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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 evaluated.
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l, Introduction

There are two main purposes in the measurement of strontium-90 in
s0ile The first is to determine the activity per unit aree as a measure of
cunulative fallout et a specifié locations The second is to relate the
'available! strontium=90 in the soil to its uptake by plants and eventually
enimals, In regard to the first point, it is generally accepted that for
the majority of soils collected for fallout documentation, the strontium-90
is in a form which can be solubilized by leaching with 6 normal hydrochloric
acid at room temperature, Some evidence is presented to verify this
assumption and a comparison is made with the strontium-90 found by dis=-
solving the soil sample completely after fusion with sodium carbonate. In
the case of soils collected so close to a weapons testing area that the
fallout particles are siliceous in nature (as would be the case at the
Nevada Proving Grounds), it is doubtful 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 a very special type
of sample, The use of 6 pormal hydrochloric acid was established as a
result of experiments run on two soil samples collected in Hiroshima, Japan
in 195l;, Several concentrations of mineral acid up to 6 molar in
concentration as well as one molar ammonium acetate were used as leaching
reagents, This data is presented in Table 1,

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

necessary initially to develop procedures within a relatively short period

(1) G, Welford, HASL, Private Communication.
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of %ime., Thege original attemphs to determine strontium-90 in soil, ror
fallioub Cocumentation et least; were not always sucéessful and it is
unfortunate that so many samples were anslyzed using incompletely
devsloped methods. There has been wide disagreement in results reported
for 2 single sample among several different laboratories. Befo;e any
past soil data is used, one should be aware of the extraction method
employed. It is the purpose here to present & procedure which has.been
severely tested and the reproducibility and reldability of which bas been
established: It has been shown that other extraction methods remove less
étrontium»90 from soil than can bé leached with 6 normel hydrochloric
acid. In addition, the direct milﬁing techniques used at one time by
several 1aboratories(2’5) preclude the possibility of obtaining a pure
strontium fractlion and thereby evaluating the strontium yield for each
sample. Furthermore, assay of the initial activity due to yttrium-90
milked from the impurs strontium790, requires extrapolation of a decay
curve which may represent conteminating activities due to Ac228, L,
and Po0, These disadvantages could easily leed to anamalous and
unraproducible results., |

The procedurs used at HASL igvolves the eventusl separation of’
& pure strontium fraction yhich, when milked at equilibrium, yields an
yttrium'daughtg? activity which may be pos;tivel& identified as yttrium-90
by half-1life and betg gbsorption measurements. There is & loss of
(2) Maftell, E.A., The Chicago Sunshine Method, The University of Chicago,

AECU-3262. ' ’

(3) ¥ulp, J. L., Ecklemaun, W. R., Schulert, A. R., Ismont Sunshine
Chemical Procedures.
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strontium-90 in the procedure as the separation involves a number of siezps, ﬁ
and consegquently it is necessary to correct for yield. This yield
correction varies from one soil type to another, but if the sample conteins
negligible smounts of stable strontium, the weight of strontium carbonate
recovered from the added carrier strontium, is a good measure of the
recovery, However, in those cases where the stable strontium is appreciable,
the yield correction must be determined using strontium=85 tracer, This
isotope is a pure gamma emitter and with sufficient washing and reprecipi-
tation, does not interfere with the measurement of yttrium-90 beta activity,
It is possible to estimate the leached stable strontium by the simultaneous

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

of strontium from calcium must be effecteds 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 completely

separated,

It is important to realize that no strict procedure can be :
written for soil semples In general as soils differ markedly from one
location to another, This is not only true with regard to the relative
proportions of stable elements but also for the natural radioasctivity which
is always present. The procedure described in this report is not intended

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

necessary, for example, or volume conditions. These must be cdetermined

by the enalyst for each separate sampleo




TABLE 1

EFFICIENCY OF EXTRACTION METHODS AFPLIED TO

JAPANESE SOIL SAMPLES

(Collected in January 1954 at Hiroshima)

sr?0 d/m/gram air-dried soil

Leach Reagent E-1 (0-1" top) I (cultivated)
1.0 M NH Ac 0,67 2 0,07 0,72 & 0606
0.1 M HC1 0,61 2 0,06 0,49 2 0,05
1.0 M HC1 0.85 2 0,08 1.2 2 0,08
6.0 M HC1 | 0.92 2 0,08 1.8 2 0008
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2o Experimental

201 Sampling Method

Most of the soils for fallout documentatiocn and uptake studies
are collected by Dro Lo To Alexander of the United States Department of
Agricultures A description of the sampling procedure is given in

section 6,1 of the Appendix.

20,2 Preparation of the Sampls

The total soil sample is air-dried or placed in a 100°C oven
for about 12 hours, then weighed, The entire semple is then ground and
crushed, including rocks and vegetative materisl, to an aggregate size

fine enough to be biended efficlently,

203 Extraction and Separation

Strontium carrier (200 milligrams) end strontium=85 tracer
(about 500,000 d/m) are added to & weighed semple aliquot (500 grams)e
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 te & small volume. Nitric acid is added to decompose the
leached organic material. After evaporation, most of the leached silica
is dehydrated and is removed by filtration. An oxalate precipitation is

carried out at pH 5.5 to precipitate the alkaline earths and leave iron

in solutions Successive fuming nitric acid ssparaticns are performed

L

until essentially all of the calcium is separsted ficxz the strontium and
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the other alkaline earthsc(h) Witrh cror:r f2sinique, & high yield of
carrier strontium can be obtained, Szvzval esid treatments are required

end the actual number depends on ths amcurt of calcium which was leached

from the soil, Following the fumirg nitric acid separation, thorium,
lead and any contaminating fission prcducts remaining are scavenged with
yttrium hydroxide, and radium and bariw ars remcved by a barium chromste
precipitation.

The daughter yttrium is milked efter equilibrium and beta countsd
as a measure of the strontium=90 activity. Absorption corrections are not
necessary since the weight of the precipitate can be rigidly controlled
at this point. Twenty milligrams of yttrium carrier are added just prior
to milking and the standards are prepared in an identical mamner. The

step-wise analytical procedure is given in section 6,2 of the Appendix,

Zoly LOULTILE

Samples are mounted on piastic discs, covered with Mylar, and
the assembly secured with a plastic rinz, The sample is clamped into
position under one of three one-inch Anton halogen-filled steel window
G=M tubes (# 1007 M) which are surrounisd by a guard ring (36 "pencil
tubes™ Anton # 315) in anticoincidsnce, shielded with 3 inches of mercury

and beta counted for at least one hour. Eackgrounds less than one count

per minute are obtained using this counting syst emo(5) More recently,

(L) Modification of the method rs
Eo ch IndU.So Engo Chemo A.Tl51
re: NYO=L700 = Manual of St-- .. =

(5) LeVine, HoD., Charlton, L., &v :

a"I!

Low Background Muclear

Counting Equipment, HASL-560, Li:
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beta scintillation counters with tezlzrocunds of 0,3 to 0.2 counts per

t
(5
minute have also been in use,®

2.5 Reproducibility

In Table 2, duplicats strontium-90 analyses for some soil samples
collected in the United States in 1356 sre tabulated. These data attest
to the satisfactory reproducitility of the method. In all cases, the
analytical precision is within two stendard deviations of the error due

to countinge.

(5) LeVine, Ho D., Charlton, L., Greveson, R. T., Low Background Muclear
Counting Egquipment, HASL-60, Msrch 23, 1959,

e e




ll!lll TABLE 2

STRONTIUM~-90 IN SOIL - HC1 EXTRACTION METHOD

(Duplicate Soil Aliquots Anelyzed)

5r?0 sr70
Samplgi Depth d/m/kg soil ne/mi’
638La 0=2" 19,8 £ 561 5099 ¥ 0,20
b 18,5 T 6,1 5.97 2 0.24
6381e 26" 29,7 2 L0 5.8% 2 0,78
b 25:% 2 249 1a97 2 057
6376s o-2" 166.6 3 6.6 11,63 2 0.L6
b 181.,8 2 8.3 12,69 T 0657
6%78a 2=6" 869 2 303 1,66 2 0,62
b 12.L 2 26k 2630 2 Oohly
'} 6375 6"'].2W 201 2 1,1 0051 < 0027*
6385 12-187 2.1 X 1.1 0.67 2 0,30*
6382a 0=b" 78:9 = 5.7 15.29 2 1,10
b 8702 2 5.2 16,89 2 1,00
63802 o=2" 231.6 T Toly 13013 T 0.42
b 251,8 & 7.6 14,27 2 0.L3
63798. 2=‘éﬂ J.",Boé 4 600 7.30 2 loOO
b 48,7 2 Lol 8,16 2 0,59
6383s. 0-2" 2750.2 2 8,8 12,22 £ 0,39
b %01,2 2 Tob 13,38 2 0.3L
6377e 26" 20,8 2 Lol 3.6l 2 0,72
b 17,7 2 207 2,10 2 0,47
Note: Error t:..: r:n o.eni: ons stendard deviation due to the error in
counting»

* 1000 gram ..y 2 Tor lower &
1

faaded ty show

z
o

oth semples, Duplicates not
1S ntium

enalyzede t levels of stro =90 which
can be detozizls
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2,6 Yield

A comparison of the cerrier and tracer yield measurements are
shown in Table 3, These data were selected to show wide ranges of
recovery, yet in most ceses, the strontium-90 yield (determined by the
tracer method) is better than 75%. 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 soil, On the basis of
many other soil samples analyzed at HASL, it can be said that the
strontium recovery is generally better than 80%. The majority of the
loss apparently occurs in the oxalate precipitation, for in following
separations, oznly relatively small amounts of strontium are lost by
either coprecipitation or incomplete precipitation. For example, with
the tracer, it was possible to determine the percentage of strontium=-90
which is coprecipitated with barium as the chromate, Under the
conditions of this separation, a very small and consistent amount of
strontium is lost at this point. In the eight cases tabulated in
Taeble L, the range is 1lo7 to 2.L4% coprecipitation., Since the
gravimetric yield of strontium is determined by weighing the carbonate
precipitate, & study was made of the efficiency of this precipitation.
It was shown that under the conditions used in the procedure reported
here, the prezipitation is quantitative,

To test the yield under the highest calcium concentration
expected, 30 grams of calcium as the nitrate were spiked with

strontiun-L7 oo and 200 nilligraszs of strontium carrier added.

ESUE .
S T SN eae
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The rediochemical yield wes 93% &nd was reproducible in the two

separate experiments performeds This showed that the large volumes
of fuming acid necessary to effect this separation,did not decrease
the strontium yield in the presence of & pure calcium and strontium

matrix,

- 10 -




TABLE 3

STRONTIUM YIELD - BCl EXTRACTION OF SOIL

Samglejﬁ
6384
b

6381a
63764

6378a

6375
6385
6382a

6380a
6379
b
63834
b

63772
b

(Duplicate Soil Aliquots Analyzed)

Yield Fraction

Sr85

0693
0065

0071
0,86

090
0077

09
0,86

0.85
0.88

0.61
0.72

0670
0076

0.L9
0.57

0.72
0.87

0073
0084

- 11 -

Grave

1,02

0,72

0,82
096

0,88
076

095
0.89

0.84
0.88

0661
072

0675
0.79

0,50
0655

0675
0090

0069
0682




TARLE L

PERCENTAGE OF STRONTIUM COPRECIPITATED

WITH BARIUM AS THE CHRQMATE

Semple # % Sr Coprecipitated
6375 A 1.9
6285 A 1.7
6376 B 1,8
6382 B 203
6380 B 2,0
6379 B 2ol
6383 B 242
€377 B 1.8
e - 12 -
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2.7 Interferences

Since the only elements which will precipitate with fuming
nitric acid under the conditions used in the procedure are calecium,
strontium, barium, radium, and lead, the potential radiocactive inter-
ferences are radium and its daughters and barium=140 and its lanthsnum
daughters, Lead and Lalho are scavenged in the first yttrium milking
end radium and barium are removed in the barium chromate precipitation
which immediately follows, In one soil analysis, the precipitate from
the first milking was mounted and the activity followed over a period
of 140 hours. There was a repid decay initially, then a leveling off
to a constant value after two weeks as shown in Figure 1, This indicated
the presence of Pbgle, Pp210 and other shorter=lived redium daughter
products. The level of activity after 4O hours was asbout the same as the
activity attributed to strontium-90 at equilibrium after the second
nilking,

Experience has shown that soil containing milligram quantities
of titanium, present analytical difficulties which are troublesome but
not critical, This element invariably carries through the nitric acid
separations, and until it is completely removed in the 'first milking?,
filtrations caen be quite difficult and slow. The titanium compound (its
chemical form is uncertain but there is evidence to indicate that it is
a titeno-silicate complex) does not eppear to scavenge significant amounts
of strontium,

If the prooziure in the Appendix is strictly adhered to, all

interferenczes are eliminated since a pure strontium fraction is obtained,




£

a2 deecgy of s milked y't.trj.m=90 hag been followed for every semple
analyzed and within two standsrd deviatlions due to the error in counting,
e straight 1lins reprzsenting the established half-life (64.4 hours)(s) is
always found. Figurs 2 shows seven examples of the decay curves obtai;legi.
In several cz3a3 where the activity has been sufficiently high, the
yttrium-90 fraction has 't;een analyzed by the beta absorption method of

Harley and Halldenou) The value for the energy found by this method

agreed satisfactowily with that generally accepted (2.26 Mev).(s)

2.8 Comparison of Extraction Method and Fusion

By fusing an aliquot (1 1b.) of soil with sodium carbonate at
temperatures around 1000° 6(9) end then dissolving the melt in mineral
acid, one can solublilize the soil campletely. If the assumption is made

that the fusion analysis gives the total amount of strontium-90 in the

soll, one can express the fraction or percentage of the total smount of

strontium-90 ramoved by ths hydrochloric acid extraction.

The go0il sampless shown in Table 5 were collected in pasture
eveas in the Unit=d States in 1956 and 1958. At least ten reanalyses
have bean carriz=d out on each sample.(lo) The values for d/m Sr90 per kg

s0il ars averag:s and the error term is one standard deviastion from the

=

mesan.
(6) vVolchok, E. L., Kulp, J. L., Phys, Rev. 97, 102 (1955). _
(7) Harley, J. H., and Hallden, N: A., Nucleonics, Jan. 1955, P. 32.
(8) .ggg:;;?n, 0. E., Johnson, R. G., Ianger, L. M., Phys. Rev. 98, 1517
(9) This work w=s done at the USDA Iaboratories at Beltsville, Md. -under

the dirsciticn of Dr, L. Te Alexander. '
(10) 8e2 procziurs given in NYO-4700 - Manusl of Standard Procedures.
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For these limitel mumber of samples, the results show that
the 6 normal hydrochloric acid extraction, removes upwerds of 84% of
the total strontium-90. Bryant et al in England have shown good agree-

ment also between soil fusion and HCL ex'braction.(u)

2.9 Stable Strontium

By using the strontium-85 tracer and the weight of the
strontium found at the end of the procedure, a reasonably good estimate
can be made of the stable strontium extracted by the 6N HCl.(le) It is
extramely important, however, that a sufficient mmber of fuming nitric
acid separations be employed to completely separate strontium from calcium.
Some analyses of stable strontium in soil using this method are
reported in Table 6. A mean reproducibility of 11% wes found for a large

range of wvalues,

2.10 Calcium-Strontium Separation

A test of caleium-strontium seperation efficiency with 75%

nitric acid using Ce.l‘5 as tracer showed calcium contamingtion of less
than 0.2 mg in the strontium fraction. The initial Ca to Sr ratio uzed

was 100 to 1 (2 gns. Ca against 20 mg Sr).

(11) Bryant, F. J., Chemberlain, A. C., Morgan, A., Spicer, G. S.,
"Radiostrontium Fallout in Biological Materials in Britian”,
AFRE HP/R 2056,

ng steble Sr Sr found
(12) 33 gomple. = 8 yiela () m8 S¥ added, ;

i g

jde ¥

. . ~ - . ::"\\ : . T . -§ > : - B . s

s_oaN L, s X = X ~ N Y .= ot e - S |
N R T S = I N R AL T
3 ?%; - e . \\N\\ - . : W - e \\ - ) . o er\\\ 3\\'\ -':\i}‘;

o I s TS e A mrre g e+



100 T FIGURE: |
80 | 1
70 | DEGAY OF FIRST AND SECOND MILKINGS

60 OF STRONTIUM FRACTION SEPARATED
FROM SOIL

50 |

40 -

30

20

FIRST MILKING

[ S ES—

' NET COUNTS PER MINUTE
; o p o O ~ ®® O
] 1 | T T T T._a_‘ v_"-,.-':._l !
/ PR
/ P
/ //
- , ._‘ﬂ .
/ ’ ~ |
/ / .
A 7
! .
7 |
/
ﬁ /
- g l
o / ,
z /
= / | |
F3 /
\t\/'
/ o
/
/
/ 4
/
/
-4
/
/
/

i
| L 1 I 1 | | 1 3 1 i A | ! L Y :

20 40 60 80 100 10 140

(o]

TIME AFTER SEPARATION IN HOURS




SRS NS

FIGURE 2
RADIOAGTIVE DEGAY OF YTTRIUM®® MILKED FROM
/ 3. STRONTIUM FRACTION EXTRAGTED FROM SOIL
See O yttr, BY HCL :
J/ \ %9 .7
’ - 0.,
/ i ~ - ~ sL ’/2364
/,’ S~ - =~ -~o .4"')
~ \I ~ - -
L -
¢ / ~ - -~ - 1 - -
=~ - RS =~
i ~ - y - . i - -~
-~ b I ~ [ -~ S ~ -
T~ - T~ -~ -~ - 4’
/ “r : I | S - ~ 4457A
S ‘- \
. .L ~ = -~ - -~ ~ ~ ) = -
/ o S~ ~. ~< “k< 44s78
’s N T ~1 3l TS el
» [ ' : L = - N = -~ = ~ -,
T s~ - o S~ ‘Lussu
g'%/ [ ~ o s\‘ ‘s‘\\L
P, «f - ; -
} / ; - - \L 44698
F4 X © -\L had ~
' /j ’ 3 ™~ - C . - =~ -
: J:l =~ - 7 ~ - S~ 8277A
Pl T~ ~ .
g 1/‘: L . -~ S
L S - -
“ > - © S B2778B
A -
i S~
7 : 5 . ,} S~ $277C
; S 2 498 96 124 172
D HOURS AFTER SEPARATION
e
/’
,,
"1-'\.-«




= gt -

TABIE 5

Compaxrison of Strontium-90 in Soil by HCl Extraction and Fusion

Date depth a/m e OJkg soil
Sampling Area Sampled in Inches Extraction Fuslon by extraction
ITthaca, N. Y. sumnexr *56 0 to-~2 224 + 14 230 + 19 97
Hellenry Co., Il1l. 10-%0-58 0 to 8 164 = 7 196 = 3 8L
Raleigh, N, C. 11-5-58 0 to 6 136 + 8 160 + 10 85
g w_—_ e e — e oot rm——

9 5120 removed
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TABLE 6

STABLE STRONTIUM IN SOIL

(Duplicate Soil Aliquots Analyzed)

mg Stable Sr

Sample # per kg soil

70152 74
b 74
7017a 20
b 32
7019a 22
b 22
T7021a 106
b 100
70234 30
b 32
T025a 108
b 116
70272 558
b 518
702%a 12
b it
7031a 56
b L8
7033a el
b 36

N NS

mg Stable Sr

Sample # per kg soil
70354 L8
b Ly
70574 3R
b 28
707%a 28
b 20
70768 30
b Lé
T7039a 18
b el
7041a SN
b 68
70L3a Lo
b Ll
70L5a 100
b 0L
70475 32
b 20
70568 1.8
b 166




3., Conclusions

A procedure 1s presented for the extraction and analysis of
total strontium-90 in soil. Available evidence shows it to be highly
efficiegt as compared to the fusion techuique for most solls and
certainly more effective than other extraction methods. From an
analytical standpoint, the precision is adequste and the limiting
factor in the determinstion ig the error due to sampling. The importance
of site selection ‘a.nd sampling technique cannot be over-emphasized.

The purpose of this report, however, is not to evaluate soil sampling

but rather the analyticel procedures involved.
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L. Appeniix
4,1l Collaciincz of Soil Samplez for Strontium-90 Assay(l3)

by 1lyle T. Alexander
Chief, Soil Survey lLaeboratory
Plant Industry Station
Beltsville, Maryland

m

The sampling procedure described here is designed to get samples
that will measure ths total emount of strontium-90 that has fellen out in
a given area. It wiil not eveluate the unususal ;aée 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
permeabllity. There should be little or no runoff during heavy rains and
no overwash at eny tims. Such sites are frequently found on smooth ridge
crests, level farm lend and in well kept lawns and grounds around
institutional vuildings. The site should not be near enough to buildings

or trees to be shzlterad during blowing rains.

Vegetation and Anim=l Activity

-~

Amounts of Tission products reaching the ground are undoubtedly
influenced by vegstative cover. Bare ground, an alfalfa field and e
bamboo grove do noi intercept equal emounts of fallout. It 1s thought
that a grass lzwm or pasture makes a geod vegetative cover for sampling

areas. The grzsz 2izo helps prevent loss by runoff of water. Well

grassed areas usuzlly hava better permszbility than corresponding ereas

(13) Sse &ls: iz ., I.T., Hardy, E.P., and Hollister, H.L.,
Radiois- 3 L S0il with Particular Emrhasis on Strontium-~-90,
Proc. Trntil, Tisw 3 the Beol. of Radioisotopes, Univ. of '
X 2
Minnes:c o, Jooohiiw 12.R235 1959,
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of cultivatzd land, In wooded areas the non-uniform dlzitridbution of

trzz canopies will lead o unaveness in deposition of fallout materisls.

Soils having vary high earthworm activity should be avoided because of
wnsven nixing of tha goil 4o considerable depths. Rodent activity also

rendsrs eress unsuitable for sampling.

Sempling Msthods and Toolg

The degree of uniformity of fallout deposition bhas not had
adequate &afinition. However, it is known that a.‘sample of 1 to 2
equare Tzt will give a good ansgwer if the area is made up of a composite
of at lezst 20 individusl piugs or cores. These individual cores should
be taken on some kind of systematic scheme or grid. An area the size of
a8 small room is edsmuate for the grid.If one expects to resample a given
ares on = yzarly basis, for example, a straight line of cores about one
foot apart has besen ghown to be satisfactory,(n) The nwmber of cores
must be known so that the analybical data can be related to a definite
ground suriaze aras,

Tools for taking thz sample msy be anything that will take a
core or plug that is of eimal arsa through its entire depth. On soil

with reasonabls baze exchangs capacity duz either to c¢clsy or organic

matisr, a sampls to the dzpth of 8 inches is adequate at the present
time. Az tims passes, it may be nzcessary to go to deeper samples in
order to mzzzure all the strontium-90. A good pair of sampling tools is

& 3-1/2 inch dismster “cookls cutter” that takes a 2 inch deep sample

ant a T.Hh dnth harrel orchard sagsy that cubs 2 3.5 inch sample.
e -
) .~

= R e . A= < s EC -

3 . . o . ; ~
. . S Y '\\\'\‘ Sy \‘»\, - ST P -« ~ §Q\\; R ‘:\\\ PN

N~ Ny ~ vy e m N - LN \\\\\\ < < \\\

N~ -




If a sicgle samples i3 to be teken et a given site, the cookie

whter is used to taks out the s0d to & depth of 2 inches and the asuger
takes the remaining 2-8 inches of soil fram the hole. The soil from
2ii 20 plugs or holes is composited to meke a single sample of aborut}ét?
to 50 pounds., If desired, the 0-2 inch sod samples for the "cockie
cutter” may be kept separate, meking & sample of higher activity.
Strontium-90 found in the upper 2 inches and that found in the 2 to 8
inch depth ars added to give the total for the 1.34 square feet of
surface repres=ntsd in the sgmples,

Caraful ﬁi.xing and pulverizing of the sample 1s necessary to

et & representative aliquot for analysis. Most of the strontiuwm-90
mey be in a swall fraction of the total soil teken. Hence, care in
mixing and sub-gampling can hardly bs over-emphasized.

Th2 k=y point +0 ramamber in sampling for strontium-90 is
thet ell analytical valuss must be accurately releted to surface area
gsmpled.

At the pressnt timz we have no simple satisfactory method of
sempling powder dry loose singls grain soils. It is best to take
samples when tha 25il has enough moisture to be coherent even if this

requires watting thz area t0 bs sampisd by sprinkling.
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4.2 Anslytical Procsdure for the Acid Extraction and Analysis of
(1k)

trontium-90 in Soll

Carrier Solutions

Strontium carrier - 20 mg Sr/ml
Yttrium carrier - 20 mg Y/ml(l')')

Barium carrier - 20 mg Ba/ml

Apparatus
A detallsd Jezcription of the apparatus employed in this

procedure can be found in NYO-4700 - Manusl of Standard Procedures.

CONVENTIONS
l. The cammercial concentrated acids and smmonium hydroxide are
indicated by ths= che@.ical symbol only.
2. Diluted scids &r: given as parts of acid to be added to parts of

distillzd water or in some cases the normalities are given.

3. All concentrations of dilutions are approximate, unless stated as
exact or that praparation or diiution in a volumetric flask is
regquired,

L, Wic‘l° »angs pH paps> may be used for cbtaining pH indicated, unless

measurarant with nsrrow range paper or a pH meter 1s specifically

mentionszd,

(14) Modification of the procedure presented in NYO-Y700 - Manual of
Stendard Proceduresz. :

(15) Somsz yitrium :+1%s may be contaminated with thorium. A rdetailed'
procedurs for - purdfication ¢f the yttrium carrier solution by
golvent exhrzztinn is given in 1770-L700 - Manual of Stendard

Procesdursas, ]
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Procedurs -

1, Weigh out 500 gn. eliguots of the blended material into 3 liter
beskers.

2. Add 200 mg of stromtium carrier and carrier-free strontium tracergm)

3. Stir mechanically while slowly adding one liter of 6N HC1l solution.
(It mey be necessary to add a few drops of octyl alcohol to prevent
excessive frothing.)

4, Continue stirring for about 30 minutes. Allow & minirmm of two hours
for ths inscluble material to settle.

5. Stir the mixture and filter with suction through a 24 em No. 5
Whatman peper using e Buchner funnel.

6. Wash the soil rzsidue with hot distilled water.

T. Wash the rszidue with 6N HCL and again with hot distilled water until
the yellew colow of iron (III) chloride is removed. Discard the

regidus.

8. Transfer the filtrate to & 3 liter beaker and evaporate to

approximately 500 ml,
9, Cool aend =dd one liter of HNOZ,. (If there is excessive frothing, add
a few drops of octyl alcobol.)

10. Evaporate to spproximately 300 ml.

11, Add 500 mi of distiiled water and stir. Allow to cool and filter with

suctlon through an 11 om ghass fiber filter to remove the silica.

|5 *”'“] (16) The +va:e> muzt be checked to be certain that there is no
combmiinztion in the foun of extraneous ﬁactivity.
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15 o

1’4‘.

15.

16,

7.

18.

19.

20,

21,

Wash the silice wita approximately 50 ml of hot 1:9 HNOz followed by
several washes with distilled water. Discard the precipitate.
Transfer the filtrate to & 3 liter besker and adjust the volume to
approximatzly 1.5 1liters with distilled water.

Add 50 gm3 of oxalic acid with magnetic stirring until the salt 1is
canpletely dissolved, ,

Adjust the pH to 5.5 - 6.0 with NH,OH. (If the brown color of irom
(II1) hydroxide persists, add more oxalic acid and readjust the pH.)
Repest if necessary. The opbimm condition 1s an excess of oxalic
acid in solution without causing crystallization of ammonium oxalate
upon cooling.

Allow to stand for several hours, stir and filter with suction through
& 15 cm No. 42 Whatman paper. Discard the filtrate.

Transfer the precipitate and paper to an appropriate size nickel or
platimmn dish and dry overnight at 110°¢C.

Ignite the oxalate precipitate in a muffle furnace at 1&00-500 degrees C
for 2 hours. Raise the temperature to~T700 degrees C and continue
heating for 2 hours. (Spettering is minimized by ignition in this
manner. ) |

Cool the preclpitete and transfer to an app_ropriate size 't_aea.ker.
Dissolve in a minimm of 1:9 HNOB. Gently heat to bolling.

Coocl to roon temperature, Filter through the mmallest convenient size
glass fiber filter using suction, to remove the insoluble materlal.
Discard the residus.

Pour th= sclution into a sultable size beasker and evaporate to dryness.

Tz evavorabion must be done slowly to avoid spattering.
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22, Disgsolve The 321t in distilled water and perform successive fuming
nitric acid separations (the first two separations at concentrations
slightly greater than 75%) until the strontium hes been separated
from the calcium. Samples with high calcium content will require 5
or 6 or more separations. The volumes of 75% HNO3 solutions may be
changed as rsquired by the mass of calcium present keeping in mind

that minimm voliumes are always best.

Final Nitric Acid Separation

-~

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

through & 2.8 cm fiber filter using a Fisher Filtrator and &
fluorethene funnel. Discard the filtrate.

With the suctinon off, transfer the remsining precipitate in the besker
to the fluorethene funnel with distilled water and collect the
resulting solution of nitrates in a 250 ml beaker. Apply suction and
thoroughly drain the filter.

Evaporate siowly to dryness, then dissolve the residue in 23 ml of
distillied water.

Add 77 ml of fuming HNOz (90%) with stirring. Stir for 30 minutes
using & megrstic stirrer and Teflon covered bar.

Allow the strontium nitrate precipitate to sgttle and filter through
a 2.8 cm glasz fiber filter with e Fisher Filtrator and a fluorethene 4

funnel.

Ramove as much nitric acid as possible. Discard the filtrate.

Disgolve the r»omaining precipitate in the beaker with distilled water.
» = fiuorethene funnel end collect the solution in a 40O ml

centrifugs bz, Keep the volume at a minimum, preferably not over

=0 1,




Note 13

If e gravimetric technique is to be used for yleld determination,
all of the calciwm must be separated from strontium. It is Important
therefore, that a sufficient number of nitric acid seperations be
performed to insure removal of calcium. Lead and barium also precipitate
under these conditions but are removed in the subsequent hydroxide and

chromate scavenging steps.

First Milk
1. Add 1 ml of yttrium cerrier solution.

2. Heat in a water bath regulated at approximately 90 degrees C.

3. Adjust pH to 8 with NHOH.

4, Cool to room temperature and allow the precipitate to settle.

5. Centrifuge for 5 minutes. Decant, pouring the supernatant liquid
into another 40 mi centrifuge tube.

6. Dissolve the precipitate with a minimum amount of concentrated HCl,
dilute to 5 mi and repeat steps 2 through 5. Coambine the supernatant
‘solutions. Discard the precipitate.

T. Add 1 ml barium carrier solution.

8. Add 1 ml 6M acetic acid and 2 ml of 6M ammonium acetate solution.
The pH should be 5.5 (use narrow range pH paper). |

9. Heat in a water bath regulated at approximately 90°C.

10. A4d dropwise with stirring, 1 ml of 0.3M NayCr0) solution. The

supernatant shpuld have & chranate color, If it does not, then add

nore NepCrOy solution. All the barium must be removed.

1L, Stir vigorously until precipitation is complete.
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2.

3.

50
6¢

Allow to cool, then centrifuge for 5 minutes.

13. Decant, pouring ths supermatant liguid into a 4O ml centrifuge tube.

1k, Add 1 ml barium carrier solution and 0.5 ml of Ne,CrOj,. Repeat
steps 11 and iZ2.

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

16. Add 3 drops of concentrated HC1 and 1 ml yttrium carrier solution.,

17. Store the solution for two weeks.

Second Milk

1. Transfer the eguilibrated solution to & 40 ml centrifuge tube.

Heet in & water bath regulated at approximately 90°C.

Adjust the pH to 8 with NH,OH, stirring continuously. Add 6 drops of
H=02 (30%). Continue heating to remove Hz0z.

Cool to room temperature before centrifuging. Decant, transferring
the supernatant 1ijuid to a 150 ml beaker. Record the hour and date.
Add 25 mi of distilled water to the precipitate in the centrifuge tube.
Dissolve the precipitate by adding 1:3 HC1l dropwise with stirring.
Heat in a water bath and adjust pH to 8 with NH)OH, stirring
continuousliy.

Cool to room tamperature end centrifuge for 5 mimutes. Cambine ths
supervatant liguids and save for recovery determinations.

Add 25 ml of distiiied water to the precipitate.

Add 1:3 HC1 dropwise until the precipitate just dissolves,

Add 20 mg of strontium as holdback carrier.

Heat in a water bath and adjust pH to 8 with NH),0H, stirving
continuousliy.
- 29 -
oS ‘.?f A N SN Qs, ;\é\:‘fﬁ\;\sﬁxg.\igﬁ;*

: \s. A
N

AN




13, Cool to room temperature before centrifuging. Decant the supernatant
1iquid and discard.

1. Add 25 ml of distilled water to the precipitate and dissolve with
1:3 HCl.

15. Repeat steps 12 and 13.

16, Add 25 ml of disztilled water, 2 ml of €M ammonium acetate and 1 ml
of acetic acid. The solution should be at pH 5.5,

17. Heat in & water bath regulated at ~.90°C.

18. Add 15-20 drops of saturated oxalic acid solution gradually with
stirring,

16. Allow the precipitate to digest.

20, Remove from the water bath and cool to room temperature.

21. TFilter through a 2.8 cm glass fiber filter using suction and a
fluorethene el., Dry the precipitate in an oven at 110°C.

22, Mount the precipitate on & plastic disc, cover with Mylar end fasten
with & plastic ring.

23. Beta cox;'mt_,, recording the hour and date. Standardize with Y90

standard yrecipitate and mounted in a similar manner.

S‘tron‘tium—8§ Yield

1. Evaporate the supermatant from step 8 under Second Milk to a volume of

sprroximately 25 ml and transfer to a 50 ml volumetric flask., Allow

’ " l‘ ‘

to cool to roam temperature and dilute to volums,

2. Pipette 2 ml of this solution into & 5 ml gless vial, and dilute to

approximately 5 ml.
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%o Gamma count(l?) s standardizing against e 25 fold dilution of the
originsl spiking solution, prepared in ihe same way. Calculate the

strontiwm recovery.

Gravimetric Yield

1. Transfer the remaining solution from step 2 under Strontium-85 Yield

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

2, With contimous stirring, add approximately 5 ml of a saturated
NapCOz solution. Geutly heat for 10 minutes.

3o Co?l and filter through a weighed 5.5 om glass fiber filter paper.
(When using the Buchner funnel to filter, care must be taken to
yrevent the precipitate from creeplng under the filter paper. This
can be done by filtering only through the center portion of the
yeper.) |

4, Wash paper and prscipitate thoroughly with distilled water.

5. Dry and weight to the nearest miliigrem.

6. A 10 ml aliquot of the original strontium carrier solution (20 mg
per ml) is standardized as the carbonates by preparing it in the same
way ag described above., Calcuwiate tha shrombiym recovery.

To Correct for total yleid by dividing the above recovery factor by
0.96, (Thiz is to correct for ths 2 ml siiquot taken for strontium-35

yield.)

(17) This is carried out using & Baird Atomilc Mod=l 810 A bench type
' gcintilliation deztector well counter -»ith a Turaleo decade scaler.
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