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ÄKJTHurt 

procédures wer« developed for deucraining iTa2** 
ttid S3? ift ceewater containing fission product radionuclides. flaS1* ¿# 
»eparated freía other radionuclides by scavenging with lanthanum hydrox> 
ide¿ tvo aoiiua chloride precipitations with hydrogaa Chloride gas 
follow. îhe disintegration rate is detanaineâ by measuring the area 
of the 1.363 Hqy gamma photopeaX. ïha vorhing time required for a 
single analysis is 1/2 hr# the precision# ♦ X $># the ehenical yield, 
about 70 (fi» and the total effective deccntäaln&tlon factor from fission 
products# »10^. 

S35 in seawater is separated from other radionuclides through pre¬ 
cipitating barium sulfate. This is followed by reducing ths sulfate to 
hydrogen sulfide with hydrogen iodide end by subsequently oxidizing 
sulfide to sulfate in an alkaline peroxide solution. The resulting 
sulfato ion is precipitated as barium sulfate for chemical yield det- 
«rsination and counting. Ihe working time required for a single analysis 
is leas than 1 hr; the precision, + 5 fo the chemical yield# 70-80 U 
snd the ¿econtaalnation factor ft*«« fissloa products, > lüï. 

Although the samples tested are salt solutions contaminated with 
fission products, in the case of nuclear ejqpjLcsicns in the end 
-n domes, these msthods ere applicable to many other types off 
samples containing rtasion product* end induced activities. 
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SU>MAHy

rmiolo^ical coissositlon of seaweter and fallout oririnatlng 
from UTiderwat^r aiAciew deyiceg is aiostly a aj.xture of fission jsroduct 
radiocuciides and of radioni*cll4es induced in seawater and weapon debris. 
Of tte radionuclides induced in seaaV.er, li«24 is the aost abundant 
froa 1 hour to 1 week after detonation and s35 is the aost abundant for 
ti»E greater than 1 week. Tee radiocbemicai procedures for analyrine? 
contaoinated seawater saaples for lia24 and S35 were tune-consuBing and 
difficult to perform, me pp'Otie® was to layrove these radiochemical 
procedures.

Findings

B^pil new radioihe«iCil procedures for Ba^^ and in fission 
product mixtures and in a seawater aedlusi were developed. The working 

* single analysis is greatly reduced; about l/2 hour 
for Sa and 1 hour for s3>. jae procedures are applicable to salt- 
containing saicpies suen as would result from nuclear detonations in 
the ocean and in salt doams, am to other types of contaminated materials.



INTRODUCTION 

NucAear detonation in seawater produces a mixture of radionuclides 
some of which are formed through neutron capture by those elements found 
in the water. Ohe composition of the mixture of these induced radio¬ 
nuclide« depend« upon the time elapsed after the event. 

IfyTSSeft end iTyman'*’ calculated the relative activities of the slow- 
neutron-lndHCed radioéléments in seawater. They showed that after the 
first hour, Ifo constitutes nearly all the induced activity throughout 
the first week, after which almost all the activity is due to s35. 
Sodium-24 is formed from a (n,7) reaction on stable Na23, and s35 is 
produced ty the (n,p) reaction on stable Cl35 and the (n,?) reaction 
on stable Approximately 200 times more s35 is formed by the (n,p) 
reaction on Cl3> than by the (n,>) reaction on s34. 

Since fta2i* and s35 ere the two most abundant radionuclides induced 
aeawater foUoving a nuclear detonation, it was desirable to develop 

simpler end mere rapid radiochemical procedures for their analyses than 
those existing. 

SODIUM-24 

24 
îfce Ha decay scheme consists essentially of a beta particle of 

maîpMim energy of I.39 Mev, followed by two gammas in cascade at I.368 
«ad 2.75» Ifcv-2 Jhe half-period of Jla24 is 15.06 hr. 3 

«? 24 reported a radiochemical separation procedure of 
tfa freu» e mixed fission product solution.0 After an initial iron 
ecavenge on the «ample, sodium is precipitated as the sodium magnesium 
’¿ranyl aeatate. She sodium is finally converted to the chloride for 
counting. îhe chemical yield is about 50 ta 6q $. «hue excellent 
^accnt&iillhaUca ;? ®»tainsu, thio ©roeedara U tediaua and time* 
coasuBlog. 



• # 

24 
Sines Ha bas a relatively ebort half-period, a more rapid method 

cf separation, adaptable to the analysis of numerous samples, is neces- 
.sarf: ,A employing cpmrra-ray spectrometry in conjunction vith 
limited chemical separations vas devised which provides a considerable 
saving m time and effort. 

sumrR.ft 

smfer-# is a pure beta-emitter having a half-period of 37.16 
days> and a maximum beta encrey of O.ÍÓ74 hev.G 

Mi of the eulfur in seawater is assumed to be present as the sul* 
fate ion end is usually determined by precipitation as barium sulfate 
The procedure and errors involved are adequately discussed in standard 
verbs.Í 

procedures are Known for radiochemically separating fron 
mixed fission products. Metcalfö deeonbei a procedure in uhich bro¬ 
mine is used to convert sulfide to sulfate, which is then precipitated 
as wCi.s.dine sulfate. Decontamination is effected by repeated extrac¬ 
tions of the benzidine cuxfate In lasic solution vith isopropyl ether, 
îîiis is followed by reprecipitation of benzidine sulfate with oc»2iair.e 
yorechloride in acid solution. A ferric hydroxide scavenge is 

and a finai benzidine sulfate precipitation performed for chemical yield 
determination and counting. 

Hondiry and goynolds^ improved «etcaif’s preceuure ¢/ T>.*rfarming 
three ferric hydroxide scavenges, four benzidine sulfate precipitatians, 
and three isopropyl ether extractions. A decontamination of greater 
tnan 1Q< and a chemical y.eld of Ô0 cjt were obtained from u mixed fis- 
siorj product staple. Appro/iiaately j hr dr*» required to perform 4 
determination«. 

These procedure« aie rather new erj unsatisfactory för anslyzing 
numerous daryies. ^ !wir« rapid radiochemical procedure was there¬ 
fore developed- 

SEAWATER lAgLLi 

In the de/elo|»fc'ftt of the twu radinçttomicai pr&ced’utes, te awat ex* 
\ «Vs« A a. ^ Æ* _ V. A  . m I.  . , __ . 

vas •used vflich vas ctttmed 4ü mil«» off tv ^oa^t -.f Cali fer nie. 
cravater enatairs ;#res cafîôertrêticiaa of io« ami su .1 'Q 

g 



relatively constant et 8.650 end 2.372 g/kg of sessater* tbeoe carriers 
were not aaacd. 

ITo suspended natter (inorcanic nor orsanie particles) vas visible 
in the seavater. lie concentration of particulate matter^0 in the 
coastal vaters off Massachusetts (depth 70 meters) is 0.4 to 2 mz/l 

in ocean vater 100 miles beyond the continental shelf 
is 0.2 mg/1. Also, dissolved organic substances in seavater freía the 
Ilorth Atlantic have been estimated to be about 5 to 6 œg/1. Ka24 ^ 
sn are not concentrated by marine organisms.U Thus the presence of 
sodium end sulfur agglomerated in naturally occurring particulate or 
organic matter vas considered negligible. Particulate matter formed 
froij nuclear veapon debris also vouli contain negligible amount* of 



AfiALïsæ or a«24 

^ radixiieaiîfti procede ie/elaj^l ¿6 smurtze* as follows: 
"tt i* f frûia other radiooucUdes by öcavenging with lonthanu» 
qrJrQxUci two ßaiiva (fclor.ie precipitations with hydrogen chloride gas 
roliow. The disintegration rata ci 1¾^ is determined by aensurinr the 

coiisbibiiUcg tna 1. jo3-IL*v gamma photo peak, vMcu is Obtained "’ey 
scintillation spectrometry with a Nal(Ti) detector caí a 250-channei 
pulse-hai^t analyzer. Tl-.e gamma-ray spectrcsactcr it calibrated with 
**û ramples of iinown cpeeific activity* 

mX2WR3 

Analysig 

In dote il the procedure is as ioirows: To a hot solution of 25 ai 
of seawater ana 1 cJ oí lanthanur carrier (1C og La/al) in a 5'nal ecn- 
trinige tube, ail araaonium hyiroxile until lantimr.ua hydroxide precipi¬ 
tates. Centrifuge the solution a*i filter it through a No. U2 Vhatmn 
filter papai ir o t clean centrifuge tube. Cool the solution in on ice 
bath. Pass anhydrous froren enloride into the solution by means of 
the arlyurcus Uyiroger ehlnrlle saturation apparatus (description below), 
saturate the solution vHa the gas under pressure (5 psig) for 3 min 
after sodium clor’ae precipitates oat. Centrifuge +ne solution for 
30 c?c and discard the supernatant solution. Wash the sodium chloride 
precipitate with IQ ml of hydro calorie acid wash solution (concentrated 
hydrochloric acid saturated with hydrogen chloride gas) and discard tne 
»ash. Dissolve tne sodutn chloride in 10 ml of distilled water. Again 
precipitate sodium chloride with anhydrous hydrogen chloride. Wash the 
precipitate once with 5 ml of the hydrochloric acid wash solution, then 
filter through a me’-ir pore sintered glass filter. Wash it twice wuh 
5-mi aliquots of ettyi alcohol ceturatei with hydrogen ehioride gas, 
and twice with J-ai aliquots of diethyl ether saturated with hydrogen 
chloride gas. Spread hat the ««t the of 4 preaelgfaed3 



weighing bottle (standard taper joint Uo. 29/12), for counting in & 
previously calibrated gajnma-ray spectrometer. After the counting, dry 
the sodium chloride at i05°C in an oven, and cool in a desiccator.
Weigh to determine its chemical yield. If necessary determine the 
Initial amount of sodium in each sample by flame photometry. However, 
in almost all cases, the amount of sodiiua in the seawater is a known 
constant.

Spectrometer Calibration

Place a known aliquot of a Ha solution on a gold-plated VYHS film 
used for U-pi beta counting. Dry it under an infra-red lamp end count 
in a U-pi gas-flow beta proportionea counter to determine the 
absolute disintegration rate. Fate and Jaffe^^ give a detailed des

cription of the ^-pi beta counting i&ethod. Ihen calibrate the genma- 
ray spectrometer with this Na«:^ solution. To obtain a ja’ecise measure

ment of IIa2^ activity, evaluate the data obtained from the 1.368-Mev 
total absorption peak by the method ot Coveil.^3 In this method a 
given fraction of tne area of the total absorption peak is determined 
by snalyoing the alg..tal data defining that area of the peak.

256-Channel Gama analyzer

Yhe gamma-ray spectrometer used is a USllRDL modified version of 
the RCL 256-channel puxse-height analyzer, Mark 20, Model 2603 (Manu

factured by Radiation Counter laboratory Inc., Ilucleonic Park, Skokie, 
Illinois), lae detector is a 3 in. X 3 in. Hal(Tl) crystal coupled to 
a 3 IQ- Dumont, Model 6363 photomultiplier tube, output from idiich is 
coupled to a linear amplifier through a cathode-follower preamplifier. 
Tne dava print out in digital form.

Satorction Arparatus

50 ai-centrifuge tube, laving a flared top, is fitted with a two* 
hole rubber stopper. A clasp holds the rubber stopper tightly in the 
centrifuge tube. One hole holds a gas dispersion tube which is con

nected to a tox^ of anhydrous igrdrogea chloride. This tube dips below 
the surface of the solution to be saturated. Tne other hole holds a 
glass tube fitted with a glass stopcock. This is connected to a funnel 
with TVgoa tubing. Tne funnel is inverted and dips 1 mm into water to 
trap escaping hydrogen chloride gas.



fiESULTS AND DISCUSSION 

Tlitf pretent procedure for lla^ ia based on a limited radiochenical 

T1?'?1 by ^ of a hJLch enercy Ka24 ew-ray photo-1 
ïfw /u3 tei?‘que ciV0B a very larne effective decontamination from 
other radionuclides. Vhe precision and accuracy of the procedure are 
determined mainly by the assay of the Na2*» photopeah. The stability of 

within’«7 Cp??tf4ÆWt’erî t?° variQtion of photopenic counts of IIa2i* 
ith specific activity, and the effect of other ßaaraa-eaitting radio¬ 

nuclides were determined and are ¿escribed below* 

_ . ^cisión with which Nc^ is measured depends much on the 
stability oi the .^amoa-ray spectrometer. Tiio spectrometer is regularly 
subjected to quality control procedures In order to maintain a hirh 
de^ee of stability.Ü Jxperier.ee with tne 256.channel unalyacr has 
¿ST\*nC “turnóle ensrre In the priotopcaic counting efficiencies of 

10' ovff u yoar* A’J0» repeotei measurements with the same sample 

UiV vai':ätion in c^^ing rate is that predicted by 
count,.ng statistics. 

7«e absolute disintegration rate of 1¾24 is known through cali- 
oration o; the spectrometer. 7ne efficiency factor, li'/dpm, vs. the 

2^orile ij Pressed in Fig. 1. II' is the amount of 
activity from a I.’a* source counted for loO seconds which is part of 
whe arbitrarily chosen portior 0 * the total absorption peale extending 
lû channels on either side of the maxinur. activity channel. 

Several radionuclides havin'; gansa energies above 1 Hev could 
interiore with the measurement of the l.jóG-Mcv gamma ray of 1^. in 
arler t° establish these interferences, an estimate is made of the 
relative activities of the pertinent fission products and induced 
radionucliaes occurring in seawater at V) hr after irradiation. Table 1 
lists tne relative activities of the possible interfering induced 

i iftf 3 f tJ*is tabic *** Paiten from an article by Senftle 
and bnorap on.l^ Here As*, is defined as the sj»cific initial activity 

tnii P °f the Edter*al for 1 of irradiation with a flux of 
10 neutrons;esr sec. Column h takes into consideration the relative 
concentration of the target material In seawater, the relative abundance 

L r^.L?vins eaerCics 1 Mev, the decay of each nuclide 
for e period of 1., hours, aft er fission, and the neutron cross-sections 
far ^potlng reactions. The number of neutrons emitted per fission 
tro» undergoing neutron fission is approximately 2.5.1* one 
neutron is required for the prepagatien 0. one fission reaction. Of 

v a*UUon;' ^f*>' ^ nuclides ( H* and CiiV)i 
^ Sms only m fra t.on, approximately ó x 10“i, of au the neutrons 
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TABLE 1

Eelatlvs Activity ot Most Abundant Radionuclides Induced ty IbermaX 
neutron Irradiation of Seavater

Induced

Sadlonucllde

Camsa Dnlsslon Rate et 
15 tor After Irradiation^ 

(photons/sec)

Ua2j

€Sc^
Hn5o

Fe59

Co60

Zn^l
HiBr®2

^lOa

15.05 h 1.8 X 105 5.4 X 102
37.29 m 7 X 105 3 X 10-4
12.44 h 1.5 X 10^ 0.8

65 d 1.5 X 10** 2 X 10-7
2.576 h 1.0 X 107 5 X 10-4
45.1 d 4 2 X 10-3
5.27 y 8.5 X 102 1 X 10-9

12.8 h 4 X 105 5 X 10-**
2.564 h 2.1 X 10** 9 X 10-10

250 d 53 5 X 10-2
26.1 h 2.4 X 105 6 X 10-4
35.87 h 6.9 X 10;? 0.6

270 d 2 X 10^ 8 X 10-9

a. Froa Reference 14.
to. nensalized to the activity induced by neutrons from 1.32 s 10^ 

fission events occurring in seavater.

released per fission is available fbr capture by the other eoB^ne^s 
in seawater. Of this, 4.4 x 10“3 is taken by sodLitoa and 2.6 x 10“** by 
sulfur. The values in Colum 4 of Table 1 were normalized to 1.32 x 10^ 
fission events to allow direct comparison with calculated fission pro

duct activities, given in Table 2. Table 2 lists the fission products 
having gamma energies above 1 Mav end having relatively high fission 
yields. Column 3 shows the ^umna emission rate of each fission product 
nuclide at 15 hr post-fifsion, end tabes into consideration the respec

tive mass chain yields.1" Each value corresponds to the activity ITom 
1.32 X 10I2 fission events. This number of fissioxtf coxu-esponds to the' 
fission products obtained by the irradiation, for 1 sec, of 1 g of en

riched of 93.2 ^ Isotopic abundance, at a thermal neutron flux of 
I0I2 neutrons/cm2 sec. CoiuBOx 3 of Table 2 is directly coctparable to 
Column 4 of Thble 1.

d



mis a 
Relative Activity of Host Abundant High Oasma Energy Fission Product« 

in a Solution Containing 1.32 x 10l2 Fissions 

Fission Product 
Kuclida *l/2 

(hr) 

Casnsa Emission Rats et li hr 
After Irra^’etion 

(photons/sec) 

Sr^l 
$3 
^gll2 

r132 
I133 
I135 
Lal^O 
L> 

97 
3.6 
3.2 

30 
2.1* 

22.1» 
6.7 

1(0 
3.7 

2 X 10^ 
4.9 X 104 
1.1 X 102 
1.6 X 103 
7.3 X 102 
9.2 X 103 
2 X 105 
3-7 X 103 
1.2 X 104 

Pec oat amination tests vers mds vith various radionuclides in the 
absence of lía¿4. The decontamination factors of the more abundant 
radionuclides, given in Table 3# are sufficient for satisfactory re- 
^^112 interfering radionuclides. Decontaminations of y92 
^ were not tested, because it has been observed that yttrium radio¬ 
isotopes are effectively removed by a lanthanum hydroxide scavenge, and 
that silver radioisotopes ere separated by formation of the silver 
chloride complex during the precipitation of sodium chloride in the 
presence of a high hydrochloric acid concentration. 

Excellent recovery by this procedure vas obtained from a solution 
containing 4.06 x 104 dpm of Ha^4, fission products of 2.1 x IQdO f¿3. 
«ions, and 25 ml of seavater. The results for four aliquots ere pre- 
«eated in Table 4. Chemical yields of 7p £ vare obtained. Gamma-ray 
spectra of a source containing 4.05 x 104 dpm of lÄ of fission pro- 
Cuete (35 hr old) of 2.1 x 10 fissions, end of a Ea^4 source separated 
from the chove «olution, are compared in Figs. 2 end 3. The final 
«odium chloride precipitate, after separation of the fission products, 
•hewed no visible contamination of the Ea^4 ganaa-ray photopeah. 

0 
9 
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Décentraination Factors of Some Interfering laotapis 
Radionuclides 

Radionuclides Decontamination 

Factor 

Sr 8 5 
Bal33 
Lal^O 
Te fission-product isotopes 

in equilibrium vlth res¬ 
pective I daughters 

1I31 
Fission Products (2 tionths old) 

1 ï 10^ 
i X 102 
6 * 103 
6 X ÍQ2 

• 1 X 10^ 
3 * l£>5 

TÍBLS 4 

Recovery of Ka^ 

Sample 

No. 
Determined 

(dpm) 

1 4.15 X jo*» 
2 4.02 X 10^ 
3 4.12 X 104 
4 4.10 X 104 

Averas® 4.10 X 104 ♦ 1.2 



Fitf« 2 CooMnsd 5«j>ua Spectrum of » Solution 
plus PlMioa Produc*? (35 hr cid) 
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Fig. 3 Gamma Spectrum of Na2*» separated from « Solution 
containing Fission Products (35 hr old) 
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ANALYSIS OF S 35 

O *' 

Briefly the procedure developed for analysis of S0'* is as follows: 

35 
The S is separated from aeawater by precipitation of barium sul¬ 

fate, which is reduced to fcydrogen sulfide with hydrogen iodide. The 

sulfide is subsequently oxidized to sulfate in an alkaline peroxide 
solution. The resulting sulfate ion is precipitated as barium sulfate 
for determination of chemical yield and for counting. 

procedure: 

Analysis 

To a 10-nl aliquot of seawater add 0,5 id of cone, ammonium hydrox¬ 
ide and 5 ml of hydrogen peroxide. Boil. Add distilled water to make 
up a total volume of $00 ml. Add slowly 1 al of cone. HC1 and 5 ml of 
1 M barium chloride solution to precipitate barium sulfate. Filter 

precipitate through a filter tower containing a filter paper circle, 
and wash with hot distilled water. If it is necessary to know the 
amount cf sulfate in the seawater sample, at this point filter the 
barium sulfate quantitatively, wash with water, alcohol, and acetone, 
dry in an oven, end vcifft. 

Fig. 4 shows the hydriodie ecid reduction apparatus. 

Put the barium sulfate jrecipitate, filter paper, and 50 ml of con¬ 
centrated hydriodic acid into s 20G ml 2-necked flask. Reflux this 

solution until all the barium sulfate dissolves. During this time, 

apply suction through • nl separatory funnel (H). The hydrogen sul¬ 

fide gas is absorbed in 75 &i of 1 N sodium hydroxide in a I50 ml flask 
(D) after passing through & gas dispersion tube (C). After the BaSOh 

reduction is ccmpleta, apply suction through a 150 ml flask (E). Expel 

^.!w3 ¿as uy ftddin»; ¿u tai of concentrated hydrochloric acid to the 



Flg« 4 HI Réduction Apparatus 

A» HI reduction flask« 

D. flask containing 1 S HsOH for absorbing «¿S. 

E. flask containing EH OH and H.O. for absorbing 
reforiaed R^S- h ¿ k 

U 



^coiíaa fcydroxtaa cototion tn nasi: D. Collect, vit» miction, tyÆrogen 
culfida gaa ttoough a gaz dispersion tula (F) into Flask B vticb con- 
talns a solution of 25 ml of concentrated emiaonlua lydroxide and 6o ml 
of 30 $ hydrogen peróxido, /a ice bat». G, Is necessary to cool the 
reaction vessel end prevent foaming. Rubber stoppers end tygon tubing 
ere used. & 

Wien tbe oxidation end collection cf hydrogen sulfide ere completed, 
transfer the solution from Flask B to a 1-liter flask containing approxi¬ 
mately 200 ml of distilled vater. Boil to drive off excess ammonia and 
hydrogen peroxide. (Care is reqttired, as this solution boils vigorously). 
Add about 0.5 ml of concentrated hydrochloric acid and 5 ml cf 1 M 
barium chloride to precipitate the barium' sulfate. After digestion, 
filter, vith the aid of a filter to ver, the barium sulfate onto a pre- 
weighed No. h2 Whatman filter paper circle. Wash the precipitate tvice 
with hot distilled vater, ethyl alcohol, end acetone, then dry in an 
oven et 105 C, cool in a desiccator, and veigb. Mount the precipitate 
on a brass planchet assembly and cover vith a thin film cf rubber hydro¬ 
chloride. A rubber 0-ring fitted around the brass planchet keeps the 
precipitate in place. Count the barium sulfate source in a low back¬ 
ground beta counter. 

Calibration 

« /.î? determining the absolute disintegrations per minute 
of So?, the counter must be calibrated for geometry, self-absorption, 
and self-scattering. An efficiency factor, the ratio cf counts per 
minute (cpm) to disintegrations per minute (dpm) as a function of the 
source weight of barium sulfate, can be constructed as follows; Put an 
equal aliquot of Sj? of known disintegration rate into each of six 250-ml 
erlenmyer flasks. (The S35 used vas calibrated at the National Bureau 
Cf Standards and vas reported to have been determined vith a precision 
of ♦ 3 by gas counting as sulfur dioxide.) The flasks contain various 
known amounts of a standardized sulfuric acid carrier. After mixing 
thoroughly, precipitate barium sulfate, weigh, mount on brass planchet 
assemblies, end count. Plot the ratio of the net count rate to the 
absolute disintegration rate corrected for chemical yield against the 
weight of barium sulfate precipitate (Fig. 5). 

15 
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RESULTS Aî© OISCUSSIWÎ 

îbe purpose of the initial treatment of tne es^ie vita cydrogen 
peroxide is to oxidize cny hydrogen sulfide to eulfate ion. Thi« eervee 
to ensure complete exchange hetveeo ß35 wvj it9 (mlfatd carrier. 

_ Bufhl+7 f*ed that vlth ^««wtrated sulfuric «cid wd excess 
ncen rated hydrogen iodide the reaction product is txAnlv hydrogen 

sulfide according to the equation . ^ * 

SîT ♦ S0£ ♦ 6HI —íHgS ♦ 4¾ 4 4^0 

However, it is possible t.o obtain 6’uiur dioxide if the 
diluted. El Is slightly 

. * Jr; r^s^ts measurements of recovery of tooun «mounts oj 
introduced into seawater are presented in Table 5. The usual correo- 
lllTinflt t?Piied i0r ?‘emlîiU yleld ^ contins efficiency corres- 
p ndwg -o the vexgnt of barium cuifate precipitate recovered. Each 

TffîLS 5 

Sample IÍ0. 

1 
£ 
3 

recovery of Sulfur-35 Froa Seavater 

dpn of S& dpa of s35 
Introduced Deterained 

3.2 X :c2 
8.1 X IC'3 
1.62 / icA 

.6.3 X 1C* ♦ 5.} } 
7-9 X 10^ ♦ ^ 
1 47 X 1C^ ♦ 3.1 ^ 

valwc represents the average of triplicate determinations, and the 
precisian of such determinations vas about ♦ 5 ¿rrors are due 
mainly to difficuKies in obtaining barium sulfate precipitate mounts 

Pc;!« couaiins Jf to, väalt 
^ s, ’ T ls prc!>}f“ be iwuauy slijinatoä »y «topttng 

procedure for assaying througli gas countinglô ^ i¿rU¿4 scintll. 
latió» countingl9 techniques. ^ 



^ eiv+9 (IwontaiRiftatiçn fester a of K>? 
plön producta (ïiablç u), «¿exalcei yields o¿ 70 to iiO 
Of atout ♦ 5 >• Thie procedure i8 also edaptatis to 4e 
deterainatio.) of e large nupüer of saapJ.es. 
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Radionuclides 

Ce Pr 
Csi37 
I13d 
!.ioc>9^Tcc79m 
Pm^7 
ßu10b^l06 

Sr^O-Y^O 
,,132 

¿ir95 
Mixed Fission Product 

(l3 duysold) 

Decoataaination 
Factor 

>1q7 
>107 
>lü7 
>i07 
>1CP 
>1q7 

. >10^ 
>iQu 
>!</? 
>lü6 
>ioT • 
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