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A METHOD FOR DETERMINATION OF Sr80 Y-80 BY USING EDTA AND
ION-EXCHANGERS-APPLICATION TO THE DETERMINATION OF
THOSE RADIOISOTOPES IN MILK

Cé#lia Machado Siiva ¢ F.W. Lima

Este trebelho foi desnvolvido, em 1983, na Divislo de Radioquimica do entlo Instituto
de Energia Atomics, IEA, hoje Instituto de Pesquisss Enerpiticas ¢ Nuclesres, com s intengo
de prepersr método que contornasss a precigitacio privia des proteines ou enmtio s eveporago
de volume razosvelments grande de leite (pelo menos um litro), seguide de calcineglo do residuo,
¢ que pudesse ser aplicado de forme rotineirs ¢ sistemética pers a determinacio ds Sr-80 em leite
snimel ou humero.

0O trsbelho ¢ novemente trazido » conhecimento pGblico, isto 6, é republicado, esperando
que ssja de utilidade a0s grupos brasileiros qus estio envolvidos, pressntements, em determinacio
de radiostividede ambientsl ¢ de produtos de irmrnortincis alimentar, tais como leits, em virtude
dos acidentes nuclesres que ocorreram no hemisfirio rwis. As astividedes de Sr-80 encontrades
nas amostras de leite, em 1983, poderfo servir de referincia pera s que forem eventusiments
determinadas no presente.

Trabslhos muito recentes sobre o assunto!13), dessnvolvidos pelo “‘Nordic Lisson Committes

for Atomic Energy” apresentam método cujs etape principsl, isto 4, complexaglo dv Y-80 com
EDTA, ¢ a mesma do prasente trabeiho.

ABSTRACT

A method in which the complex of ethylenediaminetstrascetic scid (EDTA) with yttrium, wed in
conjunction with ionexchengers for determinstion of Sr-90 is described. The mwthod wes epplied to the
determinstion of concentration of 8r-80 in milk, avoiding, in this wey, protsin eliminetion by acid precipitation
or by eveporation of milk and eshing the residus.

Aneiysis of semples of milk from werious places in the Swate of 880 Paulo, Brasil, were carried out
ond the resuits are reported. Veluss found sre much lower then meximum permisible concentrstion,

UM METODO PARA DETERMINACAQ DE 890 Y90 USANDO EDTAE
RESINA TROCADAS DE fONS ~ APLICACAO PARA A DETERMINACAO
DESSES RADIOISOTOPOS NO LEITE

Descrevess 0 mMét0do desnvoivido pers o determinecio de Sr£0 -Y-90 por melo de compiexscfo com



dcido etilenodiaminotstraacitico (EDTA) e resinas trocadorass de fons. O miétodo foi splicado 3 determinaclio
da xhoentraglo dequele rudioisétopo em leite, evitandose, desss forma, a eliminaclo dos protsinas por preci-
eipiraclio écide ou por eveporaclo do leite ¢ queims do residuo.

Foram feites andlises de amostras de leite, procedentss de wirios lugares no Estado de S§o Psulo, Brami,
r sntandoee mesultados correspondentes. Os valores encontrados estdo mwito sbeixo de concentreglio méxime
O nissivel.

INTRODUCTION

Detsrmination of Sr-90 in milk is ususlly carried out by lengthy procedures consisting
ot an initial protein separstion, the protein being ususlly eliminated by scid precipitation, or
by eweporation of milk and asshing of the residue. These methods 3re effective but are spece
end time consuming and sesrch for simpler procedures is justifisble. Porter et alf!) developed
a procedure in which yttrium citrate carric: is added to the milk sample and a volume of sbout
one liter of milk is passed through a cationic ion-exchanger and next through an esnionic
exchenger. Yttrium Is retsined in the cnion-exchanger, eluted, precipitated as oxalate, and countsd.
The tots! vield of the procedure, for recovery of yttrium, is reported as being of 55%.

The final couting of the separated Y-90, in low background couting systems, is usually
of the order of 2 10 6 counts per minute for one liter sample of milk. Procedures that wouid
give higher recovery for yttrium sre always desirable in order to give samples with higher activities
for the final counting determination.

The method described in this paper is based on the fact thst yttrium-EDTA complex
is much more stable than the yttrium-citrate complex. Citrate-ions and proteins are both major
components of milk and yttrium would probably exist as the anionic complexes of u.ose milk
constituents. The retention of yttrium by the anionic ion-exchanger, on the process developed
by Porter et alll), is dus to the existence of those complexes st the normal milk pH of 6.6
to 7.0, in accordance with the mentioned authors.

if ytrium-EDTA complex is added as carrier to the milk samples, & higher then 56%
recovery will be otained. For samples with very low content of Sr-80 — Y-90 a higher recovery
of Y-80 will aliow the determination of Sr-80 in milk with 8 higher precision,

in order to wverify the method, semples of milk were purpossly contaminsted with Y-80
and Sr-00 st various sctivity lewsls, and the ssperation procedure described by Porter et alf?),
o well as the one described in this paper, were applied. A Y-80 recovery of 56% was obeerved
for the first method, in accordance with the value repuried by Porter, and of 85% for the second.

Piolugical trace results ere sometimes open to doubt because of possible cifferences in
chemical form between radionuclides existing in the cow’s milk and thoss purposely added to it
aftorwards. ins order to decide if the trecer experiments mentioned above were valid, samples of
milk were analysed by the procedure described in this peper, o5 well ss by standerd ashing
procedures'2). From Table | snd 11 it is seen that resuits sre in agreement, within experimsntal
orrors,  Precision can be evalusted from the data presented in Table i in which duplicats and
triplicate eot of anslysis, for verious samples, are recorded.



Table |

Results of Analysis of Milk Samples 10 Which Known Amounts of Y-80 Were Added

Sempb Activity Added Activity Recovered
* {cpm/mL) {cpm/mL) Recovered (%)
1 [ .74 7348 e
2 12066 10226 s
3 33600 28358 Y]
4 40480 28368 5.3

decribed in ref. (1).

'ml.zmawmwmmwmm-ﬂ;mmw

Table 11

Results of Analysis of Semples of Milk for Sr-80

Semple Typs of Milk Present Work Ashing®
1 Powder, whole 6.1 pCi/100 9 6.1 pCi/100¢g
2 Powder, skim 3.6 pCi/100 ¢ 3.2 pCi/100¢
3 Fresh, whole 9.3 pCi/L 9.8 pGi/L
* Process described in ref. (2)
Table W1

Results to Evaluse Precision of Anelysis Carried out by the Method Proposed in this Peper

Sr-90 pCi/L

83 £ 01
82 %01

93108
10.1 £ 08

668 £ 09
78 £ 09

109 £ 0.9
108 £ 0.1

61 +£04
63 %04
8604

* Powder milk, pCi/100 ¢




MATERIALS AND REAGENTS
Glass column, with syphon, 5 cm diameter and 25 cm length (cationic exchanger).

Glass column, with syphon, 3 cm dismeter and 18 cm lengih (snionic exchanger). Carrier solution
of Y-EDTA. Dissolve 5.75 g of EDTA in concentrated ammonium-hydroxide. Add 15 mL from a solution
of yttrium nitrate with concentration of 10 mg of yttrium per mL. Add ammonium hydroxide to adjust
pH to 7 (universal indicator paper) and make to volume in a 50 mL volumetric flask.

Cation ion-exchanger, Amberlite |R-120, 30 to 50 meshs.
Anionic ion-exchanger, Amberlite IR-401, 30 to 50 meshs.

Prepare the 5 cm diameter column with 140 mL of cation exchanger. Put the exchanger in the
sodium form by pessing 1,000 mL of a 4 M sodium chioride solution st 5 mL per minute. Wash the excess
of sodium chloride with deionized water. The exchanger is ragenerated, after sach analysis, with 500 mL
of a 4 M sodium chloride solution.

Prepare the 3 cm diameter column with 30 mL of anion exchanger. Put the exchanger in the
cloride form by passing 400 mL of a 2 M hydrochloric acid solution. Wash with deionized water until
no more acid indication on the universal indicstor paper is shown. After each analysis regenerate the
exchanger with 200 mL of a 2 M hydrochloric acid solution.

METHOD

To one liter sample of milk 3 mL of formaidehyde st 40% and 2 mL of carricr solution of
Y-EDTA, are added. The sample is stored under refrigeration at sbout 10° C, for 15 days, in order that
secular equilibrium Sr-90-Y-90 may practically be attained.

The sample is transferred to a separatory funnel and pessed tiwough the cationic exchanger and
next through the anionic exchanger columns at about 5 mL per minute. The flow is stopped when milk
surface is at about 2 mm of the cationic exchanger. 200 mL of deionized water is next passed through
the columns in order to remove the milk from the resin interstices. Next, warm water is passed until the
resin is completely washed out of milk.

The anionic exchanger column is then eluted with 260 mL of 2 M hydrochloride acid solution
st the rate of 1 mL per minute. The first portion of the eluate is disposed off. When the pH of the sluste
reaches a value of 4 the next 100 ml of eluted fraction sre collected. Thymo! blus indicator is added,
next concentrsted smmonium hydroxide solution, up to yellow-rose colour of indicstor, followed by
10 mL of s one molar solution of oxslic acid. The solution is stirred for two minutes. Ammonium
hydroxide solution is sgein added until yellow-rose colour of the indicator snd the precipitate is left to
sattle in a refrigerator for about one hour.

The precipitate is centrifuged, washed with 10 mL of hot water and centrifuged agein. The
precipitate is dissolved with 1 mL of hydrochloric-acid 6 M and 15 mL of hot water. If any insoluble
material remaing it is seperated by cuntrifuging.

in order to precipitate the yttrium oxalate the solution is first trestad with concentrated
smmonium hydroxide up to yeliow-rose colour of thymol biue indicstor. 10 mL of oxalic acid one molar
is added and the solution is stirred for about two minutes and a naw portior. of smmonium hydroxide is
sdded until yellow-ruie colour of the indicstor. The precipitats is left standing for about one hour and then
contrifuned. The precipitate is filtered by transfering with hot weter, to a chimney type sintered glass
filter, using medium porosity filter paper, and mounted for counting



The yitrium oxalate sample is counted in a low backgrund counting system and a decay line
is drawn to check purity by half-life determination. Zerc tirme for the separstion of Y-80 and 5r-80 is
taken as half the time for the one liter sample to percolate through the ion exchangers columns.

RESULTS AND DISCUSSION

Table IV summarizes the results qbtained for samples of milk from various plsres in the State
of So Paulo, Brazil.

Table IV

Sr-80 In Milk Samples From Various Places in the State of SSio Paulo, Brazil
(August 1982 to February 1963} (picocuries/liter)

August | September | October November December Jonuary February
Place
Day|pCi/L | Day|pCi/L | Day|pCi/L | Day| pCi/L | Day|pCi/L | Day|pCi/L | Day}pCi/L
1 3] 95 4] 8.3 g] 88 16| 9.6
8jce9 | 20| 8.3 9] 9.7
10/ 95 | 20 (101 17 |10.8
14/ 87 | 28| 66 | 17[108
24|98 | 28] 79
271 7.4
31{ 83
31} 82
2 271 9.6 17} 100 8100 656|109
2] 134 16| 96
23{ 07
N4
3 27] 286 17} 34 8| 27 1] 21
2| 27 16 23 65} 24
23] 15 6| 24
4 27| 66 17| 64 8| 28
2 34 16 3.8
23| 43
6 2| 29 17| 33 8! 20 61 1.8
2] 40 16| 24
231 19
31} 1.9




Amounts of Sr-80 for milk from places 3, 4 and 5 are lower than the ones from places 1 and 2.
Milk from 3, 4 and 5 sre from cows living, part of the time, in stables. Cows from places 1 and 2 are kept
in open field most of the time, although they have their food supplemented by an amount of suger best and
bean straw, when green pasture becomes scanty. Animals from places 3, 4 and 5 are fed with corn and
cottonseed cakes, rice and, partly, natural green pasture!3),

It has been shown by Tukey et ai'4), Russell et al'S) Larson et al!6), Nishita et al!?) that Sr-90
will not move within the plant. 1:'e contamination is a consequence of a direct absorption of strontium
deposited on the leaves and other exposed parts.

Corn and cottonseed cakes as well as rice rations are prepared from parts of the plants which
are protected from direct exposure to fallout pearticles. This would give a lower concentration of Sr-80
in seeds and in cotton and corn cakes maae up of them, such as the ones given to cows kept in stables
{places 3, 4 and 5).

Cows from places 1 and 2 are fed, mainly, by green pesture, and also by sugsr beet and besn
straw. it is thus seen that their feeding habits are such that a prominent pert of the food is composed
of external or exposed parts of the plant. This might be the cause for a higher amount of Sr-80 in their
milk.

Maximum permissible concentration of Sr-80 in milk has been reported as 80 picocuries per
liter, Campbell®?, quoted in Tentoni and Morisi‘8). Concentrations of that radioisotooe in milk froms
places reported in Table IV are much lower than that value.

Milk samples listed on Table |1l have also been analysed for calcium content. The concentration
of caicium is the same, within experimental errors, for milk from places 1, 2, 3, 4 and 5, mening 1.3
grams per liter of milk. No correlation seems to exist for the calcium content and Sr-80 in the samples
mentioned. The same lack of correlation may also be noticed in the data published by Campbell ot
8110), For those milk samples Sr-90 varied from 1.0 to 37.3 picocuries per liter and calcium from 1.01
to 1.33 grams per liter. It ssems that the concentration of calcium is so much higher as compered to the
very small concentration of the slkaline earth radioisotope Sr-90, that the small varistion of calcium
concentration found in milk will not affect the concentration of Sr-90.

Concerning the chemical processing of samples by using ion-exchangers, the method is much
mora simpler than the ashing procedures and can he carried out in thorter periods of time.

The higher stability constant of yttrium-EDTA, as compered to the complex yttrium-citric acid,
makes the use of that complexing agent preferable to citric acid, as shown by the higher yield of 86%, as
presented in this paper, compared to the yield of 55% obtsined by using citric acid.

Stability of cslcium and strontium ions with EDTA at the pH values at which the milk samples
sre percolated through the ion-exchangers, i.e., at pH values of about 8.5, is not high. However, at this
pH value yttrium complexes very well with EDTA. In this way, by working with the milk samples at
the pH conditions deczribed, the formation of the anionic species Y-EDTA will be enhanced and the
corresponding ones for the alkaline sarths, Ca-EDTA and Sr-EDTA, will be diminished. Consequently,
calcium and strontium will be retained efficiently by the cationic exchenger while the snionic Y-EDTA
complex will pass through and be retained by the anionic exchanger.

From Table V it is seen that log K values for Y-citric acid is 3.6, while for Y-EDTA it is equsl
to 18.09; for Ce-citric acid it is equal to 3.22 and for Sr citric acid, 2.7. These figures show that the
M-citric acid complex constants are lower than the M-EDTA constants snd, consequently, the citric acid
complexes would be more eassily broken by the cationic sxchaenger than the EDTA complexes, specisily
in the renge of pH at which milk is pessed through the exchangers. This would result in a iower amount
of yttrium absorbed, ss negative complex, into the snionic exchanger as compered to the amount of



Table V
Stability Constants for Citric Acid and EDTA Complexes, Chaberek and Marteli!11)

1
log K

Ca Cit~ 3.2
Sr Cit™ 2.7

Y Cit 36

CaEDTA™ 10.69
Sr EDTA™" 8.63
Y EDTA" 18.09

yttrium complexed with EDTA for which the stability constant is very high. Moreover, the stability
comtants for Y-citric acid and Sr-citric acid are more closer to esch other {1038 and 1027, with a
quotient equal to 100-99; than the ones for Y-EDTA and Sr-EDTA (10'8:09 and 10863, with »
quotient equal to 109-46), This would result in a much larger possibility of yttrium being contaminated
by strontium in the anionic exchanger, when using citric acid, as complexing agent, than when using EDTA.

One could not expect that in a complex solution such as milk, considerations based purely on
stability constants of y:trium and strontium with citric acid or EDTA would permit to foresee
theoretically the exact behaviour of the complexes and corresponding ions. However, the besic facts, as
considered above, prevail as shown by the experiments.

As conclusion it can be said that the method pressnted in this peper avoids the cumbersome
elimination of proteins by acid treatment or by concentrating and ashing the sampile. The higher yield
for Y-90 recovery, when using EDTA, as described, makes this complexing agent preferable to citric
acid. Also, radiochemical purity of separated Y-90 is better when using EDTA. A complete chemical
processing by the method presently described takes about eight hours with various samples being
processed at same time by one single analyst.

Contamination of the separated Y-90 by other radioisotopes of rare earths, from fission
products, was not observed. Rare earth elements are not absorbed from the gut and also are very poorly
taken up by plants!12). Determination of che half-life of the seperated Y-00 from milk showed that
contamination by other fission product radioisotopes did not occur.
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