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Abstract 

A procedure is described for the acid extraction and 

analysis of strontium-90 in soil. The method of collection. 

sample preparation, extraction, separation and counting are 

discussed and the reproducibility and reliability of the 

analytical method evaluatedo 
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lo Introduction 

There are two main purposes in the measurement of strontium-90 in 

soilo The first is to determine the activity per unit area as a measure of 

cumulative fallout at a specific locationo The second is to relate the 

'available' strontium-90 in the soil to its' uptake by plants and eventually 

animalso In regard to the first point, it is generally accepted that for 

the majority of soils collected for fallout doctimentation, the strontium.-90 

is in a f'orm which can be solubilized by leaching with 6 normal hydrochloric 

acid at room tem.peratureo Some evidence is presented to verify tlrl,s 

assumption and a comparison is made with the strontium-90 .found by dis-

solving the soil sample completely after fusion with sodium carbonateo In 

the case of soils collected so close to a weapons testing area that the 

fallout particles are siliceous in na"b.tre (as would be the case at the 

Nevada Proving Grounds), it is poubtf'ul whether 6 molar hydrochloric acid 

will have much effecto(l) These soils are only used for on-site fallout 

determination and consequently this would be considered ~ very special type 

of sampleo The use of 6 normal hydrochloric acid was established as a 

result of experiments run on two soil samples collected in Hiroshima, Japan 

in 19540 Several concentrations of mineral acid up to 6 molar in 

concentration as well as one molar ammonium acetate were used as leaching 

reagentso This data is presented in Table lo 

Because of the dynamic nature of the Strontium Program, it was 

necessary ini t!.'.llly to develop procedures within a relatively short period 

(1) G., Welford, HASL, Private Communica.tiono 
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of "".:lne. These o:>igina.1 attanpts to detennine strontium-90 in soil, fo:~ 

fallou.t documentation at least, were not always successful and it is 

un:fortunate that so many samples were a.nalyzed using inccmpletely 

devsloped methods. Tb.ere has been wide disagreement in results reported 

for a singJ.e sample among several. different laboratories. Before any 

pa.st soil data is u.sed, one should be aware of the extraction method 

elllJ?loyed. It is the purpose here to present a procedure which has been 

severely tested. and t.he reproducibility and reliability of which has been 

established. It has been shown that other extraction methods remove les,s 
I 

strontium-90 from soil than can be leached with 6 normal hydrochloric 

acid. In addition, the direct milking techniques used at one time by 

several laboratories<2,3) :preclude the possibility of obtaining a pure 

strontium :f'raction and thereby evaluating the strontium yield for each 

sample. Furthermore, assay of the initial activity due to yttrium-90 

milked from the im:P\U'e strontium~90, requires extrapolation of a decay 

curve 'Which may represent cont.am'1nating activities due to Ac22.8, Pb214' 

and Pb210 • These disadvantages could easily lead to ananalous and 

unreproducible r~sults. 

The pr'ocedu:r~ used at HA.SL involves the eventual separation of 

a :pure strontium fraction 1filich, when milked at equilibrium, yields an 

yttrium.daughter activity which may be pos~tively identified as yttriu:m-90 

by ha.lf'-life and bet.a absorption measurements. There is· a loss of 

(?.) Martell, EoA., The Chicago SUnshine Method, The University of Cb.ice.go, 
AECtJ~3262. 

(3) KQlp, J. L, Eckle.mann, W. R., SchuJ.ert, A. R., la.mont Sunshine 
C'li.e.mica.l Procedures. 
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strontium-90 in the procedure as the separation involves a nu:nter of steps, 

a..~d consequently it is necessary to correct for yieldo This yield 

correction varies from one soil type to another, but if the SB.1ilple contains 

negligible amounts of stable strontium, the weight of strontium carbonate 

recovered from the added carrier strontium, is a good measure of the 

recoveryo However~ in those cases where the stable strontium is appreciable, 

the yield correction must be determined using strontium-85 tracero This 

isotope is a pure gamma emitter and with sufficient washing end reprecipi= 

tation, does not interfere with the measurement of yttrium-90 beta activityo 

It is possible to estimate the leached stable strontium by the simulta..~eous 

use of both recovery techniqueso If this is to be done, complete separation 

of strontium from calcium must be effectedo On the other hand, if a measure 

of the extracted stable strontium is not desired, the tracer can be used to 

determine the strontium yield even when calcium has not been conpletely 

separatedo 

It is important to realize that no strict procedure can be 

written for soil samples in general as soils differ markedly fro~ one 

location to anothero This is not only true with regard to the relative 

proportions of stable elements but also for the natural ra.dioa.oti vi ty which 

is always presento The procedure described in this report is not intended 

to be specific with regard to the number of fuming nitric acid separations 

necessary, for example, or volume conditionso These must be detenninec 

by the analyst for each separate sampleo 
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TABLE 1 

EFFICIENCY OF EXTRACTION METHODS APPUED TO 

JAPANESE SOIL SAMPLF.s 

(Collected in January 1954 at Hiroshima) 

sr90 rem air-dried soil 
Leach Reagent A-1 0-1 I cultivated 

loO M N\_Ac Oo67 a Oo07 Oo72 iA Ooo6 

Ool M HCl Oo61 :t Ooo6 Oo49 ~ 0 .. 05 

loO M HCl Oo85 :2 Oo08 lo2 ~ 0008 

600 M HCl Oo92 2 Oo08 108 :t Oo08 
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2o Experimental 

2ol Sampling Method 

Most of the soils for fallout documentation and uptake studies 

a.re collected by Dre Lo To Alexander of the United States Department of 

Agricultureo A description of the sampling procedure is given in 

section 601 of the Appendixo 

2o2 Preparation of the S8!!1ple 

The total soil sample is air~dried or placed in a loo0c oven 

for about 12 hours, then weighedo The entire senple is then ground and 

crushed, including rocks and vegetative material~ to a.n aggregate size 

fine enough to be blended efficientlyo 

Extraction and Se2aration 
I 

Strontium carrier (200 milligrams) and strontium-85 tracer 

(about 500,000 d/m) are added to a weighed sa.llple aliquot (500 grams)o 

The aliquot is stirred with 6 M hydrochloric acid (1 liter) at room 

temperature for approximately 30 minutes and the extract is filtered and 

evaporated to a small volumeo Nitric acid is added to decompose the 

leached organic materialo After evaporation 0 most of the leached silica 

is dehydrated and is removed by filtrationo An oxalate precipitation is 

carried out at pH 5o5 to precipitate the alkaline earths and leave iron 

in solutiono Successive fuming nitric aciC. sspan,tion.s etre performed 

until essentially all of the calcium is se~ac.·2,tsc: :t.,. c::, t:ce strontium and 
" 

ll 
lJ 

I 
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the other alkaline earthso(4) Wi tf'. .__ ..,,.. •" .~ ~~ -... ·- ~ ·- .. a high yield of 

carrier strontium can be obtainedo S::76"'.?·. 1
. e.:cid treatne:r..ts are required 

and the actual number depends on t1:6 a:::'.:ur~-:: of calcium which was leached 

from the soilo Following the fwn.ir.g ni t:·ic acid separation, thorium.D 

lead and any contaminating fission products remaining are scavenged with 

yttrium hydroxideD and radium end bc.riur:-. r,>.:: re::noved by a. barium chromate 

precipitationo 

The daughter yttrium is milked after equilibrium and beta counted 

as a measure of the strontium~90 acti'Vityo Absorption corrections are not 

necessary since the weight of the p~ecipitate can be rigidly controlled 

at this pointo Twenty milligrams of yttriu..~ carrier are added just prior 

to milking and the standards are prepared in ar1 identical mannero The 

step~wise analytical procedure is gi,en in section 602 of the Appendixe 

\...-O:.ll.t. t:.ns: 
co.~: . .....:~-,- .::;-;,_,.__=c--"'._""::. 

Samples are mounted on p:aztic ciscs~ covered with Mylar, and 

the assembly secured with a plasti::: rin.go The sample is cla.."llped into 

position under one of three one~ir.ch Ant·:in c.s·.log;en-filled steel window 

,G-:M tubes (=#= 1007 M) which a.re su:rT:i' ... n::2e5. ·al a guard ring (36 i'lpencil 

tubes" Anton=#= 315) in anticoincids;::c,:;., stielded •vi th 3 inches of mercury 

and beta counted for at least one J:::ncr o f3_ci:grounds less than one count 

per minute are obtained using this co'J.:it5.r.g systemo (5) hlo:re recently 11 

(4) Modification of the method re?·.:i:'"::-d C/ 'i'iillard, NoHo 3 and GoodspeedD 
Eo WoD Induso Engo Chemo Ane.L ?.:~ · : , 

1 (1936)., 
reg NY0~4700 - Manual of St 0 < '" · c: .. ~ , 

(5) LeVineg Ho Do D Charlton" Lo D ~;~ ,. " : -~,. Background I'uclear 
Counting EquipmentD HASL=60, ~:;:,r ~:_ :2; _, 
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beta scintillation counters ·1Ji t!'. te.::.:2;.:-c.c:.nds of 0.3 to Oo2 counts per 

'5' minute have also been in useo\ ' 

2o5 Reprodacibility 

In Table 2, duplicate strontiu:n-90 analyses for some soil samples 

collected in the United States in 1956 a.re tabula tedo These data attest 

to the satisfactory reproducibility of the methodo In all cases, the 

analytical precision is within bvo standard deviations of the error due 

to countingo 

(5) LeVine, Ho Do, Charlton» La, Graveson, Ro T., Low Background Nuclear 
Counting Equipmentg H...\SL--60 0 March 23, 19590 
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TABLE 2 

STRmTTIUM-90 IN SOIL - HCl EXTRACTION METHOD 

(Duplicate Soil Aliquots Analyzed) 

Srun.pl&jf 

6384a 
b 

6378a 
b 

6382a 
b 

6380a 
b 

6379a 
b 

6377a 
b 

0-2" 

2-6 11 

6-12" 

0-211 

2~61] 

Note~ Er'ror t: ~- . : : ~- _: 
coii.ntint, 

sr90 
d/m/kg soil 

14908 ~ 5ol 
14805 :i: 6.1 

'C9o7 ~ 4oO 
25o3 ~ 2o9 

16606 :A 606 
18108 :l 803 

8.,9 :2 3o3 
12oL. ::1 2o4 

2ol :! lol 

2o4 :t lol 

78o9 ~ 5.7 
87o2 ::1 5.2 

23106 2 7o4 
251.8 ~ 7.6 

43.,6 :§ 6.,o 
48o7 ~ 4ol 

275.,2 ~ 808 
30102 ~ 7.,6 

20.,8 :2 4.,1 
l7o7 ~ 2o7 

sr90 
mc/mi2 

5o99 :I: Oo20 
5o97 :t Oo24 

5o83 i Oo78 
4.97 

.& Oo57 

11.63 :t o.46 
12.69 :I 0.57 

1066 % 0 .. 62 
2o30 :! OoW+ 

0.51 ~ 0.27* 

Oo67 :i Oo30* 

15029 ! lolO 
16089 :t loOO 

l3ol3 :t Oo42 
14027 :t Oo43 

7.30 ~ loOO 
8016 :2 01)69 

12022 l 0,,39 
13038 ~ 0 .. 34 

3o64 :2 Oo 72 
3.10 :i Oo47 

* 1000 gram e.c.·.:-to:; - :c', ::'Yi' lower dept':J. sa.'llpleso L1.1ylicates not 
ana.lyzedo . :~,, .:.·,;.- : ~~·-: ':) show lo·.·r2st levels ot st!'o:-,tium-90 vr!!ich 

can be det:.·>:·:lo 
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• 2.,6 Yield 

A comparison of the carrier and tracer yield measurements are 

shown in Table 3o These data were selected to show wide ranges of 

recoveryD yet in most cases, the strontiwn-90 yield (determined by the 

tracer method) is better than 75%0 In those cases where the gravimetric 

yield is higher than the tracer yield, it is assumed that macro amounts 

of stable strontium have been leached from the soilo On the basis ot 

many other soil samples analyzed at HASLb it can be said that the 

strontium re,:overy is generally better than 80%., The majority of the 

loss apparently occurs in the oxalate precipitation, for in following 

separationsb only relatively small amounts of strontium are lost by 

either coprecipitation or incomplete precipitationo For example, with 

the tracer 9 it was possible to determine the percentage of strontium-90 

which is coprecipitated with barium as the chromate. Under the 

conditions of this separation 9 a very small and consistent a:mount ot 

strontiu:n is lost at this pointo In the eight cases tabulated in 

Table 40 the range is lo7 to 2o4% coprecipitationo Since the 

gravimetric yield of strontium is determined by weighing the carbonate 

precipitate, e. study was made of the efficiency of this precipitation. 

It was sho·,vn that under the conditions used in the procedure reported 

here, the pre~ipitation is quantitativeo 

To test the yield under the highest calcium concentration 

expected. 0 30 g;ra."";ls of calcium as the ni tra.te were spiked with 

~ 9 = 



• 
The radiochemical yield was 93% and '.vas reproducible in the two 

separate experiments performedo This showed that the large volumes 

of fuming acid necessary to effect this separation, did not decrease 

the strontium yield in the presence of a pure calcium and strontium 

matrixo 
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TABLE 3 

STRONTIIDil YIELD - HCl EXTRACTION OF SOIL 

(Duplicate Soil Aliquots Analyzed) 

Yield Fraction 
Sample f sr85 

6384a Oo93 
b Oo65 

6381a Oo71 
b Oo86 

6376a 0.90 
b Oo77 

6378a Oo94 
b 0.89 

6375 Oo85 

6385 0088 

6382a 0.61 
b 0.72 

638oa Oo70 
b 0.76 

6379a oo49 
b Oo57 

6383a 0.72 
b 0.87 

6377a 0.73 
b o.84 

- 11 <> 

Grav. 

1002 
Oo72 

o.s2 
0.96 

0088 
0.76 

0.95 
0.89 

0.84 

o.ae 

0.61 
0.72 

0.75 
0.79 

0.50 
0.55 

0.75 
0.90 

0.69 
o.e2 



TABLE 4 

ID PERCENTAGE OF STRONTIUM COPRECIPITATED 
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Sample 41= 

6375 A 

6385 A 

6376 B 

6382 B 

6380 B 

6379 B 

6383 B 

6377 B 

~~.-..-~, • :,.. . . r~ ~ , ~ . • 

' .. ~'.,,.,~ "~' "~ ,,~ ..,,_ :_. ~ .. ....... ..: ~,, ~~ " . -~, -~-,,,.~ ,·,, -,, .:~ ''' ";:, ~~ ""• "'"- '. 
<;~··.".'..:':' ~-?'::."' ''~JO·-... ,_._~---· 

WITH BARIUM AS THE CERCJ,1ATE 

% Sr Coprecipitated 

107 

1.8 

2o3 

1.8 

- 12 -
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2o7 Interferences 

Since the only elements which will precipitate with fuming 

nitric acid under the conditions used in the procedure are calcium • 

stronti':1111• barium, radiumD and lead, the potential radioactive inter­

ferences are radium and its daughters and bariUl!l-140 and its lanthanum 

daughterso Lead and Lal40 are scavenged in the first yttrium milking 

and radium and barium are removed in the barium chromate precipitation 

which immediately followso In one soil analysis, the precipitate from 

the first milking was mounted and the activity followed over a period 

of 140 hourso There was a rapid decay initially, then a leveling off 

to a constant value after two weeks as shown in Figure lo This indicated 

the presence of Pb212 , Po210 and other shorter-lived radium daughter 

productso The level of activity after 40 hours was about the seme as the 

activity attributed to strontium-90 at equilibrium after the second 

milkingo 

Experience has shown that soil containing milligram quantities 

of titanium, present analytical difficulties which are troublesome but 

not criticalo This elerr.ent invariably carries through the nitric acid 

separations, and until it is completely removed in the 'first milking', 

filtrations can be quite difficult and slowo The titanium compound (its 

chemical form is uncertain but there is evidence to indicate that it is 

a titano=silicate complex) does not appear to scavenge significant amounts 

of stronti\uno 

If the prc~e::°.'-tT'e in the Appendix is strictly adhered to, e.11 

inte~~feren:e.s are elinir:~cted since a pure strontium fraction is obtainedo 

- 13 -
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The decay of ,-~,-:; milked yt.t~um-90 bes been followed for every saml'!e 

a.na.1yzed an.a. ~-r:i:th~"1 till:> sta.n.J.a.rd deviations due to the error in counting, 

a straight 1·1 c12 !'e:presenting the established hal.:f-life (64.4 hou:rs)(
6

) is 

always found. Figu!'e 2 shows seven examples of' the decay curves obtained. 

In ~everal case.s Yi:J.e:r-e the activity ha.s been suf't'iciently high, the 

yttrium~90 fr;i,c:tion baa been analyzed by the beta absorption method of 

Harley and Ha.lldeno (7) The value for the energy found by this method 

agreed satisfactorily with that generally accepted (2.26 Mev).(B) 

2.8 Camparifon of Extraction Method e.nd Fusion 

By fusing an aliquot (1 lb.) of soil with sodium carbonate at 

temperatures around 1000° c'(9) e.nd then dissolving the melt in mineral 

acid., one can s::ilubilize the soil canpletely. If the assumption is ma.de 

that the fusion a.na.J..ysis gives the total amount of strontium-90 in the 

soil, one cark e...xpress the :f':!'action or percentage of the total amount of 

strontium-90 removed by the bydrochl.oric acid extraction • 

The se>il samples shown in Table 5 were collected in i:asture 

areas in th5- Un.i t.:od stat.es in 1956 and 1958. At lea.st ten reana.J.J"ses 

have been ca:__'t'!'isi out on eac.h sample. (lO) The values for d/m SJ!90 per kg 

soil e.r:~ ave:r.·=.g..;,3 a.n:i t.he error term is one standard deViation fran the 

mean. 

(6) 
(7) 
(8) 

(9) 

(10) 

Volchok_, H. L., KuJ.p, Jo Lo, )"hys. Rev. fil, 102 (1955). 
Harley, J. H., and Hallden, N~ A., Nucleonics, Jan. 1955, P. 32. 
Johnson, O. E., Johnson,p R. G., !anger, L. M., Phys. Rev. ~' 1517 
(1955) 0 ' ·. 

This wo~:':k ,,-e,c:; 0.on.e at the USDA laboratories at Beltsville, Md.-under 
the d:i!'c~ :::i: 1"(.:J. of D!'. Lo To Ale..'l03.Ilder. 
Se~ pro:::c: ::xcs giv.en :tn lfI0-4700 - Manual of' Standard Procedures. 
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For these l:!mite1i number of samples, the resu1ts show· that 

the 6 normal hydrochloric acid extraction, removes upwards of 84% of 

the total strontiumm90. Bryant et al in EngJ and have shown good agree­

ment also between soil fusion and HCl extraction.(ll) 

2o9 Stable strontium 

By u.aing the strontium-85 tracer and the weight of the 

strontium found. at the end of the procedure, a reasonably good estimate 

can be ma.de of the stable strontium extracted by the 6N HCl. (l2) It is 

extranely :illl:portant, however, that a sufficient number of fuming nitric 

acid se:pa.ra.tions be employed to ccm:pletely sep:i.ra.te strontium frail calcium. 

Some ana.J..yses of stable strontium in soil using this method are 

reported in Table 60 A mean reproducibility of lli was :found for a le.rge 

range of values. 

2.10 Calcium-strontium Se;paration 

A test of calcium-strontium se:i;ai'ation e:fficiency,vith 75~ 

nitric acid using ea.45 as tracer showed calcium contamination of less 

than 0.2 mg in the strontium fraction. 'lbe initial Ca to Sr ratio used 

was 100 to 1 ( 2 gms • Ca against 20 mg Sr) • 

(11) Bz"YSilt, Fo Jop Ch.ambe!.•Jain, Ao Co, Morgan, A. 1 ~icer, G. S., 
rvRa.diostrontium Fa.llout in Biological Ma.terial.s 1n Britian", 
.AERE lfE /R 2056 0 . 

mg st.able Sr !!!B..,Sr found ( ) 
( 12) ip sample. = SJ:b5 yie1d - mg Sr added. 

- 15 -
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F.IGURE-1 

DECAY OF FIRST AND SECOND MILKINGS 
OF STRONTIUM FRACTION SEPARATED 
FROM SOIL 

' . ' l' . · FIRST MILKING 

'..... ~I 
'' ... -f.·-+---1-----L---:------+-..... ..... .... ... ..... .... 

..... ..... .... 
..... 

SECOND MILKING/ ' ..._ < ..._ ..._ 
..... 

TIME AFTER SEPARATION IN HOURS 

... 16 .. 
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FIGURE 2 
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De.te depth aLm sr9°fkg so11 
Sa.mpllng Area Sampled in inches Extraction Fusion 

Ithaca, Na Yo aunnner 156 O to--'2 224 ± 14 230 ± 19 

i-'.cIIenry Co • , Ill. 10-30-58 O to 8 164 ± 7 196 ± 3 

lt:1leigh, No C. ll-5-58 o to 6 136 ± 8 160 ± 10 

--1-

'lo sr9° removed 
by extraction 
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• 
.3~ Conclusions 

A :procedure is presented for the extraction and analysis of 

total strontium-90 in soilo Available evidence shows it to be high:cy 

efficient as canpa.red to the fusion technique for most soils and 

certainly more effective than other extraction methods. From an 

a.nalytica1 sta.nd:point, the precision is adequate and the limiting 

factor in the dete:rmina.tion is the error due to sampling. !Ib.e iml'Qrtance 

of site selection and smnpling technique cannot be over-emphasized. 

The purpose of this report, however, is not to evaluate soil sam.:plillg 

but rather the anaJ.yticaJ. procedures involved • 
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4. Appen3~ 

4.1 Co~.le:::'i:1c::. of Soil Samples for Strontiu.m~90 Assay(l3) 

by lzy'le T. Alexander 
Chief, Soil Survey laboratory 
Plant Industry Station 
Beltsville, Maryland 

The 2e.r.i.pl:!.r,g procedure described here is designed to get samples 

that will measure the total amount of strontium-90 that has fallen out in .. 
a given, area. It will not evaluate the unusual case where excessive 

accumulations occur in low spots, at the foot of slopes, or in flooded 

areas. 

The site should be nearly level with moderate to good 

permeability. 'DJ.ere should be little or no runoff during heavy rains and 

no over.rash at any time. Such sites are frequently found on smooth ridge 

crests, le_vel fe.rm le..n~ a..'1d in well kept lawns and grounds around 

institutional ouHc1.:ing3. The site should not be near enough to buildings 

or trees to be sh::ltered during blowing rains • 

Vegetation and A...>J.ims.l Activi!d'.:_ 

Amount3 o~ fisBion products reaching the ground are undoubte~ 

influenced by Yc:gei>:;,.+.:ivc cover. Bare ground, an alfalfa field and a 

bamboo grove do n·::r~: .i.nter:cept equal amounts of fallout. It is thought 

that a gras8 l.a,·G or :pestm'e makes a good vegetative cover for sampling 

areas. The gra.~= aJ3.J helps prevent loss by runoff of water. Well 

grassed. areas u_:;:..:.2..1.J .. y h~ve better J?er;ieability than corresponding areas 

(13) See al.:.c:. :.::: J -~,:;:., Hard.y) E.Po, c.ni Eollister, R.L., 
Radioio? : .. 'Jf~:; .-.-::. 80.n w1 th Pa r1:.icula.r fuphe..sis on Strontium-:-90, 
Pr'oce J'.·.· ;J., - .-. :;':',the Ec·:iL of Radioiso~·o:;2s, U:.i.iv. of 
Ninne2::: ·,, :,:: .: ' ~·::?-23 3 2959, 
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oi' C' .. G:t:J:v~ ':'2c1 13.:!2&.. Iu wooded area.a the non-unifonn a..:.stri'bution of 

t!'e'2 cano::p:.ea will lead to un:eveness in deposition of fa.lJ.out materials • 

Soils having ve-:;:y high ee.:rthwo!'!ll activity should be avoided because of 

u."1.,;;vsn mi::.dng of the soil to considerable depths. Rodent activity also 

renders ares.s unsuitable for f¥ampllngo 

Sampling Matho.:13 and Tools 

The degree of uniformity of faJ.J.out deposition has not had 

ade:i;_uat.e C.efinition. Hm.r.:ver;i it is knovm. that a sample of 1 to 2 

sque.re fe2t will give a good answer if the area is made up of a COJill'OSite 

of at least 20 individual 'Plugs or cores. These individual. cores should 

be taken o".l s·:m= kind of syEtematic scheme or grid. .An area the size of 

a sma..ll !"O•)Ll is ade.g:1..1ate fo:r the grid .. If' one expects to resa.mple a given 

area on a y:::i.:r'1.y basis~ for example~ a straight line of cores about one 

foo~ a:pP....:r+:. has b.aen shown to he satisfactoryJl;) The number of cores 

must bB 1'-:D/)'H'!J so ~t the ana:l.ytical data can be related to a definite 

TeioJ.3 for taking the s.emple may be anything that will take a 

cor'c o:r :p1.11g t'h.at is of e~ual area through its entire depth. en soil 

'With re:?.sor:,.ab~,2 "b3.3e excb.3.r.i.gi:: cspacity due either to clay or organic 

matt.e:r; a s=mp1e t·:i the d2pt~ of 8 inches is ade~te at the present 

ord'¥' to m::::;,EUJ.'e all t.:i.e strontium~90. A good pair of sam:pling tools is 

a 3=1/2 ::l.n:::C-1 •1i81Yl:ster r.cook:i.e cutter11 that takes a 2 inch deep sam:ple 
I 
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If a c;i.::.e;le sample i::i to be taken at a given site, the cookie 

c·.:::tsr is used t,;:; tak~ out the sod t.o a depth of 2 inches and the auger 

t.e.ke:a th.a remainin,s 2~8 inches of soil from the hole. The soil from 
~C> 

all 20 plugs or h.:i::..e~ is composited to make a. s1.ngle sample of about )lf 

to.50 pounds. If desired3 the 0-2 inch sod samples for the "cookie 

cutt.ere8 may be k.::IJ':; sep3.l"ate,, ms.king a sample of higher activity • 

Strontium-90 found in the upper 2 inches and that found in the 2 to 8 

inch depth are added to giire the total for the 1.34 square feet of 

s:.irface represented. in the samples. 

Ca.:ref\ll mixing and pulverizing of the sample is necessary to 

get a. representative aliquot for analysis. Most of the strontium-90 

may be in a sm.al1 fraction of the total soil taken. Hence, care in 

mlling and sU:b~·sampling can ha!"dJ.y be over-em:Phasized • 

Th~ ke:y point to r~anber in sampling for strontium-90 is 

thet all ao.9.lyt:'..ca.l values m:i.ist be accurately related to surface area 

At the :P:::':SBe:n.t t.ime we have no simple satisfactory method of 

sampling powder fu7· loo:se single grain soils. It is best to take 

saoples ·when th~ 3)il has enough moisture to be coherent even if this 

reg_uire.s w2tting th=: area to b::: sampled by sprinkling • 
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4.2 Ana.iy"'~::al P:'Y::ed.ixre for the Acid Extraction and .Analysis of 

Strontium.=90 in So11(l~) 

C8.rrier Solutions 

Strontium carrier - 20 mg Sr /mi 
Yttrium carrier 20 mg Y/mJ.(l5) 

- 20 mg Ba/ml 

Apparatus 

A detailed. ds:cription of the am;sratus em.ployed in this 

procedure can be found in NY0-4700 - Manual of Stande.rd Procedures. 

CONVENTIONS 

lo The commercial concentrated acids and ammonium hydroxide a.re 

indicated by th~ chemical ~bol only • 

2o Diluted acid.al ~:r~ given as pa.:r1;s of acid to be added to :parts of' 

distilled. wat..er o:.~ in sane cases the normalities are given. 

3. AlJ. conce:o:t:::'GJ;t:.oi:.a of dilutions ax·.e approximate, unless stated as 

ex.act O:!' t:tat p!':::ps,.1'9.t.io:n or diluti::m in a volumetric flask is 

measm'.~t wi t.2:::. !i.'hl:'J:CN range i:epe? O!' a :pH meter is specifically 

mentioned.o 

(14) Modification of the pro~edure p!'csented in NY0-4700 - Manual of 
Standard. P.r'ocetl:•.i:rns. - · 

(15) Some ytt:r0iun .'-';.J..-t,s :m.sy be cont.8x:i.nated with thorium. A detailed 
:p:roced.u:r',,:; fo-: ~-~,:o p..trHicstion c: the yttrium carrier solution by 
solvent :e..xt.:~,:::i::::. :.s given in L.-i)-4700 - Manual of Standard 
P.roced1.L"C23 o 
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Procedure 

J..., Weigh out 500 gm. .. a.llquots of the blended mater~ into 3 liter 

beakers .. 

2.. Add 200 mg of' :strontium carrier and carrier-free strontium tracer{16) 

3o Stir mechanicaJJ.y while slowly ad.ding one liter of 6N HCl solution • 

(It maybe nece~sa.-ry to add a few drops of octy1 alcohol to prevent 

excessive frothing .. ) 

4.. Continue stirring for about 30 minutes. .Allow a minimum of two hours 

for the insoluble material. to settle. 

5. Stir the mixture and filter with suction through a 24 cm No. 5 

Whatman pa:pe!." miing a Buchner funnel • 

6. Wash the soil residue with hot distilled wter. 

7. Wash the r,asidue with 6N HCl and a.gain with hot distilled wter until 

the yellow colo~ of iron (Ill) chloride is removed. Discard the 

residue .. 

8. 'hsnsfer the filtrate to a. 3 liter beaker and evaporate to 

a.pprox:!.mat,ely 500 ml.o 

9.. Cool and add one liter of HN~. (If there is excessive frothing, add 

a few drOJ.13 of octyl alcoholo) 

10. Evaporate to a:pprox:lmately 300 ml. 

l.L Add 500 ml of d.ist.illed w.ater and stir. Allow to cool and filter 'With 

suction t.brough an ll cm gJ..s.ss fiber filter to remove the silica. 

(l6) The t::':i.::~:: miBt be checked to be certain that there is no 
corrt.:o.:::.J:c.s:':'im: J:o. th~ fr.;::o. of extraneous f' activity. 
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120 Wasb. the silica with approx:imate.cy 50 ml of hot 1:9 HN~ followed by 

several w.Bhes vith distilled water. Discard the precipitate. 

130 ~sfer the filtrate to a 3 liter beaker and adjust the volume to 

ap:p:ro:ldma.te.1y lo5 liters with distilled water. 

14. .Add 50 gms of oxalic acid with magnetic stirring until the salt is 

ccmpletely dissolved.o 

15. Adjust the pR to 5o5 - 6 .. o with NH40H. (If the brawn color of iron 

(I;rI) hydroxide persists, add more oxalic acid and readjust the pH.) 

Re::pea.t if necessa.ryo The optimum condition is an excess of oxalic 

acid in solution 'Without causing crystallization of ammonium o.xalate 

upon coolingo 

16.. Allow to stand for several hours, stir and filter with suction through 

a 15 cm. No., 42 Wba:tman J;S.:per. Discard the filtrate. 

17. Transfer the precipitate and paper to an appropriate size nickel or 

:platinum dish and dr'J' overnight at 110°C. 

18.. Ignite the oxalate precipitate in a muffle furnace at 400-500 degrees C 

fo:r' 2 hours.. Raise the temperature to __..700 degrees C and continue 

heating for 2 hours. (S:p!!.ttering is min1m=tzed by ignition in this 

manner.) 

190 Cool the precipitate and transfer to an appropriate size beaker. 

Dissolve in a minimum of 1:9 BNO,· Gently heat to boiling • 

20., Cool to room tem:perature. Filter through the smallest convenient size 

glass fiber filter using suction, to remove the insoluble material. 

Disca.:t'd the :residue. 

2l. Pou:: th3- solution :l..nt:o a suitable size beaker and. evaporate to dryness. 

T.r,"' c.·:'!:;>:7°s:tion m-c:: t be done slovly to avoid s:pattering. 

~ 26 -
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22. Dtssolvi? -T:h-:= salt in d.istilled water and perform successive :f'uming 

nitric acid. sep»-rationE (the first two separations at concentrations 

slightly g:i:·2ater than 75%) until the strontium has been separated 

from the ca.i.cium. Salllples with high caJ.cium content will require 5 

or 6 or more separations. The volumes of 75% BN03 solutions may be 

changed a.s reg_uired by the mass of calcium present keeping in mind 

that minimum volumes are always best. 

Final Nitric Acid Se;pa.ration 

1. Allow the calcium and strontium nitrates to settle, then filter 

through a 2~8 cm fiber filter using a Fisher Filtrator and a 

fluorethene funnel. Discard the filtrate • 

2. With thie suction off, transfer the re:naining precipitate in the beaker 

to the fluoret.hene funnel with distilled vater and collect the 

resulting so:ntion of nitrates in a 250 m1 beaker. Apply suction and 

thoroughly drain the filtero 

3. Evaporate sl:n;l:y to dryness, then dissolve the residue in 23 ml of 

distilled wat2r. 

4. Add 77 ml of fuming HN°3 (90';(,) with stirring. stir for 30 minutes 

using a magr .. ~:sic stL'ITe:r and Teflon covered bar • 

5. Allow the s"t.:co:rrtii.llll nitrate precipitate to settle and filter through 

a. 2.8 cm glas.3 fi"ber filter with a Fisher Filtr,ator and a fluorethene 

funnel. Rsn:>Ye as much nitric acid as possible. Discard the filtrate. 

60 Di:ssolve th"2 :>"'?.2TI.B.ining :precipitate in the beaker with distilled water. 

S:-za.l:l..sfer tr::, ... ~ fluoretb.ene funnel and collect the solution in a 40 ml 

centr·ifug? (:y:-; o Kee:p the volume at a minimum, preferably not over 

- '27 -

,, 
l 
J, 
) 



Note 1: 

If a gravimetric technique is to be used for yield determina.tio:::i., 

e.11 of the calcium mu.st be seJ;8rated :fran strontium. It is im:portant 

theref'ore, that a sufficient number of nitric acid sepn"ations be 

performed to insure rem.oval of calcium. lead and barium also precipitate 

under these conditions but .are removed in the subsequent hydroxide and 

cb:roma.te scavenging stepso 

First Milk 

lo Add 1 ml of yttrium carrier solution. 

2. Heat in a. water bath regul.a.ted at e.:pproximately 90 degrees C. 

3. Adjust pH. to 8 'With NH40H0 

4. Cool to roan temperature and allow the precipitate to settle. 

5. Centrifuge fo:r 5 minutes. Decant, pouring the supernatant liquid 

into another 40 m.1 c~tri:f'uge tube. 

6. Dissolve the precipitate 'With a minimum amount of concentrated HCl, 

dilute to 5 ml and repeat ste:ps 2 through 5. Ccmbine the supernatant 

•solutions. Discard the precipi te.te. 

7., Md 1 ml ba..""ium C8.Tl'ier solution. 

8. Add l ml 6M acetic acid and 2 ml of 6M mmnonium acetate solution. 

The pH should be '. 5 (use narrow range pH i:e.per). 

9. Heat in e. water bath regulated e.t approximately 90°C. 

10. Add. dropwise 'With stirring, 1 ml of 0.3M ~Cr04 solution. The 

supernatant should. have e. chrana.te color. If it does not, then add 

no:re Na2C'r04 solution. All the barium must be removed.. 

J_L stir vigo:musly until precipitation is cc:mplete. 
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120 Allow to cool,, then centrif'Jlge for 5 minutes. 

13. Decant,, :pouring the supernatant liquid into a 40 ml centrifuge tube. 

14.. Add 1 ml barium carrier solution and 0.5 ml of ~Cr04. Repeat 

steps ll and J2. 

15. Decant the supernatant liquid into a 2 oz. polyethylene bottle. 

16. Add 3 drops of concentrated HCl and· 1 ml yttrium carrier solution. 

17. Store the solution for two weeke. 

Second Milk 

1. Transfer the e~uilibrated solution to a 40 ml centrifuge tube. 

2. Heat in a water bath regulated at appr~tely 90°C. 

3. Adjust the pH to 8 w1 th NH4 OH, stirring continuously. Add 6 drops pf 

H.202 ( 30%). Continue heating to remove H.202. 

4. Cool to room tempc...rature before centrifuging. Decant, transferring 

the supe:rna.tant li:;i:uid to a 150 ml beaker. Record the hour and date. 

5. Add 25 ml of distillei water to the precipitate in the centrifuge tube. 

6. Dissolve the precipitate by adding 1:3 HCl dropwise with stirring. 

7. Heat in a w.ter bath and adjust pH to 8 with NH40H, stirring 

continuously. 

8. Cool to room tarrparatu:re and centrifuge for 5 minutes. Combine the 

SUJ?erriatant li~d.B and save for recovery determinations. 

9. Add 25 ml of distilled water to the precipitate;. 

10. Add 1:3 HCl d:ropwise until the precipitate just dissolves. 

11. Add 20 mg of strontium as holdback carrier. 

12. Heat in a wate:r bs.th and ad.just pH to 8 with mr4oH, stL.·:.·.'.'\S 

continuously., 
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13 o Cool to I'Oan temperature before centrifuging e Decant the supernatant 

liquid and discard. 

140 Add 25 ml of' distilled water to the precipitate and dissolve with 

1:3 HCL 

15. Repeat steps l2 a.nd 130 

160 Add 25 ml 0:£' distilled water, 2 ml of 6M ammonium acetate and 1 ml 

of acetic acid. The solution should be at pH 5.5 • 

17.. Heat in a water bath regulated at """90°c. 

18. Add 15=20 drops of' saturated oxalic acid solution gradually with 

stirring. 

19. AllO'W' the pr~cipitate to digest • 

200 Remove frcm the water bath and cool to rOOOl temperature • 

21. Filter through a 2.8 cm glass fiber filter using suction and a 

fluorethene funnel. Dry the pr~ipitate in an oven at 110°C. 

22. Mount the precipitate on a plastic disc, cover with Mylar and fasten 

with a plastic ring • 

23. Beta co~t, recording the hour and date. standardize with y90 

standard p-.eecipit~te and mounted in a similar manner • 

Strontium-85 Yield 

lo Evaporate the super.a.atant fran step 8 under Second Milk to a volume of 

approximately 25 ml am. transfer to a 50 ml volumetric flask. AllO'W' 
I 

to cool to roan temperature and d11ute to volume. 

2 o Pipette 2 m1 of this solution into a 5 ml g.JE.s s vial, a..11d dilute to 
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3o Gemma. count(l'7), st9.Ildard.izing a.ga.inBt e. 25 fold dilution of the 

original spiking solution, :prepn'ed in the same way.. Calcul.a.te the 

stront~um recovery .. 

Grav:lmetric Yield 

lo T.!:'ansf er the remaining solution :from ste:p 2 under strontium-85 Yield 

into a 150 m1 beaker and heat to a gentle boil .. 

2o With continuous sti'rring, add approximately 5 m1 of a saturated 

Na2co3 solution.. Gently heat for 10 mirr!.ltes .. 

3.. CooJ. and filter through a weighed 5 .. 5 cm glass fiber :f'Uter p:i.per. 
I 

(When using the Buchner f'unnel to filter,, care must be taken to 

in-event the precipitate :fran creeping under the filter p:i.per. This 

can be done by filtering on:cy through the center :portion of the 

p:i.:per .. ) 

4.. Wash pa.:pt=>..r and pracipitate thoroughly with distilled water. 

5. Dry a.nd weight to the nearest milligram .. 

6. A 10 ml aliquot of the original strontium carrier solution (20 mg 

pe:r ml) is etanda:rd.ized as the carbonat8 by :preparing it in the ~e 

way as described above.. Cal.cu.J .. ste the strontium recovery .. 

7o Correct for total yield by dividing the above recovery factor by 

0 .. 96.. (This is to correct for the 2 ru. aliquot taken for strontium-85 

yield.) 

(17) This is ca..""'?'ied. out using a Eaird At::.ruc Mod.el 810 A bench type 
scintil.l.at:ton d.etecto!' weJ.:J. counter ·•0 .Y:: ::i. :··J::'el~o decade scaler • 
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