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Considerations in Selection of Sample
MatrcHomialization kotope

ourinitial choice for sample matric was thodium

A dvantages
+ A =ingle stable ischope - TR L
+ 3ood negative ion yield
+ Low naturalabundance

+ Ba=ity comeerted from
dizmohead o rrew

+Good horroge neity when cor
precipiteted with Tz

Disadvantage

+Wary high RBu kwels in all
connnre reia by awaibble pure
Fh =iock =alution

+Ru iz the i=obaric interferancy
for rreas ure rrent of ¥ Tc

+ Che idation-d istillation using
persulfate was zusces=fulin
boteraring Fu lewels by 1049 bt
this wa= =till not sufficient

The aptirnum sarmple matiznomialzation isotope is
niobiurn

Anadditional challenge is the presence of an interference
from sulfur

Froblem

+ Zulurion= have a high

probe bility of injection into the
accelraior at rosss 99
M5 and M u*E A&
frestion of the ind v id ual

frag rreznts ax it the acselerator
with the emxact velos ity and
rrag netic rigidity &= Te ions,
and are tran=rnited tothe
dedechor,

+Zulur ion= reaching the
detector then inte fere with To
ks e Sfan overlap betaman
the S K-lire= and the To L-lines

Solution

+ B pection of sulfur wee
a:hizved by the addition of &
thin ga= ion@ation detector in
front of the x-ray detectar,
allowing ckean diszrirmination
bey i rantia | & nargy lom=
+ Injrction of “TeM0r rokcules
into the acce ke retor
drarratizally =uppressed the =
count rete relative o T




Recsults of A MS Measuram ents of Tc n
Spiked Soiks

+ Zoil from the trench area [homogenized, then =plitinta 25
aliquots] weas =piked with T

+ Follwing z2 ntrifugation and fikering, hydrogen peroaide wes
added tofully omid e T, Solutions wene boiled b0 e rowee
rerraining peroxide, then pa==ed through a TEWA-Spec colurn
[Eizhrom I nd ustries] 4o conce nirate the Te
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+ Al =piked =oil=from HTS were rrea=urable

+ Ho proble s related o sarmple rratrc we re
& oo nherad

+ Reprod usibility for those sails with highar @ Ts
conce nirations was 109 [ 10)




Characteristic Projectile X-rays for lon
identihcation

HTz Rpy

After ran=rois=ion thaough the = pectronmeter, the high energ:;-j
ionsare pas=ed through a thin foil. A= the ions =low in the foil,
inner =hell vacancies are produced in the ions, which then &t
s-ray= The s-ray anergies, which are atornis nurber
depandent, are rrea=zured ina high purity gerrmanivmdetesior
[HIEE‘EJ. providing =k rrental ide ntification.

+ Meazurad T L-lines prowide an datection officiency of 5 10%

+Teand Ruare unambiguoushy ide ntified

+The "Ry contribution is messured d irecty =o bachkg round

=ubtractions do not require assurmptionsabout stable Ru
imotope ratices in the samnphe

+ A thin AE gax ionimation deector hes bean added o rreasurs
differantial energy loss in coincide noe with the x-ray
rreasurenent, further red wcing cerin inde e noes.




This Project 5 he First Goncerted Atlemptto
Measure 22Tc Using AMS

Fesear:h lesuss

il ®Ry produce = ufficie nt
negetive ons?

+iahvan adeguate nagatie
ion wield are the ion
tran=mnission and detection
efficie nzy = ufficie ntfor
precizs rress e nent?

+Can imobaris interierances
b pemohead ?

+f' hat i=the optiral c hoice
fora =arple rmatrix thet can
Zarde an & QRO For AR
abundant=table motope?

+ How acc urate and

re prod ucible o re the
rress urs renhs ?

Re=ults

+ ¥ prod uces
conside rable negative ion
Surrent

+The cornbined syster
efficiency iz sufficientto
allows robust rreesurerment
of typical e meiron rre nbal
=arnples

+The utilzation of
G hanacte ristic project ke X-
rays allowes the resalution
of #Tz from®™Ru in o=t
inztances

+ Initia | ta =t ind icate
rhodivmzufficas axa
=arnple rratrix




Mathods 0 Measzure 39Tc in Ewironmental
Sam ples are being Developed

+Technetiure39 [ Tig = 2.1 10% &] i= an & bundant kong- lived
fizzion produse and is wide by distributed in the 2 meironrment

+The fate and fran=port of #Tc in the e meiron e nt is an == e of
considerable zocietal inmportance

+The trans port of * T rray ditkr fromn that of 01 and 129
becau=e of it different che mical prope rties

+ Becamume of it'=s long hal-lie and wes bz raedistion [292 =T ],
Tz b= difficultio datect at low levels by deceay counting.

Gioaaks

+ 10 fg [Bx 107 atoris]
detection limit

+ 0% precizion

+ Zirple, co=st e fiectiee
=armple preparation

Prnoblems

+ The long haltlie and wesk
[ & rrim=ion [292 k=] ke

Tz difficu lt 1o detest at low
kve s uxing fraditional

decey counting

Present configuration for **Tc AMS at LLHL
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Results and
Interpretations for 129]

Summary

123 raz been measuked inaliquots of Chemo byl soiks. The 122 concentration is consistant
with that meas ured by other techniques.

Initial results indicate that the measurement ot 220 in envikonme malsamples utilizing the
nE ionication detectoronthe I'EEl'n-";.' iS-D‘tDFIE b=a milire is s uccessTul

Eeparationcheristries 10F the edtaction ot B3 inemirnmentl s mpkes fave been
deve joped. Te:hniques wtlizing s2quential ectractionand toial dissolution have been
Eeshed.

Famples collected Triormthe HTS have been aralyzed
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+ Fexu = from the s=quential kaching of =cils from the HTS ind icate
-Bomb pulse 129 i= partitioned into exchangeable ard bound fractions.
The bound fraction=are kooated on oxide=and anganics.
-There is & concentration inGrease in both otal 2¥land the exchs nig e ble
18| st approximaie by the =ame de pth &= peakin %01 conce niration.

+We rification of these chservations would indicats that =clue transportisan
i portant mechani=m in the transport of & frection of the toba |12 ] inee niory

+ More & res hemes il further illuminate the tea e port of 1291
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Project Description

Thiz research develops techniques for messuring
globally distributed mdionuclides occuming todsy in
extremely low abundances ("fallout” from the era of
atrmosphernc nuclear testing), and then applies thess
techniques to better understand the mechanisms by
which radionuclides migrate. The techniques ernploy
accelEtar mass spectrometny [AMS) 2 reEtivaly new
analytical toal that pemits this work 1o be conductad
for the first time. The advantzages of our approach
include: 1) the ability to conduct migration studies in
locations most like those of concern 1o public health,
e.q., a "farfield” environment; 2) sites of multiple
contamination, .9, by Yooz can be avoided; 3] it
b=comes unnecessmny to collect mesarch samples that
are themselves mdioactive waste and are thersfore
difficult to handle and dizposs of in the Bborstony; 2nd
4] zince the nuclides are globally distributed, rmigration
research can be conducted inanmy chosen environment.

The contamirant Adionuclides potentizlly rmeasuEble
by AMS include 53MHi, 5=Mi, 5, 5=fr #=To, 129 ==,
Z5Mp, 2Py, and other adinides. Under the EM
Science Program |, we are developing AMS anabtical
abilities for *5r, 3=, ®=Te, and developing imnprowved
AMS rnethods for == 2nd 129),

Asa demonstation of the araltical techniques, and 35
an investigation of identified problerns associated with
charactenzing roisture and radionuclide movernent in
unsaturated dessrt soils, we have deweloped 3 field
study site =t the Mevada Test Sike.
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Technical kesues to be Beso hrad

+ S =it ity and linearity need imnprose rient for sannplkes
containing low [« 1 pg] ¥ Ts

+ Zolutions include
- u=z of Hb stock from previous supplier[5 x les=s Ru)
- irproventents in dads acquisition softyane o educe
=& n=itiv itwlgain shifts
- aparation of ion source st full cutputwill incresss count rate
freetold
- batter characterization of backgrounds

Status of ==Tc Development

+ The technical feas ibility of kow lve | deection of 2T utilzing
AME has bean de rronstraed

+ Unanticipated echnicalchallenges were des bowith
=ucces=sfylly - the projected target capability i= within reach

+ First pa== rrea=ure e nds of trenc h sarmples will begin in the
Sorning wes b=

+ Focu= willthen tirn tothe roetre re bed i=sues and rethod=
wva lidation

+ Plans for & complete set of moeasune e nts will be based on
the pe=ybsof the first pas=s and the rethods validation




Project Sumnrary

Thiz project dewelops analytical techniques for
analyzing rmadionuclides by accelermtor  mass
spectrometny, and then applies them to address
questions of mdionuclide migration inarid sails.

Whike initial efforts are focusing on 5, 222, 2 Te, and
12, AME amahbesis can potentially include 52Mi #2Mi,
222, =3 p, Z3FPu, and other actinides.

Frogress to date includes successful developrent of
anahytical capabilities for 23Tc and 122 improved 4 WS
rethods for 2501 and developrant of 3 field study site
at the Mevada Test Site that includes 3 desp trench in
allur il sails.

Y hawe observed and documented vanstions in the
migration of stablke chlorine and C1 in trench zoil
profiles, which indicste that chloine ray not be ==
direct and simple an indicator of moisture migration
3= has bean commmonly suppossed.

Fesults from the trench profiles indicate that
significant concentmtions of 122 are bound within
organic compounds and secondany oxide phasss, but
a larger fraction is water kachable, and appears 1o
rigrate =t & rate similarto the bamb-pulse &),

Results from the 23Tc spike leaching experments
indicate that present AMS capabilities provide 3
detection limit of A150fg, and 10% reproducibility with
linemnity =t higher lewels.

Project Future Activities

Trench sail =mmpks will now be anatyzed for =T, and
the peak bormb-pulse position - the extent of migration
since the em of atmospheric nuclear testing - will b=
located.

The concentration profiles of 128] will be completed for
* the tench =mmpks, including the charactenzation of
iodine complexing insails.

AME analtical methods for 225 and =50 will b=
developed, and archived trench s=mmples will b=
* analyzed forthess mdionuclides.

A zomputer model bazed on the HUFT cormputer code,
will be deweloped to  simulate the obssreed
* distribution of zoil moisture, chloring, 01, and the
other AMS radionuclides. Particular attention will b
p=id to the relations hip between moisture and chloride
flux in 2n effart to make chloride a2 more reliable and
* robust indicstor of moisture moverpent inarid soils.

The overall result will b2 an ability to conduct
radionuclide migration studies using  nuclides
globally-distributed by atrnospheric fallout from
nuclkear testing. The adwvantages of this include the
ability 1o conduct the wark in locstion of rost concern
to public hesth, sites of multiple contamination can b=
©@wvoided, study samples are pot themselves
radioactive hazards, and the research can be
conducted inamy envirenment since the nuclides wenr
glabally dispersad.



Development of New Instrumental and Chemical

Techniques for the

Measurement of 129]

fccelerator Mass Spectrometry at Lawrence
Lrermore Mational Laboratary
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Advantages of Acceelemtor Mass Spaectrometny

+ MokcURTineams ke nGes 3 eliminated orgreatly reduced by Strpping
At the terminal

+ ACCole [ENON 10 high @ nergies aliows the Use OF Oetectors Capabla of
rejecting sobaric inte merences

+ Eotopic mtos of« 107 *can be eadil measured

Development of chemical sepamton techniques for
measurement of 729 in evinonmental samples

+The prepamton of B2 ineminonmental smmples B AME messuement is
corplicaed by the e Rtive vobtilin of | and its 3bility to readily change o dation
states duringchermica |l prepamton

+The trare portar | in the vadose Tone mey be heawily dependentan it ability 1o
P Pt  Fibo dithe ke Mt FeSemoirs in the soil colurmn

+ A successtll understanding of the cycling of 1withinand Tans port of | Ok OT the
Wwadose o ne rquires unde rsta nding the bicegeoche mical cyelingor B3]

Reliable 129] Measurements Required the Canstruction of a
Mew Beamline and Detection System

A New Beam line Optim zed for Heavy Elements was
Built and Tesied

Measurement of 1291 in samples of " known"
concentration from Cherma byl
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+ Sampkes collected TRom the wicinity o the Chernoby | nuslear power
plant have exceedingly high ¥ lconcentrmtions and have been

rmeasured USing othe r techniques

+ A0 extractiontechnique basedon acid diesolmionand distillation or the
iodine Was Ukilined 1o separate L3 Tom the Sammple

+The conce ntmEtion of 12 was meas ured in nunes ous famples E=ing
AME. Theze conce ntrations agee with the acca pted values.
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Chorine conce ntRtions anddistributions, and moisture conte nts - 32 well 38 velokites and ages calcuRted Trom thenn - differ subsantialhy in proties onhy reters apart

Chlorine Conce ntrations Tor AllPofies Bormb-Puke 501 Peaks or &1 Protiles
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Peakchloride conce mtatons ditfer conside @by, 3 nd oG ur 3t waneing depths. Feaks in *=Clame FRre LUNitar r, = md oo ur atsllightﬁrtgreatr.de hs mear factunes,
Howenar, e nce 1ol pronounsed prersne | Thow i prezent
Corrparison of FCland Stablk-Cl Migration Chharine, **CI, and Moisture Flux Cormparison of Cland %01 Ages
a0 T T T T T T 10000 | e
= + Inarid soils, physical data indicating moisture Thecare e Clagte Sty an e
& uninformatie. |nstesd chemical data afe used, Unoes » Fnd e o b el Ferch
=1 the azsurmphion thatchlorine moves conse niatively with =
ﬂﬁf 1z s0il waer, Cland ¥5C 1 ages within the soil colurn arne a P
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Conclusion: Tre syzermatics of chloride migrationinarid aoils most be beter understood before chikorice Thor
can be usedas 3 relable indcalor of mMoEtue 1L Thiz i3 prepegquisite 10 he inferpretEtionor predctionor
radionuclide mmigration in unsturated 200l o7 and e ninon e nts .

+This iz notawidely recognized problem within the s cientific or regqulstony communities +




Application Site

Initial application of the AMS techniques is occurring at a trenched study site in arid unsaturated alluvial soils
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Site Description and Sampling

+ The purpoee of trenc hing was 1030w compliete 3coass 10 the 200l colurmn and © permit obee ation of 3l 20§l 2tructures: and stratgra phiy.

+ The tren:h was located acnoss 3 geolbgical Tault inan atte mpt o see evidence of pretenential moiEtue and Rdionuclide movennent. Previous
work had docu e nted peruas e £oil ractures, both rodernandancient, ad@pcent tothe @olt. 2uch fEchles might prowide pathvanys 101
pre¥enential Tiow. Fault mowverne nt creating the currenthy wizib ke landsunace offtset occurmed in 1970,

+ Zevaral nearvertical wactures are obse nred in the walls of the trench, and zoil samplkes wene syshe rmatica |y collected along wertical protiles
[P1-PE] both withinthe Tacture zones and sately svway fTromtharm. Samples wene alko collected withinthe rein tauft one.

+ Zamplkes were collected for: < giobal & lo Ut "bornb- pulse ] mdionuc lide conce ntaEtions, and & supporting det used to interpret the
aboered mdionus: lide conce mations [I'I'Di-StLII'E canent, FEI'tiGlE FiTe al'ﬁl'!,f-Si-S. niremh:gy.chl:n rine and *&C| concentrations as indicators of
moisture Thes, and othear |:l|'l'!,l'-5 ical and che mical meazurems I'It-S]




