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ABSTRACT

The most commonly used techniques o f alpha and gam ma spectrometry were performed to measure 210Pb 
activity in marine sediment core as a comparison. Alpha analytical technique measured the activity of 210Pb 
from  its in-grow grand-daughter 210Po after a chemical separation, assuming radioactive equilibrium between 
the two radionuclides. Meanwhile, gamma analysis technique allows direct measurement, non-destructive and 
no preliminary chemical separation. Through the comparison, it is found that both alpha and gamma analysis 
techniques were slightly difference. Overall, the results from alpha analytical technique were basically higher 
than those from  the gamma analytical techniques. Some logical argument had been discussed to explain this 
situation. In routine analysis, the analytical technique used should be chosen carefully based on advantages and 
disadvantages o f the each technique and analysis requirements. Therefore, it is recommended to determine 
exactly the needs and purpose of analysis and to know the sample history before decide the appropriate 
analytical technique.

ABSTRAK

Teknik umum spektrometri alfa dan gam a telah digunakan untuk mengukur keaktifan 210Pb dalam sedimen 
turus marin sebagai satu perbandingan. Teknik analisis alfa mengukur keaktifan 210Pb melalui anaknya, 210Po, 
selepas satu pemisahan kimia, dengan mengandaikan terdapat keseimbangan radioaktif antara dua radionuklid. 
Sementara itu, teknik analisa gama membenarkan pengukuran terus, tak m usnah dan tiada pemisahan kimia 
awalan. M elalui perbandingan ini, didapati terdapat sedikit perbezaan antara teknik analisis alfa dan gama. 
Secara keseluruhannya, keputusan menunjukkan bahawa pengukuran dengan teknik analisis alfa memberi 
keputusan keaktifan yang lebih tinggi berbanding teknik analisis gama. Beberapa pandangan telah dibincangkan 
untuk menerangkan keadaan ini. Dalam analisa rutin, teknik analisis yang digunakan mesti dipilih secara teliti 
berdasarkan kelebihan dan kelemahan setiap teknik dan keperluan analisis. Oleh itu, adalah disarankan untuk 
menetapkan kehendak dan tujuan analisis dan mengetahui latarbelakang sampel sebelum menentukan teknik 
analisis yang sesuai.

Keywords: alpha and gamma spectrometry; Pb; marine sediment 
Katakunci: spektrometri alfa dan gama; 2 °Pb; sedimen marin

mailto:zaluyun@nuclearmalaysia.sov.my


[Zaluyun et al. Seminar R&D 2010] 2

INTRODUCTION

Lead-210 (210Pb) (im  -  22.3 years) occurs naturally as one of the decay products of the 238U series. 210Pb is a 
very useful tracer and widely for variety applications in marine environment processes. Measurement of Pb 
have found extensive application in the 2 Pb geo-chronometry (sedimentation rate, sediment aging, sediment 
accumulation etc.), assessments of material fluxes to the seafloor, environmental pollution studies and others 
(Ebaid and Khater, 2006; Zaborska et al., 2007).

A number of analytical techniques are available for the measurement of 210Pb, based on different physical and 
chemical principles. They differ concerning the reachable detection limit, selectivity, analytical error 
reproducibility and stability against different chemical composition and levels of others natural radionuclides. 
There are three commonly used radiometric methods for the measurement of 210Pb activity in the environmental 
samples, that are a) gamma-ray spectrometry for 210Pb, which allows direct measurement in various media, 
including water, rocks, soil and sediment; b) beta counter and spectrometry observing the growth of its daughter 
210Bi; and c) alpha spectrometry of its grand-daughter 210Po, in both beta and alpha measurement, assuming 
there is radioactive equilibrium between 10Pb and 10Po (Pilleyre et al., 2006; Ebaid and Khater, 2006). The use 
of suitable analytical technique should be chosen carefully based on advantage and disadvantage of the each 
technique and analysis requirements. Therefore, it is recommended to prior determine the needs and purpose of 
analysis and know the sample history before decide on the most suitable analytical technique.

The objective of this studv was aimed to compare the capability and suitability of different techniques for 
measuring the activity of 2 Pb in marine sediment core using alpha and gamma spectrometry.

EXPERIM ENTAL 

Field method
Marine sediment core of 100 cm length from Manila Bay was collected in December, 2004 using 

gravity corer. 0 -  20 cm and 20 -  100 cm of sediment core was sliced at 0 -  2 cm and 0 -  1 cm intervals, 
respectively. All sediment samples were kept into a pre-weighted air tight sample container and bring to the 
laboratory for further analyses.

Sample pre-preparation
All sediment samples were dried in an oven at 60 °C until a constant weight. Then, the dried sediments 

were crushed, ground into fine particles, sieved through 125 ^m sieve mesh size for homogenous.

Analytical techniques for the determ ination of 210Pb
Alpha analysis: Radiochemical separation of 210Po was performed on 0.5 g dried sediments samples. 

The samples were spiked with 25 -  50 mBq of 209Po tracer as analytical yield and digested on the hot plate with 
30 ml of H N 03, 5 ml of HC104 and 10 ml of HC1 at temperature below 70 °C until dryness (Wood et al., 1997; 
Tee et al., 2003). Residue were then been dissolved in a 0.5 M HC1 acid solution. Any un-dissolved materials 
were filtered-off. Then, polonium isotopes in the solution were spontaneously plated for 4 hours on a silver disc 
after adding ascorbic acid to prevent Fe deposition (Al-Masri et al., 2002). 210Pb activities were determined 
through its granddaughter (210Po) with one day of alpha spectrometry counting during secular equilibrium stage 
(Wood et al., 1997; Henderson et al., 1999; San Miguel et al., 2004). The quality control for this procedure was 
performed using the International Atomic Energy Agency (IAEA) standard reference material (IAEA- 315 and 
IAEA-326). Activity of 210Pb in two selected reference materials using alpha and gamma spectrometry 
techniques is given as in Table 1.

Table 1. Activity of 210Pb (Bq/kg dry) in certified reference material samples measured by alpha and gamma
spectrometry

CRM Reference value Reference Date
(Bq/kg)

IAEA-315 30.10(26.60-33.70) 01-01-1993
IAEA-326 53.30 (48.80 -  57.80) 31-12-1994
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Gamma analysis: About 3 -  5 g of homogenous sample was transferred into the 7 ml polyethylene containers 
and sealed. The specific activities of 210Pb were measured using CANBERRA well-type gamma spectrometry 
for 24 hours. The activities of 210Pb were determined from the measurement of its photopeak at energy of 46.54 
keV. The energy and efficiency of counting system was calibrated using a mixed standard source as reported 
earlier by Yii et al. (2007), meanwhile quality control was performed using the International Atomic Energy 
Agency (IAEA) standard reference material (IAEA- 326) on the same counting geometry.

RESULTS AND DISCUSSION

Com parison of m easurem ent technique for the determ ination of 210Pb in m arine sediment core
Comparison of the two different analytical techniques used in the determination of 210Pb activities found that 
results from both alpha and gamma analysis techniques were slightly difference (Fig. 1). The alpha 
spectrometry results reflected higher than that obtained by gamma spectrometry. On the other hand, the 2 Pb 
measurements observed a trend of higher activities by alpha spectrometry but the errors connected to these 
measurements was quite small of 5 % compared to 11 % of gamma spectrometry. A systematic error issue 
between measuring techniques was also noticed by Tanner et al. (2000). Also, low branching ratio value (which 
about 5%) used in gamma spectrometry for calculation of 210Pb could be another main contributor to this 
phenomenon. (LBNL, 1999).

□ Alpha spect 
H Gamma spect

Core Depth (cm)

Figure 1. Activity of 210Pb in marine sediment core measured by alpha and 
gamma spectrometry

The differences of both methods could be explained by the unexpected self attenuation in samples measured 
using gamma spectrometry. Accordingly, careful efficiency calibration should be carried out to elude this 
problem. On the other hand, another issue concerning self attenuation problem should also be considered, where 
empirical and experimental methods could be used to take the self attenuation in the lower energies region into 
consideration (Cutshall et al., 1983; Ebaid and Khater, 2006). Small volume of about four grams of sediment 
samples used in gamma spectrometry counting could also be another contributing factor. Aligned to small 
volume of samples, insufficient counting time for measuring the 210Pb activity by the gamma technique also 
possible observed differences between alpha and gamma spectrometry results. All these factors may lead to 
inaccuracies in 210Pb measurement. Since, it is well known that gamma spectrometry measurements always 
performed using large size of samples, so, the homogeneity issue was not bother the analysis. Furthermore, this 
might be lifted up the activities of 10Pb.
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Some of the observed differences between alpha and gamma might be explained by environmental factors such 
as patchiness of sediment properties among depth interval or layer of sediment. Insufficient precision in slicing 
and combining sediment intervals for analyzing by the gamma technique is another possible explanation for 
observed differences. It also could be looked like the different behaviors of 210Pb and 21 Po in alpha 
measurement. (Zaborska et al., 2007).

The above differences were supported by statistical analysis that have medium positively correlation between 
alpha and gamma spectrometry in terms to determine the activity of 210Pb in marine sediment core, whereas 
correlation coefficient, r was 0.606 (Fig. 2). It was due to the homogeneity issue may be a major factor, in 
addition to the necessity of sample self attenuation correction that was inaccuracy in all of results.

Gamma measurement (Bq/kg)

Figure 2. Correlations between the activity of 210Pb in marine sediment core measured by both spectrometry of
alpha and gamma

Com parison of counting param eters for the m easurem ent of 210Pb in m arine sediment core
Detailed comparison of counting parameters of the two different analytical techniques of alpha 

spectrometry and gamma spectrometry is given in Table 2. There are obvious differences observed between 
alpha and gamma spectrometry background counting (cpm) and minimum detectable activity (MDA)(Bq/kg). 
This shows that alpha spectrometry can achieve lower MDA and background counting compared to gamma 
spectrometry.

Concerning the duration of the 210Pb complete analysis, a gamma analysis needed only 4 days to 
prepare the sample including drying, grinding, sieving and others processes prior to counting. While else for 
alpha spectrometry, the complete analysis duration depends on the chosen analytical techniques. It took at least 
10 days for sample preparation, dissolution, separation, auto-spontaneously plating and counting.
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Table 2. Counting parameters for the measurement of 210Pb in marine sediment core using alpha and gamma 
spectrometry

Technique Alpha spectrometry Gamma spectrometry

Sample volume/size (g) 0.5 3 - 5
Duration of sample preparation, analysis and 
measurement (day)

10 4

Counting time (minutes) 1440 1440
Background, cpm 0.004 2.0
Relative Counting efficiency, % 11 25
Minimum detectable activity, MDA (Bq/kg) 0.0005 2.5

Advantages and disadvantages of techniques
To guarantee the comparability of the results from these two different analytical methods, the advantages and 
disadvantages of each method can be lined as follows:

Alpha spectrom etry
Advantages: The main advantages are the superior in precision and this make it more suitable for small sample 
size. It also have excellent low limit of detection and MDA.

Disadvantages: The disadvantages of analysis 210Pb using alpha spectrometry is that the time delay before 
analysis. However, it is depend on 210Pb-210Po secular equilibrium condition in the sample. Referred to the 
purpose of reaching secular equilibrium, the sample required to be stored for at least two years, especially for 
those samples with expected higher 210Po activity than that of 210Pb (Ebaid and Khater, 2006). Moreover, alpha 
spectrometry technique is characterized by a time consuming separation process and require careful chemical 
treatment that was considered to be the main disadvantages of this technique (Vesterbacka and Ikaheimonen, 
2005; Jia et al. 2000). Part from that, the alpha technique is based on indirect 210Pb measurement, where the 
activity of 210Pb was determined through its daughter, 210Po. In some cases, using a relatively small size of the 
sample for alpha spectrometry analytical techniques could also increase the analytical error due to the in
homogeneity sample. (Ebaid and Khater, 2006)

G am m a spectrom etry
Advantages: The main advantages are being fast, nondestructive, relatively simple sample preparation because 
usually do not require preliminary chemical separation, and direct analysis without delaying through the 
measurement of 46.5 keV gamma energy transition (Ebaid and Khater, 2006). On the other hand, gamma 
spectrometric analytical technique was also easier, time efficient, needs less man power and cost when 
compared to the other techniques; and also, it can measure a several gamma emitting radionuclides 
simultaneously in an individual sample.

Disadvantages: The main disadvantage is that the detector requires liquid nitrogen to cooling in order to be 
workable. When using gamma technique, there is also possibility of error due to self absorption (Cutshall et al., 
1983) and usually high measurement errors were associated with the technique. In some cases, when a sample is 
expected to have a relatively low activity of 210Pb, a large volume of sample and additional counting time was 
required. Furthermore, measured samples need to be in the same geometry and characteristics with standard 
reference material and calibrating materials used. Another disadvantage is it relatively high MDA and the 
difficulty to perform corrections for self attenuation in the sample matrix (Cutshall et al., 1983). However, its 
necessity to correct the counting efficiency for the gamma ray attenuation due to sample matrix and 
composition in order to achieve a good measurement (Ebaid and Khater, 2006).
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CONCLUSIONS

Two most commonly used techniques, alpha and gamma spectrometry were performed to measure 210Pb activity 
in marine sediment core. Through the detailed comparison, it is found that there were slightly difference in both 
alpha and gamma analysis techniques. Alpha spectrometry technique shows good accuracy with activity of 

Pb generate analytical yield of more than 80%. Moreover, it was better and more precision technique and for 
marine sediment core to achieve low MDA. Gamma spectrometry meanwhile has higher error and larger MDA 
but the advantage of rapid and non destructive compared to alpha. In routine analysis, the analytical technique 
used should be chosen carefully based on advantage and disadvantage of the each technique and the analysis 
requirements. Therefore, it is recommended to determine exactly the needs and purpose of analysis and to know 
the sample history in order to decide the appropriate analytical technique.
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