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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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1, Introduction

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

s0ile The first is to determine the activity per unit ares as a measure of

cumulative fallout at 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
assumptlon 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

Nevada Proving Grounds), it is doubtful whether 6 molar hydrochloric ecid
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 normal 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 ammonjum acetate were used as leaching

reagents, This data is presented in Table 1,

- fallout particles are siliceous in nature (as would be the case at the

T L B

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.
-] -
R S VN L& = : g
- o >\“ \..:,;;‘“’"_ \«-ﬁ “h:{(‘_ \ - “Q\ =, - ‘?‘ "“\\\ < =~ . S * \\ -, B ¥ - “I'
R USSR T s Y Y A S TSN

e s . . e .




LT
.
_
_
e
i
-
e
b
_

i -5

of %ime., These original etbempts to determine strontium-90 in soil, for
falloub documentation et least, were not always successful and it is

unfortunate that so many samples were anslyzed using incomplelely

dev=loped methods. There has been wide dlsagreement in results reported
for 2 single sample smong 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 ha.s‘ been
severely tested and the reproducibility and relisbility of which };Las been
est&blished‘. It has been shown that other extraction methods remove less
s‘trontium-90 fram soil than can bel leached wi'th 6 normal hydrochloric
acid. In addition, the direct milking techniques used at one time by

several laboratories(295) preclude the possibility of obtaining a purs

strontium fraction and thereby evaluating the strontium yleld for each
sample. Furthermore, assay of the initial activity due to yttrium-90
milked from the impure strontium-90, requires extrapolation of & decay
curve which may represent contaminating activities due to Ac228, Pp2lh,
and Po°, These disadvantages could easily lead to anomalous and
wnraproducible results. |
The proczdurs used at HASL inyolves the eventusl separation of’

8 pure strontium fraction ywhich, when milked at equilibrim,. Yields an
yttrium daught(—;-lr ac‘l:-ivity" vhich may be pos:}.tive‘l& identified as yttrium-90
by half-1life and beta gbsorption measurements. There is & loss of
(?) Martell, E.A., The Chicago Sunshine Method, The University of Chicago,

AECU-3262, ’ ' ’

(3) ¥ulp, J. L., Ecklemaun, W. R., Schulert, A. R., Lamont Sunshine
Chemical Procedures.
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strontium-90 in the procedure as the separation involves a number of sieps, 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
nogligible 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 determined

et

by the analyst for each separate sampleo
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TABLE 1 ;
L S i
EFFICIENCY OF EXTRACTION METHODS APPLIED TO |
JAPANESE SOIL SAMPLES i
(Collected in January 1954 at Hiroshima)
sr2? d/m/gram gir-dried soil
Leach Reagent -1 (0-1" top) T (cultivated)
1.0 M NE Ac 0,67 2 0,07 0072 & 0606
0.1 M HC1 0061 2 0,06 0,149 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 0,08
|
i
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2o Experimental

201 Sampling Method

Most of the soils for fallout documentaticn and uptake studies
are collected by Dr. Lo To Alexander of ths 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 Samplse

The totel 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 materiasl, 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 alkalins earths and leave iron

in solutions Successive fuming nitric acid ssparaticns are performed

until essentially all of the calcium is separsted ficxn the strontium and
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the other alkaline earthso(b) With zroz:r t=2cinicue, a high yield of
carrier strontium can be obtained, Sevzval eocid treatments are required
and the actual number depends on thes amcur®t of calcium which was leached
from the soil, Feollowing the fumirg nitric acid separation, thorium,
lead and any contaminating fission prcducts remaining are scavenged with
yttrium hydroxide, end radium and bariuwr ars removed by a barium chromate
precipitation.

The daughter yttrium is milked after equilibrium and beta counted
as a measure of the strontium-90 activity, Absorption corrections are not
necessary since the weight of the precipitats can be rigidly controlled
at this point, Twenty milligrams of yttrium carrier are added just prior

to milking end the standards are prepered in an identical mamner. The

step=wise analytical procedure is given in section 6.2 of the Appendix,

Coly  Lounring
Samples are mounted on piaztic discs, covered with Mylar, and
the assembly sesured with a plastiz ring. The sample is clamped into
position under one of three one~irch Anton halogene-filled steel window
G=M tubes (# 1007 M) which are surrounisd by a guard ring (36 "pencil
tubes™ Anton # 215} in anticoincidsncs, shielded with 3 inches of mercury

and beta counted for at least one hour, Iackgrounds less than one count

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

(L) Modification of the method repsrisd by ¥Willard, NoH., and Goodspeed,
Eo Wo, Indus. Engo Chem, Anzl, Z4. &, 015 (1936),
res NYO=L700 « Manual of St : S

(5) LeVine, H,D., Charlton, L., Gv

Counting Equipment, HASL-60, iliar:h 27, 19593
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beta scintillation counters with ‘tatlgrounds of 0.3 to 0.2 counts per

rey
minute have also been in use,s”/

2,5 Reproducibility

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

to counting,

(5) LeVine, Ho D., Charlton, L., Greveson, R, T., Low Background Fuclear
Counting Equipment, HASL-60, Msrch 23, 1959,
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* TABLE 2
STRONTIUM~-90 IN SOIL - HCl1 EXTRACTION METHOD
: (Duplicate Soil Aliquots Analyzed)
, 5r90 5190
Samplﬁ Depth d/m/kg soil me/mi2
. 6384a 0=2" 19,8 2 5,1 5099 2 0020
b 18,5 T 6,1 5.97 2 0.24
6381a 26" 29,7 2 L0 5083 2 0,78
b 2503 2 249 Le97 = 0457
63764 0-2" 166,6 2 6,6 11,63 2 0.6
b 181,8 2 8,3 12,69 T 0,57
6378a 26" 89 2 303 1.66 T 0,62
- b 12,4 2 2.0 2,30 2 0.l
i 6275 b=127 2,1 2 1,1 0,51 2 0,27%
- 6385 12-18" 2oL T 1.1 0,67 & 0,30*
- 6382a 0=b6" 7869 2 5.7 15,29 2 1,10
‘ b 87.2 2 5,2 16,89 2 1,00
- 63802 0=2" 231.6 2 Toly 13,13 2 0,42
. b 251.8 2 7.6 11427 2 0,43
6379& 2967? L',.Bcé 3 600 7.30 2 1,00
b 48,7 2 Lol 8,16 2 0069
6383a 0-2" 275.2 2 8.8 12,22 I 0,39
- b 20102 2 Tob 12,38 2 0.34
6377e 2-6" 0.8 2 Lol 306l 2 0,72
lj b 177 2 2.7 3,10 2 0,47
Note: Error t:i: vio- ons standiard deviation due to the error in
countings
“ * 1000 gram eligaot vzl for lower depth semples, Duplicates not
enalyzed, . .2 Lwm~iaiz? > show lowest levels of siorontium=90 which
can be detocizi,
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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
Teble 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 oroier and 200 nilligraszs of strontium carrier added.
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The rediochemicel yield weas 93% &nd was reproducible in the two

serarate experiments performed., 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

matrixe




TABLE 3

STRONTIUM YIFLD - BCl EXTRACTION OF SOIL

(Duplicate Soil Aliquots Analyzed)

Yield Fraction

Samgle ﬁ Sr85 Grave
638La 0,93 1.02
b 0,65 0,72
6381a 0.71 0.82
b 0086 0.96
6376a 0490 0,88
b 0077 076
é378a 0.94 0695
b 089 0.89
6375 0,85 0.84
6385 0.88 0.88
6382a 0061 0661
b 0.72 0.72
6380a 0,70 075
b 076 0679
6379a 00li9 0050
b 0,57 0655
63 838. 0072 0075
b 0,87 0690
63779» 0075 0069
b 0084 0,82

- 11 -
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TABLE L

PERCENTAGE OF STRONTIUM COFRECIPITATED

WITH BARIUM AS TEE CHRQMATE

Semple # % Sr Coprecipitated
6375 A 1.9
6385 A 1.7
6376 B 1.8
6382 B 203
380 B 2,0
6379 B 20l
638% B 2.2
€377 B 1.8
e - 12 -
o ]
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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 calcium,
strontium, barium, radium, and lead, the potential radiocactive inter-
ferences are radium and its daughters and barium-140 end its lanthsnum
deughters., 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 rapid decay initially, then a leveling off
to a constant value after two weeks as shown in Figure l, This indicated
the presence of Pbglg, Ppe10 and other shorter-lived radium daughter
products. The level of activity after 4O hours was about 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 can be quite difficult and slow, The titenium compound (its
chemical form is uncertain but there is evidence to indicate that it is
8 titeno-silicate complex) does not appear to scavenge significant amounts
of strontium,

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

interferencez are eliminated since a pure strontium fraction is obtained,

- 13 -
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2 deegy of "z milked yl:'t,rj.\m-QO hag been followed for every semple
znalyzed and within +wo standard devistions due to the error in counting,
e straight lins reprzsenting the established half-life (64.4 hours)(s) is
always found. Figursz 2 shows seven examples of the decay curves obtained.
In s;;;veral cazz3 waere the activity has been sufficiently high, the
yttrium-90 fraction has ‘t;een analyzed by the beta absorption method of

Harley and Hallden.,“) The value for the energy found by this method

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

2.8 Comparison of Extraction Method end Fusion
By fusing an eligquot (1 1b.) of soil wi'bh sodium carbonate at
temperatures around 1000“’ 6(9) and then dissolving the melt in mineral
acid, one can soliubilize the soil campletely. If the assumption is made

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

soll, one can express the fraction or percentage of the total smount of
strontium-90 ramovad by the hydrochloric acid extraction.

The sgo0il sampl=ss shown in Table 5 were collected in pasture
sreas in the Unitzd States in 1956 and 1958. At leas'l:. ten reanalyses
have bean carrizi out on each sample’(l ) The values for d/m Sr90 per kg

s0il ars averzg:s and the error temm is one standard deviation from the

me&no
(6) Volchok, H. L., Kulp, J. L., Phys. Rev. 97, 102 (1955).
(7) Harley, J. H., end Hallden, N: A., Nucleonics, Jan. 1955, P. 32.
(8) ?ohnsc;n, 0. E., Johnson, R. G., Ianger, L. M., Phys, Rev, 98, 1517
1955
(9) This work ws: done at the USDA Iaboratories at Beltsville, Md, under
the dirsciicn of Dr, Lo Te Alexander. '
(10) Se2 procsinrs given in NYO-4700 - Manusl of Standard Procedures.
- 1l -
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For thege 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 agres-

ment also between soil fusion and HC1 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
extremely important, however, that a sufficient mmber of fuming nitric
acid separations be employed to coampletely separate strontium from calcium.

Some analyses of stable strontium in soll using this method are
reported in Table 6. A mean reproducibility of 11% wes found for a large

range of values.

2.10 Calcium-Strontium Separation

A test of calcium-strontium separation efficiency with 75%

nitric acid using (3@3.1‘5

as tracer showed ca.l.cium 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., Chamberlain, A, C., Morgan, A., Spicer, G. S.,
"Radiogtrontium Fallout in Biological Materials in Britian®,
AFRE HP/R 2056.

ny D8 stable Sr Sr found _ . |
(12) 17 sample. = 8% jieia () me S edded |
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TABIE 5

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

Date depth a/m e OJkg soil
Sampling Area Sampled in Inches Extraction Fusion
Tthaca, N. Y. sumnexr *56 0 to-~2 224 + 14 230 * 19
Hellenry Co., Yl1l. 10-%0-58 0 to 8 164 = 7 196 £ 3
Raleigh, N. C. 11-5-58 0 to 6 136 + 8 160 *+ 10

% sr2° removed
by extraction

97

84

85




TAELE 6
STABLE STRONTIUM IN SOIL
- (Duplicate Soil Aliquots Analyzed)
- mg Stable Sr mg Stable Sr
Semple # per kg soil Sample # per kg soil
-' 70152 74 70352 L8
b 7L b Ly
: 7017a 20 7037a 32
- b 32 b 28
\ 7019a 22 707%a 28
m b 22 b 30
7021a 106 70768 30
- b 100 b Lé
T023a 30 7039a 18
. i * ‘° >
! 7025a 108 7041a &L
l ‘ . b 116 b 68
' 7027 558 7038 Lo
J b 518 b L
7029a 12 70L5a 100
b 1Y b 10k
7031e 56 7oL 78 32
b L8 b 20
7033a 2l 70568 148
b 36 b 166
- 10
* NN =~ N S~ L AR > - :: =7




3. Conclusions

A procedure is presented for the extraction and analysis of
total strontium-90 in soil. Aveilable evidence shows it to be highly
efficie.qt as compared to the fusion technique for most solls and
certainly more effective than other extraction methods. From an
analytical standpoint, the precision is adequate and the limiting

factor in the determination is the error due to sampling. The importance

of site selection and sampling technigque cannot be over-emphasized.

The purpose of this report, however, is not to evaluate soil sampling
but rather the analyticael procedures involved.

%




4. Appeniix
.1 Coilestics of Soil Semples for Strontium-90 Assay(ld)

by lyle T. Alexander
Chief, Soil Survey Laboratory
Plent Industry Station
Beltsville, Maryland

The sampling procedure described here is designed to get samples
that will measure the total amount of strontiuwm-90 that has fallen out in
a given aree. It will not evaluate the unusual ;aée where excessive
accumlations occur in low spots, at the foot of slopes, or in flooded
areas.

The site should be nearly level with moderate to good
permeabllity. Thers 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 land and in well kept lawns and grounds around
institutional vuildings. The site ghould not be near enough to buildings

or trees to be shzltersd during blowing rains.

Vegetation and Aninzl Activity

Amounts of Tiszion products reaching the ground are undoubtedly
influenced by vegstative cover. Bare ground, an alfalfs field and 2
bamboo grove do not intercept equal emounts of fallout. It is thought
that a grass lzwn or pesture makes a geod vegetetive cover for sampling
areas. The grzsz alilzo halps prevent loss by runoff of water. Well
grassed areas usuzlly have better perm=ability than corresponding areas
(13) See &lsw iz 7., 1.7., Hardy, E.P., and Hollister, H.L.,

Radioiss 5 L Soil with Particular Emrhasis on Strontium-~90,
Proc. Triil, T '

. o0 the Feol. of Radioisotopes, Univ. of
X D AT ey TR 2 )
Minnesc o, Coiiohiiw 13-23; 1953
o 2) e
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of cultivarzd land, In wooded areas the non~uniform disziridbution of
rez canopies will lsad to unsvaness in deposition of fallout materials.
Soils having vary high earthworm activity should be avoided because of
unsven mixing of the so0il to considersble depths. Rodent actlvity also

rendsrs aress unsuitable for sampling.

Sempling Msthods and Tools

The degree of uniformity of fallout deposition has not had
adequate d=finition. However, it is known that a.‘sample of 1 to 2
eguare fezt will give a good ansvwer if the area is made up of & composite
of at lezst 20 inddvidual plugs or cores. These individual cores should
be taken on soms kind of systematic scheme or grid. An area the size of
a small room is edsquate for the grid.If one expects to resample a given
sres on = yzarly basis, for example, a straight line of cores about one
foot apart ka3 been shown to be satisfactox'y.(B) The number of cores
msgt be konowm so that the analybical data can be related to a definite
ground suriaze arsa,

Tools for taking ths sample msy be anything that will take a
core or piug that is of esual arca through its entire depth. On soil

with reasonabls base exechangs capacity duz either to clsy or organic

b

matter, a aampls 1o the depth of 8 inches is adequate at the present
time. As +ims passes, it may be nescessary to go to deeper samples in
order 1o mzzzurs all the strontium-90. A good pair of sampling tools is

& 3-1/2 inch diamster “cookls cutter” that takes a 2 inch desp sample

axt & ToT int barrel orchard sugsy thot ocuts 2 3,5 inch sample.
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single sample i2 to be taken &t a given site, the cockie
cubtzr is usaed o take out the 304 to & depth of 2 inches and the auger
tekes the remaining 2-8 inches of soil from the hole. The soil from
all 20 plugs or holes is composited to make & single sample of dboutja?
to‘gg pounds. If desired, the 0-2 inch sod samples for the "cookie
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 are added to give the total for the 1.34 square feet of
surface represzntsd in the sgmples.

Careful ﬁixing and pulverizing of the sample is necessary to
get a representative aliquot for analysis. Most of the strontium-90
mey be in a swall fraction of the total soil teken. Hence, care in
mixing and sub-gampling can hardly bs over-emphasized.

The kzy point 40 ramamber in sampling for strontium-90 is
thet alil analytical valuss wust be accurately related to surface aresa
gompled,

At the pressnt tims we have no simple satisfactory method of

sampling powder dry loose singls grain soils. It is best to take

i

zmples when the 201l has enough moisture to be coherent even if this

requires watbing thz area t0 be sampisd by sprinkling.




4,2 Anslytical Procsdure for the Acid Extraction and Analysis of ‘
(14)

trontium=-90 in Soil

Carrier Solutions

Strontium carrier - 20 mg Sr/ml
Yetrium carrier - 20 mg Y/m1(1%)

Barium carrier - 20 mg Pe/ml

Apparatus
A detall=d Jezzcription of the apparatus employed in this

procedure can be found in NYO-4T00 - Manual of Standard Procedures.

CONVENTIONS
l. The cammercial concentrated acids and emmonium hydroxide are
indicated by ths chmical symbol only.
2. Diluted scids er: given as parts of acid to be added to parts of

distiliszd water or in some cases the normalities are given.

ol
1

All concentratiors of dilutions ars approximate, unless stated as
exact or trat prazparaticn or dilution in & volumetric flask is
reguired.,

L, W:i.‘d{e rangs PH papsr may be used for obtaining pH indicated, unless
mesgurarant with narrow range paper or a pH meter 1s specifically
mentionad,

(14) Mcdification of the procedure prasented in NYO-4700 - Manual of
Stendard Proceduresz.

(15) Somz yitriur ::1its msy be con’can:m,ted with thorium, A detailed
procedure Tov a2 purification c the ybtrium carrier solution by

colvent swhzasiios 23 given in I770-4700 - Manual of Standard
Procedursas.
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9.

Frocedurs

Weigh out 500 gn. aliguots of the blended material into 3 liter
beakers.

Add 200 mg of stromtium carrier and carrier-free strontium 'bracergm)
Stir mechanically while slowly adding one liter of 6N HC1 solution.
(It may be necessary to add & few drops of octyl alcohol to prevent
excessive frothing.)

Continue stirring for ebout 30 minutes. Allow & minimm of two hours
for the inscluble material to settle.

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

Wash the soil rzsidue with hot distilled water.

Wash the residus with 6N HCL and egain with hot distilled water until
the yellow color of iron (III) chloride is removed. Discard the
residus.

Transfer the filtrate to a 3 1liter beaker and evaporate to
approximately 500 ml,

Cool and add oue liter of HNOs. (If there is excessive frothing, add

a few drops of octyl alecobol.)

10. Evaporzte to spproximately 300 ml.
11. Add 500 ml of distiiled water and stir. Allow to cool snd filter with
suctlon through an 11 oam giass fiber filter to remove the silica.
’E"“‘*’*“] (16) The +vazer must be checked to be certain that there is no
comtuiization in the foon of exbraneous ﬁactivi‘by.
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1k,

15.

16,

17.

180

19.

20,

21,

Wazh the sillca wita approximately 50 ml of hot 1:9 EN03 followed by
several washes with distilled water. Discard the precipitate.
Transfer the filtrate to & 3 liter besker and adjust the volume to
approximately 1.5 liters with distilled water.

Add 50 gms of oxalic acid with magnetic stirring until the salt 1is
canpletely dissolved., 7

Adjust the pH to 5.5 - 6.0 with NH,_}OH. (If the brown color of iron
(III) hydroxide persists, add more oxalic acid and readjust the pH.)
Repeat if necessary. The optimm condition is 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
platinum dish and dry overnight at 110°C.

Ignite the oxalate precipitate in a muffle furnace at 400-500 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. ) i

Cool the precipitete and transfer to an appropriate size beaker.
Dissolve in & minimm of 1:9 HNOa. Gently heat to bolling.

Cool to room temperature. Filter through the asmallest convenient size
glass fiber filter using suction, to remove the insoluble materlal.
Discard the residu=. _

Power ths solution into a suitable size beaker and evaporate to dryness.

Toz evaworation muzt be done slowly to avold spattering.
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22, Dissolve the 321t in distilled water and perform successive fuming
nitric acid separations (the first two separations at concentrations
s1ightly 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% HI\IO5 solutions may be
changed a3 required by the mess of calcium present keeping in mind

that minimm volumes 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 &
fluorethens funnel. Discard the filtrate.

2. With the suchtion off, transfer the remaining precipitate in the besaker
to the fluorethene funnel with distilled water and collect the
resulting solintion of nitrates in a 250 ml beaker. Apply suction and
thoroughly drain the filter.

3. Evaporate glowly to dryness, then dissolve the residue in 23 ml of

distillied waber.

Add 77 ml of fuming HNOg (90%) with stirring. Stir for 30 minutes

using a magnstic stirrer and Teflon covered bar.

Allow the strontium nitrate precipitate to settle and filter through

a 2.8 cm glasz fiber filter with a Fisher Filtrator and a fluorethene

funnel. Rsmove as much nitric acid as possible. Discard the filtrate.

Dissolve the reomaining precipitate in the beaker with distilled water.

Transfer 4o ono fluorethene funnel end collect-the solution in a 40 ml
centrifugs “ubs, Keep the volume at & minimum, preferably not over
20 11,
- 27 -
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If e gravimetric technique is to be used for yleld determination,
all of the calcium must be separated from strontium. It ls Important
therefore, that a sufficient number of nitric acid seperations be
performed to insure removal of calcium. ILead and barium also precipitate
under these conditions but are removed in the subsequent hydroxide and

chromate scavenging steps.

Flrst Milk

1. Add 1 ml of yttriwm cerrier solution.

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

3. Adjust pH to 8 with NH)OH.

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

5. Centrifuge for 5 mimutes. Decant, pouring the supernatant liquid
into another 40 ml centrifuge tube.

6., Dissolve the precipitate with a minimum amount of concentrated HCl,
dilute to 5 ml and repeat steps 2 through 5. Combine the supernatant

‘solutions. Dlscard 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 bes 5.5 (use narrow range pH paper). |

9. Heat in a water bath regulated at approximately 90‘_’0.

10. Add dropwise with stirring, 1 ml of 0.3M NapCr0), solution. The

supernatant shquld have & chrcmate color, If it does not, then add

nore NepCrOy solution. All the barium must be removed.
L. Stir vigorously untii precipitation is complete.,

- 28 -




i2, Allow to cool, then centrifuge for 5 minutes,
13, Decant, pouring thz supermatant liquid into a LO ml centrifuge tube.
14, Add 1 ml berium carrier solution and 0.5 ml of Ne,Cr0),. Repeat

steps 11 and 1=,

15. Decant the supernatent liquid into a 2 o0z. polyethylene bottle.

I E B RSB

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

17. Store the so;l.ution for two weeks.

Second Milk

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

2. Heat in e water bath regulated at approximately 90°C.

3., Adjust the pH to 8 with NH) OH, stirring continuously. Add 6 drops of
H20z (30%). Continue heating to remove HzOz.

b, Cool to room temperature before centrifuging. Decant, transferring
the supernatant iiguid to a 150 ml beaker. Record the hour and date.

5. Add 25 mi of distilled water to the precipitate in the centrifuge tube.

6. Dissolve the pracipitate by adding 1:3 HC1 dropwise with stirring.

T. Heat in a water bath and adjust pH to 8 with NH) OH, stirring
continuousliy.

8. Cool to room tamperature and centrifuge for 5 minutes., Combine ths

supervatant ligulds and save for recovery determinations,
9. Add 25 ml of distiiled water to the precipitate.

10. Add 1:3 HC1l dropwise until the precipitate just dissolves.

1. Add 20 mg of strontium ag holdback carrier.

12, Heat in a water bath snd adjust pH to 8 with NH)OH, stirving

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

1k, Add 25 ml of distilied 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 6M 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. Filter through a 2.8 cm glass fiber filter using suction and a
fluorethens fumnel. Dry the precipitate in an oven at 110°C.

22, Mount the precipitate on a plastic disec, cover with Mylar end fasten
with a plastic ring.

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

standard yrecipitate and mounted in a similar manner.

S‘tron‘tium—8§ Yield

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

sprroximately 25 ml and transfer to a 50 ml volumetric flask., Allow
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to cool to roam temperature and dilute to volums,

2. Pipette 2 ml of this solution into a 5 ml gless vial, and dilube to

approximately 5 nl.
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5. Gammna count(l'?) s standardizing againzt e 25 fold dilution of the
original spiking solution, prepered in the same way. Celculate the

strontium 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 contimuous stirring, add approximately 5 ml of a saturated
NapCOz solution. Geutly heat for 10 minutes.

3 Coc‘:l and filter through a weighed 5.5 cm glass fiber filter paper.
(When using the Buchner funnel to filter, care must be taken to
prevent 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 m} aliquot of the original strontium carrier solution (20 mg
per ml) is standardized as the carbonats by preparing it in the seme
wey as described above., Calcuwiate th: shrontizm recovery.

To Correct for total yleid by dividing the above recovery factor by
0,96, (Thiz is to correct for thz 2 ml sligquot taken for strontium-85

yield.)

(17) Tuis is carried out using & Beird Ascmlc Modal 810 A bench type
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