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The determination of °Sr in milk samples is the main objective of radiation monitoring labo-
ratories because of its environmental importance. In this paper the concentration of activity
of 39 milk samples was obtained through radiochemical separation based on selective reten-
tion of Sr in a cationic resin (Dowex 50WX8, 50-100 mesh) and subsequent determination
by a low-level proportional gas counter. The results were checked by performing the measure-
ment of the Sr concentration by using the flame atomic absorption spectroscopy technique, to
finally obtain the mass of °Sr. From the data obtained a statistical treatment was performed
using linear regressions. A reliable estimate of the mass of °°Sr was obtained based on the
gravimetric technique, and secondly, the counts per minute of the third measurement in the
208r and *°Y equilibrium, without having to perform the analysis. These estimates have been
verified with 19 milk samples, obtaining overlapping results. The novelty of the manuscript is
the possibility of determining the concentration of *°Sr in milk samples, without the need to
perform the third measurement in the equilibrium.
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INTRODUCTION

Strontium is an element that has a number of
anthropogenic isotopes, among which **Sr and *Sr
from the radiological point of view [1]. Both are prod-
ucts of the fission of *°U or **’Pu, the production takes
place in nuclear reactors and fission bombs, because
their presence in the environment is related to the nu-
clear industry, nuclear testing and emissions of an ac-
cidental nature [2]. Strontium is one of the most dan-
gerous pollutants in the environment because of its
long half-life, its high solubility and chemical similar-
ity between the Sr™? and Ca' [3]. Because of all these
factors, strontium can accumulate in organisms
through the food chain, being present in biological
samples where there is calcium, such as cow's milk
[4, 5]. Therefore, it is essential to develop techniques
to determine the activity of the strontium concentra-
tion in milk samples [6-9], as is the case in the present
study. The Commission Recommendation of 8 June
2000 (2000/473/Euratom) sets a warning level for *°Sr
of 2:10"' BqL™" in milk. The Nuclear Safety Council
estimated 5.5-10-2 BqL™" as the lower detection limit
(2008) [10-11].

* Corresponding author; e-mail: alberto.otero.pazos@udc.es

The aim of this study is to create an estimate that
allows the calculation of the activity concentration of
Sr-90 without measuring the radioisotope in the equi-
librium, as an alternative to that measure.

MATERIALS AND METHODS

This study was conducted with 39 cow's milk
samples collected from a number of farms in the prov-
ince of A Coruna (Spain). The radiochemical separa-
tion thereof is performed using a cationic resin which
selectively retains Sr [12-14], and the determination
was performed in a low-level proportional gas counter
[15, 16]. There are two ways to determine the activity
of *Sr. The first involves the implementation of two
measurements out of equilibrium (5 days and 12 days
after separation of *’Sr), and the other consists of per-
forming a measurement at equilibrium (26 days after
separation of ’Sr). In the Laboratory of Environmen-
tal Radioactivity of the University of a Coruna the lat-
ter method was chosen, although in each determina-
tion of *’Srin milk samples the three measurements are
made (two out of equilibrium and one in equilibrium).
The results were tested using the technique of flame



A. Otero-Pazos, et al.: Determination of Sr-90 in Milk Samples from the ...
186 Nuclear Technology & Radiation Protection: Year 2017, Vol. 32, No. 2, pp. 185-191

atomic absorption spectrometry (FAAS) [17]. With
the results obtained a statistical treatment was carried
out, obtaining reliable estimates of the counts per min-
ute (cpm) of the third measurement (at equilibrium) of
each sample in the low-level proportional gas counter,
as well as the mass of *°Sr using the FAAS technique
without performing the analysis. In this way it is possi-
ble to reduce the time and cost of determining the *°Sr
in cow milk samples.

MATERIALS

Ion exchange column of glass (50 cm in length
and internal diameter 3 cm), analytical balance (Sarto-
rius B 120S), pH meter (Crison Basic 20), vacuum fil-
tration device (Millipore) filters, cellulose nitrate ace-
tate + (Millipore, 47 mm diameter, 0.45 microns),
centrifuge (Heracus Primo Biofuge), drying oven
(Memmert UE500), muffle furnace (Horn of Valles
Benjamin 2S), epirradiator quartz (Silica quartz &
RC-2), with magnetic stirring hotplate (Selecta
Agimatic-N), magnetic stirrers and materials com-
monly used in the laboratory.

REAGENTS

All reagents used were of analytical grade and
belong to the commercial Panreac. For the preparation
of solutions milli-Q water was used. A carrier is used
as an aqueous solution of Sr 40 mgmL™, prepared
from the necessary amount of Sr(NO;), anhydrous.
The attack of the milk sample once dried and calcined
at 650 °C is carried out with 6N HCl and 6N HNOs. At
different stages of the production process ethylene-
diaminetetraacetic acid (Na,EDTA-2H,0) was used
and directly added and dissolved in water at a concen-
tration of 2 % and pH 5.1, a buffer solution acetic acid /
sodium acetate pH 2M 4.75, 4M NaCl and 1M sodium
carbonate solution prepared from anhydrous Na,COs.
For adjusting the pH of the solutions NH4OH and 3M
HCI at 30 % were used. The resin used was a Dowex
S0WXS house (50-100 mesh) [18].

Determination of the prepared carrier concentra-
tion and the initial content of strontium in the milk
samples and the radiochemical yield were carried out
using the FAAS [19]. For the preparation of calibra-
tion standards we started from a standard solution of
1.000 + 0.002 gL' of Sf(NOs)_; in HNO; 0.5 M.

Table 1. *'Sr activity concentration in cow milk samples

INSTRUMENTATION

The equipment used for measuring *°Sr is a
low-level proportional gas counter with a continuous
flow of gas (PR-10: 90 % argon and 10 % methane),
10 channels with a low background model Berthold
LB-770, a preamplifier unit and anticoincidence
discriminators with LB 2025, and a high voltage
source. The detector block is connected to a PC via an
interface LB-530-PC, obtaining information for the
monitor and printer. This information is processed
through the UMS program. For measurements of the
samples and a protocol we used white count 5 cycles of
285 minutes, as well as for blanks.

For the calculation of the detection efficiency,
a standard solution of *Sr + °°Y chloride, in a hydro-
chloric solution, of activity concentration 0.10099 +
+0.00026 (0.26 %) Bqmg ', with reference MRC
2001-080, was used. This solution was prepared by
CIEMAT (Center for Energy, Environmental and
Technological Research). An aliquot of this standard
solution is taken and the radiochemical separation of
Sr?and Y2 in a *°Sr pattern in equilibrium with *°Y is
performed. Sr'? is isolated by chemical processes and
precipitates, with the aid of a Sr'” stable carrier, as
SrCO; which is measured in the proportional counter
calibrated with a *°Sr standard, which in turn was pre-
pared with the same procedure. It is also necessary to
know the counting efficiency for *Y, since at the same
instant that *°Sr is separated from ’Y, it begins to grow
at the expense of its father. The measurement of the
sources obtained allows us to calculate the associated
efficiencies and uncertainties of the proportional
counter for each of these radioisotopes.

To determine the radiochemical yield the equip-
ment used was an Atomic Absorption Spectrometry
Perkin-Elmer (Norwalk, CT) employing a reducing
flame of acetylene-air, a wavelength of 460.7 nmand a
slit width 0.2 nm.

EXPERIMENTAL

The experimental value of the activity concen-
tration of *°Sr in milk samples has been compiled from
historical analysis of the Environmental Radioactivity
Laboratory of the University of A Coruna, for the pe-
ri0d 2009-2012, yielding a total of 39 results. All these
samples correspond to the same point, a set of farms
located in the municipalities of San Sadurnifio,
Narahio and A Capela (A Coruna). The values of the
concentration of *°Sr activity are shown in tab. 1.

Activity *Sr [Bqm™]

Number of samples Maximum

Activity *Sr [Bqm™]
Minimum

Activity *’Sr [Bqm ]

A Standard deviation
verage

39 165.8

103.7 8.8
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Two liters of collected cow milk samples are
dried and calcined to an attack performed subse-
quently with concentrated acids (HNO; and HCI,
1:1). The resulting solution is treated with disodium
EDTA. The difference of the value of the stability
constants of the complexes formed at the working
pH (4.8) makes the Sr (II) is retained in an ion ex-
change resin, resulting in elution of other
radionuclides (Ca (II) mainly), which ensures pass-
ing milli-Q water. By passing disodium EDTA at pH
5.1, Y (ITI) is retained in the resin, creating a very
stable complex that is eluted. Finally Sr is eluted by
passing NaCl 4M saturated, a process that also rein-
states the resin to its original sodium form, allowing
its reuse. Then Sr is precipitated as SrCO; [20],
which is purified. Finally the analysis of 90Sr is
made on the low-level proportional gas counter in
three measurements. The first two are outside the
equilibrium between *’Sr and °°Y and the activity is
calculated using a procedure based on the following
considerations.

—  In the milk sample the **Sr is in a secular equilib-
rium with its child ™Y (half-life of 64.00 hours),
from which it separates in the analytical procedure
(t=0), and from that moment *°Y begins to grow
again until reaching again the equilibrium in ap-
proximately 21 days (7 half lives of the son), ac-
cording to the laws of radioactivity. On the other
hand, the *Sr decays with its half-life of 50-53
days, while the activity of *’Sr can be considered
constant since its half-life is 28-79 years.

—  The beta particles of both strontiums and *°Y are
indistinguishable from each other, the method of
calculation is based on two measurements and two
equations, taking into account that the total activ-
ity recorded in each measurement is the sum of the
activities of the three isotopes, of which approxi-
mately *’Sr remains constant, *°Y increases, and
¥Sr decreases, depending on the time elapsed be-
tween the two measurements. These first two mea-
surements are performed one and two weeks after
radiochemical separation of *°Sr and Y.

—  The third measurement is performed at least three
weeks after radiochemical separation, to allow
time for *°Sr and *°Y to reach secular equilibrium
(the half-life of *°Y is 64.00 hours and it is as-
sumed that the secular equilibrium is reached after
seven half-lives of the son isotope), so that the ac-
tivity of the sample will decay according to the
half-life of *Sr (*’Sr activity is considered unde-
tectable because it occurs only by fission and has a
very low half-life of 50-53 days).

The chemical yield of the process is obtained by
the addition of a Sr stable carrier at the beginning of the
radiochemical separation, and subsequent measure-
ment by FAAS. The chemical yields obtained are
over 50-95 %.

CALCULATION

During the period 2009-2012, 39 samples of
cow's milk have been analyzed. The cpm values were
obtained in the first and second measures out of the
equilibrium between **Y and *°Sr, and in the third mea-
sure in the equilibrium between *°Y and *°Sr. The val-
ues of Sr mass of each sample are also known, which
have been determined by two analytical techniques,
such as gravimetry and FAAS. With all this data, two
statistical estimates have been developed. The first
one, allows us to obtain the cpm of the third measure in
the equilibrium between *°Y and *Sr, from the cpm
obtained with the first and second measures out of the
equilibrium. The second estimate allows us to obtain
the mass of Sr obtained by FAAS, from the determina-
tion of the Sr mass by gravimetry. Thus, it would not be
necessary to perform the third measure in the equilib-
rium between *°Y and °°Sr, nor the determination of St
mass by gravimetry.

The statistical model starts collecting the num-
ber of accounts in the channel beta of the proportional
counter in the 3 measurements for the determination of
%Sr. The first measurement is performed 1 week after
the radiochemical separation, out of equilibrium be-
tween *’Sr and *°Y. The second measurement is per-
formed 2 weeks after the radiochemical separation,
out of equilibrium. Finally, the third measurement is
performed at least 3 weeks after the radiochemical
separation, in the equilibrium. This data will be used to
create a curvilinear estimate, based on various as-
sumptions. In this way the following curve estimation
is obtained

{Le(t3)BY [EBEpm)]} =

1
=a{lc(t; )B/EfB(cpm)]}+b @

where c(#;)f is counts per minute in the beta channel in
the third measurement of the cow milk sample, Ef —
the efficiency in beta, c(#)B — the counts per minute in
the sample channel beta cow's milk in the first or the
second measurement, depending on which is the best
fit of the curve estimation. a is the slope of the curve
estimation, and b — the intercept of the curve estima-
tion.

For the adjustment of the estimation data from
39 samples of cow's milk were used. With this first es-
timate, the cpm of *°Sr in the beta channel are deter-
mined, without performing the third measure in the
equilibrium.

The second part of this design consists in esti-
mating the mass of Sr obtained by FAAS from actual
Sr mass determined by the gravimetric technique. As
in the previous estimation of the study samples of milk
for the last 4 years (2007-2011), which was deter-
mined by calculating the concentration of Sr activity
by both techniques. With this data, another curve esti-
mation is built, which is set with the adjustment data Sr
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Figure 1. Cpm curve estimation of the 5 channel in the
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Figure 2. Curve estimation Sr mass [mg] obtained by the
gravimetric technique vs. Sr mass [mg] obtained by the
technique of FAAS

separations conducted on samples of cow's milk. In

this way the following curvilinear estimate is obtained

mSr(mg)FAAS = a[mSr(mg)grav] + b 2)

With this correlation estimate the mass of Sr on

the plane is obtained by applying FAAS from Sr mass

determined by the gravimetric technique. To simplify

calculations, it can adjust an equation analogous to the

preceding, but with the mass of SrCO; instead of Sr
gravimetric mass as shown in fig. 2.

RESULTS AND DISCUSSION

The results for the estimation of the counts per
minute in the beta channel for *Sr in equilibrium, are
shown in fig. 1.

The curve obtained is as follows

[c(z)BYV[EB(cpm)] = (1.038 +
+0.011){[c()BVIEB(cpm)]} + (-0.129 + 0.199)

R=0.998, R*=0.996, R’ ected = 0.996

The results for the estimation of the mass of Sr by
FAAS, are shown in fig. 2.
The estimate was obtained as follows:

[mSr(mg) FAAS] = (0.9413 £ 0.021)-
-[mSr(mg) grav.] + (4.373 £ 1.308)

R=0.989, R*=0.978, R.mectea =0.977

The two curvilinear estimates are verified with
19 cow milk samples collected between July 2012 and
January 2014, with the following results, shown in
tabs. 2 and 3.

In these two tables we can observe the similarity
of the 19 results obtained between the real values ob-
tained (the measures of cpm in the third measure in the
equilibrium in the proportional counter and the mea-
sure of strontium by FAAS and the estimated, calcu-
lated from the linear regressions designed. With the
third measure at equilibrium the concentration of *°Sr
activity is obtained, and with the FAAS measure the
chemical yield of the process is obtained. For the use
of these estimates, it is necessary to take into account
that ®Sr activity is not significant, the time between
measurements is not significantly different between
samples and the difference of decay correction be-
tween samples is insignificant. These estimates are
valid for cow milk samples of the study area (farms lo-
cated in the municipalities of San Sadurnino, A Capela
and Narahio (A Coruna). Other sampling points with
similar characteristics would require a study similar in
character to that described in this article in order to
properly use curvilinear estimates.

The real and estimated cpm values in the third
measure at equilibrium obtained are overlapping.
These values are used to determine *°Sr activity, apply-
ing the following formula

X
60E g, o9 PR & 5"

Agr 90 = A3)
where

Asroo 18 the activity concentration of g [qu’3],
x — the counts per minute of gy (cpm), Eg.90 — the
counting efficiency *°S, P—the weight of the dry sam-
ple, R, — the chemical yield, and e *s~*' — the decay
correction factor of *Sr radioactive decay in time 1.

Table 4 shows the *’Sr activities obtained with
the real and estimated cpm values of the third measure
at equilibrium.

These estimates are valid for cow milk samples
ofthe study area (farms located in the municipalities of
San Sadurnino, A Capela and Narahio, A Coruna).
Other sampling points with similar characteristics



A. Otero-Pazos, et al.: Determination of Sr-90 in Milk Samples from the ...

Nuclear Technology & Radiation Protection: Year 2017, Vol. 32, No. 2, pp. 185-191 189
Table 2. Comparison between the actual result and the estimate of the number of counts per minute
measured in samples of cow milk
Sample 3.“{ measurement inthe |u (2c_y) 3r.dmea51_1rement in the| 3™ measurement in the | u (20) 3ff‘ measurement in |Recovery
equilibrium estimated [cpm] equilibrium estimated [cpm] | equilibrium real [cpm] | the equilibrium real [cpm] [%]
1007123-1lv 7.8515 0.1942 7.8425 0.1722 75.31
0708123-lv 10.7780 0.2221 10.587 0.1951 95.56
0409123-lv 4.4968 0.3967 4.0625 0.1342 89.35
0910123-lv 2.8346 0.3991 2.9221 0.1204 88.74
0711123-lv 3.0968 0.2435 3.1930 0.1238 88.13
1112123-1v 4.9073 0.1981 4.8400 0.1428 91.20
1501133-lv 2.6573 0.3520 2.7579 0.1183 94.35
0502133-lv 3.3761 0.3552 3.1375 0.1231 87.80
0503133-lv 5.7708 0.3172 5.7502 0.1523 89.65
1004133-1lv 3.4234 0.3402 3.4309 0.1267 74.22
0705133-lv 5.2942 0.2055 5.3754 0.1485 94.86
0506133-lv 4.2242 0.2064 4.1796 0.1355 53.95
0207133-lv 3.9651 0.2110 4.0168 0.1337 86.55
0708133-lv 3.3729 0.2470 3.3958 0.1263 88.59
1809133-lv 5.9692 0.2066 6.0702 0.1555 82.03
0910133-lv 1.9813 0.2663 2.0751 0.0980 73.35
0611133-lv 2.6081 0.4186 2.5375 0.1154 58.72
1112133-lv 3.7477 0.1626 3.8182 0.1314 87.35
1501143-lv 5.3130 0.2067 5.3004 0.1477 97.11
Table 3. Comparison between the actual result and the estimate of the mass of Sr in milk samples
obtained from cows
Sample Mass Sr FAAS estimated [mg] | u (mass Sr FAAS estimated) [mg] | Mass Sr FAAS real [mg] | u (mass Sr FAAS real) [mg]
1007123-lv 154.0 3.3 150.6 1.2
0708123-lv 193.5 4.4 191.1 2.7
0409123-1v 175.5 4.0 178.7 1.2
0910123-lv 180.1 4.1 177.5 1.7
0711123-1v 178.8 4.1 176.3 1.0
1112123-lv 187.6 4.3 182.4 1.2
1501133-1v 187.6 4.3 188.7 1.2
0502133-lv 169.7 3.9 159.8 1.9
0503133-lv 182.6 4.2 179.3 22
1004133-1lv 145.8 3.4 148.4 2.4
0705133-lv 191.4 44 189.8 2.2
0506133-lv 106.0 2.6 107.9 1.6
0207133-lv 171.7 4.0 173.1 2.0
0708133-lv 173.9 4.0 177.2 2.1
1809133-lv 162.6 3.8 164.1 2.0
0910133-lv 140.1 33 146.7 1.6
0611133-lv 111.8 2.7 117.4 1.5
1112133-lv 170.7 3.9 174.7 1.8
1501143-1v 191.2 4.4 194.2 2.0

would require a study similar in character to that de-
scribed in this article in order to properly use
curvilinear estimates.

CONCLUSIONS

Two linear estimates have been designed based on
actual data for determining the counts per minute in the
beta channel for *Sr in equilibrium and to determine the
mass of Sr by FAAS. These estimates can be used as an
alternative method, in case of destruction or loss of the
sample before the measurement of *Sr in equilibrium.
These estimates will minimize the time and cost that

would result in the realization of a new radiochemical
separation of *°Sr, since there is no need to carry out the
third step in the equilibrium for determination of cpm Sr,
or subsequent determination of Sr by FAAS.
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Table 4. Comparison between the real and the estimate results of the activity of *’Sr in milk samples
obtained from cows

Sample gy act[i}\;i(gn §3s]timated o g rg’:tserd ?C[t};‘grtr}:’ﬁ gy [f:l}ggr\g}}/] real u (QOSr[ s((;t:}l}t]y real)
1007123-1v 114.2 8.8 111.7 8.6
0708123-1v 124.2 26.9 122.7 26.6
0409123-1v 43.2 6.6 44.0 6.7
0910123-1v 23.7 6.2 23.4 6.1
0711123-1v 31.1 7.6 30.7 7.5
1112123-lv 51.7 11.5 52.0 11.6
1501133-1v 23.4 6.7 23.5 6.7
0502133-1v 34.8 9.5 32.8 9.0
0503133-1v 66.4 7.9 65.2 7.8
1004133-1v 38.7 7.6 39.4 7.7
0705133-1v 62.2 6.0 61.7 6.0
0506133-1v 72.3 7.8 73.6 7.9
0207133-1v 46.1 5.4 46.5 5.4
0708133-1v 32.5 4.4 33.1 4.5
1809133-1v 73.8 7.0 74.5 7.1
0910133-1v 19.5 5.1 20.4 53
0611133-lv 28.4 8.9 29.8 9.3
1112133-lv 453 4.4 46.4 4.5
1501143-1v 54.8 5.5 55.7 5.6
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Andepro OTEPO-ITA30C, Andonco KAJBEXA-TAPCUJA,
Mapuja Ucaben PEPHAHIE3-UBABE3, benurno Antonno POAPUI'E3-TOME3,
Amnppec Xoce IMHOH-ITA30C, Xoce Jlync KAJIBO-POJbE

OJIPEBUBAIE KOHUEHTPAIIMJIE Sr ¥ Y30PHHUMA MJIEKA
HA OCHOBY IIPOYYABABA CTATUCTUYKHUX PE3YITATA

360r yrunaja *’Sr Ha KUBOTHY Cpeiuny, oapebuBame Kounenrpauuje *°Sr y yzopuuma mieka
IJIaBHMU j€ 3a/1aTaK JabopaTopHja 3a MOHUTOPUHT 3pauetba. Konuentpanuja akrusrocty *°Sr u3 39 yzopaka
MJIeKa flo0ujeHa je paJuOXEeMUjCKUM U3/IBajalhbeM 3aCHOBAaHIM Ha CEJIEKTUBHOM 3apKaBatby CTPOHIHjyMa
y katjoHcko] cMonn (Dowex S0WXS, 50-100 mesh) u KacHHjeM ofjpebrBamy MPOMOPIMOHATHAM T'aCHIM
OpojaueM HUCKOT HHBOA. Pe3ynTaT cy mMpoBepeHU MepemeM KOHIEHTpaluje CTPOHLUjyMa IPUMEHOM
IJTaMeHe aTOMCKeE allcOPIIMOHe CIEKTPOCKOMHMje KaKo O ce KOHauHO 1o6mia Maca *°Sr. [lo6ujenu moyamnu
CTaTHCTHYKU Cy oOpabenm mertonom nuHeapHe perpecmje. Iloysgana npouena mace *Sr goGujena je
IPaBUMETPUjCKHM MOCTYIIKOM Kao M Ofi0poj o MuHyTY y TpeheM Mepemy npu pasrotexu *°Sr u Y, 6e3
notpebe Jla ce ob6aBpa aHanu3a. OBe NpolleHe BepuuKkoBaHe ¢y Ha 19 y3opaka Mieka ca JoOujeHuM
noknanameM pesynrara. HoBoct Koja ce mpukasyje y pafy je Moryhuoct ofpebubama KoHnenTpamuje *°Sr
y y3opuuMa Mieka 6e3 norpebe 3a TpehuM MepemeM Ipu paBHOTEXKH.

Kmwyune pequ: clupoHyujym, UpoiopyuoHaiiu opojad, aamena aimomMcKa aucopuyuona
CUeKIpOoCKOuja, AUHeapHa pezpecuja, paouoXemMujcko u3osajarse



