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Abstract. Liquid scintillation counting (.SC) is an easy and straightforward technique, and
combined with its low limit of detection, makes it a powerful tool for both routine and low level
measurements that can be applied to 2°Pb low level counting in environmental samples. >'°Pb can
be easily measured following a sulphate co-precipitation method; the addition of a carrier and the
weighing of the recovered amount is a widespread technique to evaluate radiochemical yield,
however, this evaluation of the recovery is sometimes questioned. The samples employed in this
work were recollected in 1999 and 2005 from the estuary of the Odiel and Tinto rivers (SW of
Spain), which were affected by phosphogypsum (pg.) discharges until 1998. Phosphogypsum
contains most of the >'Pb from the treated raw material, for that reason analysed riverbed
sediments have enhanced 2°Pb activity concentrations and hence, enhanced activity concentration
of its daughter **°Po, both in secular equilibrium after two years.
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INTRODUCTION

To get the most accurate results in LSC, it is not only necessary to calibrate the
counting efficiency, taking into account alpha interferences, but also to have a robust
tool to evaluate the yield of the radiochemical procedure. Thus the objectives of this
work can be divided in: 1.- Studying the accuracy of the methods to obtain the lead
recuperation in the co-precipitation. Two methods are compared, ICP-MS for direct
evaluation of stable lead, and weighting the final sulphate precipitate. 2.- Comparing the
LSC with three techniques employed for the evaluation of % LSC, Cerenkov
counting, gamma spectrometry and alpha spectrometry (*'%Po), in order to evaluate the
accuracy of the LSC technique. And 3.- Evaluating the evolution of %% concentration
in sediments from Huelva Estuary (in years 1999 and 2005), affected by former
discharges of pg.
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SAMPLING AND METHODS

Pb was evaluated through four different radiometric techniques in sediment
samples, collected in the years 1999 and 2005 in the Huelva estuary affected by former
pg. discharges.

Through LSC and Cerenkov radiation, *'°Pb was determined following a selective
sulphate precipitation method [1]. After co-precipitating Ra and Pb as Ra-Pb-BaSOy4 [2]
by the (addition of dilute H2SO.). The Ra-Pb-BaSOy precipitate was re-dissolved using
EDTA. Re-precipitation of PbSO4 was obtained by adjusting the solution pH = 3.
Precipitates were dissolved using EDTA in ammonia medium. For LSC, the sample
volume was mixed with scintillator (Optiphase Hisafe 3) and for Cerenkov counting of
% MilliQ water was added to the vial to complete 20 ml. The detectors employed
were a Quantulus Wallac 1220 and a Packard Tri-Carb 3170.

On the other hand *'°Pb was determined through gamma spectrometry, employing a
Canberra n-type Reverse Electrode Germanium detector (REGe); and through alpha
spectrometry, measuring %0 in secular equilibrium with H10pg, through auto-
deposition onto metal surfaces using 1.5 M HCI, employing a Camberra PIPS alpha
detector [1], [3].

210

RESULTS AND DISCUSSION

Evaluation of the Recovery Yield

To calculate the recovery yield in the co-precipitation method, a widespread
technique consists of the weighing of the final mass of the PbSO4 precipitate, after
adding a known amount of carrier. To obtain the radiochemical yield from the
precipitate of PbSQy, it has been made

a calibration curve, stable lead mass
y = (1.0057 + 0.00909) X versus radiochemical yieldl. To check
if it is possible to estimate the
radiochemical yield by weighting the
final  precipitate, the ICP-MS
technique is applied to measure the
final stable lead recovered (Figure 1).

R? =0,9885

Radiochemical yield through ICP-MS

04 05 06 07 08 09 1.0
Radiochemical yield through weight

FIGURE 1. Radiochemical yield calculated through mass measurement vs. radiochemical yield
evaluated through stable lead measurement through ICP-MS.

According to these results, the gravimetrical method provides accurate results for
recovery calculations and therefore, could be used as an alternative to the ICP-MS
technique when necessary.

Evaluation of *'°Pb

Pb was determined throu%h LSC and by Cerenkov (CK) counting through beta
emissions of its descendant '"Bi. For CK counting, the radiochemical procedure is
identical, except that there is no final mixing with scintillator cocktail [4]3. Furthermore,
in CK counting it is necessary waiting 28 days to reach the secular equilibrium H0pp_

210Bi.
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The results, in Figure 2, show good agreement between both techniques. The main
advantage of LSC is that the determination is immediate and is not necessary to wait for
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secular equilibrium. On the other
hand, in CK counting, no
scintillator is  employed, so
heterogeneity between sample and
cocktail is avoided; this is of great
advantage in the case of high
amounts of sulphates when higher
concentrations of EDTA and
ammonia are needed for the
dissolution of the sulphates [3].

FIGURE 2. *'°Pb (Bg/ke) by LSC vs. 2°Pb (Bg/kg) by Cerenkov counting.

The evaluation of the goodness of the LSC procedure for

210 e
Pb determination is also

done through intercomparing samples from the Estuary of Huelva, through two more
alternative techniques (Figure 3): gamma spectrometry and alpha spectrometry
(measuring its daughter 1% after secular equilibrium is reached). The results show
coincident results with both gamma and alpha techniques.
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FIGURE 3. *'°Pb (Bg/kg) by LSC vs. 210y (Bg/kg) by gamma spectrometry (a) and by alpha spec. (b).

Evolution of *'°Pb Concentration in Sediments of Huelva Estuary

In 1998, the new policy of waste management changed completely and releases to
Odiel and Tinto river ceased [5]; activities in 1999 are higher than in 2005, since the

changes caused a clear decrease in >'°Pb concentrations in the riverbed sediments.

It can also be seen a remobilization of the bottom sediments that homogenizes *'“Pb
concentrations in the sampling points. The diminishing of the activity concentration in
the Tinto River is not as noticeable as in the Odiel part due to the lixiviation of old

phosphogypsum open-air piles next to the Tinto area.
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FIGURE 4. *'°Pb (Bq/ke) by LSC in sediment samples colleted in Tinto and Odiel rivers (years 1999
and 2005)

CONCLUSIONS
The determination of *'°Pb through LSC, applying the sulphate precipitation

method, is suitable for samples affected by phosphogypsum discharges, being an
accurate and precise method. Furthermore, it is proved that it is possible to evaluate the
recovery yield of the procedure by weighting the final mass of the sulphate precipitate,
comparing the results obtained through the measurement of stable lead by ICP-MS. This
is supported for the excellent agreement within the uncertainties of the four different
intercompared techniques, LSC, Cerenkov, gamma and alpha spectrometry.
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