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Abstract

This report is intended to providê a practical basís

for planning to ptoducê radioisotopes by spalLation. For

this purpose it includèE extensive tabulat.ions of calcu-

lated yields of products from wirtually every lÞssible

target elehenL borìbarded by 200-MeV protons. tn addition,

the effecès of bonbardinE errèrgy aûd ejióice of target on

proaluct yield are *amined. Several advantaûes of the

strËflation procèss relatíve to fissíon are enwerated.

The work reFÐrted utilizeE the thin-target spallation

c¡oss-section formula that was derived dpirically by

Rudstam. Examination of this fomula shows that, for a

given nuclìde ,LÀ {-h.." Z = atomi-c nuliber anal À = mass

number) produced f¡om a given target of mass Àt, the

spallation cross section goês th¡ough a nqimm when the

bombarding part.icle enêrgy, E, is arowd IOO ¡.,tev. Howeve¡,

when thick targets are considered and tl.ê accompanying

attenuation of bem intênsity is taken into account, an

incident particle energy of 2OO MeV is shom to bê a good

practical compromise betçeen the umanageably ¿hick targets

that would be requj-red for efficient uÊê of mucl¡ highêr

energy particles and the decreased proaluct activity that

woulA be encounterêd at l@er bodibarding energies, In

this connection, the axial distributions of a typical

product aêtivity along the bean path in a thick target

a¡ê shown graphÍcally for BOO- and 2OO-MeV incident

protons. In addition, the yields of unwanted by-products

are shoû to be many times as great at 800 MeV as at

2OO Mev. For a givèn E, the yield of rLA increases as

Ât approaches À.

the yield in miLlicuries of rl,A from a thick target

is described by an equation that contains a suitable

correction for the variation of gIÞllation crogs sectio¡

with (decreasing) energy as the bombarding particlè

traverses the thick target, The equatioD appLiês to

boribardments by protons, nêutrons, ¿leuterons, or alpha

particles, provided ¿hat the appropriate ranges of the

rèspèctive particles are used. The accuracy of tlte

regul¿s are coMensurate with that of the Rudgta

fomuLation (i. ê. within a factor of three of experi--

nentally deternined values, where such a cohparigon could

be made).. Î'his eguation was progrMed for coñtr[ter

solution, and tabulated rè6ults sh@ the independent

yields produced by a 2oo-microampere beam of 200-MeV

incident protons bomb+rdlng for 24 hours targels

rahging f¡ñ lithim to uranih. one table arranges

the data by product desired, the othq by target usêd,

tt¡e latter table gives the activities of i.he radio-

active products (with hatf-Iives g!êâter than one

ninutê) as weII as thè production cross sections of

both raaliæcti.ve and stablê products.



Int¡oduction

T}re t.erm spallation, neaning a proce66 inrcIving chip_ping sohething away, refers to a nuclear reactíon in which
the bonbar¿ling projectile has sufficient energy to causê thê
stnck nucleus to eject several nucl-êons. Such reactions
mke a wide variety of products, many of which can bê made
in no other wayr but until recently this type of reaction
was not a source of significæt quùtities of radioactive
material. ¡Iæever, the increasing availability of accelera_
tors that produce high-current beæs of high-energy parpicles
is naking spal.lation a practical route to usefut quantit:es
of othe&ise unavailabLe nuclides. fhe purtrrcse oi thi. ."_
trþrt Ís to provide a practical bâsis for future planning in
the use of spallation to producê radioi€otopes.

Àalvantages of the SÉllatiôn Þrô.èss

T}¡e spallation reaction rêsêdbles the fission process
in that a given target isotope produces mny nuclides of
various massês and atomic nrüriberg in yields that ãre a srcoth
function of the mass nunlcer. tl¡erefore, the separatíon of
one spallation product from anothêr or from the tãrget
matêriaf is undèrstandably sinilar to the setEration of one
fission product from another or from the fissile material,
and the same techilology and evên the sæe equipmênt can be
usêd for both kinds of rcrk. !þth fis6ion and ÊtrËIlation
provide products of very high specÍfi.c activíty.

However, there arê intrþrtant differences ùÌËt, in some
respècts, nake the E¡Þllation reaction even rcre attractive
than the fission process, which has already been proven
highly useful for producing copii:us quætilies of radioactive
proCucts .

t. Fission products are limite¿l to thê region betweèn
mss 72 and mass 161, and nucLideÊ producible in good yields
are confined to the mass rêgions 81-fog and 126-154. (fhe
usê of plutoniw, rather tha¡ uraniw, as thê fissilê
@terial and./oE of fast, rather than thermal, nêuÈrons to
cause fission can incrêase the yields outsitte thêse limits,
but practical considerations have prevente¿l thêsê measures
from being used by isotope producers.) on the othêr hand,
spallation cÐ produce almost any nuclidê of mass nuriber
l@er than tl¡e mass nuribêr of the target nuclide.

2. Fission products are not only confined to the above
nass regions, bu! they are also further limited to neutron_
rich nucliales. Ilowevêr, spalLatíon can pro¿lucê both neutron_
deficiê¡t and neutron-rich nuclides. For êxample, an antinony
targêt rculd easily produce nuclides.o"¡." ¡1116-12l, which
can-be produced in fission, in addition to nuclides such as
ln<rr5, which can not be produced in fiEsion.

3. ftle yiêId of any given fission product, as noted
above, is ¿letèrminêtt by the maÊs nuriber of the fissionproduct, the nature of the fissile nuclide ¿l'at produced it,
and the neutron energy involved, and hence for practical- pur_
trDses virtuafl.y nothing can be doDe to clrange the vatues.
with spallation, the yièLd of a particular nuclide of intêrest
can be mdimized by proper choice of the target nuctide an¿l
of the energy useil. These effects arê discussêd in dêtai1
bêlow.

4. Spallation is induced by >50-MeV partictes. .Machine
accelèration of such particles reguires tlEt thêy be chargêd.Ít¡is chargê all@s beæ of the particles to be steered,
focused, and switched froh one target to anotÌ¡er using appro_priate electronagnets. tl¡is kind of fl*ibility is not found
in reactor neutrcn irradiations anal inplies thai selected
areas of specially shaped targets can be i¡radiated. Íhis
could be of importancê in ndinizing thê heaÈ dissipation
from thê target without losihg trÞrt of the beami (i. e_ one
could irradiate a long flat targeÈ placed edgæise to a beam
that has a Long narr@ transvêrse shape and use the high
eurface-to-volNe ràtio of the ¿arget to help dissipate the
heat without wasting any of the bem by all@ing it to miss
thê target).

5. By choosing the proper energy for Èhê bonbarding
IÞrticl-ê in the Epallation process, onê can not only m*i-
mize thê yield of a particular nuclide from â givèn target
but one can also minimize the relative mounts of by-products
that are fomed. Thêrèfore, tÌ¡e gêparation proce€s can bê
sinplified, at least in principle. For qùpte, data froh
¡'i9. I0-8 of Ref. (I) indicate-lhat in the spallation yiêLd-
vs.-mass-nuhbêr curve whÐ gi209 ¡s used as a target the
full-width-at-half-m*imu (Frfgl,f) is as shom in Table I.

Table I

Charac¿eristics of Dependênce of
Production Cro6s Section on Produet ¡¡lags

for a Bi6muth-209 Target

o'^+^ñ FñâFd,, /M^rr\

Mdimw CrosÊ Section (o*., rrb) 950
LocaèÍon of qmx- (nags number) 206
fViI¡M (mass nunbers) 3

108 ta
196 -r8011 68

It is interesting to contrast this alependence on enerçfy
with the invariable situation that obtains in the thêmal
nèutron fission of u235, in which thê mqimu yields occur at
fixed msses and tÌ¡e E'WHM is approximtely 17 mass nufibêrs
for eaclt of the trc pêaks in thè fission yield curve. It
nust be acknowledged that thi.s apparent advantage of spalla_
tion over fission is not as great as it might sêem at first,
for two rêasons¡ (l) As l-ong as any by-products at atl a¡e
pro¿luced, which is the case in both procêssês, some selÈra_
ti.on schqê is neceÊsary, and ofte¡ the imlÞrÈant considera_
tion is not the nuriber of ímpurities present but ùather
whetl¡êr ttrere are impuritiês prêsênt with ch4ical propèrties
sinilar to those of the product. (2) If one has available an
existing accelerator, the particle enèrgy nay not be variable,
and if thê energy is so ttigÌ¡ as to give an objectionably fLat
yield-vs.-mass curve there may be little that onê can alo
about. it except to tly to dègrade the energy with absorbers
placêd aheaal of the target -- a procedurê that has thè trc_
fold disadGntage of reducing the total intensi¿y of the beù
and of spreading iè out over a læger area.

T}le systætics of spallation hawe been well worked out
by Rudstdz. Although Rudgtam's original paper should be
coneultèd for Èhe derivation of his cross section formulation
and his ¿liscussion of the fit of the alata, it will be usefuL
at this trþint to qùine his fomufalion in or¿ler to note
the effect of certain variables on the cross sêction Ðd to
obtain a clea¡er pictue regarding what can and can not be
ilone to change product yiel-ds.

RudstÐ gives the following qpression for tlte cross
section (in nillibarns) for the production of a nucÌide with
atomic nudber Z a¡d ßss nuniber A from a targeù of nass
nunber Àt using either protons or nèutrons of energy E (¡,fev):

o(2,¡)s[F(À.]lrf2(E)ltpltr - lo.3/(p ar)ll-t *n{-n(Àr - ¡)
-11.s ¡-o.45 lz - o.4a6 A + o.ooo38 o, lt/21. (r)

for (P \)>1,
wÌ¡ere P = 20 E-o'77 for E<2Loo üev, . . (2,
and F(À*) and f,(E) are givên by graphs from which the
folldiñq walue3 were read:

At o 40 a0 L2o 160 2OA

F(Àa), millibarns 200 600 1O5O t65O 2350 32OO

(For interlÞlation, we assme a strictly linear relationship
bêtween pairs of values of I'(At)r from the nearly linear re_
làtionship of the entire sêt of values, it ca¡ be seeD that.
this assmption introducês no significant error.)

of



¡rev f 2@l Mev f 2@) Mev f^ (E) Mev f^ (E)

140 2.L 1a0 I.6
150 2 -O 190 r .5
160 I .9 200 1 .4

50 4.L
60 3.8
70 3.3
80 3.r

For E>240 MeV,

f00 2.8
tlo 2.6
I20 2.4

f^ (E) = 1.

Effect of Va¡yinq Energ'v. Rudstm2 states that an in-
slÞctlon of the cross-section fomula indicates that for a
gíven conbinatÍon of targê! and spaltation product, the mryí-
nw yield is obtained for

PÈl,/(.Ar-À). .(3)

He also notes that thê corresponding irladiation enerqy is
obtained froh Equation (2) above and that substituting these
values in Equation (1) above gíwes the milimu independent
yield of the nuclíde with alomie anal mass nu¡nbers Z anal À.
For qilple, if Àt and A are kept qonstant (e. g. at 100 and
97, respectivêly) and E is variêd (e, g. from 298 ùo 235 to
12I MeV), the cross section inileed goes through a mdímh --
in tl.is case the relative values bêing O.tlgr 0.124, and
0.1I2, respect.ively. lttus, if one considers only ône partic-
ular targêt for producing a given product, there is an opti-
nm energ:y givên by the relationship

r/(Àr - A) o 20 E-a'j7 .el

for E<2100 Ì{eV.

Howeverr in practice, before chæsing an irradiatíon
energy, three factors in addition to this apparent optimM
ênergy must be considered:

l. ltnlesg a variable Ðergy machine is available, re-
duction of beam energy requires thè u6ê of absorbers, which
also results in attenuation of the beam intensity, in bêam
spreading, anal in the production of seconilary bombarding
particles whích pro¿luce conÈMinatÍon in the target. Ttris
effect becones more pronounced as initial beam ênêrgy in-
creases.

2. using a higher energy of ttre bonbarding pa¡ticle
rêquires a correslþndingly thicker target to stop the êntire
beam or to sI@ thè bonibarding lÞrtícles dom to a particular
energty. Thè effect of beam energy on Èarget thickness and
the êffect of targêt thickness on bean attenuation via
nuclear interaction are discusgêd morê fully betow. At this
trþint it is sufficiènt to note Èhat excessively high energies
requi.re awkwardly Èhick targêts if the beam is not. to be
wasted and thê process all@ed to become inefficient.

3. Onê shoul¿l also not overlook tbe fact, brough¿ out
in Tablè I above, that, as the bombarding ênergy goes up,
the selectivity of product goes dom and one produces con-
siderably more qonÈminating by-products that l'ave to be re-
moved.

Effect of Varvinq Tarqet. Inasmuch as it may be either
impossiblê or undesirable to vary the bombarding energy and
since the spallation process is not restricted to a particu-
lar target, a rcre practical question nay be: "I¡ genèral,
what is the best target to use to produce a given nucÌide
with a fixed bombarding energy?" ff Z, A, and E are kept
constant and .At is varied, one sees that the twíhr yield
of (z,A)E is obtainêd when At is close to À. For dampl-e,
if E is 800 MeV (correslDnding to P = 0.116) and Àr is taken
successively as I05, 107, 109, and 111, the reLative cross
sections of (2,À) arè 92,8, 75.1, 60,8, and 49.2.

[Note that there is no ¿liscrepancy between this state-
ment ancl Equation {3), which pre¿licts a m*imu yield, since
ih EqEtion (3) p, rather than Àr, is being varied]-

Calculation of Product Àctivity

Before dêrivÍng an equation by which the spallation
protluct activity can be calculatêd, ít shoul¿l bê noted ttEt
thê Rudstam fomula is for a "thin" target, i. e. ohe in
which the bean intensity ahd ttre partÍcle enerçfy are noì: sig-
nificahtly re¿luced as the beam t¡averses the target. fhe
attenuation in beam lntensity can be takèn iûto accoùnt in a
straightfoearal manner by hultiptying the initial inàensity,
ro, by exp(-nosx), wherè n is tÌ¡e nuÌiber of atoms per cubic
centimeter of target, os is the total nuclear cross section
of the target (in square centimeters per atom), anal x is the
targeÈ thickness (in cêntimêtèrs).

HoweverJ if the target is thick enough to degraiìe the

energy of tÌìe unattenuated part of the beam, one has to be
concerned about the effect of energy on the cross section.
The ta¡gets of interest to thê isotope producer are those
that are thick enough to stop all or a large fraction of the
bem. For qample, the tabulations that comptisê the bulk
of this retrþrt are based on initial proton ehergies of 2OO
MeV, and the target thicknessês are taken to be whatever is
necessary Èo slow tbe protons to 50 MeV. Cl"early in this
case the effect of thê changing energy ¿luring traversal of the
target nust be consi¿lered. It turns out that in the region
of Àt - À = 3, which, according to the discussion in the pre-
ceding section, is the region of high yiel"d (for
a given À ) and hence the region of greatest placticat
inlÞrtance and interest, the cross sectioD for the production
of a parÈicular product from a given target is the same for
a 200-MeV particle as for one of 50 MeV (the approximate
energy befow which rêactions othêr tl.an spallation predomi-
nate), and the êorresponding yiel-d from a 100-MeV particle
is only 43% higher than these valuês. Tttus, for values of
À close to At the cross sêction is sufficiently constant as
not to rêquire a correctj-on for variation witì ênêrgy as the
projecgile is slowea¡ dM while traversing t¡e Èarge!.

UnfortwatelyJ as À moveg away from Àt this is no longer
true, and the alecrease in crosg section with decreasing
energy duri.ng targ.et traversaL can no longer be ignored.
Àpplícation of a rigorously true factor to correct fol the
Êriatioû of cross sectior witl¡ energy rould be very diffi-
cult and not wortÌ¡ the effort, particularLy inasmuch as
Rudstam aloes not claim his fomulation to be rcrê dacÈ ¿han
a factor of three anwav.

Iherefore, we have compensated for the decrease in cross
Êection during traversal in the fotlowing hanner. lve have
calculated the energf¡, Ef, at which the cross section for
producing each nuclide drops to less than one-third of the
production cross section at 20O l,tev. I'llen wê calculate the
distance traversed by the particle in going from 200 MèV d@n
to Ef, and we use this distance as the effectlve target. thick-
ness, ignoring the rdaindèr of the distancê requireal to re-
iluce the energy to 50 MeV. (By ignoring thiÊ rêgion we fail
to take into account some activity produced in the region
whêrè the cross section is fess than onè-third of that at
200 .ùlevr on thê other hand, this tÐds to qompensate for the
fact that in the region in which the cross section is still
grrêater than one-third of that at 2O0 tlêV we us'e the 2OO-MeV
cross section, rather than an averag:ê cross section. In any
case, ít must be enphasized, the error thus introlqq¿¿ ¡aaaaaa
çf¡eater, the farther we move away fron At, but the farther we
rcve from.A¡, the less imIþrÈant and less intèrêsting is the
case for isotope production.)

On this basis, we derive the foll@i4g *pression for
Y2,¡r the actiwity (in hitlicuries) of ,tA at the end of a
bonbardment with particles whose incident energy is 200 MèV:

"^,o 
= * r (l - "-Ir) 

(Nt,/at.wt.) (ÁR){o.473 Àr r(ÃÈ)

(Àr - o.oe87)-l *p[-0.338(Ar - Ä) - rl.s A-o'4s lz -

0.486 A r o.ooo38 À2 lt"f\ - (5)

where K = !O2.5,
I = bean current (in microanpereÊ),
¡. = decay constant of zLÀ (in reciproóal uits of T),
T = Length of bonbardmênt (in reciprocal units of l),

ñt = fract.ional abualance of target isotope (or 1.0 for
thê natural eldent),

at.wt. = atomic weight of target el4ent,
ôR = target thickneEs (ín grds,/cmz), and
Àt = nass nuÍiber of target isotope.

It is worth noting that equation (5) is indepêndent of
type of boribarding particle anal applies to protons, neutrons,
deuterons, or alpha particles, (although an insufficiency of
alata prevênted Rudstam from verifylng his fomulation for
heawy ions) . Horever, in applying this equation, one nust noÈ
overlook the fact that differênt particles of thê same energy
l¡ave different rangês in a given target, and, as noted below,
care must be taken not to apply the equation to a targêt of
thickness greater than that which wj-ll slor the particle down
to 50 l.lev or to Ef (see abowe), choosing the thinner of the
trc targÍets wl.ere there is a choice. If thicker targets are
acÈually used in practice, equation (5) applies only to the
region just dêscribed. Obviously radioactivity will be pro-
duced beyond this region, but at energies l@er than 50 MeV
nuclear reactions other than spallation will predominate, and
equation (5) can not be *pected to give either the correct
distribution of products or tlte proper value of the quantity
öf a given product in these near-enal regions.

The specific formulations for AR wêre ¿lerived f¡om Ref.



(l) and are as follows:

For Zt>10:

ôR = 30.332 + o.225 zt - {t..r.l"r[o.so + o.o27s zt +

(0.06-o.ooa6z.){roser)]} . . . . .(6)

For 2<ZSl7:

^R 
= 33.2s4 - 0.57a zt - {tn.r.tu-[r.oo + (0.06 -

-1
0.0086 zr) tr"s er)lj .(z)

zt is.the atomic nu¡iber of the target. Ihe uits of 
^R 

are
qrms/cmz, and the logarithm is to the base lO. Table Il
will facilitatê the use of Equations (6) and (?) in calcu_
Iating the propêr target thickness to usê. Ef was obtained
by the following proce¿lue: .An energy, E, was pickêd, and
ttre ratio aE/o2OO was calculated as a function of (At - A),
where o2OO is the cross sêction for production of mJs a by
a 2oO-MeV particle; by trial and êrror, pairs of values of(Àt - À) were found such that the ratio q-/o-^^ just brack-
eted thè value I,/3; then graphical interpäIaÉYËn was useal ro
locaLè the value of Ef that would reke ap/o2gg *actly I/3
at givèn va1ue6 of (Àt - Ã). values o¡(ñ"ilii_, the proton
range in air at. the energy Ef, were read iiãm'{rapfrs in
Ref. (3).

Table II

Values of Ef and Correstrþn¿tiûg proton Ranges
in Àir as a Fuction of (Àt - À)

A--À E_ lR )ç ¡ atr.Ef A. - À E-tt (*"i.) n,

50 2 -5t7
50 2.5L7
50 2.5L7
50 2.5L?
63 3.81
75 5.22
86 6.65
95 7.96

103 9.O
IIL I0.4
LL7 I1.5
I23 L2.5

I4
I5
t6
L7
l8
19
20
2L
22
23
24
25

l2a r3.5
133 L4.4
137 15.r
141 1s.9
]-44 16.5
L47 L1.O
r50 17.8
L52 18.2
L54 I8.5
157 L9.2
159 !9.6
161 20. I

I'he values shown in Table II are for Àt = tOO. They
depend very slightly on Àt, the deIÞndence Èeing so smal¡. as
not to bê rcrth consiileÌing. Values bqþnd (Àt - A) = 2 5
are hot sÌþm because such a region so far ræõved from the
target mass is of no practical interest and becausê 2OO_MeV
protons possess insuffíciênt energy to evalþrate more !Ìran
about 25 nucleons anleai.

Equation (5) assmes *p1icitly that the target rcIue
is t cm3 of the target elflent in question. It al.so assffies
inplicitly that the entire charged-IÞrticlê beam passès
through this volume for a distancê ÀR egual to the thickness
of the target. Itìis implies that. the arêa of the tæget
being consiilered is (D,/^R) cn2, where D is the density of
the elemelt in grans,/cn3. Substitutíoh o€ typical real
values into this *pression wilt show at once tÌ¡aè guch a
target is loo long and narrow to be p¡actical. For deple,
in the case of an alhinm target, D would bê 2-7 g/q3 ¿n¿

^R-rculd 
be 3O.3 g/em2 (= L1.2 m), giving an area of 0.089

cm', which corresponds to a ¿liameter of 3.4 m. Evên if a
bem of high energy charged particles couLd be focused or
collimated dom Èo a cliaeter of 3.4 m, the problq of
lini-ng up so long and narrow a Èargèt with thè bèam and,
worse yet, the probl* of dissipating èhe heat generatêd in
such a concentrated target would bê formidable. On the other
hand, production of the activity predicted by equation (5)
¡equirês only that the thickness bè 

^R 
and the area be at

least as great as D,/^R or greater. Incrèasing the area that
thè targêt presents to tl.e bem witl not increase the total
ilount of radioactivity producible inasmuch as the latter is
detemined by the beam cur¡ent (for a given target, provided
that the àrea is >D/^R) r what it wilt ¿to is to diminish the
activity producibl-e per cubic centimeter.

It is probably rcrth mentioning that, although equa¿ion
(5) assües eldental targêts, it may be usett with targets
thaè are a1loys, compounds, or mixtu¡es of elements, provided
that the following modifications are taken into account.
First, 

^R 
should bê computèd for the actual target to be used.

This is donè by calcutating the tange of the incident particle
in the comlÞsite target by means of the procedure, outlined
in Ref . (t) , which involvês swing up the weighted stopping

p@ers of the individual eldenÈal- comtrþnentst in a similar
fashion the range of a lÞrticlê of 50 MêV or of Ef MeV is
calculated, and tl.'è difference between the two ranges j.s 

^R.Using this value for 
^R 

and the appropriate values for Àt,
EguatÍon (5) can be solved for each individual eldental
comlþnent of the target. ¡.tultiplying each sucÌ¡ solution by
the volùe fraction of Che elænt in thè comlþsite target
anal swing these results will give the total l¿z .A. Howêver,
this is a time-consuming procedure, and its tedíóusness ín-
creases in dirêct proportion to the nuriber of comlbnents in
thê target. Õn the other hand, Rudstæ states2 that Equation
(I) is qpectect'to be valid only to within a factor of three
on the avêrage, with ¡Dssibly an even greater error for very
light or very heavlr targets (due to the lack of qperimental
data with which to establish the correc¿nesê of the formula
fer such targeÈs) and for taúgets that. are far fron stability
(because thê formuta is based on distributíon data from tar-
gets near stability, not for qt.ræ casês) , Moreover, the
tabulations below already include ÀR for eldêntal targets,
and thê *træ values of 

^R 
aie 25.1 and 45.3, a variation

of only + 2 aboùt the mediÐ. thelefore, in vìw of these
factors, iÈ se4s lþintless to go through ghe præedure of
correcting from the eloental AR values used in thè tabula-
tion to the *act AR for a particular comlþsite target undêr
consideration, and for comtrþsíte targets we suggêst that one
merely look up Yz.À values for each elÐental cohlþnent,
multiply ths by Lhe rcIwe fraction of thê elqent in the
target, and sw theéê weighted YZ,À values. It seere partic-
ularly appropriate to nake no rcrê effort than this inasmuch
as i-t is quite probable that in practice the target thicknêss
au çuarrI

thê tabulation below will be very l¡elpful if used on a
relative trasis in that it wifl give at a glece the bèst
target elÐÐt with which to mke a givÐ product and the
by-products likely to be formed in such a target, in addition
to the magnitutle of the quahtities that can be producêd.

Somê A¿l¿litional

Bêfore turning to the.computer solution of Eq@tion
(5), it witl be of i¡têresè to consider some ailditional
general problds of practical interest. For qilple, if o¡e
wishes to produce a given isotope by spallation (assuing
a complêtêIy free choice of target, i. e. the optimw tar-
get for that isotopê), is there an optimm energy that uill
produce a m4imum totat æunt of activity of that isotope?
If so, what is tl¡at energy? Îf not, what effect does energy
have?

peak cross sætions (i. e. maximu chain yields) ale-
crease with increasing energy, but the pêak (in thê m5s-
yield curve) beconsbroaaler and shifts away from the target
mass. On the other hûd, 

^R 
incleaÊes witÌ¡ i.nereasing

energy, so that. perhaps thêrê is an optimw energy at which,
êven though tl.e cros6 section of intêrest is decreasing, the

^R 
tras increasêal ênough so that a m4inm actÍvity is pro-

ducê¿I. Àlternatively, if there i6 no lwinq,. IÞrhaps thè

^R 
increases faster thÐ thè cross section decreases so that

the net êffæt is an increase in aetívity of a given nuctide
with increasing bohbarding Ðergy.

To answer these quêstionsr_ wê cal"culate¿l tl¡e cross
sections for At = l0O and Àt - À = 3, 6, and 9 at eleven
bonbar¿ling æergies ranging from 800 l"!ev dm to l0O I,leV.
fhe rangê-energy relationships note¿l above were used to
convert thêsè Ðergies to linear distances of penêtration
j¡to the target. Graphical plotÈing inalicated that within
a givÐ ¿listance intêrval the cross section variation could
be regarded as being linear with distance without intro-
ducing a significant error. IÎ1e averàge cross section for a
given intêrval was thèn taken to be (oi + ofl/2, w}l.ete oí
is the cross section for the productÍon of a given nrclide
at the begiming of the distance inc¡æent and of iè the
correstrþnding cross section aè the ênd of the distance incre-
mot.

fhè effect of bem attenuation ûas accounted for ¡ry cal-
culating ¿1Þ avêrage beæ intdsity, Ï, for êach interval
from the folloûingr

i = ro lqp(-no.xr) - *p(-nosxl) ][nos (xl - xr] l-1. . {e)

where Io is the beam intensity initiall-y,
n is thê nuñber of target. aÈons per chJ,
os is the total (geometric) nuclear cross sætion

(in ch¿,/atom) ' and
x is the linear distance in the target.

The foll@ing product was calculated for each distance
interval:

(x, - xr) lll lo. + o fl /2.
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I'hese products were tÌ¡4 slmeal over talget thicknesses
correslÐnding to those requj-red to slow the proto$ dom
to 50 MeV from thêir ieÊpective initial energj-es (which
ranged from 100 Mev to 800 Mev).

Results a¡e shown in lable III for Èhe casè in which
zL = 44 (i- . e. for a retallic rutlteniu* target) .

Table III

Effect of Energy on the Relative Àctivity
Produced in a Rutheniu Targêt

for Ittree Isotopes of a civen P¡o¿luct Element

(nomalized to the 2oO-MeV induêed activity of mass 97)

Initial
Enêr9y
(üev) I- À - À = 3 À - À = 6 A - À = 9t!tt

100 0.949
20a 0.809
225 0.?7A
300 0.654
400 0 .5r2

0 .2ao
1,000
L.O97
1.392
t.646

0.035
o.236

o.005
o.064

500 0.391 I.8I9
600 0 .293 r.9t4
700 0.220 L.952
soo 0.160 t.942 L-L27 0.695

[If is the fraction of original beañ intensity rdaining
(after nuclear interactions) when the energy has been re-
duced to 50 laev.l

Froh the results shown in lable IfI it might appear that
thêrê is an opti¡w energy (at least for the "ùypical" casê
calculateal) around 7O0 MeV or slightly higher. However,
several practical considêrations sh@ thís to be illusory.
In orde¡ to increase the activíty by the haximun possible
mount (which is not even a factor of two) relative to whai:
is producêd at 200 MeV, one rculal have to use a target tlEt
ís orer eight times as thick. For qamplê, in older to pro-
duce with æ 8Oo-MeV bem 1.94 times as muclt activity as one
could produce with ã 200-MeV be4 one would have to use 25.5
cm of rutheníw netal instea¿l of 2.95 chi similarly an
alminm target to sI@ 80O-I,1êV protons dM to 50 üeV would
Ìtavê to be 89.2 cm thick whereas. only II.l cm would suffice
for 2OO-MeV protons. ClêarLy thê l.Íghêr energies require
targets that are so thick that tttey are either very difficult
to handle anal præess or very *pensive or both.

Table III al-so clearl.y sh@s another disadvantagè of
using too high a boribarding energy, viz. the enhance¿l pro-
ducÈion of unwantêd by-products, Fo¡ qanple, at 2O0 ltev
oñly 23.6% as nuch nass 94 is produced a9 mass 97 of the
samè element and only 6.4% as nuch Mss 91, ùhereas with
8Oo-ItleV protons, the Mss 94 isotope aqtivity is 58% of the
mass 97 activity and the @ss 9f activity ls 36%of mass 97.

If one useg a highêr energy beam without usj.ng a corres-
pondingly thicker target, the activlty of a particular
isotope of intêrest is actually less than what rculd Ìtave
been producèd by a l@er energy beam. For êxample, as noted
above, it requires 2.95 cm of rutheniw t¡ 91ow a 2O0-MêV
proto! ¿lom to 50 MeV. If a 2.95-cm target is used at ¿Ìrê
higher ênergies, the ratio of yields from the 7Oo-MeV bean
to thosê f¡om the 200-¡lev bean is only 39% (for mss 97 and
constant product Z). I.?tis iÊ because at 700 MeV only 20% of
the total activity produeed occurs in thè first 2.95 cm of
ruthenim, so tltat eve¡ though the Èoèal activity produced
in 25.5 cm is 95% greater than what is produced in 2-95 cm
by 2Oo-MeV proùons, thê amounÈ of mass 97 producèd at 700 MêV
in the fi.rsÈ 2.95 cn is 20*i 1-95 = 39%of what 20O I{eV
rculd produce. Itte situation is illustratêtl graphi.cally for
thê 8OO- and 2oO-MeV cases in Figure I, where the relative
activities ard distributions of mss 97 (for a given product
elde¡t) in a ruthenim targêt are sÌ¡om as a function of
diaL penetration of the bem.

Aside from the question of product yiel-ds, increasing
the energj-es of the bonbarding partÍc1ès causes a consi¿ler-
able incrèase in the production of high enêrgry nêutrons,
which, in turn, greatly conplica¿e thè shièlding probld.

lation Òf Äctivities

Equations (5), (6), and (7) have been programed fo¡
computer solution, and the results are shown in Tabtes V
and VI. [tte renainder of the tdt of this re¡þrt is dercted
to an explanation of lhe computer solution (in contraÊt to

05I0 1520.25
1ÀRGET PENETRÀFIoN (cm)

the foregoing aliscussion, which applied to the equations,
thdselves).

I'irst, it must be 4phasized that the yieltls shom are
indepatlent yielals for the partÍculat nuclide in question.
In mny cases there *ist prêcursors that have half-lives
short ènoug.1t to contribute to thè activity o! the nuclide
in question. Where this occurs, the indepèndent yiel¿ls of
thesè prêcursors should be found (see Tab1e VI) añd adde¿l to
that of the product of interest (@king appropriatê correc-
tion for the effect of hal.f-life on activity).

Results for ladioactive products vith half-Iives of
less thù one minute are not printeal, because they are not
likely to bê of tlirêct prinary interest. !ù?rere they occur
as prècursôls of a desired nuclidê, thei.¡ closs sections
can be crudêly estimateal by qtralþIation from appropriate
values in Table VI an¿l a correction thus mde for their
effect.

The intêgratètl bêam current (i. e. the time-averaged
current rather than thê instantaneous current per pulse)
that stÌikes thè target is assNed to be 2OO nicrodperes.
For some otåer current, I, nultiply the results by f/2OO.

ltre irradiation timê asswed is 24 hou¡s, and ¿he ¡e-
sults arê as of the end of thè bo¡bardme¡t (no radioactive
decay inctuded) . For pro¿lucts with half-livês of less than
443 nihutes lhe activity values will be within l0% of the
saturation activity (i. e. the activity at infini.t'e bom-
bardment tise). For products with half-fives longer than
231 days, multiplication of the results by 365 will give
the annual production rate to within 1O*, For products witlr
Ìralf-lives between 433 minutes and 231 days, if an accu¡ate
correction is desired for an i¡raAiation timê othèr than
24 hours, nuttiply the results by (L - e-o-693 'Ih)/
(L - e-O-693/f), wl¡ere T is the lêngth of irradi.ation time

,i,t"';t"rì

*ÀIl of these ca
target -

ions wele carried out ¡6¡ ¿ ¡sL00



in days and î is tÌ¡e product half-life in days. Itowever, in
view of the above ¿liscussion concerning ttre accuracy of the
cross-seCtion fomula and the errors involvêd in using an in-
êxact 

^R 
valuê, this half-lj-fe correction could undoubtèdly

be nade mentally witl. sufficient accuracy for most purposes.

Íôe input alata were taken from Ref. (4).

Table v is arrange¿l by product. Products are identifiêd
by atomic nuriber, Z, and nass nwnber, À. E}le half-Iife is
shM fo¡ ¡eady rèference, t'he units being S = seconal, M =
minute, H = hour, D = day, Y = year, and T = megayear.

In table v are lj-sted the acit.ivitieg (in millicuries)
of ZT,A producible from various targets. Îlxe first collJm
gives the atomic nudber of the target, and the final collJm
the activity produced when the natural el4enÈ is uspd as a
target - Intêrvening even colìms give the activity produced
when the target is lhe pure separatêd isotopê whosê mass
number appears in the preceding odd col@n.

In all casès the numbe¡ following the letter E is the
4IÞnent ôf Lhe ¡wèr to which the factor I0 must be raísed
before nultiplying it by the coefficient prêceding the E.
For examplê, 2.38-05 = ã.¡ * fO-5, and 4.9E+04 = q.g 

"1O4.
To keep Table V frôm being too bulky, resulÈs are ohit-

ted for natural elenent targets that producê less thu O.L%
of the activity that can be produced from the most prolific
naturaL el,ement sou¡ce of that product.

Table vI is arranged by target (i. e. by atomic nudbêt,
Z, of t.}¡e target) and sh@B, in the n*t to the last coll¡M
on the rig.ht, the activity (in nillicuries) of the product
whose atomic nuÍiber an¿l mags nuûiber are shM in the first
trc co1ws, respêctívely, that is produced whên the natural
eldent is used as the target. CollJm 3, labeled "half-
1ife" is a reference colllm that shøs mainLy the half-1ive6
of the respêcèive radioactive products. Howeve!, since labl-e
vI also includes stable products, colìm 3 also shows the
percent isotopic abundance in which a particuLar proaluct
nuclide is fo$d in the natural elenent, ltris is indicated
by thè suffix letter À, which should not be confusê¿t with
the mass nu¡ìlcer heading for Cotun 2; like the half-Iives,
these data are input, rathêr than output, añd have nothing
to do with amounts of thêse individual nuclitles produced in
spallation. Intervening colljms show the activities of the
stue product proaluced when pure separated isotope6 of Èhe
target are irraaliatêd, the mss nuriber of the target isotope
being shM at the top of the colw. The cross section
(averaged over all of the isotopes of the natural eldent
for which activity lesults are printed in columg to the
lêft) is printed in the final right-hand colllmr thê units
are millibarns.

Due to an artifact inherent in the man¡er in whieh the
computêr prog¡an was desi.gned, no rêsults are ÊÌ¡om for
netastable iÊoners. In cases where the ground state isomer
has a half-Iife of <l hinuÈe, e. g. chlorinè_34, ¡o results
at. al-L appear for the isotope. In cases vhere the ground
state isoner has a half-Iife of >1 minute, e. g. rhodim-Lo2
(209-day ground state) or cadmiu-l13 (stablê ground state),
only the results for the groual-state appêar. One can
readily interlþIatê a cruale estiÉtè of the cross sectio¡ in
question and, using it, calculate the activity of an unlisted
metastable isomêr by hand quitè simpl.y.

From the crosg gection coll:m one can see at a q:lance
hæ the relative locations (on the nuclidê chart) of the
target, product, and tine of greatêst stability affect thê
spallation yield. Moreover, there may be special cases in
which one wishes to calcul-ate the weight of a particular
stable isotope proaluceil, particularly in cases of very long
irradiatioh. (Às ù illustration of the or¿ler of magmitudê
of the effect involved, it may bè useful to point oui that
a 200-pÀ beam of 200-MêV protons continuously bonbarding a
2-cm diamêter target ùould tranÉmutê thê surfâce of the
target at the rate of -l% pêr yeaÛ vi@êd in anothe, light,
this is equivalent to generating solid impuritiês at the
ra¿e of -25 ppm per day.)

In an effort to prêvent Table VI from being too butky
while at the same timê presenting: enough information to be
useful for nost purlþsesJ no results arè printèd for tltosê
products in rhich either the acùivity producèd froh the
natural elemental target (if thè product is radioactive) or
the production cross section froñ the natural el4ênt is
less than fO-3 of the respective values for ¿ft" ro.iia"
produced in great.est yie1d. If special cases require re-
sults for by-products produceal in lesser anounts, the
authors can supply ã more complete table on request.

5.

It should be noted that the value of zero as a result
ín either tablè iloes not neêeÉsarily mêan that no activity
is produced. It may rean thaÈ the Rudstam fomula does
not àPply in that case and that the computer was ordered
to skip the calculation. This is truê, for silple, when
Atarget - Àproduct <2, fot wltich no results will be found*.
Ttrus, the tables appear to show that lþtassim-38 can not
be produced by proton bonbardment of ¡þtassiw-39 but ùhat
similar treatnent of potassiw-4o and [Dtassim-4l will
yield potassiü-38 in the @unts indicated (160 and 1IO
curies, respectivè1y) . Obvíousl-y, proton bonbardment of
!Þtassiw-39 will produce trþtassi$-38, but not in the
yield tÌÞt blind usê of the Rudstm fomula would have
given. ttris artifac. should also be rener¡.bered when looking
at the average cross section or the activity produced from
thê natuÍal el4ent, becausê the results printèd ale simply
the sums of the products of the respectivê results for
each isotope ín the target nultipl-ied by the abundance of
that isotope. It is for this rèason that the tables appear
to stþw only eight curies of pÖèassiw-38 producible from
natural po¿assiw, even though it correctly indicates that
irradiation of potassiu-4o and trþtassiw-41 individually
woulal producê ten to twenty tires that arcunti for thê
s&e reaEon the 590 hicrobarn cross section shom for
ê14enta1 potassim is urêalistically low. This kind of
hisinterpretation can be avoide¿l by renedberiñg èo look to
see whether a zèro appears in a IocaÈion for which there
is a correslÞnding target msg nuniber.

Finally, attention is called to the fact that a partic-
ular nuclide that appears in one table wiLl not necessarily
appea¡ i-n the other. Ítre reason for this is ¿hat a nuctide
might be proaluced frm a given target in a yield that is
>lo-J times its yietd frm the target that is the most
prolific in foninq ítr such a nuclide would be included
in Table V. H@êvêr, the yieltl of that. sme nuclide from
the same targèt might be <IO-3 times the yíeld of the
nucÌide that is produced in lwimm yield in that eile
targêt; in tÌìis case a¡" a1g-3-yield nuciide muld be
omitteal from Table I/I. For *mple, gèmanim-77 is slt@n
in Täble V as being proaluced from natural molyÈdeñu at a
¿laily ratê of 0.3 mC, but it is onittêd from table VI be-
cause moLybdên@ wilL protlucê niobiM-go at a daily raùe of
360 c, which is clearly >>10r greater tha that for the
production of germanium-7?. Àn evên more interestÍng case
is that of strontiw-go, which is sh@n in Tablê V as being
produciblê from zirconim-g2, - , and -96 at (independênt)
daily rates of 0.16, O.08I, Ðd 0.039 mc, respebtivelyr h@-
ever, strontiw-go tloes not appear at all in ?abte Vl be-
cause its relatlvely long half-life and low fomation cross
sêction @ke ìts acLivity well below IO-3 tinês the yiet¿t
of the peak product, regardless of what tarqet is used.
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TabLe IV

Ífxe foll@ing lists will facili¿ate use of Tables v and vt:

z Elment z EImÐ! z El-4en! z EIæntZ El4ent

I hydrogen

2 helÍm

3 lithim

4 berylliw

5 boron

6 carbon

7 nitrogên

I o*ygen

9 fLuorine

l0 neon

1l sodim

12 magnesiw

13 aluhinw

14 silicon

15 phogphorus

16 Éulfur

17 chlorine

I8 argon

Eldent z

actinim 89

alminw 13

americiw 95

antimony 5l

argon 1A

arsenic 33

astatine a5

bariun 56

berkeliu 97

beryllíun 4

bismuth a3

boroB 5

bromine 35

caalni-w 4A

calcim 20

californiu 9a

carbon 6

cerium 5A

19 trÞtassiM

20 calciw

2Ì scandiw

22 titaniq

23 vanadiM

24 chroniu

2 5 mnganesê

26 iron

27 cobaLt.

28 nickel

29 copper

3l gallim

32 gema¡iw

33 arsenic

34 seleniw

35 bronine

36 krypton

37 ¡ubidir

38 strontiw

39 yttriw

40 zirconiw

4I niobim

42 nolybdenw

43 teclDetiw

44 ruthênim

45 rhodiw

46 palladiw

48 cadmi@

49 in¿liw

50 tin

5I antimony

52 telluriM

El4ent Z

gold 79

haftriw 72

heliu 2

holnim 67

hydrogen I

indim 49

iodine 53

iridiw 77

iron 26

kryptor 36

lanthÐw 57

larrenciw 103

lead 82

Iithim 3

lutetir 7l

Mgnesiw 12

@nganese 25

53 iodine

54 xènon

55 cesiw

56 barim

57 lanthÐw

58 ceriM

70 ytterbiw

71 lutetiw

72 hafnim

73 Èantalm

74 tungsten

75 rheniw

Z ElÐen¿

B7 franciw

88 radie

89 actiniu

90 thoriw

9I protactinÍu

92 uranium

93 nêptunium

94 plutoniu

95 ilêriciu

96 curiu

97 berkeliw

99 einstêíniw

100 fêrmíM

1O1 mødeleviw

I02 nobelliw

1O3 lawrencim

Elment Z

sulfur 16

tanàalM 73

tèch¡etiw 43

tellurim 52

terbiw 65

thal-lim 8l

thoriw 90

thuliw 69

tin 50

tituiw 22

tùgsten 74

uraniu 92

vÐadim 23

(see
tungsten)

xênon 54

l¡tterbiu 70

yttriu 39

zinc 30

zirconiw 40

59 prasêodlmim 76 osmiw

Eldênt z

cesiu 55

cÌ¡lorine f7

chromiu 24

cobalt 27

(see
colffilw .' _ :nroþam,
copper 29

curiù 96

dysprosiu 66

einsteinim 99.

erbiu 68

êuroPiw 63

femiw lOO

ftuorine 9

franciw A?

gadoliniu 64

galliw 3l

gemaniN 32

Element z

poÈassíw 19

praseo¿llmiw 59

promethiw 6I

protactiniM 9l

radim 8B

ra¿lon 86

rhèniN 75

rhotlim 45

rubidim 37

rutheniw 44

smariü 62

scediw 2!

selením 34

60 neodlmim

6l prqethiw

62 .sffiriw

63 europim

65 terbiw

66 dysprosiw

67 holniu

68 erbiN

69 thulím

E1Ðent

mÐdelevim IOI

mercury go

molyb¿lenM 42

nædlñiw 60

nêon l0

neptuiW 93

nickel 29

niobíw 4L

nitlogèn 7

nobeltiü IO2

osmiw 76

ql4ten a

pa].laaliw 46

phosphorus 15

platinm 7a

plutoniw 94

Iþloniw A4

77 iridiw

78 platinN

79 gold

80 mercury

82 lead

83 bismuth

84 Iþloniw

85 astatine

86 ra¿lôn

silicon

silver

t4

47

sodiw 11

strontim 38



Table V

Spallation Products produced by 200-MeV protons

(arrangeit by product)

...one-day irraaliation

.. -200 microæperè beù

...ño cãleulôtiot¡s sLrowr¡ for products with häIf-iivês iess

than one minute

.-.no yields included if cross section is <O.OOI tires the

muimh cross section for producing tbat product

...4pected accuracy: within a factor of 3

...2êro values in activity colllMs rean Ru¿tstù fornula

doès not apply in those casest zero does not

necessarily mean that no activity is producecl. Sêe'

text (page 5, collW 2, paragraph 1) for precautionB

to observê in ihÈerpreting results when proaluct mgs

is within trc units of target mss

.-.other pertinent notes discusged in tqt of retrþrt.

...Key:

D=day

H = hour

¡{ = minute

S = second

T = megayear

y = yêar
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I.1E+o5
0.
l.sE.O4
0.
4. ?E.03

9.9E.Oz

0.

7.8€.03
l. lE¿04
o.
1.?E.03
o.
s. lE¡02

l. lE+02

0.

3.28.05
4.6E.05
0.
7.38.04
0.
2.38.04

4. ?8.03

0.

¡. lE.o4
o.
o.
2.88.03
o.
8.68+02

I. €E¡Oa

o.
l.8E.ol

l.5E.02
0.
5.4E¡0r

I .1E.01

o.
1.48.04
0.
?.0Ê+03
o.
6.3E ¡02

l.4E¡02

o.

0.
I .2Ê. rO4
0.
1.08.04
0.
3.lE+03

6 
' ?E¡02

0.

0.
9.6Er03
0.
9.?E.OZ
o.
4.3E.02

9.1E+01

0.

0.
4.9E.04
0.
4 .6E. 03
0.
2. t E.o3

4.6E.Oz

0.

5.3E.03
0.
5.1E.02
o.
2.3E.Oa

5. oE.o I

0.

0.
2.3E.05
0.
2.28.04
0.
I . oE.04

?. ?8.03

0.

o.
7.98.03
o.
8.5E.02
o.
3.9E.0?

8.2E.0 I

o.
8. ?E.OO

5.4E.Ol
o.
2.5E.0 l
5.2E.OO

0.
0.
0.
4 .2Ê+AZ

Z.9E.O?

6.3E.ol

0.

0.
0.
0.
2.18r03
0.
1.4E.03

3. lE¡02

o.

0.
0.
0.
2.3E¡02
0.
I .6Ér02

3.4E.0 I

0.

0.
0.
o.
l.oE.04
0.
6.9E¡03

l.5E+03

0.

o.
0.
o.
3.9€+0?
0.
2.6E¡02

2.5E.0 I
o.
l.7E¡01

3.58r00

0.
?.3E-0 ¡
0.

3.9E-02
0.
2.7E-o?

5.6E-03

67
86

0
91

0
94

98

0

a7
a6

0
9l

0
94

98

d

8?
86

0
9l

0
94

98

0

87
g6

0
9l

0
94

98

0

87
86

0
9l

0
94

98

0
l04

9l
0

j4

98

0
0
0

96
o

97

lol
o

0
0
o

96
0

97

loI
0

0
o

96
0

97

tol
0

0
0
0

9ó
0

97

l0t
0

o
8â

0
94

0
9ó

1.00

o

o
88

0
94

0
96

100

o

87
o

9Z
o

95

99

0

o
87

o
92

95

99

o

0
88

0
94

o
96

t00

o

0
8g

o
94

0
9ó

t00

0

94
0

96

loo

0
l06

0

0
0
0
0
0

98

I02

0

0
0
0

0
98

102

0

0
0
0
o
0

98

102

0

0
0
o
0
0

98

l02

0

o
8A

o
94

o
96

ro0

o
106

o
8?

o
92

o
95

99

o
¡05

9Z
0

95

99

0
t05

o

9l
0

94

98

0
l0ô
109

5.5€.05
2.68.05
l.6E.Os
7.6EÇ04
3.4E.04
¡.6E.04

o
87

o
92

o
95

99

o

0
0

96

102

0
lt0

96
0

97

l0l

o.
3.38.05
o.
4.9E rO4
0.
l.5E ¡04

3.2E.03

0.

o.
t.tE.o4
o.
I .9E.03
o.
5.9E+O?

I .2E r02

o.
l.2ErOl

I. lE¡02
o.
3.78+Ol

7.88.00

1.6E-0t
0.
5.8E-0?

I .2E-O2

o.
I .2E-03
0.

0.
0.

0.
0.
4.7E.03

0
o
o

96
o

?7

t0l
0

l08

9ó
o

91

to¡

o
l08

o

0 o. 3.lE+03
0 o. 7.3E.03
0 o. 5.?E.03
O O. 2.9€.03
0 O. l.3E.O3

98 1.8E.OZ 6.OE.Oz

l.oE.03 2.OE.O3

o. 6.9E.02

3.8E.Ot 7.4E.ol

o. 2.6E.Ol
Ì.8E.oo 8.4E.OO

0. 4.5E.01
0. ?.sE.Ol
I . lEl0l 2.OE.ol

2.4E.00 4.7É.00

0. I.6E.0O
t. lE-ol 5. lE-0t
o. 2.se-ol

5.6Ê¡01 102

0. 0
3.88.00 I t0

40 90
41 9342 92

100
44 96

l04
4s 1ò3
46 Iö2
47 lór

40 90òl 9342 92
loo

44 9ó
t04

43 rO3
46 rò2
4f lo?

94
o

96

r00

9z
o

95

99

00.o0.00.0
l04 t.tE.oo ¡05 7.48-0t I0ó 5.oE-ol lo8
loe !.6E-OI o O. O o. O

o.
o.
8. ?Ê-Oz

l.8E-02

o.
l.7E-03
2.5E-Oô

8. tE-o2
o.
4.OE-oa

8.48-03

0.
I . OE-04
0.

2.6E-03
g.?E-04
4.08-04

0 0. 4.3€-02
0 o. l. I¡-61

98 I .08-02 3. lÉ-oa

t02 3.8E-03 7.5E-o3

0.00.
3.7E-04 Ì10 l.7E-04
o. 0 0.



PRoDUCÌ Z' 38
PNODUCT A' 9I
HALF L¡FE. 9.700 H

PRooUCt Z! 30
PFoDUCÌ A' 9?
HALF LIFEE 2.700 H

PR0DUCT Z! 38
PRODUCI A' 93
HALF LIFE, 8.300 M

PnooUCt Z' 38
PRODUGÍ A' 94
H^LF LIFEi I.¿Oo M

PRooUCl Zr 39
PRoDUCT A! 8?
HALF LIFEB 9.000 M

PRooUCt Zr 39
PnooUCf A¡ 83
HALF L!FE! 7.400 ¡i

PRoDue¡ Z¡ 39
PRooUCl Ar 84
HALF LIFE' 42.OCO M

90 0.
9? o.

loo 3.oE.ol
96 O.

l04 6.4E.OO
lO3 9.5E.00
lo? l.4E.Ol
tO? 2.OE.oO
196 2.9¿r69
I l4 1.4E-o¡
I I 3 2.OE-Ol

94 2.88.0?
96 1.5Ér02

l0O 3.1E.ol

0 0.
106 2.9E.oo

0 0.
t11 4.2E-01

o 0.

94 8.8€.01
96 4.5E.0¡

l0O l.OE.01

0 0.
¡06 9.6E-oÌ

0 0.
I I t I.4E-01

0 0.

94 0.
96 0.

loo 2.5E.oo

o 0.
106 2.4E-Ol

o 0.
¡ ¡ I 3.4E-02

o 0.
IÌ6 5.tE-03
124 2.68-04

94 0.
9ó 0.

l0o s.7E-ot

0 0.
lO6 5.48-Oz

0 0.
I 1 L ?.7E-o3

oo.
¡16 t.2E-O3
l?4 5.7E-O5

88 1.48.04
o 0.

94 l.3E.03
0 0.

96 6.oÉ.02

loo l.3E.oz

o 0.

8g 7.2E.04
oo.

94 6.98.03
o 0.

96 3.2E.03

loo 6.?E.02

o 0.

88 Z.9E.05
0 0.

94 3.OE.O4
o 0.

96 l.4E.04

l0o ?.9E.03

0 0.

96 1.4Er02
9? 9.9Ê.01

t0t ?. tE¡01

0 0.
¡08 l.3E.oo

0 0.
tl2 2.9E-Ol

0 0.

96 4.5Er0l
97 3.?E.0t

l0l 6.8E¡00

0 0.
108 .4.4E-0¡

0 0.
lI? 9.4E-02

o 0.

96 1.oE+o I9? ?.5É.oo

¡Ol 1.78.00

0 0.
l0g I .1E-0t

0 0.LL? 2.48-02

0 0.
I ¡7 3.58-03

96 2.3E.OO
?7 o.

l0I 3.9E-01

0 0.
108 2.5E-02

0 0.
t ¡ 2 5.3E-03

0 0.
tl7 ?.8E-04

o 0.
0 0.

96 ó.oE.o?
o 0.

97 4.1E.02

l0l 6.99.6¡

0 0.

o 0.
0 0.

96 3.2Ê+03
o o.9? ?. lEr03

lol. 4.68.02

0 0.

o 0.
o 0.

9ó l.4E¡04
o 0.97 9.28.03

lo¡ 2.oE.o3

o 0.

fan
cEl

L

4O
42

44

45
46
47
48

49

91 0. 92 0.
94 0. 95 2.0E¡02

98 é.â€.0¡ 99 4.6Er0l

00.00.
ìoc 6.4E.oo lo5 4.3E.00
ìOq 9.2E-ol O o.
108 I .4e¡oo I lo 6.4E-ot
lró ó.3¿-62
lr5 9.4E-02 0 0.

üoNoJSoloPIc
IAROEI A,/U¡LLICURtES

NAIURÂL
MILLI
CUR TES

o 0. 5.sE.0l
98, 6.7E.01 8.58+01

loz 1.48.01 2.oE.ot

O 0. 9.58.00
ÌIo ó.3E-01 3.oE.Oo

O 0. 1.5E+OO
113 2.oE-01 3.zE-Ol

0 o. 9.9E-02

0 0. l.7E.0l
98 2.2E.0I 1.7E+ol

¡oz 4.68.0o 6.ó8.00

0 0. 3. lE.oO
ll0 ?.0E-01 9.9E-Ol

o 0. 4.8E-or
113 6.5E-02 l.0E-0I

o o. 3.28-oz

o o. 3.1€-ol
98 5.4E.0O ?.3E.OO

loz t.lE.0o t.5gr66

0 0. 7.8E-01
llo 5.oE-02 2.4E-ol

0 o. l.zE-ol
Il3 l.6E-0? 2.sE-02

o o. 7.9E-03
118 2.4E-03 2.4E-03

0 0. 6.6E-02
98 1.28.00 3./rE-ol

102 2.68-01 2.se-o¡

0 0. l.8E-0I
llo t.lE-02 5.6E-02

o o. ?.7e-02
113 3.6E-03 5.7E-o3

0 0. l.8E-03
ll8 5.4E-04 s.4E-04

0 0. 1.6E.04
0 o. 9.3E.03
0 0. 4.4E.03
0 o. 2.OE.o3

98 2.8E.02 9.2E.02

loZ s.9E.0t l.z1.oz

0 0. 4.tE+ot

0 0. 8.0E+04
O 0. 4.9E.04
0 o. ?.48.04
0 o. l.0E.o4

98 r.4E.03 4.8€.03

102 3.2E.02 6.lEro?

o o. 2.t1+o2

0 o. 3.3Ero5
0 o. 2.18.05
0 0. l.0E.o5
0 o. 4.4ElO4

98 6.28.03 2. LE.o4

102 1.3É.O3 2.6E¡o3

o o. 9.?¿t62

40 90 0.
4Z 92 0.

¡oo 1.oE.ol
44 9ó O.

104 2. IE.OO
45 103 3.1E.00
46 l0? 4.?8.00
47 10? 6.5E-01
4A l96 9.7E-ol

rt4 4.sE-Oz
49 ll3 ó.5E-02

40 90 0.
42 92 O.

loo 2.sE.oo
44 96 0.

I04 5.2E-Or
45 l03 ?.88-O¡
46 l0? t.2E.oO
47 tO? l.6E-Ol
48 lOó 2.48-Ol

tt4 I.tE-O?
49 I t3 ¡.6E-o?
50 ¡tA 2.4E-o?

1 t9 1.6É-03

ô0 90 O.
42 92 0.

Ioo 5.6E-ol
44 96 0.

lo4 t.2E-o¡
45 tO3 l.8E-Ol
46 tOZ 2.68-0t
47 1ó? 3.?E-Oz
48 to6 5.5E-02

ll4 2.4E-o3
49 ll3 3.6Ê-03
50 l¡2 5.3E-o3

t t 9 3.6E-ò4

38 g4 5.5E.04
39 89 9.3Ero3
40 90 ó.3E+03
41 93 2.oE.o3
42 9? 2.9E.o3

loo ¡.3E.oz
4ò 96 6.lE.Oz

lò4 2.gE.ol
45 l03 4. lE.ol

3A 84 O.
39 89 4.9E.04
40 90 3.4E.o4
41 93 l.OE.o4
42 gZ 1.5Ëooa

lo0 6.7E.0?
44 96 3.28.03

l04 1.sE.o2
45 ro3 ?. lE.o?

91 0.
94 0.

95 2.26+Ol

0 0.
104 e. tE.oo
109 3.08-ol
l0E 4.4É'01
t16 ?.rE-02
tt5 3.oE-02

9l o.
94 0.

98 0.

0 0.
l04 5.2E-01
l09 7.4E-oz
t08 1. lE-ot
l16 5.0E-03
ll5 ?.6E-03
It4 I.lE-02
l20 I . lÉ-03

9t 0.
94 0.

98 0.

0 0.
l04 I.2E-ol
r09 l.7E-02
loå 2.5E-02
I t6 ¡ .?E-03
I tS 1.7E-03
I tô 2.48-03
l20 2.58-04

8ó ?.8E.O4
0 0.

91 4.3E.03
0 0.

e4 l.3E.o3

98 2.8E.02

oo.

86 1.4E.05
o 0.

9I ?.3E.04
o 0.

94 ?.0E.03

98 t.sE.03

oo.

86 5.?É.05
0 0.

9l 9.?8.04
0 0.

94 3,0E.04

98 6.3E.o3

0 0.

9? 0.
95 0.

99 1.5E.01

o 0.
l05 1.4E.00

0 0.
¡lo ?.08-0I

0 0.

92 0.
95 o.

99 3.7E.00

oo.
I05 3.5E-0Ì

00.
llo 5.08-02

0 0.
l15 ?.óE-03
1?2 3.48-04

9e 0.
95 0.

99 0.

0 0.
t05 8.0E-02

0 0.
llo t.lE-02

oo.
¡15 t.?E-03
122 t.2E-04

87 2.0E.04
oo.

92 2.9Er03
0 0.

95 8.9E¡02

99 1.9Er02

oo.

87 t.0E¡05
0 0.

92 l.5Er0a
0 0.

95 a.7Er03

99 1.0E¡03

0 0.

87 a.lE¡0s
oo.

92 6.5EtA4
0 0.

95 2.0E.04

99 4.2E.03

oo.

-32-

38
39
40
4t
42

44

45

84 0.
s9 2.lE.Os
90 l.4E+05
93 4.4e.04
92 6.óE+o4

loo 2.9E.03
9ó l.4E.O4

lO4 6.lE.o2
l03 9.2e.02



fÂR
GEl

2

38
39
40
4t
42

44

45
46

86 O. 8? 1.3Ê+06
00.00.

9t 3.tE.os 92 2.tÊ¡05
oo.oo.

94 9.8E¡04 95 6.6E¡04

98 2.OE.04 99 l.4E.04

00.00.
104 ?.oE.03 105 1.3E.03

86 0. 87 0.
0 0. 0 0.

9l 5.tE.05 92 3.4€.O5
0 0. 0 0.

96 1.6E.05 95 l.tE+05

98 3.3E.04 99 2,2E.O4

00.0o.
104 3.2€.03 lO5 ?.2Er03

00.00.
9l l.3E.O5 92 9.38¿04
00.00.

94 4.4E+04 95 3.0E.04

9A 9.28.03 99 6¡2E+03

00.o0.
l04 8.8Ê+OZ 105 6.0E+Oz

9l 3.oE.03 92 2.18.03
oo.oo.

e4 t.oE.03 95 ?.OE.02

98 2.2E.0? 99 !.5Er0?

oo.0o.
¡04 2.1É.Ol lO5 1.4E¡01
109 3. IE.OO 0 o.

88 8.9€.OS 0 o.
0 0. 0 0.

94 9.6E.04 96 4.4E+04
00.00.

96 4.48.04 97 3.08.04

t0O 9.3E.03 IOI ó.3Er03

00.00.
l06 9.3E.oz log 4.3É.02

NATURAL
MILLI
CUR T ES

0 0. 8.3E.O5
0 0. 6.4E+05
o O. 3.2E.Os
0 0. l.4E.o5

98 2¡OE+04 6.8E.04

102 4.38.03 8.4€.o3

O 0. Z.9E+o3
llo 2.08.02 9.sE.oz

0 0. l.lE+06
O 0. 9.9E.05
o 0. 5. lE+05
0 O. Z.3E.o5

98 3.3E+04 l.lE.o5
102 6.9E.03 1.4E.ô4

0 0. 4.7Eio3
lI0 3.3Ee02 l.5E.03

0 o. 2.ó8.05
0 o. 1.3E.05
0 o. 6.5E.04

98 9.1E.03 3.OE.O4

102 1.9E.03 3.8E.03

0 0. l.3E+o3
ll0 s.9E.0l 4.28+oz

0 o. 3.OE.O3
0 0. l.5E.o3

98 2.?E.OZ 7.0E.0?

102 a.sEr01 ê.9E.Ol

0 0. 3.oE.0t
ll0 2.lE.0o 9.gE.oo

0 0. 4.9E.00

MoNo I SoloP Ic
IARGEI A/MILLICURTES

PRODUCT Z' 39
PRoOUCI A' 85
HALF LllE' s.OCo H

PFoDUCÌ Z: 39
PRooUCf A! 86
HALF LIFE! l5.O0o H

PRODUCT ZE 39
PRoouct a¡ g?
HALF LtF€' 80.000 H

PRooUCf Z. 39
PRODUCI Aã 88
HALF LIFã' tO?.OOo o

PRoOUCÍ Z! 39
PRoDlrcr 

^u 
90

HÂLF LIFEI 64.200 H

PRooUCÌ Z' 39
PRo0UCÎ A' 9l
HALF LIFE. 59.000 D

PRoDUCÎ Z: 39
PRooUCÌ As 92
HALF LTFE= 3.530 H

PRoDUCI Zr 39
PR0DUCt A= 93
IJÀLF LIFE= Io.IOo H

84 0.
89 6.48.O5
90 4.6Ê.05
93 ¡.4E.05
92 2. lE.os

¡oo 9.eE.o3
96 4.5E.04

loa 2.oE.O3
l03 2.9Ê.03
lô2 4.38.o3

36
39
40
4l
42

44

45
46

39
40
4t
42

44

45
46

40
4t
42

44

45
46
47

40
4t
4?

44

45
46
47

40
4l
4Z

44

45
46
47

4O
42

44

45
46
47
4g

49

84 0.
89 9.98.05
90 7. lE.o5
93 ?.3E.05
92 3.5E.os

lO0 l.5E.O4
96 7.4EaO4

1ö4 3.zEr03
103 4.7E.03
¡oz 7.oE.03

89 ?.6E.os
90 l.9E.os
93 ó.5ErO*
9? 9.68.o4

loo 4. lE.o3
96 2.OE.04

l04 8.?E.02
lO3 l.3E.O3
lO2 1.9E.03

å8 1.4E.06
0 0.

94 I.6E.os
0 0.

96 7.3E.04

100 l.5E.o4

0 0.
0 0.96 7.?E+Oa
0 0.97 4.9E.04

lOt 1.0E+04

90 4.IE.O3
93 l:5E.03
92 2. lElO3

loo 9.eÊ¡ol
96 4.8E.Oa

l04 2. tE.ot
l03 3.OE.Ot
loZ 4.5E.ol
to? 6.6Eroo

00.0o.
106 l.5E.03 108 z. lE¡02

00.00.
94 4.4E.04 96 2.0E.04
o 0. 0 0.

96 ?.oE.04 !7 t.4Er0a

IOO 4.28.03 lOl 2.8E¡03

o0.oo.
I0ó 4.IE.OA l0g 1,.98.02

94 t.oE.o3 96 4.t?ío2
00.00.

96 4.?E.02 97 3,2e.O2

l0O 9.9€.01 lol 6.?8.01

00.00.
t06 9.6E.OO log 4.4Eroo

00.00.

90 O. 9l O.q3 l.2E¡04 o O.
92 O. 9a 8.?E.o3loo 6.9E+o?
96 4.3Ê+03 96 2.66103

l04 ¡. sE.o2
to3 2.?8.02 o O.
IO2 4. lE.o? l04 l.9e.Oz
l07 5.8E.ol loe 2.7E.Ot

92 t.7€r04 94 8.6E.03
0 0. o 0.

95 ó.2E.03 96 4.2E.03

99 1.3E.03 l0o 9.OE.02

00.00.
l05 l.3Er02 106 8.sE.Ol

oo.oo.

96 4.2E.03 0 O. 4.6E.03
0 0. 0 o. l.2E+04

97 ?.9E+03 9a l.9Er03 3.3E.03

I0l 6.0E.02 ì0? 4.0E.02 B.oE+02

40
42

44

90 0.
93 2.4E.oz
92 O.

loo l.BE.ol
96 8.7E.o¡

l04 3.8E.oO
lO3 5.6E.oO
loA 8.4E.o0
1O? I.2E.O0

90 0.
92 Oc

toO 5.4E.oa
96 0.

lo4 t . lE162
103 1.7E.02
lo? 2.5E.o2
l07 3.5E¡ol
l06 5.?E.o¡
I l4 ?.48.00
lI3 3.5E.o0

0 0.
I0g 3.98.01

0 0.

0 0.

O 0. 2.78.0?
ll0 t.BE.ot s.?E.Ol

0 o. 4.3E.or

0 o. 3.3Ê.ot
0 0. 2.49.oz

98 4.OE.Ol 6.sE.Ol

IOA 8.38.00 l.6E.O¡

O 0. 5.6E.OO
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Table vI

SpalLation Products producêd by 2OO-MêV protons

(arranged by target)

...one-day irraaliation

. . .2O0 mÍcroMpere beam

...no calculatÍons shom for products with half-lives less

Èhan one ninute

...no l¡ields included íf eithêr the yield or the erosg sectioÞ

is <0.001 ti¡es the mqimm yield or the mqimM cross

Eection, regpætively, produced in the targêt

...qpected accuracy: within a factor of 3

. . .Zero values in activity colums rea Rud6ttu fomula does

not apply i.¡ those casesi zero does not' mæn that no

activity is producêd

...sêê tqt (page 5, coluM 2, paragraph 1) for precautions

to obsèrve in interpreÈ.ing act.ivity values md "ÀVG

SIGÌ'IA" vàlues whÐ proaluct mass is within trc units

of target mss.

...other pertinent notes discussed in tqt of retrþrt

. . .¡<ey3

À = % abuntlance of (stable) isotope Ín natural êIdênt

D=day

H = hour

ü = minute

S = second

T = megãyear

Y = yêar
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!: t7 38.öoo H s.1E.o4 ?.!€.o4 o. ó: o. o. o. o. o. o. 4.38.04 z.aE.ot
l: ?8 6.Eoo M t.6E.os ?.?È.04 o: o. o. o. o. o. o. o. r:3Ë.ós a:äË.oi
l? re sors4o Â t.tE.o¡
l? s0 ta.ooo M 4.ze.o4 l.9E.o4 o. o. o. o. o. o. o. o. :.esr6c a.r!.i6
l: al 49.460 A t.ßL.ool? Bz 35.300 H r.eE.o3 !.7E.0? o. O. o. o. o. o. o. o. l.6E.O3 s.qE_ot
1.1 ?l 5.ooo r,r t:zE.o3 s.4È+oz o: ó: o. o. o. o. o. o. ¡.oE.o3 2.3E_ol
11 73 7.lOO H 2.tE.O4 9.?E.03 O. O: O. O. O. O. O. O. 1.8ErO4 4.OE.oO
11 74 .B?o Â l. tÊ.ot34 76 9.020 

^11 it i:;àð Â I:åE:BB34 7a 23.5ac a l.qE.oo:: ?o so.ooo x 3.?8.03 r.!E.ol o. o. o. o. o. o. o. o. ¡.ze.o¡ i.eÈ-ði

ii ià ,åí,åli i ?:38:31 å:3F:3r 3: ¡: s: s: :: ¡: ¡: s: lii::ii s:*:ãå
!l ie -äð:;õo; 

t.sE.o3 6.ee.o? o. o. o. o. o. o. o. o. ,.r..0. åi?å13Î
3ã ç: 37:ooo H z.sE.o3 1.3È.03 o. ã: o. o. o. 0. o. o. ã.¡i.o¡ r.ÀË.õo
32 ;á t;:;¡;; 2'68'00
32 ia -;:;;à ; e'lE-or
!l ¿¿ ;:;õã ; r.zE.o3 s.4e.oz o. o. o. o. o. o. o. o. r.rr.or i:lE-3ì
:l 9! 99.99! ! 5.oE.o3 2.4E.03 o. o. o. o. o, o. o, o. ¿.¡i.o¡ r. rÈ.ão:1 6e 60.400 a ?.lE_or:l ?0 2l.ooo ¡ l.6E.o3 7.6E.oz o. o. o. o. o. o. o. o. l.4E.o3 i:38-ör
:9 64 6g.g90 Â z.zE-ot30 66 27.8tC A 4.6E_Ol30 67 4.llo a 2 aÈ_^1?e 63 6e.oec a ;:;;_oi

'a'aaa¡aaaa.aa.aaaaaaaaaa¿a.aa .+r..a+aaaara.++a+aaaaa.a+a.a.aa.a....a.a.aa.
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HALF L¡FE 84

MoNotsoloPIc
IAR6FI A/I.tILLICURIES

2.0E.03 0.
8.38.03 O.
i.6E.04 o.
1.lE.04 0.
3.38*04 O.

o. 0.o. 0.o. 0.
0. 0.o. o.

o. 0.
o. 0.o. 0.o. 0.o. o.

NÂfURAL
MILLI AVG

CURI€S SIGHÂ

1.6É+O4 2.3E.OO
8.0F+o4 1.lE.ol
3.3E+o5 4.EE.0l
8.38+05 t.2E.02
l.lF.06 2.¿8.O2
l.lE.04 l.âE.Oo
5.7F.O4 8.ÁE.Oo
ó.lE.O3 3.2E+01
?.6E.05 9.ilE.Ot

!. .58.02
7.3E+03 9.5E.ol

5. oE.O I
3.7E.04 6.lE.OO
3.6E.O5 5.5E.ot
4.sE+OS 6.4Ê.01
2.6€.O3 4.3E.Ol
3.48+ô3 2.38¡01

tl.2€+0o
3.sE.O3 1.oE.Oo
2.3F.04 4.3Ê*OO

t.¿E.ol
7.0E.04 3.oE.ol

?. 6E.01
?.6E +00
3. oE.00
1.OE.O0

3.4E+03 7.SÊ-o¡
t.4F+O4 3.ôE.OO
2.8E+04 B.AE+OO

5.âE.O4 l.OE.Ol
5.cE.00

l.5E+O4 ?.aE.O0
9. OE-0 1

7.?8.O3 2.O€.00
5.2E.oO
3. ?E. oo
1.9E.00
7.6E-o l.

1.4trql 3.tt-at
1.2¡.63 l.jE.oo
5.4E.O3 2.AE.OO

6.1E-01
t.3€.0o
4. aÊ-o I

l.9E+O3 5.6E-Ot
3.5E-ot

NAfURAL
I.ITLLI AVG

CURIES STG¡4A

2.0E.03 2.9E-Ol
l.3E+o4 l.sE.6o
6.7E.o4 9.¿E.oO
l.8E.O5 4.1E.ol
t.0E.O6 1.4E.02
9.38.03 1.6Ê.004.98.04 7.2E.OO
?.lE.os 2.9E.ot
6.4E+OS 9.3ErOI
9.9F.O5 2.1€.Oz
2.6E.o5 l.9E.O2
6.5E.03 t.lE.Oo
3.3E.O4 5.4E.00
3.6E.o3 2.0€.0¡
l.6E.os 5.9E.Ol

9.6Er01
5.7E+03 ?.4E+Ot

4.38.01
2.LEr¡I

2.2E.04 3.eE.OO
2.lF+05 3.SE.ol
2.7E.o5 4.lE.ot
l.6E+o3 ?.sE.0l
2.2E.O3 ì.rÊ.Ol

ó.4E.ó0
7.9E-Ol

2.OE.O3 6.qE-Ot
l.4E.o4 ?.BE.Oo

9. OE.00
4.lE.O4 t.9E+Ot

1.7E.01
4.88.ôô
1.9E.00
6. AE-0¡

?.oE*o3 4.sE-ol
8.3F.O3 t.qE.Oo
l.6E.O4 5.6E.oO
1.IE.ô4 âr?E.OO
3.3E+04 ¡t.¿8.ÕO

39
39
39
39
39
38
38
38
38
38
38
38
3?
3i
3?
3?
3't
3?
3ó
36
3é
3é
36
3é
3ó
3é

35

35

35
35
35
34
31
34
34
34
3¡
33
33
33
32
3e
3i
3¡

a? 9.OOO H 5.5E.04
83 7.40C M O.
a4 42.OOC M o.
a5 5.OOO H O.
86 15.ooc H o.
80 1.70C H 4.3E+04
8l 29.0O0 I 2.lE.O5
a2 25.OOO D z.1E.O4
83 33.OOO H tì.
84 .5óO A
85 65.000 D o.
86 9.86C Â
79 2l . oOC r.4 i .5E.05
Al 4.70C H t.3E.oó
aZ 75.Ooo S 1.6E.06
83 83.oOC D O.
A4 33.00C D O.
85 72.15c A
76 14.800 .H t.4E.O4
11 t.?oc H 9.6E1O4
78 .350 A
79 34.OOC ti Z.9E.O5
80 2.?7c A
a2 tt.56c a
83 l1.s5o Â

2i. :9.?e! 3 _ ._ .
'..uuu F ¡.r¿.9$75 l.6oc H a.9E.O476 16.500 H l.zE.osa7 58.OOO H ?.6E.O4

?8 6.500 M 2.3É.05
19 50.54C A
80 IA.OOC x S.qerO¿
Bl 49.4óc a
?3 7.too H 3.2E.04
74 .B?0 Â
76 9.02C A
7? 7.590 a
78 23.520 A
70 50.000 M 5.6E.03
7l 62.000 H 4.8E.03
7? 26.000 H à.2E.04
7á 100.ò00 a
?0 20.52c a
72 27.430 A
68 68.000 ü ?.5E.03
69 60.400 Â

86 87 a8

2.88.04 2.OE.O4 t.¿E+04
1.4Ê.05 r.OE.Os 7.2F+04
5.?8.05 4.tE.05 Z.qE+05
0. l.3E.oó A.gÊ+os
0. 0. 1.4F.06
2.lE.04 l.4E+Oa 9.68.03
l.lÊ+05 7.2E.04 4.9Ê.O4
l.lE.Oa 7.8E.03 5.3F.O3
4.68.05 3.3E.o5 2.3E.05

0. I.lE.O4 ?.9E.03

6.98a04 4.78.04 3.28.04
6.?F.o5 4.óE.OS 3.tE.O5
8.0E.05 5.?Ê.05 3.9E.Os
4.5E.03 3.2É.03 2.3Ë.03
ó.0E.03 4.3E+o3 3. lE.O3

6.6E.03 4.4E.03 3.OE.O3
4.4E.04 3.OEa04 2.OE.04

l.3E.O5 8.9E.04 6. OE¡04

Þ.-E.0r i.J¿.oJ ¿.9E.Ur
?.7E.oa l.AE*04 t.?8.04
5.4E.04 3.6Ê.04 2.4F-.O4
3.4E.ô4 2.3Er04 !.6E.04
l.lÉ.05 ?.28.04 4.9F.04

e.9E.o4 2.OE.o4 1.3É.04

t.4E.o4 9.?E.03 6.6E.03

0.

0.
0.
0.
o.
0.

0. o.o. o.o. o.
0. o.0. o.o. 0.o. o.0. 0.o. o.

0.
0.
o.
0.
o.

o. o.
0. o.0. o.o. 0.o. 0.

0.

o.
o.
0.
o.
o.

0.
0.
0.
0.

0.
0.
0.

0.

o. o. 0.
0. 0. 0.
0. 0. 0.
o. 0. 0.
0. 0. 0.

0. 0. 0.
0. 0. 0.

0. 0. 0.

0. Õ. û.
0. 0. 0.
o. 0. 0.û ô- ñ
0. 0. 0.

o. o. o.

0. o. 0.

o.
0.
0.
o.
0.

o.
0.

0.

o.
0.
0.

o.

o.

0.

o. o.0. Õ.

O. O.

Õ. Õ.
0. o.
0. o.

0. 0.

o. o.

2.6E.03 ¡.?E.03 l.2E.O3
2.2E.o3 l.sE.o3 l.oE+03
t.oE+04 6.8E+03 4.78.03

o. o. 0. 0. 0. o.o. o. o. 0. o. o.o. o. 0. 0. 0. 0.

3.4E.03 2.4Ê+03 t.6É.03 o. 0.
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40 83 7.oOO M40 a4 16.o00 x40 85 6.000 M40 86 ló.500 H40 8? 1.600 x39 Ez 9.ooo ti39 83 ?.¿oO M39 e4 42.ooo tt39 85 5.öOO ir39 a6 ts.óOO rl39 â? eo.ooo H38 3O l.?OO H3E 81 ?9.oOO M3E a2 25.ooo o3E 83 33.oOC x3E E4 :560 A3E 85 65.000 O3E 86 9.860 A3E 8? 7.020 
^31 79 zt.ooo M3? 8l 4.700 I3? AZ 7S.OOO S3? 83 83.OOO O3? 84 33.OOO D3l A5 72.r5C A3? 87 27.85C Â3ó 76 l4.gOC x36 77 I.ZOO H3ó 78 .350 a

3ó 79 34.oOC X3ó 80 2.27C 
^3ó s2 tt.S6c 
^36 83 lt.Ssc A36 a4 5ó.90C A35 j4 62.oo0 M

35 15 l.óOe H35 76 16.500 H35 j7 58.ôOO H35 ?8 6.50C H

tioNo JsotoP t c
TÂñ6Ef A/MTLLICUFTES99 '0

2.0E.03 O.
i.3¿.6a s.
6.?8.04 O.
i.aE.O5 O.
1.OE.O6 0.
9.3€.03 o.
4.9E.04 0.
2.lE.Oi 0.
6.4É.OS O.
9.98.05 0.
2.6E.05 0.
6.sE.03 0.
3.3¡rg4 g.
3.6E.03 O.
i.¿¿.os o.

5.7E.03 o.

o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
0.
o.
o.

o.

o.
o.
0.
0.
o.

o.
o.

0.

o.
o.
0.
o.
o.
o.
0.
0.
0.
o.
o.
o.
ô.
o.
0.

0.

0.
o.
0.
0.
0.
o.
0.
0.
0.
o.
0.

0.
0.
0.

0.

o

o.
o.
o.
o.
0.
o.
o.
o.
0.
o.
o.
o.
o.
0.
o.

0.

?.?e.o4
2. lE.os
?. ?E'oB
I .6E.03
?,28'o3

2.0E.03
I .3E.04

4.1E.04

0.
0.
0.
o.
0.

0.
0.

o.

0. 0.o. 0.o. o.o. o.o. o.

o. o.
o. 0.

0. 0.

o.
0.
0.
o.
0.
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35 t9 5o.g4c a - 3.5E'oo
35 só iãlãoõ il e.oE.o3 o. o. o. o. o. o. o. o. o. e.0E'03 l.5E'o9
3s ;i ¿õ:À¿õ Â - 5.8€'or
34 ;a ilioõ i ¡.s¿.0: o. o. o. 0. o. o. o. o. 0. 4.sÉ+03 l.3E'oo
34 i,, ':å;õ i 3.3E.oo
3¿! íc ,:õáõ ¡ z.¿E'oo
34 ti ílis6 a 1.2E'oo
34 ;á zålÃãã i 4.BE_o!
33 ;z ã¿:õõõ;i 3.4Ê.03 o. o. o. o. o. o. o. o. o. 3.2E'o3 l.eE'00
33 ia rõõ:ððõ ; -'-- 3.eE'or
32 70 ãõ:;ãõ ¡ 8'3€'or
32 ;á ã;:;3õ ¡ - 3.rE'or
3t ¿s ãå]ooo ü i.tE.o3 o. o. o. o. o. o. o. o. o. ¡.1srs3 3.68-0l
3r ¿õ ¿õ:;óõ ¡ '--- -- 2.?É-or
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PR00UCIS
z A HALF LIFE 90 91 92

MoNO lS0ToP I C
TARGEf À/MTLLICURIES

949ó0000

MoNo I sOloP Ic
fARGEf A/MILLICURIES
000

NAfURÀL
MILLI AVg

0 CURIES SIci4A

4l gs 2l.ooc u 2.åE.05 2.oE.o5 l.4E.o5 ?.0E.04 3.2E+04 o. o. o. o. o. ?.oEros 2.9Ê+ol
4L ãõ i:;òõ H õ:-- -- r.Èã.õs si¡Ë.õs á.iË.os t.¡ã.õs o. o. o. o. o. 2.3E'os 3.3E'or
41 óo r+]áõõ x ð. o: - - t.oe¡oo ¡.¡rrós ã.ei.õs õ. o. o. o. o. 2.8E'os ó.oE'ol
4r óã toolõóõ I "
40 á" i¡lõóõ M s.8E.03. 6.OE.O3 4.OE+03 1.8É.03 8.3E.02 O. O. O. O. O. 6.2E'03 9.eE-o1
+õ ãs -a:õóõ ¡{ ¿:ãÈ.õ¿ ¡.4;.õ4 z:ái.o4 i.õÈ.ó¿ 1.¿È.ò¡ o. o. o. 0. 0. 3.4E+o4 5.oE.o0
40 à¿ ro.åóo s i.¡Ê.os õ.sË.04 ó:s€.o9 ã.iã.0+ r.+Ë.óq o. o. o. o. o. e.5E'04 ?.lE'ol
+õ er -rlãõõ x i.eË.ði á.¡ã.õs s.zE.õs i.tÈ.é¡ t:tÈ.õo o: 0¡ o. 0. o. 5.2E'os 7.ôE'ol
+õ ãå si:ðoõ ö i:;;;õ; i:i;.ä¿ r.iË.ðã åliË.0¡ r.rË.0¡ õ. ó: o: o. o. 1.r¿'o4 r.eE'oz

ll Þ: ¡ã:äíi i å: - - ã.àe.ós z.+e.õs r.zË.ós -:5È.õ4 o. o. o. o' 0. r'ôE'os t'68'or
J¡.eeu a r-58+ôl

+õ ;t rila¡õ ¡ l.sE'oo
40 sz iililõ ¡ ^ 3.5E'oo
¡õ áz -9:ôõõ M 6.3E.03 4.3E.03 ?.9E.03 ¡.3E.03 ó.0€.oA O. o. o. O. o. 4.4É+03 ?.áE'ol
3i ã¡ í.+õõ " ã.oä.04 2:3Ë.ó4 l.se.oe ¿.sË*o¡ ¡.2È.0? o. o. o, o. o. 2.48'04 3.ßE'o0
3e ãa ,,ál¿ðõ u i.+Ë.õs õ.rË.ä¡ i.s¿.óe ã.óË.õ+ r.¡i.ã+ o. o. o. o. 0¡ l.oElos t.5E¡ol
3e ãs alõõõ x å.¿e.õå á.rÈ.ðs e.rÈ.os ó.ðË.ò+ À.+Ë.ó¿ õ. o. o. o. o. 3.28'os 4.eE'ol
3e ão riläãõ ü ;:i;.õ; ;:i;.õi ¡.iË"ðs í.ãÈ.õs r.zË.õ+ õ. ó. o. o¡ o. 5.rF'os 1.18'02
3e ãi Bõ:äóõ ii i:;;.ã; i:ãã.õs g.se.o¿ õ.+E.ó¡ z.oË.ãc õ. o. o. o. o. l.3E'o5 r.oE'oz
3e às rð;:ðoõ ô Å.íË.õi i.oË.ð¡ z.re.õ¡ r.oË.ó¡ +.iÈ.õa o. o¡ o. 0. 0. 3.oE'o3 6.6E'or
3e ái ioò:oöõ Ã r.oE.or
3e õo ãi.ãóõ x O. o. t.?E.04 8.68.0! a.2sr63 s. o. o. o. o. !.6E:ol 2.eE'00
3ó áõ rliõõ x õ.s¿.0¡ i.oe.o¡ ã.0È.ó¡ ð.ãË.õz t.zl.ó7 o. o. o. o. 9. 3.lE'o3 6.oE-ol
3E si zõloõõ x a:ã;.õã i:a;.ð+ t.õË.0¡ ó.cÈ.ór z.¡e.ó9 o. o. o. 0. 0. r.6E'04 2.8E'00
38 e? 25-óoo D z.seoõj i.rÈ.ã¡ ¡.iÈ.õ¡ s.iã.õz ã.¡i.õã o. o. o: o' o; 1'?E'03 !'lE'o¡
a¡ ;a ãã:ðõõ; i:i;;õ; ;:i;.o+ e.õË.oe ãlàË.õ+ r.oË.0+ o. o. o. o. o. 7.6E'o4 3.rE'o¡
38 ão :ðãõ Â s.lE+ol
36 ãs 65:õ0¡ o 4.t8.03 2.8E.03 l.9E+03 B.sE.oz 3.9E.oz o. O. o. o. o. 2.9E'o3 3.eE'o1
3E a¿ e:;¿õ Ã 2.1E'ol
is ã; t:ijãö; 1.rÊ+or
3E ãe sà]å¿ð ¡ 4'4E'oo
3? tõ ãi:õðõ;; r.4Ero4 e.tE.o3 6.6E.03 3.oE.o3 l.4E.o3 o. o. o. o. o. l.0E'04 2.lE'o0
3? 8¡ 4.?OO H r.¿e.óS g.ze.ó4 6.58.04 2.9¡.6a 1.3¿.6+ O. O. o. O' 0' l '0E'05 l 'gE'Olãr áä rilåóo s iliË.0Ë í.zi.os e.ãe.ó¿ ã.rË.ðq ì.iË.õ+ ó. õ. o. o' 9' r'3E'os 2'2E'ôr
ii sã åã:ã;ä; i:i:;äj i:¡E;ðã õlõã.ðz ãláË.oz i.oË.õc ó. o. o. o. ô. 1.6F.o2 r.5E.0I
ii ãa ;ã:ðoõ; i:å;.õã i.oi.o¡ o.áÊ.ðz ¡.rÈ.õz r.ãË.ãz õ. o. o. o. o. r.rr'o3 7.ae'o0
3? Ãs zelîðð Ã - 3'¿E'oo
3? är zrlãsõ r - 4'2E-01
36 ls ic]ãoð x t.4E.o3 9.3E.oz 6.3E.0? 2.9E.02 l.3E.oa o. o. o. o. o. 9.7E'oz 3'aE-ol
io +; 'r:åðð ij ôlzË.ðã á.ãÈ.ð¡ +.ãË.ó¡ i.óÈ.os ô.oË.oa õ. õ. o. o. o. 6.4E'o3 r.qE'00
36 ?s ]ããõ ¡ ^ 

4'?E'oo
3é ri ¡+]ooõ i 2.BE.o4 l.9E.o4 l.3E.o4 s.7Ero3 2.68.03 o. o. o. 0' o. 1'98+04 l'oE'or
36 eó zlãiõ ¡ ---- - B'?E'oo
¡i äã ri:;àõ a 2.5E'oo

:9 ã¡ rr.iso r å:3E:3î36 Ê4 5ó.900 A
¡s }q ãä:óðõ ü 1.38.03 e.lE.o? 6.28.0? z.eE.o? l.4E.o2 o. o. o. o' o. e'5E'o2 2'5E-ol
35 is i:ãoo ; ;:a;.0; á:é;.ã¡ z.¿e.ó¡ r.áÈ.0¡ s.¿Ë.0? o. ô. o. o. o. 4.0E'o3 l.oE'oo
35 76 rã.ióõ x i:iË.õ¿ i:-;.ó¡ s.iÈ.ó¡ á.+Ë.0¡ r.iÈ.ð¡ õ. õ. o: o. o. ?i8E'o3 3.oE+c0
ãa ;; ;ã:oããiì i:å;.ãã ¿:;;.;i ¡.iË.õ¡ i.sã.ós i.rÈ.0? o. o. o. o. 9. s.tE'o3 4.6E'00
râ ?8 ;:Ëoõ M å:ãË.ðã r.iÈ.õ+ r.oe.ð¿ q.rË.ã¡ à.ãÈ.0¡ õ. õ. o. o. o. l'6É'Ô4 3'4E'00
35 7s so.éãð À - - -- 

_- 
- -_ 

^ 
l'aE'oo

35 aó iã]õoõ ¡r ó.lE.o3 4.lg.o3 ?.8E.03 t.!E.03 s.8E.o? o. o. o. o' o. 4'3E'o3 8'2E-01
35 aI 49.46c Â 3.oE-ol
34 ;a ilróð x 3.lE.o3 2.tE.o3 1.4Êr¿3 6.É,E.02 3.lE.o2 o. o. 0. o. o. 2'2E'o3 6'?E-01
34 i,, :;iõ; r'aE'oo
34 76 c.ãzõ ¡ 1'38'oo
11 ;i í:Ëaõ Ã å:iE:8Ì34 ?8 23.520 A39 ià ãilóõö iì z.ae.o¡ t.5E.o3 t.oE¡03 4.8E.oz z.?e.oz ot o. o. 0' o' t'sÊ'o3 e'qE-01
33 rs r;;:;ãã ; -'---"- 2. rE-ol
32 io ãõlðãõ ¡ 4.48-or

aaa a.+. a aa+ ara. a a aa¡+ a+ + aaaa. a 
"" '+ 't""+ 

t 
""""'+ 
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PRoDUCIS
z A HÂLF LIFE 93

NAl UR AL
MILLI ÂVG

CURIES STGMA

4.9E.O3 t.lE-01
2.8E+04 4.oÊ¡00
t.3E+05 t .98.0I

o. 0. 0. 0.
o. 0. 0. o.
o. o. 0. 0.

o. ô. 0. 0.
o. o. 0. 0.
O. O. 0. 0.

42 88
4? 89
4? 90

2?.000 M 4.9E.03 0.
7.0O0 M 2.BE.O4 0.
5.7oc t{ t.3E.os o.

- t36 -
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42
4l
4¡
4¡
40
40
40
40
40
40
40
40
39
3i
39
39
39
39
3i
39
39
3ð
36
38
3E
38
3r
38
3ô
38
3?
3l
3t
3t
3i
3ó
36
36
36
3¿
36
3ó
35
35
35
3S
3r
33
34
3¿
34
34
32

PR0DUCtS
2À
43 9243 9343 94
43 9543 9642 åã42 a942 90

4? s242 9412 954? 964? s742 9841 8841 894¡ 904¡ 9341 9541 9640 94
40 8540 8640 8740 8ê40 g9
40 9040 9l
40 9240 9439 a23i a339 å4
39 8539 86
39 â?

91 15.500 M 5.38.0s
88 2I.OOO r¡ i.Oe.os89 1.900 H 3.88.05
90 l4.6OC H 7.5E.Os
ß4 16.000 M å.?E.01
85 6.OOo r,{ !.5E.04
¡É lÁ l^6 r Â 4Ê.^À
8? 1.600 H ?.sE.Os
88 85.óoo D 5.sE.or89 78.400 H 1.78.05
90 s¡.460 A
el ll.23o 

^sz 9.ooo M z.oE.o3
ß3 7.+oo u i.o¿roÀ
A4 4?.000 |,t 4.4E.04
a5 5.OOo H i.c¡.0:
âó 15.000 H e.3E.OE
8? 8o.oo0 H 6.5É.04
88 tot.ooo o i.sE.o3
â9 too.òoo a 

_90 64.200 H t.2E.0ô80 1.100 H 1.48.03
8l e9.0oo H 6.9E.03az zs.ooo o r.6Eôoà
83 33.oOO H 3.4E.04
84 .56c a
85 65.000 D t.3E.O3
8ó 9.€60 A
lt7 ?. OaO A
88 82.560 A
79 2I.OOO r,t 4.58.03
8l 4.too H 4.¿E.oô
Ez 75.óoo s s.5e.o4
e5 ?2.130 a
8t 2?.Ê50 a
77 ¡.200 H 2.9É.03
ra .3s0 Â
19 34.000 H A.5E.O3
80 2.270 

^a? tt.S6O Â
83 lt.55C A
e4 56.900 A
?5 l.600 H t.gE.O376 ló.!00 H 3.5E.03
17 58.óoo H z.ZE.o3
78 6.500 l,t 6.9E.03
19 50.140 a
80 16.000 r.t 1.9E.0373 7.loo H 9.7E.02
?4 .r7o a16 9.020 A
77 7.380 A
?o 2o.5ac a

0.
0.
0.
0.
o.

0.

0. 0.
0. 0.
0. o.
0. o.

0. 0.
0. 0.

o. o. 0. o.0. o. o. o.o. o. o. o.0. 0. 0. o.0. o. o. o.0. o. 0. o.o. o. 0. o.

o. o. 0. o.
O. O. O. O.
O. o. O. O.
o. o. 0. o.
o. o. 0. o.

o. o. o. o.

o.
o.
6.4E.02'4.7E.o3
1.48.04
7.88.04
1.78.03
5.6E.04

o.

o.

0.
0.
o.
o.

üoNoI stToP I c
IARGET Â/M¡LL¡CURI€S

97 98

4.5E.04 3.lE.04
l.9E.os 1.3É.os
6.3É.05 4.5F.05
9.sE+05 ?.oE.05
O. 2.9Ë.05
1.08.03 ?.OE.Oa
6.2E.03 4.28.03
3.6¿+64.?.66164
i.3E.oS grOE¡04

loo 0

l.4E.o4 o.
6.2E.04 o.
2.2E.05 o.
3.6É.05 0.
l.5F+05 o.
3.2ElO2 o.
1.9E.03 0.
9.3E.03 o.
4. lÊ.04 0.

5.48.05 7.7Ê.Ol
l.oÊ.o5 l.sElol
3.8E.05 5.sE.Ol
7.5E.O5 t.ß8.O2
2.?Er03 4.9E-01
l.5E.O4 ?.5E.OO4-LE.^Á r lF¿^l
2.5E.os 3.AE.ol
5.s€+03 e.BE.Ot
l.7E.o5 l.3E.oa

9.38'0I
5.3E.Ol

2.oE.o3 3.gE-ol
l.0E+04 2.0E.00
4.4Er04 7.9E.OO
ì.4Er05 2.qE.O1
2.38. OS 5.6E. O I
6.5E.O4 5.2E.01
l.5E.o3 3.¿E.ol

ì .BE.OI
l.2E.O4 7.tE.OO
1.4Ê.o3 3.lE-01
6.98+03 1.5E.OO
7.6E.oZ 5.5E.00
3.4€+04 t.ó8.O1

2.6E'oI
I.3E.O3 2.oE.ot

t.2E.ol
5.6E 'oo?.38.0o

4.5E.03 l.lE.OO
4.48.04 9.6Ê.OO
5.6E.O4 l.l€.Ol

l.7E.oo
2. tE-ol

?.9E+03 7.sE-ol
2 .4 E.00

8.5E.03 5.2E.Oo
4. sÊ.00
l.3E.OO
5.!E_ol
l.8E-ol

¡.8E.o3 5.zE-ol
3.5E.O3 1.EE.OO
2.2E.03 2.4E.OO
6.9EDO3 1.7E.oO

9. BE -O¡
1.9E.03 4.2Ê-ot
9.7Ê.o2 3.5E-ot

9.0E-oI
6.5E-o¡
3.2E-O¡
2.2Ê-ol

NAIURAL
MILLI ÂVG

CUR IES SIGI,,IA

4.8E.04 7.28+OO
l.6E.o5 2.4E+ot
3.4É.O5 5.2E.Ol
3.0E.os 8.oE.ol
8.5E.O4 8.óE.ol
2.3E.03 3.5E-o¡.
l.3F+O4 2.oE+0O
e.2¡r6e 9.79r69
ì.5É+O5 ?.?Erol

7. I E.0l
9.lE.ol
3.7Erol
1.48.01
I . ?E.oo
5. lÊ-ol

4.?E.O4 7.4E.oO
1.8E.05 2.BE.ol
3.6Er05 a.OE.ol

3.5E.ol
3.9E+0? 3.0E.00
2.?É.03 7.9E-Ol
l.3E.O3 2.ôE-Ol
7.lE.O3 t.3EìOO
2.IE.o4 5.FE.oO
l.2ErO5 ì.eE.Ol
2.5E.03 4.9E.OI
8.0Ë.04 6.4€+Ol

4 .7 E.0l
t.sE.0t
?.3E.o0
s.4E-ol

9.?E+O2 2.OE-Ol
4.8F.03 9.nE-oI
2.lE+o4 4.oE.OO
ó.BE+04 t.3E.Ol
1.lF+05 2.ÂE.Ol
3.OE+04 2.6E+Ol

0.
0.
0.
0.

0.

0¡

0.

0. 0. 0. o. o. 0. 0. 0. 0.
o. 0. o. 0, o. 0. o, 0. 0.
0¡ O. 0. O. O. O. O. 0. 0.

o. o. o. 0.

o. o. 0. 0.

o. o.

0. o.

0.
0.

o. 0.o. o.

o.
o.
0.
o.

0.

0.

0.
0.
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.

0. 0. o. 0.
o. 0. 0. 0.
o. o. o. 0.
o. 0. 0. 0.

O. 0. 0. 0¡
O. 0. 0. 0.

aaaaaaaaaaaaaaaaaaaaaaaaaaaa.aaaaaaaaaaaaaaaaaaaaa.aaaaaaaaaraaaaaaaaaaaa]+a+a¡.ataaaaafaaraatraaaaaaaaa+.aaaa+¡.+ara+..++aaala+aì

lARqtl Z. 4?

HALF LIFE

4.t00 M
?.?00 H
4.800 H

?0.õoo H
4.300 D

27.ooo u
7. ó00 ril
s.ioo x

15.840 A
9.040 a

¡5.?2c a
l6.r!0 a
9.4ó0 À

23.rac ¡
2t.ooo u
l.9oo x

14.600 H
lo0.oo0 a
35.000 D
23.ooo H
l6.iloo M

6.000 M

16.50c r{
1.600 H

85.öoo D
78.400 H
31.4óo a
tt.?3c a
l7.llo a
17.ô00 a
9.000 M
7.400 M

ô2.ooo M
5.ooo x

ls.óoo x
80.000 H

9? 9{ 95 96

o. l.2E.oS 8.å8.04 é.3Ë.04
o. O. 3.?Ê.05 2.6É.Os
O. O. 0. â.8E.Os
ò. o. o. o.
or 0. 0. o.
ó.9E.03 3.4E.03 2.3ã.03 1.5E.03
3.gE.Oó 2.OE.OA t.4E.O4 9.3¿.03
r.âÉ.OB 9.lE.04 6.5E.04 4.48.04
u. r.oÊ¡u¿ ¡. rÊ.u¿ ¿.o¿ru¿

0.
0.
0.
0.
0.
0.
0.
0.

0.
0.

0.
0.
0.
0.
0.
0.
0.
0,

l.5E.os 7.lE.04 4.88.04 3.2E.04
5.4E.Oq 2.?E.OS 1.9E.05 l.3E.Os
t.lE.06 5.4E.OS 3.9E.oS 2.6E.05

o. 0. o.
9. 0. 0.
4.t8.03 l.9E.o3 l.?E.o3
2.3E.0Á r.OE.04 7.oE.O3
6.5E.04 3.OE¡04 2.OE.o4
3.7E.OE l.7E.05 l.2E.05
t.gE.O3 3.8E.03 2.6Ê.o3
2.4É.oE 1.28.ô5 g.3E.o4

Z.2e+O4 1.5¡.64
8.5E.04 5.7F.04
l.8E.O5 t.2E.O5

l.3E.o3 9.lE.oz
o. 9.2E.03
5.7E.02 3.8E+Oa
1.lE.o3 2.lE.O3
9.lE.o3 6.lE.O3
E.3E.04 3.5ã.04
1.2ElO3 7.9E+Oz
3.gE+04 2.5E.04

4.lE.Oa ?.8E.Oa
2. tE.o3 l.4E.o3
9.?E.03 6.28.03
3.oE.Oa 2.oE+04
4.9F.04 3.3E.04
i.4E.04 9. rE.03

- 13'7 -

6.6Ê.03 0.
2.6F.04 O.
5.5E.04 o.

4.6Ei02 o.
4.?8.03 8.
1.8E.0? 0.
9.óE.02 0.
2.8E.03 0.
l.óE.04 0.
3.6F.0? 0.
1.2E.04 0.

l.3E.oz o.'6.7F.02 
O.

?.98.03 O.
9.?8.03 O.
1.58.04 0.
4. !E.03 0.

?.98.03 ¡.3E.03 8.99.02 6.OE.oe
i.5E.o4 ?.OE.03 4.7E.03 3.2ã.o3
6.6E.04 3.oE.04 2.oE.04 t.4E.04
ã.re.oÉ g.a¡.o4 ó.68.04 4.4E.04
3.5E.oS l.óE.05 t.tE.o5 ?.3E.04
9.68.04 4.4E.04 3.OE¡04 2.OE.04

0.
0.
0.
0.
0.
0.

0.
0.
0.
0.
o.
0.
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39 BB lO?.OOO O 2.tE.o3 1.OE.o3 ?.oE.oZ 4.tE.oZ 3.ZE.02 2.2EòOA 9.sE.Ot O.39 e9 loo-ooc ¡39 90 64:200 H o. 8.78.03 6.2E.03 4.2É.03 2.9E.03 t.eE.O3 B.gE.O? o.39 92 3.S3C H O. O. 3.aE.O3 Z.aF.O3 t.?E.03 1.2¡r¡3 5.4r.92 a.3E Bo t.rOe H ?.0Ê.0'l 9.38.02 ó.3E¡oZ 4.3i.02 Z.9F.o2 Z.ô8.02 9.OE.Ot O.38 âl 2s.òoo x t.oF.o4 4.7E.o3 3.lE.03 2.lE.o3 t.4F.ô3 9.¡6r62 4.óF.02 o.38 83 33.OOO ti 5.OE.O¿ 2.3E.04 t.5E.04 t.OE.04 6.9E.03 4.zF.O3 ?.ZE.O3 O.38 84 .B6C A3E 85 65.oOO D i.g¡.o: g.Ce.O? s.9E.o? 3.gE.OZ Z.6E.o2 t.sE.oA 8.1¡rs¡ 6.3E 86 9:É6c À3E g? ?.020 A3t 68 82-560 Â

ll 79 2l.OOc r¡ ó.?E.03 3.oE.O3 2.1E.03 t.4E.O3 9.5E.02 6.9EaO? 3.OE.O? o.
ll ât 4.?oC H 6.5E.04 3.OE.04 2.OE.o4 t.4F.o4 s.?E.o3 6.2F.03 Z.9F.o3 o.
:l 82 75.OOc S B.4E.04 3.8E.04 2.5E.04 t.?E.04 t.2E.04 r.cE.o3 3.66r63 6.3? ss 7?-i5a a
ló 7f l:2OO H 4.2E.03 t.9E.03 t.3E+q3 e.¡616? ó.tE.02 a.zE.OZ t.gE.oZ o.3ó ?g -350 a
99 ?9 34.oOC x t.3E.O4 s.8E.03 3.sEro3 2.68.03 I.sE.03 t.2E.O3 s.?E.Oe O.36 âo 2-z7c 

^36 B? tl_560 A36 a3 tI:sSC a
l: ?5 l.óOC H ?.6e.03 l.2E.03 8.2E.OZ 5.7Ê.OZ 3.9E.02 2.6E.0e 1.2€.02 0.
l: 76 l6.soc H s.2g.O? 2.48.03 l.6E.o3 t.tF.o3 7.6F+02 5.3E.OZ ?-.4F..o2 O,
ll 77 58.0o0 H 3.3E.03 l.5E.O3 l.OE.o3 t.?E.OZ 4.BE+ô2 3.3E.0? t.5E.O2 o.
9: ?8 6.soo M l.oE.o4 4.7E.o3 3.2E.03 2:2E.0: l.sÈ.0¡ 1.¡¡.ll a.6l.s2 s'Jl 19 50.540 À

l9 8o t8.ooo r.l 2.8E.03 t.3Ero3 8.6E.oa 5.gE.oz 3.gE+oz 2.zE.02 t.2E.o2 o.
-.31 73 ?.roc B t.sE.oj 6.7E.02 ¿.re.oZ ¡.¡È.OZ 2.tE.oZ l.eÈ¡oz z.OÈ¡Of o.34 14 :s7C a34 76 9.020 A34 77 7.sgc a

0.

0.
0.
0.
0.
0.

0.

0. 0.
0. 0.
0. 0.

0. 0.

0. 0.

o. 0. 0.
o. 0. 0.
o. 0. 0.
0. 0. 0.
o. 0. 0.
o. 0. 0.
0. 0. 0.
0. 0. 0.

0. 0. 0.

0.
0.
0.
0.

0.

0.
o.

0.

0.
0.

7.0Êjo? 1.7Ê.ol
8.cE+O0

3.3E.o3 2.2E.oo
l.4F+O3 2.28-Ol
6.4F+ô2 1.cÊ-ol
3.2F+O3 7.3E-Ol
1.6É+ô4 8.OElO0

I .3E.ol
6.0€.02 l.oE.ol

5. cE.oo
2.ÊE+00
l.lE+00

?.1E+03 5.3E-Ol
2.lF+ô4 4.ßE.OO
2.6F.o4 5.ß€.OO

8.?E-01
t.3E+03 3.aE-Ot

I .28.00
4.08+03 2.6E.OO

2.2Ero0
ó. ¡tE-ô1
t ,È -^\

9.4ÊrO2 2.6E-Ol
1.7F.03 7.É,8-ol
l. lF+03 1.2E.Oo
3.3F+03 A.?E-Ol

a 
' ÂE-Ol

9.8E.02 2.lE-ol
4.7Er02 t.?E-ot

4.5E-01
3.jE-01
t.6E-01

0. 0.
0. 0.

IARGEÍ Z¡ 43

PRODUCTS
z a I{ÀLFL¡FE o o o

i4oNo¡ sofoP I c
IARGEI A,/MILL¡CURIES
000

NAIURAL
I4ILLI ÂV6

CURIES STGMA

ÑATURAL
MILLI AVG

CURIES SIGMÂ

1.6E.04 2.5E.00
7.3F+04 t.lE¿01
2.lF.O5 3.2E+Ol
2. t Ê+04 7.7E.O I
4.3E.O5 l.2E.O2
6.78.O2 3.2E.Oì
l.7E+ô4 2.7Erôo
5.8F.04 9.1E.Oo

3.s€.Ot
l.3E+05 9.7E.Ot

t.qE+02
ì.1E.02
4.8E.ol
6. s8.00
3.2E.o0

t.2É.04 2.zE¡OO
5.5E.04 9.2Er00
I .98.05 3.2Ê.ol
2.3E.05 6,5Ê.01
9.7E.04 1.oE.Oz
2.3E+03 3.68-0l
1.7E.03 3.5E-0ì
8.4E.o3 l.7E+Oo
3.7E.04 6.8Ê+oo

?.lE.ol
5.5€.0 t
3.o€.ol
t.?8.01
?.8E+o0
2.4É +OO

9.0F.02 6.3E-0t
6. tF.O3 l.3Er00
2.4E.04 4.ÊE.OO
5.OE.04 t.aE.Ol

l.4E.Ol
2.9Er03 B.9E-01
l.4E.o3 ?.?E-ol
8.8E.02 2.28-01
2.ó€.O3 9.?E-ol
l.5E.04 3.3E.OO
1.lF.04 l,lE.ol

8.28.00
4. 78.00
?-.?,E.OO
2.58-ol

ó.lE.02 t.?E-01
2.6Er03 7.oÊ-Ol

a+aaaaaaaaaaaaaaaaaaaara+aaaaaaaaaaaa+aaaa+a+aaaaaaaiaaa+.a.+aaa+aaaaaaaaaaaaraaaaaaaaaaaaaaara+a+++.aaaa
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PR00UCtS
Z A HALF LIFE 96

4? 96 lr.ooo H o.4à 97 33-000 14 ô.45 9g B.7oo M o.
1! 9e 16.000 D o.sl roo ?l.ooo H o.4? ¡o? 2O9.ooO 0 o.44 94 53.ooo M z.9Ero444 q5 99.ooo il ô.4c a6 s.SlC A11 97 2.90c o ô.4q 98 1.870 a44 99 12.720 

^44 ¡oo t2.6?o Â41 tol l7.o7o A4a lo2 3t -6tO A43 92 4.!OO H 3.3E.Oa43 93 2.?OO H á.78.0543 94 4.800 H 8.9E.OB43 q5 2o.ooo x ò.43 96 4.300 D o.a9 lOr r4-oOO M o.42 89 7.ooo r,r 9.4E.0342 90 5.700 H a.5E.o44? 9t l5.5OO r,r Z.oE.os42 9? t5.â4C A42 94 9.04C A42 95 t5.7zc a42 96 t6.53C A42 9t 9-Á6c a4?, 9g 23.rso ¡4? 99 6?.OoC H o.41 88 zl.ooc M l.2E.O4ó¡ â9 1.900 H r.3E.O54l qo t4.6oc H z.7F.oE4¡ 93 lOO.oOO A41 96 23.ooo H o.41 9? ?2.oOO M o.40 gS 6.OOC M 4.7E.O340 gó I6.SOC H t.4E.O440 a7 l.óoo H i.9E.oô40 89 7g.4OC H 5.78+0440 90 51.46c a40 9l lt.23o A40 92 t?.rlo A40 94 l7.4oo Â39 83 ?.400 M 3.28.0339 â4 4?.ooc ¡r t.4E.o4

MûNO I SOIOP¡ C

IARGET Â./I''IILLICURIES
t00 lol 10?

3.5Ê.04 2.58.04 1.8E.04 l.2E.O4 5.5E.03
1.6Ê.05 l.2F.o5 8.3E.04 5.9E.04 2.?E.04
0. 4.6E.05 3.3E.OS 2.3É.OS l.lE.os
0. o. 4.58.04 3.eÊ.04 t.6E.oqo. o. o. l.oE.oó 5.3E.o5
0. O. O. O. 3.5E.03
U.9E.O4 1.9€.04 ¡.39164 B.9E.O3 4.tFr03
1.3Er65 9.1¡164 6.?8.o4 ô.2E+04 l.9F.04

O. 3.OE.05 2.tE.05 t.5E.OS l.¡8.05 s.OE.O4

98

4.8E.04
0.
0.
o.
0.
0.
4.¡9164
¡.8E.os

3.¡:.06 2.lE.O4 t.4e.04
l.4F.o5 9.3E.o4 6.3E.o4
4.6E.os 3.3E.oS 2.2E.05
7.lE.0s 5.rE.05 3.6E.os
2.9E.05 2.1Ê.oS t .5E.os
0. 0. o.
4.3E.03 2.98.o3, l.9E.o3
2.08.04 l.4E.oo 9.4E.03
9.lE.O4 6.tE.O4 4.1E.04

9.5E.03 6.5E.03a.2E.04 ?.88.04
t.SE+OS l.OF.Os
2.sE.OS l.7E.05
!. lE.os 7.2E.04
0. 0.
l.3E.03 8.8E.0?
6.3E+03 4.?F.03
2.e¡t64 I .9E.04

2.9E.03 o.
1.38.04 O.
4.6E.04 o.
7.6E.04 o,
3.38.04 0.
l.?E.04 0.
4.0E.0? 0.
l.9E+03 0.
8.ó8.03 O.

0. o. o.
1.5E.04 9.98.03 6.?8.03
5.8E.04 4.oE.O4 ?.ø¿r64
l.2ErO5 8.IÊ.O4 5.5F.04

l.9E.o3 t.4E.o3
4.5E.03 3.oE.03
l.6E.o4 t.2¿r¡4
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0. 0. 0.0.

r40 -

o.



IARGEI Z. 4? ICONIINUED}

2.5E.01
?,2 ,ZZ iå:li: î ,.?E¡o,
44 rót r7:o?ó A e.8E.00
4 -4 rãz 3l .ãto ¡ 4.78+oo
44 rÃo rã_seã ¡ ?.6E-ol
4:¡ õ¡ -ã]ioõ i 4.oE.o3 t.8É.o3 o. o. o. o. o. o. o. o. 3.oE.o3 9.2E-ol43 ee +làoò x r.õ¡.õ4 a:sÈ.õ3 o: o: o. o. o. o. o. o. r.oE.o4 ?.ge.oo
43 95 Zo.noo x ã.:È.oõ r.te.o+ o. o. 0. o. o. o. o. 0. l.?Ero4 7.5É.oO
43 e6 À.iõõ o i.oÈ.õr¡ +.2È.õ¡ o. ó: o. o. o. o. o. o. U.5E.o9 1,2E.0¡
43 ìol r,,.oõõ u ¿-¿;.61 1.e¿.[r o. õ: o. o. o. o. o. 0. 3.lE'03 s. E-ol
42 õt ts.ãóo r'r 2:?È.01 r.?E.03 o. o. o. o. o. o. 0. 0. 2.0E'03 6.1E-01
42 oz rs-Â4o Â l.cE.oo
42 s4 ç-õ¡ò I 4.9E.00
42 c5 l5 rzc Â 3.5E.00
42 óc r¿li¡o I 2.0E.00
42 ór sl¿¿ó ¡ e'SÊ-or
42 s8 23:?âa À 3.9Ê-0t
4t Be r ]åõõ x l.?E.03 B.oE.oz o. o. o. o. o. o. o. 0. l.3E'03 4.38-01
4l eO t+.åoO X 3:6È.03 f.?E.03 o. o. o. O. o. 0. 0. 0. 2.6E'o3 l.3E+oO
4L 93 loo:ooc a - l.zE'oo
40 ãr 'i.ðõõ x t.t€.03 5.28.0? o. o. o. o. o. o. o. 0. s.1E.o2 3.oE-01
40 óo sr.Àãõ r 7.38-ol
40 el rr.a¡õ ¡ 4.28'ol
39 86 rs.ooõ x t.oE.o3 4.8E.0? o. o. o. o. o. o. 0. 0. ?.6É'02 4.48-01

a a a a a a a a a a a + . a a . a a a a + a a a a a a . a a a a a a a a a a a a ¡ a . a + + a a a . a a a a a a a a + + a a r r + a a a + + a + a a a + . a a + a Ò a . a a + a + l

ÎARGET Zs 4€

PRODUCfS
Z A HALF LIFÉ 106 IO8

),ioNo¡ s0l0P I c
TARGET A./MTLLICURIES

l¡o ttr - liz rl3 ¡t4 r¡ó o

NATURAL
MILLI AV6

O CURIES STGMA

49 106 s-300 M õ- 7.?E¡04 3.9E.04 2.8E.04 l.9E.o4 l.3E.O3 8.lE+03 4.0E.03 0. 0. 1.8E'04 3.lE¿00
¡,ç tõr ¡zlãóõ x õ. o. - r.ie.os r.åË.o5 g.sË.0+ s:BÊ.04 3.9E.04 l.8E.o4 o. o. 7.5E+o4 t.3E.ol
49 fóa sa.óoo rq ó. o. 6.oE.o5 4.3E"os 3.oE.o5 2.2Ero5 l.5E.o5 6.78.01 0. 0. 2.?E'05 4.r,E'01
¡ç tós Ã]ãoo ¡ ó. o. o. r.zÈ.0¿ a.se¡05 6.3E.os 4.5E.05 ?.lE.os 0. g. 5.eÉ.0s l.oE'o?
+c tió oe.¡õõ n ó. o. o. o. - 2:ra.o6 !.sE.o! l.lE.06 s.lE.os o. 0. r.oEroó 1.7Ê+02
49 ¡ll Z.gt.O O ó. O. O. O. g. 4.OE.OS 2.9Ê.05 t.sE.o! o. 0. l.sEros l.1E.o2
4e Ij? tc.õoó ¡l o. o. o. o. o: o. l.oE.o6 5.3E.05 o. 0. 3.sEios s.eE.ol
49 t¡3 c.ãao l - 4.68'00
49 tt4 ??:ooo s ô. o. O. o. O. O. O. l.9É.oi o. 0. l.sE.o4 2.sE.0o
4Ê ló¡ toloóõ r.t ã-r¡.0¿ i.er.o¡ o.+e'O¡ +.3p.03 Z.qe.O3 2.OE.O3 l.3E.O3 6.OE.O? 0. 0. 3.1Ë.o3 ó.lE-0¡
4t lô4 srlãóo rq i-3;.óa 6:sÈ.ó4 3.lE+o4 z.rÈ.oq l.+È.04 e.s¡r63 6.6E.03 2.9E.03 o. o. l.sE.ô4 ?.qE.oo
¡s tðs ss:òóõ M ;; - -- z.or.õs r.3E.õs e.6l+or o.rÈ.óa 6:rE.oa 2.?8.04 I.2E.o4 o. 0. 5.8E'o¿ l.ìE¡ol
qe rð¿ r.ããõ r -- , 3.5E'ol
48 tó? ã.ioõ n o. o. 1.lE.o6 z.8E.o5 5.6E.05 3.8E.oS 2.6E.05 l.2E.o5 0. 0. 4.eE+05 9.lE.0l
qe rõe .eóõ r -- , l.7E'02
'4E i¿;9 qs¡lõóõ o o. o. o. 2.2¿+63 ì.6E.03 t.lE.o3 ?.eE.02 3.7E.oz o. o. l.oE'03 l.1E'02

6.oE.ol4t tlo t2.390 a
4E tii izlz¡ð ¡ l'8E'ol
4a trz Z+lÁzó ¡ 6.lE.oo
4E ti3 lz.ãoõ ¡ - 3.3E-ol
47 tòl i¡'.ãoõ u z.¡¡.0¡ t.¡E.04 4.eE.o3 3.3¿163 ?.2E+s3 1,5¡+s3 ¡.6¡163 4.sE+O? o. o. 2.48+03 5.2E-01
47 lo¿ r¡.ãõo u i.oË.õs s.oÈ.óa 2.38.óa t:sa.oa t.oe.oa r.or.o3 ô.?Ê.03 ?.tE.o3 o. 0¡ l.lF'04 2.3E.oo
41 lõ3 l.-ioõ ir i.õÈ.os z.OE.ò5 ç.re.o+ o.r¡.04 4.lE.o4 2.8E.01 l.9E+94 q.5E.o3- 9. g. 4.4E'04 8.7E.0o
41 iõ¿ ailôõõ ri í:áË.õã ã:iE.óa 2:ö4.05 ã:õÈ.õs l:3a.os e.oF.o+ 6.2¿to+ 2.eEro4 0. 0. l.4F.05 2.7E.01
41 tos ,.O.ooO O O. - 2:sE.Oa f.3Eroa 6.6¡163 5.BE.o3 3.9E.ol Z.Oe.O¡ 1.2E.03 0. 9. 5.6ErO3 5.qE.01
41 ló6 Z+.õOO r¡ ó. r.gÈ.0¿ g.Se.os 6.8É.05 4.6E.05 3.lE+05 Z.lr.OS 9.6E.o4 0. 0. 4.38'05 7.6E'01
47 ro7 st.ãac ¡ 5.7E'ol
41 tõa ã.ÀOó r,r O. O. 4.7E.Os 3.4E.05 2.4É.05 l.?E.05 1.2E.05 5.3E.04 0. 0. 2.2E+o5 3.6E'01
41 ¡ó9 qe.tao ¡ _ l.4E.ol
47 riZ ãlâoõ x o. o. o. o. o. o. 4.8E.03 2;4E.03 O. o. l.6E.O3 z.?E-ol
46 99 zz.oõõ u i.ee.o+ i.s¡.03 3.6E.03 ã.+e.03 t.aero3 t.¡¡¡03 7.4É.0? 3.4E.o2 o. o. l.8E'03 4.4E-ol
4q too ¡.ïóõ o i.¡È.ó¡ o.o¡.õ3 e.ee.ó¡ t.eÈ.o3 l.z¿¡ó3 6.4F.02 5.6E.oz ?.6E.0? 0. o. 1.4E.o3 l.nÊ'00
+é ¡ãr a.soõ x ã.¡Ë.õs r.iÈ.õs s.r¡.0+ g.s¡.04 ?.38.04 r.6Ê.oa l.tE.o4 4.8E.03 o. o. 2.sE.o4 6.aE.oo
46 tö¿ .sóõ ¡ l.AE.ol
46 fõ3 fr.óOõ o 6.3E.04 3.28+04 !.5frg4 9.98.03 6.7E.03 4.5¿163 3.0E.03 l.4E.o3 o. o. 7.28.03 3.sE.ol
46 ¡ó4 ¡0.ðiõ À ' 3.3E.ol
46 rðs zá.ázó t z.lE*ol
46 lð6 zz.igõ ¡ t.zE.ol
46 log 2O.r¡õ ¡ 2.5E'00
46 rõs r:.ioó i o. o. o. 6.4E.03 4.68.03 3.36163 2.3E.03 t.lg.o3 o. o. 3.1E+03 t.zE-ol
46 rio lr.eiõ ¡ -- 

- l.gE-ol
4s ai i¡.60õ u l.3E.o4 5.?E.03 2.óÊ.03 l.8E.o3 t.zE.o? s.lE.o? 5.48¡oz 2.óE.02 o. o. l.3E'03 3.5E'ol
4s e8 a.iõõ r¡ 5.¡È.õq z.cã.õç ¡.re.ó+ r.¡È.03 4.eE.ó3 3.3F.03 2.38¡03 !.oE.o3 0. 0. 5.4€.03 1.4E.00
4s Ioo zi.oõõ x ã.sÈ.õs t.er.os 5:sE.oa ¡.¿È.oc z.se.o4 l.?F.04 1.1E.04 5.1E.03 o. 0. ?.?Fr04 l.lE'01
4s 103 loo:óoó a 7.8Ê'oo
45 1õS ãð]oõõ x o. t.6E.o4 ?.9E.03 5.4E.03 3.6E.03 2.5E.03 r.7E.03 7.sE.Oz o. 0. 3.5E.03 l.?E.00
45 rðr 21:;õõ M o: o: - - 3:28.ó3 2:3È.03 l.6E.o3 l.rE.o3 7.4E.02 3.4Ero2 0. 0. l.4E'03 2.4E'01
44 96 5:Sl.O A _ l.0E'00
44 át ã.õoõ o z.se.o  l.l€.o4 4.sE.o3 3.2E.03 ?.?E.03 l.sE.o3 l.oE.o3 4.?E+oz 0. 0. 2.4E.03 3.lE¡00
44 96 f.aZO ¡ 6.5E.0O
44 99 t?:jz| 

^ 
6.4E.o0

44 100 12.¿Zo ¡ 4.58'00
4r tót tz.ólo ¡ 2.5E.00
44 1õ? 3r:¿rc a l.zE'oo
44 rõ,t le.i¡ó I _ I.8E-0t
43 öt, À.ãoõ x z.fe.04 9.óE+03 a.4E.o3 3.oE.o3 2.oE.o3 t.4E.o3 9.4E.0? 4.3Ê.+oz- g. o. 2.2E+03 ?.38-ol
43 es zo-ãóõ x ¡.ãÈ.0¿ r.¿Ê.ó4 7.ZEq3 +.elr63 3.:¡+63 2.3¿+¡3 t.ó8.03 7.2E.o2 o. o. 3.6Ero3 2.oE.o0
43 e6 À.ãõõ o r.sÈ.õn i.sË.õ3 3:2E.õ3 z.rÈ¡o¡ l.seré3 e.8E.oa 6.7F.02 3.lE.o2 o. o. l.6É103 3.tE'oo
4? sz rs.aõò À S.oE-ol
42 s¿, s.õ+õ ¡ l.3E.0o
42 es t5:i2õ A e.tE-ol
42 e6 16.È30 a 5. lE-ol
42 gl -s.aoõ Â 2.48-ol
4t e3 too.ooõ ¡ 3.2E-ol
40 óo ;i:;ðõ ¡ l.eE-or

aaaaa+afaa¡aaaa .aaa..a"'."'a 
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laR6El Z: 49

PRODUCIS
Z A HALF LIFE II3 II5 o

IARGEÎ Z¡ 50

pR00uct3
2 A HALF LIFE ¡I2

roNotsol0P¡c
IARGET A/MILLICURJES
000000

NATURAL
MILLI AVG

O CUPTES ST6MA

:: 19! .?.099 r,i i.?E.04 ?.68.03 o. o. o. o. o. o. o. o. B.oE.o3 ì.sE.oo
:: 19: 19.099 ü ?.4É.04 3.6E.04 0. o. o. o. o. o. o. o. ¡.eË.o¿ ¿.iÈ.ooì9 llg 4.000 H 2.8E¡05 l.4E.0s 0. o. o. o. o. o. o. o. t.sÈ.os z.¿¿.ol:9 lll 35.ooo r e.zE.os 4.?E.os o. o: o. o. o. o. o. o. ¡.qÈ.ós a.¡e.órs0 l1? .960 A z.oE+oz?9 ll3 lts:ooo o q. !.3E.01 o. o. o. o. o. o. o. o. r.?E.04 3.6Eroa1! ¡46 s.¡00 ü i.3E.o4 s.eE.o3 o. ó: o. o. o. o. o. o. e.zÈ.ó¡ l.ãÈ.oo1? lor 32.ooo x 5.sE.o4 ?.6E+04 o: ó: o, o. o. o. o. o. z.BE+o4 s.sE.oo1! lq8 58.ooo tl 2.2E.0ó l.oE.os o. ó: o. o. o. o. o. o. t.t¡+os 2.06+ol
1? ¡oe 4.300 H 6.38.0É 3.teros o. o: o. o. o. o. o. o. ¡.2i.ãs s.ãÈ.or
1: !19 66.ooo u i.sE.o6 7.6E.os o. õ: o. o. o. o. o. o. r.gÈ*õs r.ie.õã1! ¡ll z.slo 0 A.oE.os a.lE.o: 0. o. o. o. o. o. 0. 0. z.rÈ.os i.ze.õz1l !!i l4.ooo M o. ?.58¡05 o. õ. o. o. 0. o. 0. o. r.iË.õs i.áÈ.õz1: Ill 4.?so Â 7.BE.ot1! lOl s7.ooo x 9.7E.03 4.4E.03 o. o. o. o. o. o. o. o. 4.6E.o3 r.iË.õo1l ¡0: ss.ogo ¡ 4.tE.o4 l.eE.o4 o. õ: o. o. o. o. o. o. z.oÈ.0+ ¿..ãe.óó
1-8 ¡ö9 l.2ao a r.aE+or1! l0? ó.500 f'l 3.8E.05 1.7€.os o. o. o. o. 0. o. o. o. l.e¿¡os i.sÈ¡õi48 tos .ego Â

19 tis r?:ã;õ ¡ l::E:3ì4E ltl t2_r3o A1i rii å;:ó;ð ¡ î:lE:3119 lll r?.?óo a s.6E.oo

ä ili li:l¡¡ ¡ ¡:38:3i i:3F:31 3: 3: 3: 3: 3: 3: 3: 3: i:!::si :ilÈisi
:.1 19: 91.099 ! e.lE.04 4.lE.o4 o. o. o. o. o. o. o. o. ¿.sÈ.0¡ r.oe.ór4r ¡o5 40.000 0 3.98.03 1.88.03 o. o. o. o. 0. o. 0. o. r.9E.o3 z.4E.ol1I ¡06 a+.oqc u r.tE.os l.4g.os o. ó: o. o. o. o. o. o. r.sÈ.ós ¡.re.õi1l lol sl.azo a z.BE.or1l 106 2.40c M l.?8.05 ?.9E.04 o. o. o. O. o. o. o. o. a.¡e.o¿ r.iË.õi1! lo9 48.18c 

^ B.3E.oo41 lll ? !^ô n r ßÊ.ñi r-lÊ.^2 ô ^1t l? riãoõ i o. - -- ¡:¿;.öi õ: ö: ð: ö: ð: ö: ;: ;: å:jË;;ã å:Ëïi
19 !0! 8.500 t{ 1.6€.04 7.tÈ.03 o. õ: o. o. o. o. o. o. 7.sE.o3 z.4E.oo
:9 lo? .eóc ^ 6.âE.oo19 ¡0? l?.ooo o 4.6Ê.03 2.lE.o3 o. o. o. o. o. o. o. o. e.ee.o¡ i.iÈ.ói:9 lol to.elo À t.zE.or19 lOs 22.230 

^ a.zE.oo4ó lô6 2?-33ô Â+À iäã ã¿:;;ä i B'oE'oo

1: iõi iliÉóä i q.9:.or !.!E.o! o. o. o. o. o. o. o. o. t.t..or l:åË1311: -el _s.700 M 3.4E.03 l.5E.o3 o. o. o. o. o. o. o. o. r.oÈ*lr 5-r¡-¡t
l: ì33 ,ãå:333 i r.?E.oq ?.óE.03 o. o. o. o. o. o. o. o. e.oÈ.o¡ ¿.¡e.óo

19 iðã 'ü:ððã; z.sE.o3 r.tE.o3 o. o. o. o. o. o. o. o. t.rr.o. ?:ïrtl8Î?: e6 s.slo Â 3.eE-ot44 98 l -a?o a
11 óõ 

'å:;åö 
; 3:lE:33

11 !09 t2.620 A r.7E.oo44 lol l7.oto a44 lo2 3l-ôlo a 9'6E-ol

1: ';; ãô:;ðã i z.3E.o3 r.oE.o3 o. o. o. o. o. o. o. o. t.tr.o. i:lË-3ì42 94 9.040 a 4.9E-ot¡ a . a a a + a a a a a a a a a a a a a a a a a a a a a a a a . a a a + a a a a a a a a . a a a . a a a a a r a a a . . + a a a + a ] + a a a a + i a a a v v a , . a a + a + a a . a r a a . , a . + a + i a + .

r!3 ?.ooo M o.ll4 3.400 È{ o.
¡ 15 3t .ooo M ö.r!6 ls.ooo M o.I17 2.gOO H O.llå 5. too H ò.ll9 33.ooo H o.l?0 t5.9oo M o.tzt 57.250 Â
loâ g.ooc M ?.38.04
lo9 lg.ooo M r.oE.oÉ
tlo 4.ooo x ¡.ge.oi
t! I 35.ooo r'4 o.liz .q6ô a
ll3 llS.ooc D o.It4 .6óc aItS .350 A
f!6 14.300 A
ll? 7.610 a
118 24.030 Â
106 5.30C M l.9E.o41o7 3?.oOO M 8.6E.04¡OA 5â.OOO r{ 3.rE.O5
109 4-3oo H s.9E.oslI0 66.0o0 M t.lE.O6llt z.êto D o.¡!2 l4.ooo M o.ll3 4.280 À
¡14 ??.ooo s o.¡15 95.ieo a
ll7 45.OOO M o.lo4 57. ooo r.t t.4E+o4lo5 5s.òOC M 6. lE.o4

ó.4E¡05 4.5E.05
O. l.3E.o6
O. O.o. o.or o.o. o.
0. o.
0. o.

l.lE.O4 7.?E.03 5.28.03
5.3Ê.04 3.6E.O4 ?.4'.04
2.OE.05 1.48.05 9.s6r646.6E.05 4.?Er05 3.4Ê.05

O. l.3E.O4 g.2E.O3

g.sE.o3 5.9E.03 4.OE.O3
3.9E.04 2.óE+04 l.aE.Oô
t .5E.05 l.OE.05 6.BE.04
4.sE.oS 3.1E.05 2.lF.os
l.lE.Oó 7.6E.Os 5.2e.05
?.9E.oS 2.tE.O5 t.5€.05t.lE+06 ?.5€.05 5.4E.O5

0. O. t.9g.O5

0. o. O.6.óE.03 4.4E.03 3.OE.O3
2.8E.04 ¡.9E.o4 t.3E.ô4

x0No¡ soloP I c
IARGEI À/MILLICURTESuó rî? r r8

3.2E.05 2.3E.05
s.3¡+65 5.7¡.65
2. ¡E.oó I .5E.0ó
o. l.9F.o6
o. o.
o. 0.
o. o.
o. ô.

3.5E.03 2.4E.03
1.6F.04 l.lE.04
6.6E.04 4.4E.04
2.3E.oS ¡.5Er65

6.6E.03 4.?E.03

l.3E.OS 9.6E.04

o. o.2.OE.03 I.4E.O3
B.5E.o3 5.7E.03

-r42-

1.6Ê.05 ¡.1E.Os
4.8E.05 3.2E.05
t.tE.06 z.7E.O5
I .3E.06 9.68.05
l.tE.O6 ?.7E.os
O. 4.98.05
0. o.
o. 0.

1.6E.03 l.lE.O3
t.6F.o3 5.oE.o3
3.OE.O4 2.oE.O4
l.OÊ.OS 7.OE.04

3.2E.03 2.eE.O3

l.?E.03 8.2E.02
5.5E+03 3.7E.03
2.tE.04 1.4E.04
6.48.04 4.3E.04
I .68.05 I .1E.os
4.6E.04 3.lEr04
l.8E.0s l.?E.05

ó.9E.04 4.7E.04

5.6Ê.03 4.OE.O3
9.tE.02 6.ZE+o?
3.88.03 2.6E+03

tz? t24
4.EE.04 ?.?E.04
l.5E.os ó.6É.04
3.5E.05 l.6E.Os
4.7E.OS 2.lE.Os
3.98.05 I .8E.Os2.5E¡05 l.2E.05
5.?E.04 ?.?E.04
?.3E.O4 3. ?E+O4

4,gE.OZ 2.28.O?
?.3E.03 I .OÊ+03
9.2E.03 4.2E+03
3.?8.o4 r.4E.O4

9.8E.02 4.58.02

3.8Ë.OZ I.TEloz
I .7E.03 7.78.02
6.4E.03 2.9Ê.03
?.0E.04 8.9Er03
4.98.04 2.2EtO4
t.4E.o4 6.4E.03
5.4E.04 2.4E+04

?. lE.O4 9.gE.o3

2.0E.03 9.4E.Oa
2.9E.02 I.3E+Oz
l.?E+03 5.6E.02

NÂIURAL
I.IJLLI AVG

CURIES SIOMA

2.OE.oS 3.5E.Ol
5.?FrO5 t.ôE.O?
8.9E+O5 l.6E.O2
9.2EiOS t.6E.O2
3.8E.oS 6.7€.ol
1.8Ê.05 3.lE.Ol
4.2E.O3 2.lE.oO
5.9E+O3 l.lE.OO

t.!¡E-01
?.4E+03 s.2E-01
l.lE.o4 ?.3E.00
4.5E.04 8.9E.OO
l.6E.o5 2.?E+Ot

7. oE.0 I
4.oE.O3 r.2E.o2

t.tE.o?
5.5€.ol
z.?E.ot
?.3E.00
2.6€.oo

1.9€+03 4.58-Ot
8.3E.03 t.qE.OO
3.lE+O4 6.8E.Oo
9.68.04 2.oE.Ol
?.4F.O5 4.óE.O¡
ó.28.O4 5.4E.ol
2.38+o5 4.3E+Ol

2.7E.01
8.2E.04 1.4E.Ol

4.BE.o0
2.0E.03 3.qE-Ot
l.4E.O3 3.BE-Oì
5.8Ero3 l.qE.oO
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79 l9l 3.?OO H79 19? 5.oOO H79 193 t8.ooo H?9 194. 39.ooo H79 196 6.20c O?8 ts3 ó.ooo x7E ta4 zo-ooo H7E las l;ooo H7a 186 z-noô H?8 tB? ?. ioo ¡7A 188 to.ooc D7b 189 lo.aoo H?8 l9o -ñ13 a?E lel ¡.õoo o?8 lg2 .7n0 A?a 194 32.çOO ¡7E 19s 33.gOC ¡78 196 25.300 A11 tÊ2 IS.OOC Itt

77 lB3 sB.OOC M
77 lB4 3.2OC H71 t85 t4:oOC H
fl 186 l5.oOO H71 t8z rt:Ooo ir
71 ls8 4l.oOO H71 t89 t3.3oo D71 190 tz.ooc o71 191 37.3O0 a71 193 6z:?OC al7 t94 Ì9.OOO H

r4oNolsoToPlc
IARGET A/HJLLICUNIES

195 196 198

3.3E+03 t.5E.03
l. IE.o4 5. lE.O3
3.5E.04 l.ó8.04
9.8E.04 4.58.04
:.:E:9: 1.1:'9:,. t¿ru' è.o¿.vJ
l.1Ero6 4.9E+05
l.2E.o6 5.eÊ¡Os
7,3E.05 3.?E.Os
3.6E.05 l.8E.os
O. 3.1¿+64
3.lE.O3 t.4E.O3
9.?8.03 4.4E.03
2.8E.o4 l.3E+04
7.3E.04 3.38.04
t.78.05 7.6E.04
2.2¡+64 ¡.6¡+64
3.36165 ¡.5¡r95
7.9E.04 3.6E.04

7.8E.03 3.6E.03
2.lE.O4 9.4E.034.98,04 2.2E.04
6.8E.04 3.ÌE.04
8.9E+04 4.08.04
¡.OE.O5 4.7Ê+04
4.0E.04 1.98.04
5.oE.O3 ?.3Elo3
4.2¿r63 1.96r63

6.OE.o3 3.ìE.03

-160-

NAfURAL
MILLT ÂVG

CURIES SIGMA

5.2E.03 t.TElOo
l.7E.04 5.3E+00
5.48+o4 l.6E.0l
l.5F+05 4.2Ê.Ol
3.gE+os l.0E+oz
8.58+og 2.ìEroa
l.5E+06 3.8E+02
1.7Ê+06 4.4E.02
5.6E.oS 2.3Ê iOz
l.OE+05 ?.sE.o1
2.28+03 5.48+oO
4.7E.O3 l.7E.OO
I .58.04 5.2E.oO
4.3Ë+04 l.4E¡Ol
1.tE+05 3.BE.Ot
2.6E+05 7.qE+Ot
3.48+o4 I.4Eaoz5.lF.O5 1.?E+02

I.6E.Oz
1.lEl05 1.3Ê.0?

I . oE.02
1.oE+01
s.2Ê-01
4. ßE-o I

1.2E+04 4.78+OO
3.2€+O4 t.?E+Ol
?.6€+04 2.6,8+01
ì. IÊ.05 5.oE.oI
1.4€.05 6.2E.Ol
l.6E+05 6.oE+ol
ó.28+04 5.lE+OI
7.78.03 3.9E+01
6.2E.o3 2.AE+ol

l.8E.OI
3.5Ê.oO

l.7E+03 7.5Ê-Ol

194190

3.5E.04 I.6E.Oa 7.3E.03 5.OE.03
I . lE.05 5.4E.04 e.5E.04 1.7€+04
3.3Er05 l.7E.OS ?.7E.04 5.lE.O4
9.7E.05 4.5E.05 2.?E.05 1.5€.05
o. l.lE.ò6 5.5e.o5 3.?E+05
û. 4.3Êr06 1.2Ê.06 a.4E.o5
ó. O. 2.IE.o6 I.SF.O6
S. o. 2.4E.06 l.7E.o6
0. 0. O. 1.0E.0ó
O. O. O. O.
0. 0. O. o.
3.3E.04 t.5E.O4 6.8E.03 4.5E+03
t.oE.O5 4.7E.04 2.2E.04 t.4EiO4
3¡0E.05 1.4E.ô5 6.2E.o4 4.?E.04
Z.3E.o5 3.5E.05 l.óEro5 t.rã.Os
t.6E.oó 8.lE.05 3.7E.oS ?.5E.Os
2.oE+05 t.OE.O5 4.BE.o4 3.3E.o4
O. t.4E.06 ?.2E.oS 4.98.05

o. 0. ¡.5E.05 t.t€.05

B.4E.04 3.EE.04 l.7E.o4 t.2€.04
?.2E.05 l.0E.0s 4.6E+o4 3.lEro4
5.zE.Os 2.4E.d5 r.lE.O5 ?.28.04
7.2E.OS 3.3E.05 1.5E.05 t.OE.O5
B.8E.O5 4.3Ê.05 l.9E+05 t.3E.05
9.9Ê.Os 5.lE.oS 2.3E.05 l.6E.o5
3.68.0s l.8E.05 8.9E.04 6.OF.O4
o. 2.lE.o4 l.1E.o4 ?.4E.03
O. l.?E.04 8.6E.O3 ó.tE.O3

o.
o.
o.
o.
0.

0.
o.

o.
0.
o.
o.
o.
o.
ô.

0. 0.
0. 0.'0. o.
0. 0.
0. 0.

0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.

0. o.

o.
0.

o.

o. o.



IARGEI Z. ?8 IcoNITNUãD}

7ó ì8O 22.000 tr 6.4E¡04 2.88.04 1.38.04 B.?E.O3 5.9E.03 2.7E.03 O. O. 0. 0. 9.lE.O3 4.OEiOO
76 lß1 ÌO5.OOC M ì.5E+05 ó.9E+04 3.tE.O4 ?.fE.O4 i.4E.O4 ¿.5ã.03 O. O. 0. 0. 2.2Eì04 g.!E.OO
76 taZ 2l:OoC H t.7Ê.OB ?.sE.o4 3.58.04 2.4E.04 l.6E.o4 7.3¡+s3 q. o. o. o. 2.sE.o4 1.8E.ol
76 183 14.OOC H 3.lE.O5 l.4E.O5 ó.38.04 a.2E.O4 2.9E.04 l.3E.O4 O. O. 0. 0. 4.4ErO4 2.3Ê.Ol
76 184 .Ol8 Ä 2.38.0ì
76 t8ó 1.590 Â t.5€.01
76 18? 1.64C A ].ÌE+OI
76 188 13.30c À 6.9E.OO
7ê t89 l6.t0c A 4.3€.00
76 190 26.400 A 2.5Ei0O
76 t92 4I.OOC A 6.9E-01
75 l?? rr.OOO r¿ t.sE.O4 ?.9E.03 3.7e.03 2.5E.03 l.?E.03 7.eE+02 O. 0. 0. 0. 2.6€.03 1.38+00
?5 t78 15.ooo M ¿.3E.04 2.OE.o4 9.oE.O3 ó.lE.O3 4.?E+03 l.eE.O3 O. o. 0. 0. 6.aE+03 3.18.00
75 179 19.roo M 9.2E.0¿ 4.2E.04 l.çE¡o+ I.3E.o4 B.?€.03 4.lE.o3 o. o. 0. 0. ì.3E.04 6.2E.oo
?5 lao 2.40c í i.4E.os 6.3E.04 ?.sE.o4 l.9E.o4 I.3g+64 6.oE.o3 o. o. 0. 0. 2.08+04 8.7E.00
?5 tBl l9.oOO H B.5E.o4 3.gE.O4 1;78.04 t.2E.O4 7.98.03 3.7É.03 o. 0. 0. 0. 1.2Ê.o4 8.7E.00
1a la? 64.000 x 3.oE.o4 l.4E.o4 ó.2E.03 4.?E.03 2.8F.03 1.3E.03. o. o. 0. 0. 4.4E+03 ?.5E.oo
?5 ls5 37.07C Â 2.78.00
75 187 6?.930 a 9.3E-01
14 tts t.sOO H t.2E.O4 5.6€.03 2.6E.03 l.gE.O3 1.2ãao3 5.7E.0? O. 0. 0. 0. 1.98.03 l.OÉ.0o
74 176 2.soo x à.te*04 1.2E¡04 s.?8.03 3.9E.03 2.6E.03 1.2Ê.03 o. o. 0. 0. 4.0E.03 2.lE.oo
74 t71 ?.?oo H 4.38.04 2.oE.o4 9.tE.o3 6.?E.03 4.3¡163 2.oE!03 o. o. 0. 0. é.4E.03 3.3E.oo
74 179 3¡.ooo u ô.3E.04 z.oEio4 8.9E.03 ó.tE+03 4.lÊ.o3 ¡.96163 g. o. 0. 0. 6.3Eao3 2.98.00
?4 tBO . l4C Â 2.?E.0O
74 IEZ 26.410 a ì.oE.Oo
74 lB3 t4.4OO À - 6.3E-Ol
79 174 i.soo x t.¡e.oa 6.3E.03 2.9¿e63 2.66¡63 l.4E.o3 6.4E+02 o. o. o. 0. ?.lEro3 1..2É.oo
73 1r: lo.soc ll t.28.0¿ 5.5E.03 2.6E.03 l.7E.o3 l.?8.o3 s.cg.oz o. o. o. o. l.8E.o3 1.3E.oo
73 tz¿ 8.öOC H t.2E.04 5.7E.ò3 2.6E.03 t.AE.o3 t.2E.O3 5.8E.OA o. o. 0. 0. 1.9E.03 l.tE.oo
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PRo0ucts
2 À HÂLF LIFE

167 3.00c M
188 3.ooo r.{

189 9.300 M
I90 2o.oo0 M
!9! s?.Ooc M
19? 4.900 H
193 3.500 H
194 Too.ooc D
195 9.500 H
t65 4.33C M
186 IZ.OOO tl
18? 8.oOO M

1€8 8.oo0 ¡,1

l€9 38.000 M

l9o a3.öoo r.r

l9l 3.ZOO ¡
192 5.ooo x
¡93 t8.0OC n!94 39.00C ti
195 lA3.oO0 O
183 6.000 M
tâ4 ?O.oOO n
185 l.ooc it
186 ?.OOO x
187 2.100 H
r88 1o.Oo0 O
189 10.900 lr
190 .Ol3 A
t9l 3.ooO O
t9¿ .lðo a
lq4 32.qOO ¡
195 33.so0 A
lB2 ts.ooo ¡t
lg3 58.000 M
ls4 3.?oC H
185 l4.o0o x
lge ls.ooc H
l8t ll.o00 H
l¡e 4t.ooo Hlâ9 13.300 D
l9o 12.000 D
191 37.300 a
193 62.?00 a
194 l9.O0C H
195 4.200 H
180 Z?.OOC M

t8l lOs.O0C M
te? 2Ì.OOC H
ta3 I4.OOO H
tA4 .Ote Â
ls6 1.590 A
187 1.640 A
tB6 13.300 Â
189 16.t0c a
190 26.4oC a
l?8 lS.oOC M
179 ¡9.700 M
lao 2.400 ¡t
t8l 19.oO0 R
ta5 3?.07C A
I77 2.2OC H

t9? 0

2.3E.03 0.
0.28.03 0.
2.tE.O4 0.
8.3E.04 0.
Z.3EêOB 0.
5.6E.05 0.
l.2E.o6 o.
2.tE.03 0.
2.0E.06 0.
2.3E.03 0.
?.6E.03 0.
?.4E.O4 0.
q.6E.o4 0.
ì.7E.05 0.
3.98.05 o.
?.3E.05 0.
8.8E.OS 0.
s.eE.05 0.
?.68ê05 o.
?.2E.03 O.
2.1E.03 0.
6.58.03 0.
I .9E.04 0.
4.9E.04 0.
I . lE.0g O.
t.5E.04 0.
2.2E.05 O.

5.4E.04 0.

MoNOlSof0PIC
IARGÊI A/MILLICUñIES
000

o. 0. o.
o. o. o.
o. o. o.
o. o. o.
o. o. o.
0. o. o.
o. o. 0.
o. o. o.
o. 0. o.
0. o. o.
o. 0. 0.
o. 0. o.
o. 0. o.
o. 0. o.
o. 0. o.
o. 0. o.
o. 0. o.
o. 0. 0.o. o. o.
o. O. O.
o. o. o.
o. 0. 0.
o. 0. o.
o. 0. o.
o. o. o.
0. o. o.
o. o. 0.

o. 0. o,

80
EO
g0
80
A'
e0
80
80
80
79
79
f9
79
79
79
79
19
79
?9
79
78
1¿
?E
7E
78
?8
7E
7E
76

7A
76
71
1i
71'ti
71
71
??
11
71
17
77
71
1i
76
?6
76
76
76
?6
76
16
76
76
?5
?5
75
Z5
Zs
74

0. 0.
0. o.
o. o.
o. o.

o. o.
0. 0.
0. o.
0. 0.
0. 0.
0. o.
o. o.
o. o.
o. o.
o. 0.
O. 0.
0. 0.
0. o.

0. 0.
o. o.
0. o.
0. o.
o. o.
o. 0.
o. o.
o. 0.

o. o.

NAIURAL
MILLI AVG

CURIES StGl.lÂ

?.3Ero3 7.?E-01
8.2E.03 2.68100
2.7E.04 8.tE.oO
8.38.04 2.3E.01
?.3E.05 6.lE.0l
5.68.05 t.4E+0?
l.2E+06 3.oE.oa
2.tE.O3 5.4E.Oa
2.OE.06 6.zÊ.oz
2.3E.o3 8.sE-ot
7.6E.03 2.7E.OO
2.4E.04 7.âE.OO
ó.6E+04 2.tE.ol
I.7E.o5 5.OE.ol
3.9ErO5 1.lE.O2
?.3E.05 l.9E.02
8.8E.05 2.3E.02
5.2Ë.05 2.2E.02
2=6E.05 l.BE.02
2.2E.03 l.4E+02
2.18.03 8.8e-01
ó.5E.03 2.tiE.0O
I.9E.O4 7.1 E+0O
4.9É.04 l.?E.01
¡.ÌE.05 3.gEro¡
l.5E.o4 7.OE.0l
2.28.05 8.sE.ol

Ê. I Ê.oI
5.48+04 6.98.01

< tE^^l
?.5E.0 I
l.6E.0l

5.3E.O3 2.48+OO
l.4E.04 5.9E.OO
3.3E.o4 r.3E.ol
4.6E.04 ?.5E.01
5.9E.04 3. lE.0l
7.2E.04 3.OE.ol
2.7E.04 2.68.01
3.4E.03 2rOE.0l
2.€E.03 1.4Ê.01

e.3E.0O
3 . 3E.0o

4.3E.03 l.sE.oö
3.8E.03 9.FE-0¡
4.0E.03 2.0Ê.00
9.7E.03 4.6E.0O
l.lE.O4 8.8E.0O
l.9F.o4 Ì.2E.01

l. tE.Ol
7.58+0O
B.3E.0O
3.5€.00
2.1e.00
I .2E +00

2.9E.03 1.6E.oo
6.oE.03 3. tE.0o
8.8E+03 4.4E.OO
5.4E.03 4.¿E.OO

t.3E.0O
2.sE.O3 t.6E.0O

5.3E.03
1.4E.04
3.3E.04
4.6E.04
5.98.04
7 .28.04

".78.043.4E+03
2 . 8€.03

4. 3É.03
3.8E.03
4. OE.01
9.7E +03
l. l€.04
1.9E.04

o. 0. o. 0. o. 0.
0. o. o. o. o. o.0. 0. o. 0. 0. o.0. O. 0. 0. O. O.o. 0. 0. o. o. 0.0. 0. o. o. o. o.0. o. o. o. o. o.0. 0. o. o. O. 0.
o. 0. o. o. o. 0.

0. 0. 0. o. o. 0.
O. 0. 0. O. O. O.
0. o. o. 0. o. 0.0. 0. o. 0. o. 0.0. o. o. o. o. 0.
o. 0. o. 0. o. 0.

2.9E.03 O.
6.0E.03 0.
8.8E+03 O.
5.4E+03 0.

2.8E+03 0.

0.
0.
0.
o.

0.

0. o. o. o.0. O. o. O.o. o. o. 0.0. o. o. o.

0. 0r o. o.

o.
0.
0.

0.

0.
0.
0.
0.

0.

0.
0.
0.

0.


