 

C E 
Chairman: ACD Analytical Improvement Council 

Hobday, S. K. 
Member ASTM Committee D-34 

H o a d , P . L 
Member ASTM C26 Nuclear Fuel Cycle 

ASQC Energy Division 

Dgner. R .H. 
ACD Repretentative: 
Consultant: 

ACD Environmental Protection Officer 
Fourth Judicial District Court, Monroe, LA 

R. A. 
Consultant: Federal Trade Commission, Sundardbxd Smoking Practices 

National Institute on Drug Abuse - SBIR Reviews 

Jeter, C O . 

Member. ACS Analytical Improvement Committee 

L.N. 
Member Energy Systems Ph.D. Recruiting Team 

ACD Seminar Committee 

W. R. 
Chairman: 
Coordinator 

ASTM Committee C-26, Nuclear Fuel Cycle 
ACD Quadry Assurance Program 
ACD Energy Conservation Program 
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•ng,W. R. 

Fdlow: 

Member. 

Member. 

Technical Program 
Chairman: 

American Society for Testing and Materia* 

ASTM Committee D-33, Protective Coatings 

ASTM Committee D-34, Watte Disposal 

ISO Technical Committee 85, Subcommittee S 

ORNL Pregrievancc Committee 

31st ORNL/DOE Conference on Analytical Cnemutry in Energy Technology 

H P . 
Member. EPA Working Group on Improvement of TIC Identification 

May,M.P. 

ORNL Representative: 

Member 

MMES Technical Training Subcommittee an Analytical Laboratories 

(Interim Chairman luly-Nov.) 

MMES (5-ptant) Training Process Review Team 

ACD - Division Training Coordinator 

ACD - Facility 9735 Generator Certification Officer (GCO) 

McLnckcy, S, A. 

Chairman: 

Consultant: 

Ion Physics and Instrumentation Interest Group, 

American Society for Mam Spectrometry 

Fumigan MAT, San Jose, CA 

, J. M. 

Chairman: 

Editorial Advisory Board: 

Member 

ACS Program Committee of Division of Analytical Chemistry 

Profftst in Analytical Sptcvtmcopy 

Martin Marietta Energy Systems Publication Aw?rd Selection 

Committee 

; R.S. 

Member 

Consultant: 

ACD PhD Recrxiter 

ORAL) Travelling Lecture Program 

National Cancer Institute • SBIR Reviews 

Center for Indoor Air Research 

Robinson, L. 

Member ASTM Task Group on Nuclear Methods of Chemical Analysis 
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Robinson, L. 
Co-organizer 

Session Moderator 

Special Meeting entitled 'Analytical Chemists and the Other ANS: The 
Advanced Neutron Source* for annual meeting of American Nuclear 
Society, San Francisco, CA, November 26-Dccember 1, 1989 

1st Southeast Regional Conference of NOBCCHE, Knacviile, TN, Feb. 16-
18, 1989 

Rosa,H.H. 
Advisory Board: 
Conference Organizer: 

Consultant: 

Editorial Board: 
Faculty Member 

Member 

Journal of Radioanaifkal and Nuclear Chemistry 
International Conference on New Trends in Liquid Scintillation Counting 

and Organic Scintillators, Gatanburg, TN, October 2-5, 1989 
Savannah River Site, Aiken, SC 
GPU Nuclear, Three Mile Island, Unit-2, Mi&fletown, PA 
Journal of Radioanalytkal and Nuclear Chemistry, Letters 
DepL of Chemistry, University of Tennessee, KnccviBe (Adjunct Professor, 

Science Alliance) 
Advisory Committee: International Conference on Liquid Scintillation 

Science and Technology 
ACS FeBowship Committee, division of Analytical Chemistry 

Rosed , T. M. 
Vice-President: 
Member. 

Treasurer 

American Vacuum Society (AVS) Tennessee Valley Chapter (TVC) 
AVS Tennessee Valley Chapter, Scholarship Committee 
X-90 Organizing Committee (ISth International Conference on X-ray and 

Inner Shell Processes), KnojrviOe, TN, July 9-13, 1990 
AVS Tennessee Valley Chapter 
9ln Annual TVC-AVS Symposium A Equipment Exhibit 

R .W. 
Member ACD Quality Circle 

Chemical Dispensing Station PIP Committee 

Sbuas, W. D. 
Chairman: 

Chairman-Elect: 
Member 

ORNL Division/Program Directors Caucus 
Education Committee, ACS Division of Analytical Chemistry 
East Tennessee Section, ACS 
Board of Visitors, Chemistry Department, UT-K 
MMES Analytical Managers Council 
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t*s,W.D. 
Member. 

D. R 
Member 

Advisory Committee, Chemistry and LaKr science Division, Loi Alamos 
National Laboratory 

MMES Awards Night Committee (Administrative Support) 
MMES Job Evaluation Committee 
Review Committee, Analytical Chemistry 
DOE Analytical Managers Group 

Technical Program Committee, 31st ORNL/DOE Conference on Analytical 
Chemistry in Energy Technology 

ASMS Isotope Ratio Interest Group 

J. R, Jr. 
Member 

ACD Coordinator 

ASTM Committee D-34, Waste Disposal 

International Working Group, 'Analytical Standard* of Minerals, Ores, and 
Rocks* 

ASTM C-26 Nuclear Fuel Cycle Committee 
Technician Advisory Group 

Stoke*/, J. R. 
Chairman: 

Member 

DOE Site Survey Program RAD Committee 
DOE Technical Safety Appraisal Team 
Future Analytical Support Task Group 

Todd, P. J. 
Consultant: 

Coordinator 
Secretary: 

National Institi'tes of Health - General Medicine 
National Institute of Mental Health 
ACD Awards 
East Tennessee Mass Spectrometry Discussion Group 

Tomkins,R A. 
Member ACD Seminar Committee 

Wade, J. W. 

Site Representative: Multi-Plant Analytical Committee 

Multi-Plant Procedure Committee 



W U . M . & 

Member: ACD Safety Committee 

ORAU Traveling Lecture Program 

Judge: Southern Appalachian Science A Engineering Fair, Knoxville, TN 

Yawn* J. P. 

ACD Representative: Graduate Fellow Selection Panel, ORNL 

Fellow. American Association for the Advancement of Science 

Young, J. P. 

Member ACS Program Adviaory Committee, Diviiioo of Nuclear Chemistry & 

Technology 

Organizer Symposium on "Lasers in Nuclear Cbemisuy and Technology", National 

ACS Meeting, April 1990, Boston, MA 



8. PRESENTATION OF RESEARCH RESULTS 

As in pay years, the division has actively responded to the evolving priorities of the ORNL research 
effort by changing the emphasis of some of its own programs or instituting new studies. Subjects of major 
concern include nuclear and non-nuclear energy, new instrumentation and its application, and environmental 
problems such as monitoring and dean up at ORNL and elsewhere. The multidisciplinary approach required in 
many such problems is indicated by the number of papers and talks coauthorcd by members of other ORNL 
divisions and outside organizations. Such persons are designated by an asterisk. 

PUBLICATIONS 

Contributions to Books and Procesdmgt 

AUTHOR 

Asano, K. G. 

AUTHOR, TITLE, AND WHERii PUBLISHED 

Glish, G. L; Van Berkel, G. J.; Asano, K. G.; and McLutVey, S. A, 'Multiple Stages 
of Mass Spectrometry with an Ion Trap," Advances in Mtxss Spectrometry, llA, P. 
Longevialle, ed., Heydon & Son, London, 1989, p. 272. 

Glish, G. L; Asano, K. G.; and McLuckey, S. A, "Daughter Ion Formula 
Determinations by MS" Experiments on Naturally Occurring Isotopes," Proceedings 
of 37th ASMS Conference on Mass Spectrometry and Allied Topics, Miami Beach, FL, 
May 21-26, 1989, p. 464. 

Gocringer, D. E.; Glish, G. L; Asano, K. G.; and Mcl̂ ickey, S. A, "Applications of 

Laser Desorption in an Ion Trap Mass Spectrometer," ibid, p. 1260. 

Glish, G. L; Asano, K. G.; and McLuckey, S. A, Daughter Ion Formula Determination 

by MSn Experiments on Naturally Occurring Isotopes, Finnigan MAT Technical Report 

No. 614, 1989, p. 13. 
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IV* 

Buchanan, M. V. Hettich, R. L; Buchanan, M. V., "Structural Characterization of DNA Adducts Using 

Fourier Transform Max Spectrometry,* Proceeding?, DOE Contractor's Meeting on 

Chemicals with Living Systems, Albuquerque, NM, November 17-18, 1988, CONF-

8811202, p. 56. 

Hettich, R. l_; Buchanan, M. V., "Laser Ionization Fourier Transform Mass 

Spectrometry for the Isomeric Differentiation of Alkylated Nucleosides," Proceedings 

of the 37th ASMS Conference on Mass Spectrometry and Allied Topics, Miami Beach, 

FL, May 21-26, 1989, p. 86. 

Stemmler, E. A^* Buchanan, M. V., "Surface-Catalyzed Reactions of Aromatic 

Amines with Oxygen and Nitrogen in NICI Mast Spectrometry," ibid, p. 387. 

Woe, M. B.; Buchanan, M. V^ Dgner, R. K, "Detection of Trace Organic* in Air 

Using Thermal Desorptioo ITMS," ibid, p. 1435. 

Woe, M. B.; Buchanan, M. V4 Guerin, M. R., "Rapid Detection and Characterization 

of Fossil-Derived Fuels a Water and Soil Using Direct Purge Ion Trap Mass 

Spectrometry," ibid, p. 1402. 

Woe, M. B.; Buchanan, M. V.; Guerin, M. R., "Rapid Analysis of Volatile Organics 

in Water and Soil Using Direct Purge into an ITMS," ibid, p. 1484. 

Christie, W. H. Christie, W. H., "Solids Analysis via Glow Discharge Mass Spectrometry," ibid, p. 1139. 

James, R. B.* and Christie, W. H., "Pulsed Carbon Dioxide Laser Processing of Thin 

Ion-Implanted Silicon Layers," Proceedings oflmL Conf. on Lasers, Lake Tahoe, NV, 

1989, p. 745. 

Dale, J. M. Hsu, * • ; Shao, M. J'; Hulett, L D., Jr.; RotJeeL T. M.; and Dale, J. M., "Surface 

Effecu on Positron Annihilation Characteristics in Cab-O-Sil (Si0 2)," Positron 

Annihilation, L Dorikens-Van Praea, M. Dorikens, and D. Seegers, eds., World 

Scientific Press, 1989, p. 840. 

Donohue, D. L Hulett, L D., Jr.; Lewis, T. A.*; Donohue, D. L; and Pendyala, S.*, "The Oak Ridge 

National Laboratory Slow Positron Source," ibid, pp. 586-588. 
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Donohue, D. L Dooohue, D. I_; Glish, G. U McLuckey, S. A.; Hulett, L. D., Jr.; McKown. H. S.; 

and Pendyala, S.*, 'Positron Ionizatica Mass Spectrometry,* ibid, pp. 612. 

Lewi*, T. A.*; Hulett, L. D , Jr.; and Donohue, D. l_ The Extraction of UNAC-

Generated Slow Positnnt Using the Single Gap Accelerator Technique," ibid, pp. 589-

591. 

McLuckey, S. A.; Gush, G. L; Donohue, D. L; Hulett, L D , Jr.; and McKown, 
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Dyer, F. F. Jcnkjnt, R. A^ Dyer, F. F^ Moody, R. L; Bayne, C IL;* Thompson, C V n 

Experimental Evaluation of Selected Field Portable Instrumentation for the QMontitative 

Determination of Contaminant Lr*eb m Soil and Water at Rocky Mountain Arsenal, 

ORNL/TM-U38S, October 1969. 

Emery, J. F. Emery, J. R, Accelerator end Radiation Sources Review Committee Review of ike 14 

MeV Neutron Generator m Budding 2011, ORNUCF-89/274, October 1989. 

Kerr, G. D^* Dyer, F. F.; Emery, J. F^ Pace m, J. V.*; Brodzaiki, R. L«; Marcum, 

J.*, Activation of Cobak by Neutrons pom the Hiroshima Bomb, ORNL-6590, 

September '989. 

Griest. W. H. Autrey, J. W^» Costano, D. A; Griest, W. R; Kaiser, L !_;* Keller, J. M.; His, 

C E^' Tomtom, B. A, Sampling and Analysis of the Inactive Waste Storage Tank 

Contents at ORNL, ORNL/RAP-53, August 1989. 

Ammoot, A K.;* Grieat, W. R; Easterly, C E.,» examination of Field Stock M774 

Tank Ammunition Projectile Assemblies, Report No. Y/PS-957, May 1989. 

Guerin, M. R. Guerin, M. R-, Analytical Chemistry Division Research and Devetpoment Summary; 

February 1989, Organic Chemistry Section, ORNL/CF-89/85, March 1989. 

Gucnn, M. K^Anatytkal Chemistry Division Research and Development Summary; June 

1989, Organic Chemistry Section, ORNUCF-89/Z76, July 1989. 

Guerin, M. R., Analytical Chemistry Division Research and Development Summary; 

October 1989, Organic Chemistry Section, ORNL/CF49/359, November 1989. 

Holladay, S. K. Maskarinec, M. P.; Bayne, C. &;• Johnson, L H.;» Holladay, S. K.; Jenkins, R. A , 

Stability of Volatile Organics in Environmental Water Samples: Storage and 

Preservation, ORN1/TM-11300, August 1989. 

Jenkins, R. A Maskarincc, M. P.; Bayne, C K.;* Johnson, L H.;« Hoiladay, S. K.; Jenkins, R. A, 

Slability of Volatile Organics in Environmental Water SampUs: Storage and 

Preservation, ORNL/TM-11300, August 1989. 
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Jenkins, R. A. Jenkins, R. AL; Moneyhun, J. R ; Gayte, T. UL;* Lore, J. D^* ROM, R. FL,* Problem 

Definition Study on Techniques and Methodologies for Evaluating the Chemical and 

Taxicokmcal Properties of Combustion Products of Gun Systems, VoL 2- Facility 

Criteria for a\e Chemical and Toncolopcal Characterization of Gun Exhaust, 

ORNL4334/V2, January 1969. 

Jenkins, R. A_; Dyer, F. E; Moody, R. L; Bayne, C 1C;# Thompson, C V., 

Experimental Evaluation of Selected FkJdPortabklnsaianen^ 

Determination of Contaminant Levels in Soil and Water at Rocky Mountain Arsenal, 

ORNL/TM-11385, October 1989. 

Keller, J. M. Autrey, J. W^* Costanzo, D. A^ Griest, W. H^ Kaiser, L. L;* Keller, J. M.; Nix, C 

E-;* Tamkim, B. A^ Sampling and Analysis of the Inactive Waste Storage Tank 

Contents at ORNL, ORNL/RAP-53, August 1989. 

Ktatt,LN. 

Laing, W.R. 

Kiatt, L. Nn Report of Foreign Travel ofLN. Oast, ORNL/FTR-3304, July 1989. 

Lung, W. R, Analytical Chemistry Division Summary Report- Inorganic Chemistry 

Section, ORNL/CF-89/50, February 1, 1989. 

Laing, W. R^ Analytical Chemistry Division Summary Report Inorgnic Chemistry 

Section, ORNL/CF-89/2S4, June 1, 1989. 

Laing, W. R^ Analytical Chemistry Division Summary Report: Inorganic Chemistry 

Section, ORNL/CF-89/311, October 1, 1989. 

Ma,G Y. Buchanan, M. V.; Ma, G Y., Chemical Characterization and Toxicologic Evaluation 

of Awbome Mixtures: Chemical Characterization of Colored Signal Smokes, Final 

Report, ORNL/TM-1U9S, May 1989. 

Matkarinec, M. P. , M. P.; Bayne, C Id* Johnson, L H.;* HoQaday, S. X.; Jenkins, R A., 

SlabUky of Volatile Orynks in Environmental Water Samples: Storage and 

Preservation, ORNL/TM-11300, August 1989. 

MaskarkKC, M. P, Summary of Analytical and Quality Assurance Requirements of 

Environmental Regulations, ORNL/CF-89/207, May 1989. 



131 

McBay, E H. Smith, D. H.; McBay, E. R; Mueller, T. K; Walker, R. L; and Carter, J. A., High 

Precision Isotopic Ratio Measurements of Ktyyfon and Xenon, Final Report, 

ORNL/TM-11055, February 1989. 

McLucfcey, S. A. McLucfcey, S. A., Report of Foreign Travel of Scott A. McLuckey, ORNL/FTR-3333, 

July 20, 1989. 

Moneyhun, J. H. Jenkim, R. A^ Moneyhun, J. IL; Gayle, T. M^* Lore, J. D^» ROM, R. H.,* Problem 

Definition Study on Techniques and Methodologies for Evaluating the Chemical and 

Taacologkal Properties of Combustion Products of Gun Systems, Vol 2- Facility 

Criteria for the Chemical and Toxicohgical Characterization of Gun Exhaust, 

ORNL-6334/V2, January 1989. 

Moody, R. L. Jenkim, R. A.; Dyer, F. F; Moody, R. L; Baynr C K.;* IDompiao, C V., 

Experimental Evaluation of Selected Field Portable Instrumentation for the Quantitative 

Determination of Contaminant Levels in Soil and Water at Rocky Mountain Arsenal, 

ORNI/iM-11385, October 1989. 

Mueller, T. R. Snv.h, D. H.; McBay, E. H.; Mueller, T. R; Wafr-sr, R. L; and Carter. J. A, High 

r*ecision Isotopic Ratio Measurements of Krypton and Xenon, Final Report, 

ORN'L/TM-11055, February 1999. 

Robinson, L. AtamiOer, R. G.*; Hendenon, D. L.*; Montgomery, B. H.*; Robimcm, l_; Dyer, F 

F., et aL, Final Report on Seed Monry Project 321043& Feasibility Study for 

Californium Cold Neutron Source, ORNL/TM-11027, October 1989. 

Rawed, T. M. Date, S.*; Vane, C R.*; Dinner, P. F.»; Gieae, J. P. #; del Campo, J. Gomez*; 

Janet, N. L.*; Knuue, H. F*; Miller, P. D.*; Schulz, M.*; SchMe, H.«; and Roaied, 

T. M., Resonant Dielectronic Excitation in Crystal Channels, Phyiia Diviiion ProgreH 

Report, ORNU6S08, March 1989. 

Vane, C R.#; Datz, S.»; Dittncr, P. ¥S; Gieie, J. P.*; Krauae, H. ?.•; Miller, P. D.*; 

Scnane, H.*; Schulz, M.*; Rcnaeei, T. M.; and Petenon, R. S.*, Radiative Electron 

Capture by Bare- and One Eiectron Ions, Phyiici Dtviaion Progreas Report, 

ORNL/6508, March 1989. 
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Rassecl, T. M. Rosseel, T. M^ Vane, C R.*; Young, J. P.; Zuhr, R. A.»; and Peterson, R. S . \ High 

Resolution HIXSE Studies of the Chemical Environment of Sulfur Implanted in Insulator 

Matrices, Solid State Division Progress Report, ORNL/6571, August 1969. 

Smith, D. H. Smith, D. H.; McBay, E. HA Mueller, T. R^ Walker, R. l_; and Carter, J. / L , High 

Precision Isotopic Ratio Measurements of Krypton and Xenon, Final Report, 

ORNI/TM-11055, February 1989. 

Smith, D. H., Alport of Foreign Travel of D. H. Smith, ORNL/FTR-3314, Jury 1989. 

Stewart, J. H. Stewart, J. H. and Christie, W. H., Report of Foreign Travel of J. H. Stewart, Jr. and 

W. H. Christie to Winsford, Cheshire, England, ORNL/FTR 3488, November 1989. 

Stokely, J. R. Stokely, J. R., Report of Foreign Travel of J. R Stokely, Section Head, Analytical 

Chemistry Division, ORNL/FTR-3292, June 19, 1989. 

Stokely, J. R., Analytical Chemistry Division Summary Report Radioactive Materials 

Analysis Section, ORNUCF-89/325, October 1, 1989. 

Stokely, J. R., Analytical Chemistry Division Summary Report: Radioactive Materials 

Analysis Section, ORNUCF-89/88, April 1, 1989. 

Thompson, C. V. Jenkins, R. A.; Dyer, F. F.; Moody, R. L; Bayne, C K.;* Thompson, C V., 

Experimental Evaluation of Selected Field Portable Instrumentation for the Quantitative 

Determination of Contaminant Levels in Soil and Water at Rocky Mountain Arsenal, 

ORNI/TM-I1385, October 1989. 

Tomkins, B. A. Autrey, J. W.;« Costanzo, D. A.; Grieat, W. H.; Kaiser, L L;» Keller, J. M.; Nix, 

C E.;* Tomkins, B. A., Sampling and Analysis of the Inactive Waste Storage Tank 

Contents at ORNL, ORNL/RA7-53, August 1989. 

Walker, R. L Smith, D. H.; McBay, E. H.; Mueller, T. R.; Walker, R. L; and Carter, J. A., High 

Precision Isotopic Ratio Measurements of Krypton and Xenon, Final Report, 

ORNUTM-i:055, February 1989. 

Young, J. P. Rotseel, T. M.; Vane, C. R.»; Young, J. P.; Zuhr, R. A.*; and Peterson, R. S.#, High 

Resolution HIXSE Studies of the Chemical Environment of Sulfur Implanted in Insulator 

Matrices, Solid State Division Progress Report, ORNU6S71, August 1969. 
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ORAL PRESENTATIONS 

As in previous years, staff members have made presentations at local, national, and in a few instances, 

international meetings. The papers covered a wide variety of subjects, reflecting the division's broad spectrum 

of activities. 

SPEAKER AUTHORS, MEETING, AND DATE 

Asano, K. G. Gash, G. L; Asano, K. &; and McLuckcy, S. A^ "Daughter Ion Formula 

Determinations by Ms" Experiments on Naturally Occurring Isotopes," 37th ASMS 

Conference on Mass Spectrometry and Allied Topics, Miami Beach, FL, May 21-26, 

1969. 

Baggett, C J. Baggett, C J. and Keller, J. M., "Analysis of Radioactive Samples by Inductively 

Coupled Plasma and Atomic Absorption," 31st ORNUDOE Conference on Analytical 

Chemistry in Energy Technology, Gatlinburg, TN, October 10-12, 1969. 

Bayne, C. K.* Bayne, C K.; Maskarinec, M. P., "Statistical Analysis of Preanalytical Holding Time 

Data," 5th Annual Waste Testing and Quality Assurance Symposium, 

Washington, DC, July 24-28, 1969 (invited). 

Buchanan, M. V. Buchanan, M. V.; Wae, M. B.; Guerin, M. R., "Direct Sampling Ion Trap Mass 

Spectrometry for the Rapid Determination of Volatile Organics in Environmental 

Matrices," 5th Annual Waste Testing and Quality Assurance Symposium, 

Washington, DC, July 24-28, 1969 (invited). 

Buchanan, M. V.; Wise, M. B.; Gucrin, M. R., "Direct Sampling Ion Trap Mass 

Spectrometry for Rapid Detection of Trace Organic*/ SUBWOG 12C Meeting, 

Oak Ridge, TN, October 3-6, 1969 (invited). 

Buchanan, M. V.; Stemmler, E. A.;* Wise, M. B., "Probing Molecular Structure with 

Negative Ion Processes," Seminar, Ohio State University, Columbus, OH, 

November 14, 1969 (invited). 

Buchanan, M. V.; Hettich, R. L, "New Approaches for Determining Molecular 

Structure with Mass Spectrometry," Massachusetts Institute of Technology, Boston, 

MA, December 7, 1969 (invited). 
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Buchanan, M. V. Wee, M. B.; Buchanan, M. V; Guerin, M. R-, "Mass Spectrcmetric Techniques for 

the Rapid Determinauoo of Trace Organic Compounds in the Environment,* VS. 

Laboratory Command, Technology Investment Strategy Conference, Oak Ridge, TN, 

February 27-March 3, 19*19. 

Wise, M. B; Buchanan, M. V; Guerin, M. R_, "Rapid Analysis of Volatile Organic 

in Wastes and Soil Using Direct Purge Into an ITMS,* 37th ASMS Conference on 

Mass Spectrometry and Allied Topics, Miami Beach, FL, May 21-26, 1989. 

Wise, M. B^ Buchanan, M. V^ Guerin, M. R-, "Rapid Detection and Charaaerizatioa 

of Fossil-Derived Fuels in Water and Soil Us»«i Direct Purge Ion Trap Mass 

Spectrometry,* 37th ASMS Conference on Mass Spectrometry and Allied Topics, 

Miami Beach, FL, May 21-26, 1989. 

Woe, M. B.; Buchanan, M. V; Guerin, M. R-, "Rapid Analysis of Volatile Organic* 

in the Environment Using Direct Purge Ion Trap Mus Spectrometry," 31st 

ORNL/DOE Conference on Analytical Chemistry in Energy Technology, Gatlinburg, 

TN, October 10-12, 1989. 

Buchanan, M. V.; Hettich, R. L.; Ho, C-o^ "Differentiation of Alkylated Nucleoside 

Isomers by Laser Ionization FTMS," 2nd International Symposium on Mass 

Spectrometry in the Life Sciences, San Francisco, CA, August 27-3'., 1969. 

Buchanan, M. V, Isomers and Intractabies: Identification of Bio-Adducts,* DOE 

OHER Review, San Francisco, CA, June 14, 1989. 

Carter, J. A. Carter, J. A., "ORNL Explosives Detection by Mass Spectrometry/Mass Spectrometry -

R & D Report,* DOE Safeguards and Security Directors and Nuclear Security 

Information Exchange Group, Albuquerque, NM, Nov. 14-16, 1989. 

Carter, J. A; Bostick, D. A; May, M. P.; Walker, R. L; and Smith, D. H ., 

"Determination of Tank Volumes and Fasile Inventory Employing Lutetium,* 

Permanent Coordinating Group of the PNC (Japan) and LOE, Germantown, MD, 

Dec. 4-6, 1989. 

Ceo, R. N. Ceo, R. N., "Separation and Physical Characterization of Layers in a Stratified Waste 

Tank Sludge,' 31st ORNL/DOE Conference on Analytical Chemistry in Energy 

Technology, Gatlinburg, TN, October 10-12, 1989. 
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Christie, W. H. Christie, W. R , *A Sensitivity Factor Approach to Quantitative Analyst with the Glow 

Discharge Man Spectrometer,* Pittsburgh Conference and Exposition, VG Workshop, 

Atlanta, GA, March 6-10, 1989 (invited). 

Christie, W. R , *Solids Analysis Via Glow Discharge Mass Spectrometry,- 37th ASMS 

Conference on Mass Spectrometry and Allied Topics, Miami Beach, FL, May 21-26, 

1989. 

Christie, W. R, •Secondary Ion Mass Spectrometry,' Chemistry Department, Univ. 

of Tennessee at Chattanooga, Feb. 24, 1989 (invited). 

Christie, W. R and Fassett, J.*, *Muftiphoton Resonate Ionization,* Seventh 

Intemaiiooai Conference an Secondary Ion Mass Spectrome ry, Monterey, CA, Sept. 

3-8, 1989 (invited). 

Christie, W. R 'Glow Discharge Mass Spectrometry as a Quantitative Analysis 

Technique," FACSS Meeting, Chicago, IL, Oct. 1-6, 1989 (invited). 

Christie, W. R, "Glow Discharge Mass Spectrometry," DOE/BES Sue Review, Oak 

Ridge, TM, April 23-25, 1989. 

Dale, J. M. Dak, J. M. and Klatt, L N., "Counterfeit Currency Detection by Principal Component 

Analysis of Near-Infrared Reflectance Data," Pittsburgh Conference and Exhibition, 

Atlanta, GA, March 6-10, 1989. 

Dihel, D. L. Dihel, D. L; Wade, J. W.; and Scott, T. G„ "The Determination of Radium-223,224, 

226 in Environmental Samples,* 31st ORNL/DOE Conference on Analytical Chemistry 

in Energy Technology, Gatlinburg, TN, October 10-12, 1989. 

Donohue, D. I. Donohue, D. L, "Positron Ionization Mass Spectrometry," ORNL Chemical Physics 

Seminar, Oak Ridge, TN, June 19, 1989. 

Donohue, D. I_; Hulett, L D ; McLuckey, S. A.; GUsh, G. L; and Eckenrode, B. A., 

"Initial Resulu of Positron Ionization Mass Spectrometry,* Workshop on Positron 

Annihilation in Gases, Green Belt, MD, July 21, 1989. 
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Dooohuc, D. L Dooobue, D. L; Huieu, L. D., Jr.; Gash, G. L; McLuckey, S. A; and Eckenrode. 

B. A, "Positron Ionization Mass Spectrometry,* 31« ORNL/DOE Conference on 

Analytical Chemistry in Energr Technology, GaUnburg, TN, October 10, 1989. 

Dyer, F. F. Dyer, F. F , "Proposed Analytical Fadhtiea for the Advanced Neutron Source,* 3 lit 

ORNL/DOE Conference on Analytical Chemistry in Energy Technology, Gatlinburg, 

TN, October 10-12, 1989. 

Eckenrode, B. A. Eckenrode, B. A; Gain, G. L; and McLucfccy, S. A , "Negative Ion Chemical 

lonpjMinn in an Ion Trap Mat* Spectrometer Using Reagent Aniont Injected Cram 

an External km Source,* 37th ASMS Conference on Mass Spectrometry and ABied 

Topics, Miami Beach, FL, May 1989. 

Eckenrode, B. A; Gash, G. L; and McLuckcy, S. A^ Ion Trajectory Modelling in 

an Ion Mobility Spectrometer Employing Nonlinear Electric Fields," 37th ASMS 

Conference on Matt Spectrometry and ABied Topics, Miami Beach, FL, May 1989. 

Eckenrode, B. A; McLuckey, S. A; and Ghth, G. l _ "Improved Design of an Ion 

Mobility Spectrometer for Trace Anatyan," 31st ORNL/DOE Conference on Analytical 

Chemistry in Energy Technology, Gatlinburg, TN, October 10-12, 1989. 

Eldridge, J. S. Eldridge, J. S., "Radiological Characterization of Soils," Workshop on the 

Management of Contaminated Soils, KncKvile, TN, November 10, 1989. 

Eldridge, J. S., "Radioanalytical and QA Concepu for Environmental Surveillance," 

Health Physics Society Annual Meeting, Albuquerque, NM, June 25-29, 1969. 

Glish, G. L. Giish, G. L, Ton Trap Reaearcfr at Oak Ridge," Naval Research Laboratory, 

Washington, DC, January 12, 1989 (invited). 

Gush, G. L; McLuckey, S. A; and Van Berkei, G. J., The Ion Trap Mass 

Spectrometer. It's Not Just a GC Detector Anymore," North Jersey Mass 

Spectrometry Discussion Group, New Brunswick, NJ, January 16, 1989 (invited). 

Glish, G. L, "MS/MS: A New Dimension in Mass Spectrometry," ORSES Program, 

Oak Ridge, TN, February 22, 1989 (invited). 



137 

Glish, G. L. dish, G. L, "Progress in Organic Mass Spectrometry,' DOE/BES Site Review, Oak 

Ridge, TN, April 24, 1969. 

Glish, G. L, 'MS/MS: Increasing the Dimensions of Mass Spectrometry,* University 

of North Carolina, Chapel Hill, NC, May 1, 1969 (invited). 

Gash, G. L, "The Quadrupote Ion Trap: Big Performance from a Little Mass 

Spectrometer," Triangle Area Mass Spectrometry Discussion Group, Chapel Hill, 

North Carolina, May 1, 1969 (invited). 

Gash, G. L and McLucfcey, S. A, "The Ion Trap: A Multi-Purpose Mass 

Spectrometer," Plenary lecture at Fmnigan MAT Users Forum, Miami Beach, FL, May 

21, 1969 (invited). 

Gush, G. L and McLucfcey, S. A , "Direct Air Monitoring Using an Ion Trap Mass 

Spectrometer," 37th ASMS Conference on Most Spectrometry and Allied Topics, 

Miami Beach, FL, May 21-26, 1969 (invited). 

Glish, G. L and McLuckey, S. A., The MS/MS Advantage: Tailoring Instrument 

Design to the Application," 37th ASMS Conference on Mass Spectrometry and Allied 

Topics, Miami Beach, FL, May 21-26, 1969 (invited). 

Glish, G. L. and McLuckey, S. A., "Progress in Explosives Detection at Oak Ridge," 

FAA Vapor Technology Symposium, Atlantic City, NJ, June 6-7, 1969 (invited). 

Glish, G. L and McLuckey, S. A., "Ux of an Ion Trap Mass Spectrometer for Real-

Time Air Monitoring," 31st Rocky Mountain Conference on Analytical Chemistry, 

Denver, CO, Jury 31-August 2, 1969 (invited). 

Glish, G. L; McLucfcey, S. A; and Asano, K. G., "New Signature Detection," LAGER 

Meeting on Effluent Research, Washington, DC, August 15, 1989. 

Glish, G. L and McLucfcey, S. A., "Real-Tune Air Monitoring for Explosives and 

Other Compounds," Meeting on Analytical Chemistry of Weapons Materials, Oak 

Ridge, TN, October 3-6, 1989 (invited). 
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Gash, G. L. Gash, G. L. and McLuckey, S. A , 'Recent Developments in Explosives Detection at 
Oak Ridge,* FBI Meeting on Explosives Detection, Quantioo, VA, October 11,1989 
(invited). 

Gain, G. L end McLuckey, S. A , •Nan-Conventional Hybrid Instruments: The 
What* and Whys of 'Reverie1 Thinking," Workahop on Hybrid Mas Spectrometer*, 
Lake Louise, Canada, November 30-Deccmber 2, 19S9 (invited). 

Goeringer, D. E Goeringer. D. E ; Christie, W. H^ and Vakga, R. E , Inorganic SIMS,' BES Site 
Review, Oak Ridge, TN, April 24-25, 1989. 

Goeringer, D. E ; Gbah, G. U Asano, K. G^ and McLuckey, S. A^ 'Application of 
Later Deaorption in an b x Trap Maat Spectrometer,* 37th ASMS Conference on 
Max Spectrometry and Atted Topics, Miami Beach, FL, May 21-26, 1969. 

Goeringer, D. E ; Gash, G. L; Aiano, K. G^ McLuckey. S. A4 Whittcn, W. B-; and 
Ramaey, J. M., "Developments in Laaer-Baaed Techniquet for Ion Trap Maat 
SpectromeTy,* FACSS Meeting, Chicago, IL, Oct. 1-6, 1989 (invited). 

Grant, B. C Grant, B. C; McBay, E FU McLuckey, S. A^ and Gain, G. L , "High Reaolution 
Daughter Ion Analysis Application in Hybrid Maat Spectrometry,* 37ih ASMS 
Conference on Maat Spectrometry and Allied Topic*, Miami Beach, FL, May 21-26, 
1989. 

Griest, W. H. Gnest, W. H.; Ho, G-h.; Stewart, A. L;" TyndaiL R. !_;• Tan, E / Guerin, M. R., 
"Cbaracterizatkmcl Explosives Proceating Watte Decomposition Due to Composting,* 
Workthop on Compouing Development, New Orleans, LA, September 6-8, 1989 
(invited). 

Griest, W. H.; Torokim, B. A.; Schenley, R. L; Caton, J. E ; Fleming, G. S.; Edwards, 
M. D.;* Harmon, S. H.; Wachter, L. J.; Garcia, M. E,* "Determination of Organic 
Compound* in Radioactive Nuclear Wastes,* 31st ORNL/DOE Conference on 
Analytical Chemistry in Energy Technology, Gatlinburg, TN, October 10-12, 1989. 

Griest, W. H.; Ho, G-h.; Stewart, A. I:' TyndalL R. L ; # Tan, E;" Guerin, M. R., 
TajQcologjcal and Chemical Characterization of Composted Explosives Processing 
Waste," 14th Annual Army Environmental R&D Symposium, Williamsburg, VA, 
November 14-16, 1989 (invited). 
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Guerin, M. R. Guertn, M. H; Griest, W. IL; Ho, C-IL, "Health Related Chemical Properties of 

Crude OS,' Conference on the Abakan Crude CM Spin and Human Health, 

Seattle, WA, July 28-30, 1989 (invited). 

Gukxaon, G. A. Guiochon, G. A^ *Opt«rning Large Scale Production in Chromatograpby,* 5th 

international Symposium on Separation Science and Biotechnology, Fort Lauderdale, 

FL, January 19, 1989. 

Guiochon, G. A^ Ma, Z^* Lin, &,* "Physical O r miril Meaaurement in Nonlinear 

Chromatography: Parameter Estimation,* Pituburgb Conference and Exposition, 

Atlanta, GA, March 5-10, 1989. 

Guiochon. G. Â - Huang, J.-X," 'Experimental Verification of Semi-Ideal Model of 

Chromatography for Displacement Chromatography,* Pittsburgh Conference and 

Exposition, Atlanta, GA, March 5-10, 1989. 

Guiochon, G. A; Ghodbane, S , ' "Optimization of Experimental Parameters 

in Preparative HPLC,* Pittsburgh Conference and Exposition, Aflanu, GA, 

March 5-10, 1989. 

Guiochon, G. A.; Gokhan-Shnzi, S n* *Experimental Vernation of Analytical Solution 

of Large Concentration Band in the Case of the Langrouir Isotherm,' Pittsburgh 

Conference and Exposition, Atlanta, GA, March 5-10, 1989. 

Guiochon, G. A.; Czok, M^ Huang, J.-XL,* 'Gradient Eluuon Under Overload 

Conditions,' Pittsburgh Conference and Exposition, Atlanta, GA, March 5-10, 1989. 

Guiochon, G. A.; SchudeL J. V. H., 'Characurnation of Some Comniercially Available 

Stationary Phases in HPLC,' Pittsburgh Conference and Exposition, Atlanta, GA, 

March 5-10, 1989. 

Guiochon, G. A.; AubeL M. T., 'Characterization of Revened-Phast LC Stationary 

Phases Using Ribonudease A,* Pittsburgh Conference and Exposition, Atlanta, GA, 

March 5-10, 1989. 

Guiochon, G. A., "Prediction of Band Profiles in Non-Linear Chromatography,' 

Pittsburgh Conference and Exposition, March 5-10, 1989 
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Guiochon, G. A. Gukxbon, G. A4 Huang, J.-X^# 'Competitive Adsorption Behavior in HPLC (II): 

Proteins on TSK DEAE Anion Exchanger," Piusburfcb Conference and Exposition, 

Atlanta, GA, March 5-10, 1969. 

Guiochon, G. A.; Dose. E V^ Roles, J. L, *Ga» Chromatographic Study of Ceramic 

Material* Surface Properties,* Pittsburgh Conference and Exposition, Atlanta. GA, 

March 5-10, 1989. 

Guiochon, G. A^ *Non-Linear Chromatrography," University of North Carolina, 

Chapel Hid, NC, March 27, 1989. 

Guiochon, G. A, "Preparative Liquid Chromatography,* Research Triangle 

Chromatography Discussion Group, Raleigh, NC, March 28, 1969. 

Guiochon, G. A, "Recent Progress in Preparative Liquid Chromatography,* Tennessee 

Eastman, Kingsport, TN, April 7, 1989. 

« Guiochon, G. A., "Non-Linear Chromatography. Recent Theoretical and Experimental 

Results,* Distinguished Lectures m Chemistry Series, San Jose State University, San 

Jose, CA, April 25, 1989. 

Gotahan-Snirazi, S.;* Guiochon, G. A., The Theory of Optimization of the 

Experimental Conditiom of Preparative Ehition Using the Ideal and Semi-Ideal 

Models of Chromatography,' 6th International Symposium on Preparative 

Chromatography, Washington, DC, May 8, 1989. 

Guiochon, G. A., 'Purification of Peptides and Proteins by Preparative Liquid 

Chromatogrpahy,* Department of Chemotry, East Tennessee State University, Johnson 

City, TN, September 29, 198S. 

Guiochon, G. A., "Purification of Peptides and Proteint by Preparative liquid 

Chromatography,* Department of Chemistry, Georgetown College, Georgetown, KY, 

October 19, 1989. 

Guiochon, G. A.; Czok, M., "New Packing Material! for See Exclusion 

Chromatography,* 197th National Meeting, American Chemical Society, Dallas, TX, 

Apnl 13, 1989. 
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Guwchoo, G. A. Guiochon, G. A; GoWiaa-Sbinzi, S^* Katti, A M4 Czok, M., The Theory of 

Non-Linear Chromatography,* 13th International Sympotium 00 Column Liquid 

Chromatography, Stockholm, Sweden, Juoe 30, 1989. 

Guiochon, G. A; Gohhan-Shirazi, &;* Katti, A Kt, *Op jarzation of Experimental 

Gondii Jam Car Maximum Production Rate in Preparative Liquid Chromatography,* 

Chromatographic Symposium in Memoriam Ictvan Haiatz, Saarbruecken, Federal 

Republic of Germany, Jury 3, 1989. 

Gukxaan, G. A; Gaidian-Sbirazi,* "Optimization of Column Design and Operation 

Parameters for Preparative Scale High Performance Liquid Chromatography,' Eastern 

Analytical Symposium, New York, NY, September 25, 1989. 

Guiochon, G. A; GoUtan-Shirazi,* "Optimization of Column Deiign and Operation 

Parameters for Preparative Scale High Performance Liquid Chromatography,* 

Separation and Energy Symposium, KeoKvfle, TN, October 25, 1989. 

Gukxfaon, G. A. The Optimization of Experimental Conditions in Preparative High 

Performance Liquid Chromatography,* 1989 Annual Meeting, American Institute of 

Chemical Engineers, San Francisco, CA, November 6, 1989. 

Newburger, J^* Guiochon, G. A , The Utility of Sample Self-Displacement at a 

Routine Preparative Separation Technique," 6th International Symposium on 

Preparative Chromatography, Washington, DC, May 8, 1989. 

Newburger, J.;* Gukxnon, G. A, The Utility of Sample Self-Displacement a* a 

Routine Preparative Separation Technique,' 13th International Symposium on Column 

Liquid Chromatography, Stockholm, Sweden, June 27, 1989. 

GoUiaa-Shirazi, S.;* Guiochon, G. A , 'On the Theory of Optimization of the 

Experimental Conditions of Preparative Chromatography," 13th International 

Symposium on Column Liquid Oiromatography, Stockholm, Sweden, June 27, 1989. 

Hettich, R. L. Hettich, R. L, 'Characterization of Photo-Induced Pyrimidine Cydobutane Dimers 

by Laser Ionization Fourier Transform Mast Spectrometry,* ASMS Workshop on 

Mechanisms in Deaorption Ionization, Sanibel Island, FL, January 23, 1989. 
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Hettich, R. L. Hettich, R. L, 'Charaaerization of Alkylated Nucleosides by Laser Ionization Fourier 

Transform Mass Spectrometry,* Pittsburgh Conference and Exposition, Atlanta, GA, 

March 5-10, 1969. 

Hettich, R. L, "Struoural Fxaminaiion of Aluminum Ouster ions, Aln~ for 

n - 3-50,' 37th ASMS Conference on Mats Spectrometry and Allied Topics, Miami 

Beach, FL, May 21-26, 1969. 

Hettich, R. L; Buchanan, M. V., "Laser Ionization Fourier Transform Mass 

Spectrometry for the Isomeric Differentiation of Alkylated Nucleosides,' 37th 

ASMS Conference on Mast Spectrometry and Allied Topics, Miami Beach, FL, 

May 21-26, 1969. 

Hettich, R. L; Buchanan, M. V , *Differentiation of Alkylated Nucleoside Isomers 

by Laser Ionization Fourier Transform Mass Spectrometry,' 2nd International 

Symposium on Mast Spectrometry in the Health and Life Sciences, 

San Francisco, CA, August 27-31, 1969. 

Hettich, R. L: Buchanan, M. V. "Structural Examination of DNA Adduce by Laser 

Ionization Fourier Transform Mass Spectrometry,* 31st ORNL/DOE Conference on 

Analytical Chemistry in Energy Technology, Gatlinburg, TN, October 10-12, 1989. 

lettich, R. L; Buchanan, M. V., "Structural Characterization and Isomeric 

Differentiation of DNA Adducts,' Massachusetts Institute of Technology, Boston, MA, 

December 7, 1969 (invited). 

Ilgner, R. H. Hgner, R. H.; Buchanan, M. V., "Automated Thermal Desorption of Trace Organic* 

in Air Using a New Sample Handling System,' 31st ORNL/DOE Conference on 

Analytical Chemistry in Energy Technology, Gatlinburg, TN, October 10-12, 1969. 

Ilgner, R. H.; Wise, M. B.; Buchanan, M. V., 'Direct Thermal Desorption MS/MS 

Analysis of Selected Organophosphonates with an Ion Trap Mass Spectrometer,* 

Pittsburgh Conference and Exposition, Atlanta, GA, March 5-10, 1989. 

Jenkins, R. A. Jenkins, R. A.; Dyer, F. F.; Moody, R. L, "Performance of a Commercial Portable 

X-Ray Fluorescence Unit for Field Analysis of Contaminated Sod and Water,* 

196th American Chemical Society National Meeting, Miami Beach, FL, 

September 10-15, 1969 (invited). 
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Katti, A. M. Kati\ A. M; Huang, J.-X;* Guiochon, G. A., 'Experimental Verification of 
Scmi-Iotal Model of Chromatography for Displacement Chromatography," Pittsburgh 
Conference and Exposition, Atlanta, GA, March 5-10, 1969. 

Katti, A. M^ Guiochon, G. A^ "Mast Overload in Liquid Chromatography: A 
Theoretical and Experimental Approach,' 6th International Symposium on Preparative 
Chromatography, Washington, DC, May 8, 1969. 

Katti, A. M.; Guiochon, G. A., "Maai Overload in Liquid Chromatogrpaby: A 
Theoretical and Experimental Approach,' 13th International Symposium on Column 
Liquid Chromatography,* Stockholm, Sweden, June 27, 1969. 

Katti, A. M.; Guiochon, G. A., 'A Study of Binary Separations by Overloaded Elution 
and Displacement," 1969 Annual Meeting, American Institute of Chemical Engineers, 
San Francisco, CA, November 6, 1989. 

Keller, J. M. Keller, J. M.; Costanzo, D. A.; and Autrey, J. W.*, "Radiochemical and Inorganic 
Characterization of the ORNL Inactive Tanks for Radioactive Liquid Waste,' 31st 
ORNIVDOE Conference on Analytical Chemistry in Energy Technology, Gatlinburg, 
TN, October 10-12, 1969. 

Klatt, L N. Klatt, L. N., 'A Microcomputer Controlled Hot-Cell Titration System,' 2nd Karlsruhe 
International Conference on Analytical Chemistry in Nuclear Technology, Karlsruhe, 
Federal Republic of Gcrnrny, June 5-9, 1969. 

Klatt, L. N., 'Instrumentation Developments,* International Atomic Energy Agency 
Safeguards Analytical Laboratory, Seibersdorf, Austria, June 12, 1969. 

Klatt, L. N., "Instrumentation Developments,* Kemforschunszentrum Karlsruhe, 
Institut fur Radiochemie, Karlsrube, Federal Republic of Germany, June 14, 1989. 

Dale, J. M. and KJatt, L. N., 'Can the Counterfeit Bill Be Detectedr Eastern 
Analytical Symposium, New York, NY, September 25-29, 1969 (invited). 

l-aing, W. R. Laing, W. R., "Is There OA Life After the DOE Survey," Argonne National 
Laboratory, Argonne, IL, Chemical Technical Division Seminar, April 6, 1969. 
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Lyon, W. S. Lyon, W. S., "Neutron Activation Analysis and Gamma Ray Spectrometry,* New 

Brunswick Laboratory 40th Anniversary, Argooac National Laboratory, Argonne, IL, 

April 3, 1989 (invited). 

McLuckey, S. A. McLuckcy, S. A^ "Explosives Detection at ORNL," MMES Engineering Meeting, Oak 

Ridge Y-12 Rant, January 19, 1989 (invited). 

McLuckey, S. A. and Glish, G. L, Ion Injection and MS/MS Studies with a 3-

Dimenaional Quadrupoie," Pittsburgh Conference and Exhibition, Atlanta, GA, March 

8, 1969 (invited). 

McLuckey, S. A. and G^h, G. L, "Explosives Detection with MS/MS," Entry Control 

Technology Review for DOE Facilities, Albuquerque, NM, April 19, 1989. 

McLuckey, S. A.; GBsh, G. L.; Donohue, D. L; Hulett, L D., Jr.; and McKown, 

H. S, "Ionization by Positrons: What's the Matter with Anti-Matterr 37th ASMS 

Conference on Mass Spectrometry and Allied Topics, Miami Beach, FL, May 22,1989 

(invited). 

McLuckey, S. A. and Gtish, G. L, The Role of Mass Spectrometry in the Analysis 

of Explosives,* 37th ASMS Conference on Mass Spectrometry and Allied Topics, 

Miami Beach, FL, May 24, 1989 (invited). 

McLuckey, S. A.; Glish, G. L; and Eckenrode, B. A., The Study of Negative Ions 

using a Three Dimensional Quadrupoie," Triennial International Dynamic Mass 

Spectrometry Symposium, Salford, England, July 3-5, J969. 

McLuckey, S. A.; Glish, G. L; and Grant, B. C , "Explosives Detection with an Ion 

Trap Mass Spectrometer," Third International Symposium on Analysis and Detection 

of Explosives, Mannheim, FRG, July 10-13, 1989. 

McLuckey, S. A. and Glish, G. L, "Explosives Defection by Mats Spectrometry," 

FACSS XVI, Chicago, IL, October 1-6, 1989 (invited). 

McLuckey, S. A.; Glish, G. L; Van Berkel, G. J.; Eckenrode, B. A.; Fiurer, R. A.; 

Asano, K. G.; and Goeringer, D. E , "Ion Trap Mass Spectrometry with 

Unconventional Ionization Method*, 31st ORNL/DOE Conference on Analytical 

Chemistry in Energy Technology, Gatlinburg, TN, October 10-12, 1989. 
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Ramsey, J. M. Ramiey, J. M-, "Nonlinear Analytical Laser Spectroacopy," Varan Research Center, 

Palo Alto, CA, February 17, 1969 (invited). 

Ramsey, J. M.; Biazewicz, P. R-; and Whitten, W. B., "Spectrochemical Analysis by 

Multiphoton Ionization in a Urn Pressure Sampling Interface," Pittsburgh Conference 

and Exhibition, Atlanta, GA, March 6, 1989 (invited). 

Ramsey, J. M., "Non-Linear Optics and Spectnvbemical Analysis," Randoiph T. " lap* 

Memorial Lecture Series, University of Connecticut, Storrs, CT, April 7,1969 (invited). 

Ramsey, J. M., "Progress in Laser Spectroacopy," DOE/BES Site Review, ORNL, Oak 

Ridge, TN. April 25, 1989. 

Ramsey, J. M. and Whitten, W. B., "Looking for Single Molecules in Small Droplets," 

196th National American Chemical Society Meeting, Miami 3each, FL, September 

11, 1989 (invited). 

Ramsey, J. M.; Wnitten W. B.; and Biazewicz, P. R., "One and Two Color 

Multipnoton Ionization in a Low Pressure Sampling Cell,* 1989 FACSS Meeting, 

Chicago, IL, October 2, 1989 (invited). 

Goeringer, D. E.; Whitten, W. B.; and Ramsey, J. M., "Photoionization Spectroscopy 

in an Ion Trap Mass Spectrometer," 31st ORNL/DOE Conference on Aiulyucal 

Chemistry in Energy Technology, Gatlinburg, TN, October 11, 1969. 

Ramsey, J. M., "Laser Analytical Atomic Spectroscopy," Analytical Chemistry Division 

Seminar, Oak Ridge, TN, October 24, 1989 (invited). 

Ramsey, J. M., "Spectrochemical Analysis in Electrodynamic Traps: Panicles, Neutrals, 

and Ions," Department of Chemistry, University of Tennessee, Knoxville, TN, October 

26, 1969 (invited). 

Ramsey, R. S. Ramsey, R. S.; Ho, C-h.; Row, K. H.,# The Determination of UV-Induted Lesions 

in DNA by HPLC/GC," Pittsburgh Conference and Exposition, Atlanta, GA, March 

5-10, 1989. 
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Ramsey, R. S. Ramsey, R. S, •Chromatography Isohttioo and Measurements," VS. DOE/OHER 

Toncoiogy Research Review, San Francisco, CA, June 13, 1969. 

Ramsey, R. S^ Katti, A. KL, Guiocnon, G. A^ The Quantitative Sampling of Thymine 

Dimer from Excess Thymine as Predicted Using a Semi-Ideal Chromatography 

Model,- 16cfa Annual FACSS Meeting, Chicago, IL, October 1-6, 1969 (invited). 

Robinson, L. Robinson, L; Dyer, F. F; and Emery, J. F„ "Neutron Activation Facilities in the 

Advanced Neutron Source," American Nuclear Society 1969 Winter Meeting, San 

Francisco, CA, November 26-30, 1989. 

Robinson, L; Dyer, F. F^ West, C D.*; and Montgomery. B. H . \ 'Design and Use 

of a Proposed Californium Cold Neutron Source," Nuclear Analytical Methods in the 

Life Sciences International Conference, Gakhersburg, MD, April 17-21, 1989. 

Robinson, L, "An Expert System for Gamma-Ray Spectroscopy," 31st ORNL/DOE 

Conference on Analytical Chemistry in Energy Technology, Gatlinburg. TN, October 

10-12, 1969. 

Robinson, L, "Neutron Activation" and "Careers in Science and Engineering,* a series 

of lectures and panel discussions, Lincoln University, Philadelphia, PA, April 13-14, 

1989. 

Ross, H. H. Ross, H. H., "Photon Scattering Effects in Heterogeneous Scintillator Systems," 

International Conference on New Trends in Liquid Scintillation Counting and Organic 

Scintillators, Gatlinburg, TN, October 2-5, 1989. 

Rosseei, T. M Rosseel, T. M.; Young, J. P.; Zuhr, R. A.*; Vane, C R.#; Jones, N. L.*; and 

Peterson, R. S.*, "High Resolution X-Ray Studies of the Chemical Environment of 

Ions Implanted in Insulators," Symposium on Chemical Applications of Particle 

Accelerators, American Chemical Society National Meeting, Dallas, TX, April 9-14, 

1969. 

Rosseel, T. M., "High Resolution Studies of the Chemical Environment of Sulfur 

Implanted in Insulator Matrices," DOE/BES Site Review, Oak Ridge National 

Laboratory, Oak Ridge, TN, April 24-25, 1989. 
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Shaw, R. W. Shaw, R. VA; Young. J. P.; and Smith, D. H., 'Resonance Ionization Mast 

Spectrometry,* DOE/BES Site Review, Oak Ridge, TN, April 23-25, 1969. 

Shaw, R. VA; Young, J. P., and Smith, D. H-, *Diode Later-initiated Resonance 

Ionization Maat Spectrometry,' DOE/OHER/OBES Workabop on Advanced Later 

Technology (or Chemical Measurements, Argonne, IL, May 9-11, 1969. 

Shaw, R. VA; Young, J. P.; and Smith, D. R , "Diode Laser Resonance Ionization 

Mass Spectrometry,* Fifth Interdisciplinary Laser Science Conference, Stanford 

University, Palo Abo, CA, August 27-31, 1989. 

Shulu, W. D. ShuUs, W. D^ "Recem Advances in Detection of Organic Vapors," Second Karlsruhe 

International Conference on Analytical Chemistry in Nuclear Technology, Karlsruhe, 

FRG, June 5-9, 1989 (invited). 

Shulu, \V. D., 'Analytical Chemistry and Measurement Science,' New Brunswick 

Laboraucy 40th Anniversary Symposium, Argonne, Illinois, April 3-5,1969 (invited). 

Shuts, W. D., The Excitement of Analytical Cbemisuy in a Multipurpose National 

Laboratory,* Pittsburgh Conference and Exhibition, Atlanta, GA, March 6-10, 1989 

(invited). 

Smith, D. H. Smith, D. H.; Young, J. P.; and Shaw, R. W., "Diode Laser Applications to Resonance 

Ionization Mast Spectrometry,* 37th ASMS Conference on Mast Spectrometry and 

Allied Topics, Miami Beach, FL, May 21-26, 1989. 

Stemmler, E. A.* Stemmler, E. A.;* Buchanan, M. V., "Surface-Catalyzed Reactions of Aromatic 

Amines with Oxygen and Nitrogen in NIC! Mass Spectrometry," 37th Annual 

Conference on Mast Spectrometry and Allied Topics, Miami Beach, FL, 

May 21-26, 1969. 

Stemmler, E. A.;* Buchanan, M. V., "Gas-Phase and Surface-Catalyzed Reactions of 

PAH in Negative Ion Chemical Ionization Mass Spectrometry," 16th Annual FACSS 

Meeting, Chicago, IL, October 1-6, 1969. 
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Stokery, J. R. Stokery, J. R., 'Characterization of Mixed Radioactrve/Chemkal Waste for Regulatory 

CtaiwifVnwinn and Remedial Action," Second International Conference on Analytical 

Chemistry in Nuclear Technology, Karlsruhe, Germany, June 5-9, 1969. 

Thompson, C V. Thompson, C V.; Edwards, M. D^« Maskarinec, M. P., 'A New Method for the 

Sampling and Analysis of Volatile Organics in Soils,' 31st ORNL/DOE Conference 

on Analytical Chemistry in Energy Teduology, Gatlinburg, TN, October 10-12,1969. 

Todd, Peter J. Todd, Peter J., "Solute Introduction and Liquid Secondary Ion Emission,' 37th ASMS 

Conference on Mass Spectrometry and Allied Topics, Miami Beach, FL, May 21-26, 

1989. 

Todd, Peter J., "Origin of Secondary Ions Emitted from Liquids," SIMS VII - 7th 

Intl. Conf. on Secondary Ion Mats Spectrometry, Monterey, CA, Sept. 3-8, 1969. 

Tomkins, B. A. Tomkins, B. A.; McMahon, J. M^ Caldwell, W. M.; Wilson, D. L.,* "Ultratrace 

Determination of Formaldehyde in Potable Water," Pittsburgh Conference and 

Exposition, Atlanta, GA, March 5-10, 1989. 

Van Berkel, G. J. Van Berkel, G. J.; Tuinman, A. A.*; Glish, G. L; and McLuckey, S. A., "Porphyrin 

Pyrrole Sequencing by Low Energy Collision Induced Dissociation of (M+7H)* 

Generated in situ During Ammonia Chemical Ionization," 37th ASMS Conference 

on Mass Spectrometry and Allied Topics, Miami Beach, FL, May 21-26. 1989. 

Van Berkel, G. J.; Gush, G L; and McLuckey, S. A., "Charge Separation and 

Electron Capture Induced Dissociation of Doubly Charged Porphyrin Ions," 37th 

ASMS Conference on Mass Spectrometry and Allied Topia, Miami Beach, FL, May 

21-26, 1989. 

Van Berkel, G. J., "Geoporphyrin Analysis Using an Ion Trap Mass Spectrometer,' 

197th National Meeting of the American Chemical Society, Dallas, TX, April 9-14, 

1989 (invited). 

Whalcy, K. S. Whaley, K. S. and Lindahl, P. C.*, "Assessment of Inorganic Analysis Data Quality 

in the DOE Environmental Survey," 31st ORNL/LOE Conference on Analytical 

Chemistry in Energy Technology, October 10-12, '.*#. 
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Wise, M. B. Wae, M. B^ Dgner, R. H^ Buchanan, M. V, -Direct Thermal Deaorption MS/MS 

Analyst of Selected OrgaiMpbaspboaites with an Ion Trap Man Spectrometer,* 

Pittsburgh Conference and Fapowion, Atlanta, GA, March 5-10, 1969. 

Wise, M. B.; Buchanan, M. V.; Dgner, R. H., "Detection of Trace Organia in Air 

Using Thermal Detorption ITMS,* 37th ASMS Conference on Man Spectrometry 

and Allied Topics, Miami Beach, FL, May 21-26, 1989. 

Woe, M. B. Woe, M. B^ Buchanan, M. V^ Guerin, M. R, "Direct Sampling Man Spectrometry 

for the Detection of Trace Organic* in the Environment," Gat Research Institute 

Bweoginecring Conference, KnomviBe, TN, February 22, 1989 (invited). 

Wite, M. B^ Buchanan, M. V.; Guerin, M. R, "New Matt Spectrometric Tecfaniquet 

for the Rapid Determination of O r g r c Compoundt in Water and Soils," 19th 

International Symposium on Environmental Analytical Cbemittry, Jekyll Island, GA, 

May 22-24, 1969 (invited). 

Woe, M. B.; Kiggins, C E^ Ilgner, R. H^ Guerin, M. R-, "Rapid Determination of 

Nicotine in Ambient Air Using Thermal Desorption Ion Trap Mass Spectrometry," 

43rd Tobacco Chertusu' Research Conference, Richmond, VA, October 2-5, 1989. 

Wise, M. B.; Higgins, C E.; Ugner, R. H.; Guerin, M. R., "Evaluation of Ion Trap 

Mast Spectrometry for the Determination of Ambient Nicotine," EPA/AWMA 

International Symposium on Measurement of Tone and Related Air Pollutants, 

Raleigh, NC, May 2-5, 1989. 
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ARTICU3 REVIEWED OR REFEREED FOR PERIODICALS 

I 

3! I 

i * 5 i i a JI • 8 * 
^ " i ^ S i i i ? * 2 

o £ 
Buchanan, M. V. 6 5 2 1 3 21 1 39 
Carter, J. A. 8 3 
Christie, W. H. 1 1 2 
Dale, J. M. 1 1 
Dooohue, D. L 4 1 1 6 
Dose, E. V. 5 1 1 7 
Dyer, F. F. 2 2 
Eldridge, J. S. 3 3 
Feldman, C 3 3 
Glish, G. L 3 1 3 1 2 6 16 
Goeringer, D. E. 1 1 
Griest, W. H. 2 1 4 7 
Guerin, M. R. 1 1 1 5 1 9 
Guiochon, G. A. 250* 18 2 6 4 280 
Hettich, R. I_ 1 1 2 
Ho, C H. 3 3 
Hulett, L. D. 2 2 
Jenkins, R. A. 2 5 1 8 
Klatt, L N . 2 1 1 4 
Iaing, W. R. 6 6 
Maskarinec, M P 1 1 2 
McLuckey, S. A. 3 1 2 2 8 
Mueller. T. R. 2 2 
Ramsey, J.M. 3 2 5 
Ramsey, R S. 3 3 2 8 
ROK, H. H. 3 61 64 
Rosseel, T. M. 2 2 
Shaw, R. W. 1 2 3 
Smith, D. H. 2 1 3 
Stewart, J. H. 6 6 
Stokely, J. R. 2 2 
Todd, P. J. 2 41 43 
Tomkins, B. A. 1 1 2 
Van Berkel, G. J. 1 2 3 
Whitten, W. B. 1 1 
Young, J. P. 2 2 1 5 
Totals 1 291 6 1 2 5 3 3 1 8 18 3 3 121 102 568 
•As Associate Fdiior 
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SUMMARY OF ANALYTICAL SERVICE WORK 

Number of results reported by 

Analytical Radioactive Mate­ Organic Inorganic 
Organization Spectroscopy rials Analysis Chemistry Chemistry Total 

ORNL Unit 

Analytical Chemistry 1046 3938 9206 2471 16661 
Central Management 1439 276 135 1850 
Chemical Technology 2850 4870 967 13955 22642 
Chemistry 240 65 388 1033 1726 
Energy 704 719 6108 7531 
Enginering Physics and 22 32 341 5 400 

Mathematics 
Engineering Technology 66 105 210 381 
Environmental and Health 5610 46020 59037 31578 142245 

Protection 
Environmental Sciences 1360 16965 53000 71325 
Finance and Materials 14 76 405 495 
Fuel Recycle 2141 87 109 61 2398 
Fusion Energy 161 64 541 97 863 
Health and Safety Research 56 570 1088 129 1843 
Instrumentation and Controls 38 242 79 359 
Metals and Ceramics 3416 276 2390 1386 7468 
Physics 136 75 397 8 616 
Plant and Equipment 158 484 5855 773 7270 
Research Reactor 78 1321 332 1731 
Sold State 142 54 559 180 935 

Others 

DOE Environmental Survey 
Program 

K-25 
Miscellaneous 
Paducah Gaseous Diffusion 

Plant 
Savannah River laboratory 
Work for Others 
Y-12 

2173 
1841 

276 
1833 

1120 

1195 
1777 

65 

5546 

1523 
787 
672 

372 

1820 8486 

4891 
4411 
672 

276 
1833 
437 

TOTAL 22101 64391 109482 P.3771 308981 
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DIVISIONAL MANPOWER AND FINANCIAL SUMMARY 
FY 1989 

Source SK PY' 

DOE programs 
Energy Research 

Basic Energy Sciences 1.775 13.6 
Health and Environmental Research 572 4.6 

Environmental Survey 738 7.2 
Safeguards and Security 518 5.0 
Nuclear Energy 245 2.1 
Multi-program Facilities Support 733 7.2 
Fossil Energy 80 0 7 
Miscellaneous 175 1.7 

1,312 9.4 
307 2.2 

35 0.3 
44 0.3 
50 0.3 
26 0.1 

Total DOE programs 4.836 42.1 

Work for others - federal agencies 
Department of Defense 
National Cancer Institute 
Department of State 
Environmental Protection Agency 
National Institute of Health 
Miscellaneous 

Total WFO - federal agencies 1,774 12.6 

Work for others - nonfederal agencies 
Protective Coaling G)mpanies 
Uranium Ore Testing G)mpanics 
Center for Ind(x>r Air Research 
Miscellaneous 

Total WFO - nonfederal agencies 514 4.3 

Support/Services 
Other ORNL Divisions/Programs 6.057 85.1 
Other Clients 630 8.9 

Total Support/Services 6.687" 94.0 

TOTAL FINANCIAL PLANS 13,811 153.0 

'Person Years 
"Does not reflect Laboratory general and administrative expense or general plant 

services. 

34 0.1 
28 0.1 
80 0.7 

372 3.4 
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