
210Po (t1/2=138.38 d) occurs naturally via 210Pb
(t1/2=22.3 y) and 210Bi (t1/2=5.15 d) in the 238U decay
chain.  The contribution of 210Pb, 210Bi and 210Po to the
internal radiation dose to human has been estimated to
be around 8%.1 Various analytical methods have been
applied to the separation and determination of 210Po.2,3

Recently, a crown ether loaded extraction chromato-
graphic resin (EiChroM Sr.Spec ) was applied to the
selective separation of Pb and Po in several samples.
Vajda et al. determined the distribution coefficients of
Bi, Pb and Po on Sr.Spec in 0.5 – 8 M HCl, and
developed a large-column method for the separation of
210Pb and 210Po in standard samples.4 The resin was
applied to the separation of Pb (210Pb) for measure-
ments by thermal ionization mass spectrometry5,
graphite furnace atomic absorption spectrometry6 and
liquid scintillation counting.7 However, the distribution
coefficients for Fe and Cu on the resin in a HNO3 and
HCl solution are not available in the literature.

In this study, the weight distribution coefficients of
Fe, Cu, Pb, Bi and Po on the resin in HCl and HNO3

solutions were determined using a batch equilibrium
method, after which the elution behavior of Po and sev-
eral elements from the resin column was examined.
Subsequently, the coprecipitation behavior of Pb and
Po on CuS was examined.  The plating condition was
investigated for counting samples in the alpha ray spec-
trometry of Po.  Moreover, the loss of Po in ashing
samples was examined because of its volatility.  From a
series of investigations, it was found that Pb and Po
were effectively isolated from interference elements

using a Sr.Spec resin short column (2 ml).
Finally, a combination of coprecipitation and

Sr.Spec resin separation was developed for the deter-
mination of 210Pb and 210Po in several standard materi-
als (sediments, soils) and biological samples (shellfish,
seaweed) by alpha ray spectrometry.

Experimental

Alpha ray measurements
An EG &G ORTEC Model 576A alpha ray spectrom-

eter with a Canberra [passivated ion-implanted planar
silicon (PIPS) detector having 450 mm2 of an active
area] was used for alpha ray measurements.  The count-
ing efficiencies, determined by measuring JRIA (Japan
Radioisotope Association) standard uranium sources,
were typically 20 – 30% with this arrangement.  The
energy resolutions, determined with LMRI (Laboratoire
de Métrologie des Rayonnements Ionisants, France)
standard 243Am sources, were typically 20 – 40 keV full
width at the half-maximum peak height (FWHM) at
5.47 MeV.

Tracer
The 208Po tracer solution supplied by AEA

Technology, UK was diluted to activity concentration
of approximately 60 mBq/ml in 1 M HCl, and stored in
a Teflon bottle.

Reagents
All of the reagents used were of analytical grade.

Water was purified with an ORGANO PURIC Model-S
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pure-water system.  The Cu carrier solution was pre-
pared by dissolution of Cu metal (Kanto Chemicals
Co., Inc., purity, 99.99%) to have a final Cu concentra-
tion of 10.2 mg/ml in 1 M HNO3.  The Pb carrier solu-
tion was prepared by dissolving an aged Pb plate, giv-
ing a final Pb concentration of 18.5 mg/ml in 1 M
HNO3.

Apparatus
The concentration of stable elements was determined

with SEIKO Instruments SPS-1200AR ICP-AES.
Freeze drying for biological samples was carried out
with the EYELA Model FDU-830.  A Yokogawa elec-
tric Inc. PH-81-53J pH meter was used for pH measure-
ments.

Extraction chromatographic resin column
An EiChroM Sr.Spec resin prepacked column (par-

ticle size; 100 – 150 µm, column size; 0.79 cm i.d.×4.0
cm) was used.  The resin, bis-4,4′(5′)-t-butyl-cyclo-
hexano-18-crown-6, was loaded on an Amberchrom
CG-71 (polymethacrylate).  The detailed characteris-
tics of the resin and packed column were proved by
Horwitz et al.8

Plating
A Tokyo photo electric Inc. ANA-2-4 was used as a

power supplier and heating apparatus.  A SUS-304
stainless-steel polished disk (25 mmφ, 1 mm thick) was
used as a cathode.  A coiled Pt wire (1 mmφ) was used
as an anode.  The cell consisted of a Teflon cylinder (25
mmφ×80 mm) with a stainless-steel base.  The disk was
set as a cathode to the base.  The distance between the
cathode and the anode was kept at 5 mm.  In another
experiment, a Ni-polished disk (purity 99.9%, 25 mmφ,
1 mm thick) was used for spontaneous deposition meth-
ods.  The Ni disk was set to the base.  Po was deposited
onto Ni disk by only heating.

Determination of the weight distribution coefficient
The weight distribution coefficients [Dw; (amount of

ion per g of dry resin)/(amount of ion per ml of the
solution)] were determined by a batch-equilibrium
method at room temperature by loading a known
amount of metal ion on 0.1 g of the resin.  The equili-
bration period was 24 h.

Recommended procedures
The recommended chemical procedures consist of 4

steps: (1) decomposition of the sample, (2) coprecipita-
tion with CuS, (3) separation by Sr.Spec resin and (4)
plating of Po.  These procedures are shown below.

Biological samples
A 2 –5 g freeze-dried sample was weighed for analy-

sis.  An 80 mBq of 208Po tracer, 500 µg of Pb carrier
and 10 mg of a Cu carrier were added to the sample.
The sample was decomposed with a HNO3 and H2O2

mixture under heating at 120˚C.  After the sample was

decomposed, the sample solution was converted to the
chloride form.  The solution was then diluted to 1 M
HCl and the insoluble substance was filtered off.

Two milliliters of the saturated ascorbic acid solution
was added to the filtrate, and then adjusted to pH 4 – 5
with 4 M NH4OH.  After 10 ml of 1.3 M ethanthioamide
was added to the solution, the solution was heated to
120˚C until the CuS precipitate appeared to coagulate.
The precipitate was separated by filtration using a cel-
lulose nitrate membrane filter disk.  The precipitate was
then dissolved with small amounts of 4 M HCl.

The sample solution was loaded on a Sr.Spec resin
column.  Cu and Bi were washed out with 8 ml of 4 M
HCl.  Subsequently, the column was washed with 20 ml
of 8 M HCl to remove Pb.  The Pb fraction was stored
for 3 – 6 months to grow 210Po from 210Pb decay.  Then,
Fe remaining on the column was washed by 4 ml of 6
M HNO3.  Finally, Po was eluted by 16 ml of 6 M
HNO3.

The Po fraction was evaporated nearly to dryness and
the organic compounds in the fraction were decom-
posed with a few milliliters of HCl and HNO3.  After
decomposition, the solution was converted to the chlo-
ride form.  The solution was diluted with 10 ml of 0.5
M HCl, and 1 ml of a saturated ascorbic acid solution
was added to the solution.  The solution was transferred
into the electric cell.  Polonium was plated onto a stain-
less-steel disk for 2.5 h at a current density of 20
mA/cm2.  After plating, the disk was rinsed with H2O
and acetone, and dried at room temperature.  The activ-
ities of 208Po and 210Po were determined by alpha ray
spectrometry.

Geological samples
A 1 – 5 g sample was weighed for analysis.  An 80

mBq of 208Po tracer, 500 µg of Pb carrier and 10 mg of
Cu carrier were added to the sample, which was then
decomposed with HNO3 and HF mixture under heating
at 120˚C.  After the sample was decomposed, the solu-
tion was converted to the chloride form.  The solution
was then diluted to 1 M HCl and the insoluble sub-
stance was filtered off.  The procedure after that was
the same as that for biological samples.  Because geo-
logical samples usually contain large amounts of Fe,
however, repeating coprecipitation was recommended.

210Pb determination
The Pb fraction was stored for 3 – 6 months to grow

210Po from 210Pb decay in the solution.  After the Pb
fraction was stored, a 208Po tracer was re-spiked to the
Pb fraction to repeat Po separation with the resin col-
umn and plating.  The stable Pb concentration in the
fraction was determined by an ICP-AES for calculation
of Pb recovery.  The recovery of 210Pb was corrected
based on the stable Pb content in the sample.  The 210Pb
concentration was calculated from the 210Po produced
from 210Pb decay using Bateman’s equation.9
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Results and Discussion

Weight distribution coefficients and elution behavior
The measured Dw values given in Figs. 1 and 2.  The

Dw values are plotted against the concentration of HCl
and HNO3, respectively.  As can be seen in Figs. 1 and
2, the Dw value of Pb(II) decreases along with an
increase in the HCl morality, but Pb(II) is strongly
adsorbed in the HNO3 solution, because of a strong
affinity of 18-crown-6 derivatives for the Pb(II) ion.10

Fe(III) and Po(IV) show a similar behavior.  Both
were strongly adsorbed on the resin in a HCl solution,

and were weakly adsorbed on the resin in a HNO3 solu-
tion.  Watari et al. have discussed the strong affinity of
the Fe(III) ion to Amberlite XAD-7 in a HCl solu-
tion, and inferred a hydrophobic interaction between
the FeCl4

– complex and the XAD-7 resin.11 Honjo
described that chloride complexes of Fe(III), Au(III),
Sb(III) and Ga(III) were extracted with crown ethers.10

It is considered that these interactions can be related to
the strong affinity of the Fe(III) ion to Sr.Spec resin.
It can be presumed that the adsorption mechanism of
Po(IV) is the same as that of Fe(III) based on the
adsorption behavior of Po(IV) and the large stability
constant of PoCl6

2–(βML=1014).2

The adsorptions of Cu(II) and Bi(III) were weak at
any concentration of HCl and HNO3.  These results
suggest that these elements could be separated by the
Sr.Spec resin column.

The elution behaviors of Po, Bi, Cu, Fe and Pb from
the Sr.Spec resin column are presented in Fig. 3.
Under the present condition, Pb and Po were success-
fully separated from other elements.  Furthermore,
these elements were recovered quantitatively in this
procedure.  The recovery of Pb was 101±3% and that of
Po was 95±2%.

Plating conditions
The effect of the plating conditions on the recovery of

Po is shown in Fig. 4.  Polonium plated out quantita-
tively on a stainless-steel disk by electrodeposition with
a reductant.  The yield was about 70% at 1 h and
approached 100% at 2 h.  In the spontaneous deposition
method, however, the yield increased along with the
plating time up to around 4 h; afterward it reached a
constant value of 75%.  A very low yield was noticed
in the electrodeposition procedure without any reduc-
tant on a stainless-steel disk.

In this study, therefore, the plating was carried out for
2.5 h at a current density of 20 mA/cm2 in 0.5 M HCl
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Fig. 2 Weight distribution coefficients of Fe(III), Cu(II),
Pb(II), Bi(III) and Po(IV) between the extraction chromato-
graphic resin and HNO3 solution as a function of molarity.
Resin, Eichrom Sr.Spec ; particle size, 100 – 150 µm;
[Fe]=225 µM; [Cu]=216 µM; [Pb]=63.5 µM; [Bi]=61.2 µM;
activity of 208Po=0.6 Bq.

Fig. 1 Weight distribution coefficients of Fe(III), Cu(II),
Pb(II), Bi(III) and Po(IV) between the extraction chromato-
graphic resin and HCl solution as a function of molarity.
Resin, Eichrom Sr.Spec ; Particle size, 100 – 150 µm;
[Fe]=225 µM; [Cu]=216 µM; [Pb]=63.5 µM; [Bi]=61.2 µM;
activity of 208Po=0.6 Bq.

Fig. 3 Elution behaviors of Fe, Cu, Bi, Pb and Po with the
extraction chromatographic resin column.  Resin, Eichrom
Sr.Spec ; particle size, 100 – 150 µm; column, 0.79 cm
i.d.×4.0 cm; amount of Fe=3.6 µmol; amount of Cu=160
µmol; amount of Pb=46 µmol; amount of Bi=98 µmol; activi-
ty of 208Po=0.15 Bq.



containing ascorbic acid.

Coprecipitation
The coprecipitation behavior with CuS is shown in

Fig. 5.  Polonium and Bi were coprecipitated with CuS
at pH 1 to 5.5.  Above pH 4.0, Pb was coprecipitated
just as Po and Bi.  The contamination of Fe(III) ion was
eliminated by the presence of ascorbic acid as a reduc-
tant.  Furthermore, it was confirmed that U and Th
were not coprecipitated.  In this study, Pb, Bi and Po
were collected simultaneously with CuS at pH 4.0 to
5.5.

Loss of Po in sample preparation by ashing
It has been well known that Po is a volatile element.2,3

The effect of the ashing temperature on the loss of Po
was examined using freeze-dried viscera of shellfish
(Batillus cornutus) samples.  The samples in porcelain
dishes were heated in an electric furnace at 100˚C for
12 h, 450˚C for 12 h and 600˚C for 12 h.  Lost(%) of
Po was calculated using:

where C1 and C2 mean the Po concentration in the
freeze-dried sample and the heated samples, respective-
ly.  The results are shown in Fig. 6.  The loss of Po was
observed to increase along with the increase in temper-
ature, and Po was completely lost at 600˚C.  These
findings agreed with those of earlier works, and it is
thought that the products of sublimation in air are prob-
ably the dioxide.3,12 Based on the present results, we
selected the freeze-dried methods for the biological
sample preparation and heating method at 40˚C for 12
h for soil, ore and sediment sample preparation.

lost(%)= ×100,C1–C2

C1

Applications
Standard reference materials were analyzed in order

to examine the reproducibility and accuracy of the pre-
sent method.  The results are given in Table 1.  In stan-
dard reference material more than two years old, 210Po
was in secular equilibrium with 210Pb, having approxi-
mately equal activities.  Therefore, the determined val-
ues of 210Po in the standard reference materials were
compared with their recommended value of 210Pb.

The mean value of 210Po for NIST-4354 is 124 Bq/kg,
which is in good agreement with the recommended
value (120 Bq/kg).

The mean value for IAEA-135 in this work was 75
Bq/kg, which is 50% higher than the recommended
value (average; 49±17 Bq/kg), but is comparable to the
value (72 and 68 Bq/kg) reported by Vajda et al.4

The value for IAEA-326 is in good agreement with
the recommended value.  The value for IAEA-368 is 31
Bq/kg, which is higher than the recommended value
(median; 23.2 Bq/kg), but is in the range of the reported
values (10 – 37 Bq/kg).

We also applied the method to biological samples.
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Fig. 4 Effect of the plating conditions on the recoveries of
polonium.  ( ) electrodeposition on SUS-304 disk in 0.5 M
HCl with reductant; concentration of ascorbic acid, 60 mM;
temperature, 85˚C;  ( ) electrodeposition on SUS-304 disk
in 0.5 M HCl; temperature, 25˚C;  ( ) spontaneous deposi-
tion on Ni disk in 0.5 M HCl; concentration of ascorbic acid,
60 mM; temperature, 85˚C.

Fig. 5 Effect of pH on the recoveries of Po, Bi, Pb in the CuS
coprecipitation procedure.  [Pb]=15.0 µM; [Bi]=4.89 µM;
[Cu]=1.72 mM; [Fe]= 18.0 mM; [Th]=3.64 µM; [U]=4.38
µM; activity of 208Po=0.60 Bq; [CH3CSNH2]=133 mM.

Fig. 6 Effect of the furnace temperature on the losses of polo-
nium.



The results are given in Table 2.  210Po was in secular
equilibrium with 210Pb in a seaweed sample, because it
was more than two years old.  The concentration of
210Pb was lower than that of 210Po, and the 210Po/210Pb
activity ratio was 5 in a shellfish sample.  According to
Yamamoto et al.9, the ratio of 210Po/210Pb ranges from 3
to 55 in the muscle of Japanese shellfish.  The mean
value for a seaweed sample is 9.7±0.5 Bq/kg, which is
comparable with the literature value.9

The chemical yield of Po ranged from 56 to 99% and
that of Pb was 95%.  However, the difference in the
yield of Po between sediments and biological samples
was observed.  It is thought that the low chemical yield
of Po in sediment is presumably because of the loss of
Po by its volatility at the sample decomposition.

In conclusion, the extraction chromatographic resin
was useful for Pb and Po separation.  The resin shows a
high Dw value of Po in a HCl solution, and Po was
readily eluted by a HNO3 solution.  The analytical
results of the standard reference materials agreed with
their recommended values.  The chemical yield of Po
ranged from 56 to 99% and the yield of Pb was 95%.
The detection limits of 210Pb and 210Po were 0.6

mBq/sample based on three-times the counting statis-
tics at a counting time of 70000 s.

We thank Prof. Dr. K. Komura of Kanazawa Univ. for provid-
ing an aged Pb plate.  We would like to express our deep thanks
to Prof. Dr. K. Oguma of Chiba Univ. and Dr. M. Shibukawa of
Nihon Univ. for their valuable discussions.  We thank Mr. M.
Koshikawa and Ms. J. Itakura for the preparation of shellfish
samples.  We thank to Dr. Y. Takata and Dr. H. Higuchi for
reading the manuscript.

Reference

1. United Nations Scientific Committee on the Effects of
Radiation, Sources, Effects and Risks of Ionizing
Radiation, United Nations, New York, 1988.

2. P. E. Figgins, “The Radiochemistry of Polonium”, U. S.
Atomic Energy Committee, NAS-NS-3037, 1961.

3. J. Sedlet, in “Treatise on Analytical Chemistry”, ed. I. M.
Kolthoff and P. J. Elving, Part II, Vol. 6, pp. 520 – 555,
New York, 1964.

4. N. Vajda, J. L. Larosa, P. Danesi and G. Kis-Benedek, J.
Environ. Radioactivity, 37, 335(1997).

5. N. H. Gale, Anal. Chim. Acta, 332, 15(1996).

27ANALYTICAL SCIENCES   JANUARY 1999, VOL. 15

Table 1 Analytical results of 210Po in standard reference materials 

Weight/
g

210Po
Bq/kg ± σa

208Po yield,
%

NIST-4354
(Freshwater lake sediment)

IAEA-135
(Irish sea sediment)

IAEA-326
(Kursk black soil)
IAEA-368
(Pacific ocean sediment)

0.547 127 ± 4.4 56
0.548 121 ± 4.5 63

[mean 124 ± 4.2c]

0.964 71 ± 3.9 56
0.998 78 ± 4.4 65

[mean 75 ± 4.9c]

2.13 51 ± 1.6 82

5.51 31 ± 0.9 91

120

15 – 80b

(average 49 ± 17)

1.7 – 81b

(average 45.6 ± 17)

10 – 37b

(median 23.2)

Sample

a. Propagated counting statistics.  b. Reported data range.  c. Standard deviation.  d. 210Po was in secular equilibrium with 210Pb in 
standard reference material.  Therefore, the determined values of 210Po are compared with their recommended value of 210Pb.

Recommended value
210Pbd Bq/kg

Table 2 Analytical results of 210Pb and 210Po in biological samples

208Po yield, 
%

Sample

muscle 1.5 ± 0.2 95 7.7 ± 0.2 91 5

 whole body — 9.2 ± 0.4 99
— 10.3 ± 0.4 92
— 9.5 ± 0.4 95
— 9.6 ± 0.4 94

[mean  9.7 ± 0.5b ]

Shellfish
(Batillus cornuts)

Seaweed
(Gelidium amansii)

a. Propagated counting error.  b. Standard deviation.

210Po/210Pb
Tissue of 

organ
 210Pb

Bq/kg ± σa

Pb yield,
%

210Po
Bq/kg ± σa



6. J. E. Sloof, J. R. Woittiez and U. Woronniecka, Fresenius’
J. Anal. Chem., 354, 16(1996).

7. J. R. Woittiez, J. E. Sloof and K. J. Kroon, J. Radioanal.
Nucl. Chem., 194, 319(1992).

8. E. P. Horwitz, R. Chiarizia and M. L. Dietz, Solvent Extr.
Ion Exch., 10, 313(1992).

9. M. Yamamoto, T. Abe, J. Kuwabara, K. Komura, K. Ueno
and Y. Takizawa, J. Radioanal. Nucl. Chem . ,  178 ,
81(1994).

10. T. Honjo, Bunseki, 1997, 127.

11. K. Watari, Y. Imai, S. Shibata and M. Miura, Nihon
Genshiryoku Gakkaishi, 26, 384(1984).

12. M. Yamamoto, Proceedings of the National Institute of
Radiological Sciences Seminar on Environmental
Research, ed. T. Iwakura and T. Nakajima, pp.106 – 122,
Chiba, 1992.

(Received September 8, 1998)
(Accepted November 4, 1998)

28 ANALYTICAL SCIENCES   JANUARY 1999, VOL. 15


