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Abstract. Several 90Sr/90Y-generator systems have been developed and used to produce 90Y. The most important
parameter of the 90Y to be assayed is 90Sr content. In addition, when labelling monoclonal antibodies for therapy
trace metal quantities accompanying 90Y (Fe3+, Zn2+, Cu2+, ZrO2+, etc.) are to be kept as low as possible in order
to obtain high labelling efficiencies. Generally generators' lifetime is limited due to the 90Sr breakthrough which
increases in eluates as a result of the radiolytic degradation of the resin used as support. In the study a described
procedure for 90Y purification from metal contamination is modified in order to lower the amount of 90Sr present
in eluates from generators. As a result a very low 90Sr content is always assured (90Sr/90Y < 10"6).

1. INTRODUCTION

Nowadays 90Y (a pure beta emitter) is a radioisotope widely used for therapy. It is obtained
from 90Sr, a high yielded fission product.

Although several methods have been published, the most frequently used for its production are
ion exchange (ionic chromatography) and solvent extraction. The first one is employed at MBq scale
production and the second one is used preferentially at larger scale, say, GBq quantities due to the
effect of radio lysis on the resins employed in the chromatographic methods.

Generator systems are mostly based on ionic chromatography for its simplicity and rapidity
when compared to solvent extraction. Among these systems can be mentioned those employing
Dowex 50 WX8 resin and lactate [1], citrate [2], ethylenetriaminetetraacetic acid disodium salt [3, 4]
(EDTA), oxalate [5] and methanol-acetate [6] as eluants. The best results are achieved with the EDTA
chelating agent that gives the highest elution efficiency in the smallest volume and a very low 90Sr
breakthrough [4]. In addition, the pHof this solution does not need to be adjusted when prepared by
dissolution of the salt [3].

The aim of our study was to find a procedure to purify 90Y eluates from generators lowering
their 90Sr content and other metal contamination. 90Sr contamination level is the most important
parameter to be assayed if 90Y is intended for clinical application. In addition, when labelling
monoclonal antibodies the amount of trace metals has to be kept as low as possible in order to attain
high labelling efficiencies.

Samples collected from two generators are included in this work to show the results of the
elaborated procedure.

2. METHODS

Reagents

Nitric, sulphuric, and hydrochloric acids used in this research were both Analar and ARISTAR
quality from BDH. DTPA, EDTA, and salts of iron, zinc, copper, zirconium and yttrium were reagent
grade and from BDH. Dowex 50Wx8 (50-100 mesh) resin for the preparation of generators was from
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BDH too. AG50 Wx8 (100-200 mesh) and Chelex-100 resins (both from BioRad), Fluoran scintran
LS cocktail (BDH) and 90Sr/90Y standard solution (Amersham) were supplied by IAEA authorities
through CUB/2/011 project. The water used throughout the study was grade 2 (according ISO
3696:1987 [E]) and further purified with Chelex-100 resin and filtered through a 0.22 urn pore size
membrane filter. Purification glass for 90Y columns were 0.7 cm wide by 18 cm high.

Equipment

Wallac 1209 LS counter was used for 90Y and 90Sr measurements. Collection of effluents from
columns was made by means of an Eldex fraction collecting equipment.

Preparation of generators

90Sr/90Y generators involved in this study were prepared following the method described first by
Skraba [3] and more recently by Hnatowich [4]. Generators are of different activities and ages. The
oldest one with 185 MBq activity and one and a half year old has been eluted irregularly varying the
time between two consecutive elutions from 1 week to 3 months. The volume employed in its elution
has also been irregular. The other one of 740 MBq is only six months old and has been milked
regularly every week.

Purification procedure. Determination of elution volumes

A purification method known as Strelow's procedure [4] to eliminate the excessive metal
contamination of 90Y eluates was first studied. This method consists of making the eluate from
generator 0,5 mol/L H2SO4 and passing it through a column containing AG-50 WX8 (100-200 mesh)
resin in H+ form. After washing with 0,5 mol/L H2SO4 and 2 mol/L HC1 solutions 90Y is recovered
with 4 mol/L hydrochloric acid.

In order to find the elution volume of these acids for our system (a 0,7 cm wide and 18 cm long
column with 4,4 g or 14 cm3 of AG-50 WX8 resin) 50 mL of each were consecutively used in the same
order mentioned above. Samples of different cations (Fe3+, Zn2+, Cu2+, ZrO2+ and Y-90Y each
separately) in quantities equivalent to the 3% of total resin capacity and samples of about 37 kBq of
90Y without carrier were passed through the resin at a flow rate of 0.8 mL/min. Effluents from the
column were collected in 10-mL fractions except for the samples of 90Y where 2-mL fractions were
taken. Each one was properly treated and its metal content determined by volumetric analysis with
0.01 mol/L EDTA solution to find recovery. Samples containing Y-90Y were measured by liquid
scintillation counting.

Synthetic samples with about 37 kBq of 90Sr-90Y-equilibrium solution were submitted to
Strelow's procedure. After varying the volume of 2 mol/L HC1 and adding a wash-step with 2 mol/L
HNO3 samples of similar composition (90Sr-90Y solution) were passed through the system by the
application of this modified procedure.

Determination of90Sr and 90Y

90Y and 90Sr were measured by liquid scintillation counting. The double energetic window
method described by Moreno [7] and his co-workers was used in the case of 90Sr. Most og generators
samples was measured after almost total decay of 90Y. When it was needed, radiochemical separation
of 90Sr from 90Y was performed using an AG 1X4 (100-200 mesh) resin in OH" form and DTP A
chelating agent obtaining decontamination factors for 90Y higher than 107.
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3. RESULTS AND DISCUSSION

Elution volumes in purification procedure

Recovery of each metal is shown in table I. The elution of Zr in 0.5 mol/L H2SO4, Fe, Zn, Cu in
2 mol/L HCl and Y in 4 mol/L HCl and the experimental volumes are as they were expected from the
values of the Distribution coefficients (Kd) reported by Strelow [8, 9].

TABLE I. RECOVERY OF METALS ELUTED FROM PURIFICATION COLUMN (AG 50WX8
100-200 MESH)

Metal
Zr(IV)

Fe3+

Cu2+

Zn2+

90Y-Y

Eluant
0.5 mol/L H2SO4

2.0 mol/L HCl
2.0 mol/L HCl
2.0 mol/L HCl
4.0 mol/L HCl

KdT

4.6
5.2
4.3
3.7
8.6

EVTR (mL)*
20

20-30
20
20
25

Recovery (%)
97 + 2 **
99 + 2**
98 + 2**
98 + 2**

96

* Experimental volume for reported recovery in the table.
** Recoveries found by volumetric titration with EDTA.
Recovery calculated from direct measurement of Y-90 activity.
' Distribution coefficients reported by Strelow [8, 9]
Errors reported correspond to standard deviations for n=5.

However, in figure 1 it can be seen that there is a small difference in the position of elution
peaks of 90Y with and without carrier. As the case of no carrier addition is closer to real operation
conditions and considering that similar behaviour may be expected from the other metals an increase
of 10 mL was made to the final elution volumes in order to obtain a more complete removing of metal
traces.
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FIG. 1. Elution of Y-90 from purification column with 4 mol/L HCl.

90Sr content

90cData regarding Sr contamination levels in eluates from generators is shown in Table II.
Samples are arranged in descending order according to their elution date and are not consecutive ones.
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TABLE II. 90Sr CONTENTS REFERRED AS 90Sr/90Y RATIO IN SAMPLES ARISING FROM
GENERATOR # 1 (11/2 YEAR OLD) AND GENERATOR # 2 (SIX MONTHS OLD). IN THE CASE
OF GENERATOR # 1 THE SAMPLES WERE COLLECTED FROM 97/04 TO 98/08 AND FOR
GENERATOR # 2 FROM 98/05 TO 98/10

2.9 x
2.1 x
2.0 x
2.1 x
1.6 x
3.1 x
5.1 x
8.2 x

10"
10"6

10"6

10 -b

10"6

10"6

10"6

1O"6

Samples Generator # 1 185 MBq Generator # 2 740 MBq
1 2.4 x 10"3 6

2 4.7 x lO"6

3 6.7 x 10"6

4 5.0 x 10"6

5 4.0 x 10"6

6 5.4 x 10"6

7 6.7 x 10"6

8 1.6 x 10"5

9 1.8 x IP'5 2.9 x IP'5

*AH measurements of activity were carried out with a relative error less than 1%.

In the case of generator # 1 the contents of 90Sr from sample # 2 to sample # 7 correspond to the
required values (90Sr/90Y ratio has to be kept bellow 10"5 for in vivo use of the Y [10]). In sample #1
(which is the first elution) the 90Sr contamination level is higher than in the next eluates probably due
to the fact that only a small volume of eluant was used to wash the column immediately after loading
the activity. Samples # 8 and # 9 hold a higher 90Sr breakthrough. They correspond to elutions after a
3 months' period of time during which the generator was not operated. These higher 90Sr values could
be associated to a more serious damage caused to the resin by radiolysis.

The last two samples (# 8 and # 9) of the second generator show an important increase in the
90Sr content. The age of generator # 2 is about a third of generator # 1. In addition, the fact that
samples under analysis cover the entire range of their lifetime it can be presumed that generator # 2
has been affected faster by radiolytic degradation despite that it was more regularly milked because of
the higher activity. (A more detailed study, which includes dose calculation, should be carried out in
order to arrive to more consistent conclusions)

The result of the application of the purification procedure of Strelow to the 90Sr-90Y-mixtures is
shown in figure 2 where no separation of these two elements is achieved. The introduction of a
washing step with 2 mol/L nitric acid as main modification of the previous procedure brings a totally
different result. In figure 3 a very good separation can be observed (90Sr recoveries from the mixtures
are between 96 and 98%). By decreasing the used volume of 2 mol/L HC1 the volume of HNO3 can be
raised. This is important in order to assure a good separation and avoid the breakthrough of 90Y from
the column with HNO3. On the other hand the washing with 2 mol/L HC1 should not be eliminated
otherwise the volume of nitric acid needed to elute the contaminating metals (chiefly Fe3+) would be
too large. (Details of this study are not given in order to gain in brevity and they will be further
published). The 4 mol/L hydrochloric acid is removed by evaporation. The addition of a 1:1 cone.
H2SO4:HNO3-mixture and its evaporation to eliminate any organic residues is followed by dilution of
90Y into a small volume of 0.01-0.05 mol/L HC1 as final product. (A pre-concentration step is under
study to avoid the evaporation of such large volumes of concentrated acids)

Table III shows 90Sr contamination levels of some samples after being treated by this modified
procedure. In every case the 90Sr/90Y ratio is kept well bellow 10"6.

No trace metals' determination was carried out by any specific technique such as ICP
spectrometry. However the high (always >90%) DTPA labelling-efflciencies achieved with this
purified Yttrium (60% was the maximal value attained with 90Y directly obtained from generators)
indicates that just as the established procedure this modified one is also suitable for reducing the
levels of metal contaminants accompanying 90Y.
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1.5 x
I.I x
9.9 x
7.6 x
1.8 x

10"
io-7

lO' 8

10" s

io-7

TABLE III. 90Sr CONTENT AS 90Sr/90Y RATIO OF SAMPLES PURIFIED WITH THE MODIFIED
PURIFICATION PROCEDURE

Sample 90Sr/9UY
1 7

2
3
4
5

*All measurements of activity were carried out with a relative error less than 1%.

4. CONCLUSIONS

We have improved the described procedure of Strelow for purification of 90Y from metal
contamination by making it work as well for 90Sr, decreasing in this way its content in the final
product. Although generators involved in this study have low activity, one must expect at higher ones
the 90Sr breakthrough levels to grow even faster. So this modified procedure which can be used at
laboratory scale brings the possibility to solve two problems at the same time: 90Y purification from
metal contaminants and from 90Sr. The latter is the most important parameter if it is intended for
clinical use. Because this procedure guarantees very low 90Sr content in the final 90Y product, it
enlarges the usage of generators that do not necessarily have to be dismantled when the degree of 90Sr
breakthrough goes over the established limits.
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