
COMPARISONS OF PGA AND INAA IN THE ANALYSES OF METEORITE SAMPLES
PERBANDINGAN ANTARA PGA DAN INAA DALAM ANALISIS SAMPEL METEORIT

Wee Boon Siong1’2*, Mitsuru Ebihara2, and Abdul Khalik Hj. Wood1
Malaysian Nuclear Agency, Bangi, 43000 Kajang, Selangor, Malaysia.

2Tokyo Metropolitan University, Minami-ohsawa 1-1, Hachioji-shi, 192-0397 Tokyo, Japan. 
Corresponding author email: wee@nuclearmalaysia.gov.my

Abstract

Prompt gamma-ray analysis (PGA) and instrumental neutron activation analysis (INAA) are suitable methods 
for multi-elemental determinations in various samples. These two methods are complementary because PGA is 
capable of analyzing most major and minor elements in rock samples whereas INAA is more superior in 
determining minor and trace elements. Both PGA and INAA are essential for the study of rare samples such as 
meteorites because of non-destructivity and relatively being free from contaminations. Samples for PGA can be 
reused for INAA, which help to reduce the sample usage. This project aims to utilize PGA and INAA 
techniques for comparative study and apply them to meteorites. In this study, 11 meteorite samples received 
from the Meteorite Working Group of NASA were analyzed. The Allende meteorite powder was included as 
quality control material. Results from PGA and INAA for Allende showed good agreement with literature 
values, signifying the reliabilities of these two methods. Elements Al, Ca, Mg, Mn, Na and Ti were determined 
by both methods and their results are compared. Comparison of PGA and INAA data using linear regression 
analysis showed correlations coefficients r2 > 0.90 for Al, Ca, Mn and Ti, 0.85 for Mg, and 0.38 for Na. The 
PGA results for Na using 472 keV were less accurate due to the interference from the broad B peak. Therefore, 
Na results from INAA method are preferred. For other elements (Al, Ca, Mg, Mn and Ti), PGA and INAA 
results can be used as cross-reference for consistency. The PGA and INAA techniques have been applied to 
meteorite samples and results are comparable to literature values compiled from previously analyzed meteorites. 
In summary, both PGA and INAA methods give reasonably good agreement and are indispensable in the study 
of meteorites.

Abstrak

Analisis sinar gamma segera (PGA) dan analisis pengaktifan neutron instrumental (INAA) adalah kaedah yang 
sesuai untuk penentuan unsur-unsur dalam pelbagai jenis sampel. Kaedah PGA adalah berguna dalam 
penentuan unsur utama dan minor manakala INAA adalah sesuai untuk unsur minor dan surih. Kaedah PGA 
dan INAA adalah penting dalam penyelidikan sampel batuan seperti meteorit kerana kaedah ini bebas dari 
pencemaran dan tanpa musnah. Sampel yang digunakan untuk PGA boleh diguna semula untuk INAA lalu 
mengurangkan penggunaan sampel. Tujuan kajian ini adalah untuk perbandingan kaedah PGA dan INAA, dan 
diaplikasikan untuk sampel meteorit. Dalam kajian ini, 11 sampel meteorit telah diterima daripada Kumpulan 
Kerja Meteorit di NASA. Bahan kawalan mutu yang digunakan ialah Allende. Keputusan PGA dan INAA untuk 
Allende adalah bersetujuan dengan nilai yang diterbitkan. Ini menunjukkan kebolehpercayaan kedua-dua 
kaedah ini. Unsur-unsur Al, Ca, Mg, Mn, Na dan Ti telah ditentukan menggunakan dua kaedah ini dan 
keputsannya dibandingkan. Analisis regresi linear bagi data PGA dan INAA memberikan f  > 0.90 untuk unsur 
Al, Ca, Mn dan Ti, 0.85 untuk Mg, dan 0.38 untuk Na. Keputusan PGA untuk Na menggunakan 472 keV adalah 
kurang jitu disebabkan oleh gangguan dari unsur B. Oleh itu, keputusan INAA untuk Na adalah digunakan. 
Untuk unsur-unsur lain (Al, Ca, Mg, Mn dan Ti), keputusan PGA dan INAA boleh digunakan sebagai rujukan 
untuk konsistensi. Kedua-dua kaedah ini telah berjaya digunakan untuk kajian meteorit dan keputusan adalah 
sebanding dengan nilai kompilasi dari meteorit yang telah dikaji. Sebagai ringkasan, kaedah PGA dan INAA 
boleh memberikan keputusan yang baik dan sangat perlu dalam kajian meteorit.

Keywords/kata kunci: prompt gamma-ray analysis, instrumental neutron activation analysis, meteorites.

INTRODUCTION

Neutron activation analysis is suitable for multi-element determination in various samples including geological, 
biological and environmental samples. Variants of this technique include intrumental neutron activation analysis 
(INAA) and prompt gamma-ray activation analysis (PGA). These techniques are available only to research 
laboratory with access to a research reactor. The INAA is a well developed method used in countries equipped 
with research reactors around the world. This method is capable of determining about 40 elements (major, minor 
and trace elements) in a sample. The accuracy and precision of INAA has been well acknowledged by many
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users in various fields. On the other hand, the PGA method is less common and it has been developed only in a 
few countries such as U.S.A. (Paul, 1995) and Japan (Yonezawa et al., 1993). The PGA requires the 
construction of a neutron beam port (thermal or cold neutrons), sheilding, sample box and gamma-ray 
spectrometer. Example of PGA system in Japan is described by Yonezawa et al. (1993). Once completed, a 
PGA system is capable of determining light elements such as H, B, N, S, P, Si and other major elements with 
good accuracy (i.e. Latif et al., 1999; Yonezawa et al., 1993). Besides, samples used for PGA are able to be 
reanalyzed by other methods. Thus, combination of PGA and IN A A is essential to obtain many useful elemental 
data from a sample.

In the study of meteorites, the chemical composition is very important for classification of meteorites into 
different groups. Meteorites are very rare and samples are very limited for chemical analysis. Therefore, non
destructive method such as PGA and IN A A are vital in obtaining initial chemical composition data of meteorites. 
In this study, meteorite samples were subjected to both PGA and INAA methods. Elements (Al, Ca, Mg, Mn, 
Na and Ti) common for both methods are compared and discuss.

METHOD

Many new howardites and polymict eucrites have been recovered from hot and cold deserts each year and 
provide a good opportunity for gathering more information on HED meteorites. In this study, meteorite samples 
were requested from National Institute of Polar Research (NIPR), Japan, and Meteorite Working Group of 
NASA, U.S.A. There are twelve howardites namely CRE 01400, EET 87503, EET 87513, EET 99400, LAP 
04838, LEW 85313, MET 96500, QUE 97001, QUE 97002 QUE 99033, Y-7308 and Y-691573. Chip samples 
of these meteorites were crushed and homogenized in acid-cleaned agate mortar. The powdered samples were 
then packed using FEP films and were irradiated for about 2 hours at the PGA facility of the JRR-3 reactor of 
the Japanese Atomic Energy Agency (thermal flux ~ 107 n cm V 1). High purity chemical reagents of B, Co, Cr, 
Mg, Ni, Na2S04 and NH4CI were included along with JB-1 (basalt reference material prepared by Geological 
Survey of Japan) as comparative standards. After appropriate cooling period, samples from the PGA 
experiments were repacked into PE bags for INAA short irradiation (10 s) at the JRR-3 with neutron flux of 
about 1013 n crrfV1. A relative method using JB-1 as reference standard was used for quantification. 
Radionuclides for quantification of elemental concentrations are listed in Table 1 and 2, respectively.

Table 1 List of radionuclides determined using PGA (arranged in atomic number).

Elements Nuclides E, (keV)
Na Z4mNa 472
Mg 24Mg 585

2828
Al 28A1 1779
Si 28Si 3539
Ca 40Ca 1942
Ti 48Ti 1382

Mn 55Mn 314

Table 2 List of radionuclides for INAA determination after 10s irradiation.

Elements Nuclides Half-life Er (keV)
Na 24Na 15.02 h 1369
Mg 2?Mg 9.46 m 1014
Al 28A1 2.24 m 1779
Ca 49Ca 8.72 m 3084
Ti 51T i 5.8 m 320
Y 5 2 y 3.76 m 1434

Mn 56Mn 2.58 h 1811
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RESULTS AND DISCUSSION

The PGA results of Allende are in agreement with literature values (Jarosewich et al., 1987; Kallemeyn et al., 
1989) for most of the elements as presented in Fig.l. The error bars are la  of counting statistics are about 10% 
except for K which is about 50% due to low sensitivity using PGA. For elements Mg and Si, results using two 
different gamma-ray energies are in good agreement and those using higher gamma-ray energies showed lower 
uncertainties and better accuracy. The Al and Na are blank corrected (concentrations in blank: Al = 0.28 % and 
Na = 0.01 %). Results from experiment 09P05 showed high Na and Al, which may be due to contamination. The 
results of Na using PGA were less accurate due to Doppler effects of B.

The Allende results from INAA (Fig. 2) showed good agreement with literature values (Jarosewich et al., 1987; 
Kallemeyn et al., 1989). Most of the results show less than 5% deviations from literature values signifying the 
precision and accuracy of the INAA method. It is evidence that results of Ti showed larger uncertainties maybe 
due to lower concentrations in Allende powder. The Ti data from PGA has better experimental/literature values 
than those of INAA.

Meteorite samples were analyzed using both PGA and INAA methods and elements Al, Ca, Mg, Mn, Na, Ti are 
compared by using linear regression lines. Comparison between data of PGA and INAA is presented in Table 3. 
The regression analysis showed that INAA and PGA gives good agreement for elements Al, Ca, Mg, Mn and Ti 
with r2 of better than 0.8486 except for Na (r2 = 0.3802). Results from PGA could be used as cross-reference to 
those of INAA and vice versa. This is very essential to ensure the consistency of data using both methods. 
Results from INAA show better precision than those of PGA and are generally preferred. In the case of Si, PGA 
results are used.

Data from PGA and INAA are compiled and compared to literature values for bulk composition of other 
howardites which are plotted in Fig. 3. The major elemental data from this experiment are in accord with 
literature values for howardites. The Mn and Si of howardites are very similar even in different meteorite 
samples. The distributions of elemental abundances in howardites are mainly due to heterogeneity resulted from 
mixing of various rock types such as eucrites and diogenites. Basically, the current results showed that 
meteorites samples analyzed in this study have similar chemical compositions to those of howardites.
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Figure 1. Comparisions of Allende results of PGA and those of literature. Error bars = lo.

3



E
xp

er
im

en
ta

l/L
ite

ra
tu

re
 

va
lu

es

1.25

1.20

1.15

1.10

1.05

1.00
0.95

0.90

0.85

0.80

;;09TIS

iiy
*■

T s 4 ... ...x
' X ^

I § {
f

x
T

> >
o «U

00
m o

H
<3 &J3

s

>

Figure 2. Comparisons of Allende data of INAA and those of literatures. Error bars = lo.

Table 3 Regression analysis of INAA and PGA results for meteorite samples.

INAA (x-axis) PGA (j-axis) Regression equation ?
Mg (1014 keV) Mg (2828 kev) y = 0.7662x 0.8486
Ca (3084 keV) Ca (1942 keV) y = 0.9874.x 0.9621
Na (1369 keV) Na (472 keV) y = 0.8137x 0.3802
Al (1779 keV) Al (1779 keY) y = 0.8843x 0.9159
Mn (1811 keV) Mn (314 keV) y = 1 .085a: 0.9273
Ti (320 keV) Ti (1382 keV) y = 0.8338x 0.9500
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Figure 3. Cl-normalized data of howardite samples (n = 12) analyzed in this study (symbols) and ranges of
literature values (rectangular shapes).

CONCLUSION

The PGA and INAA methods are very essential and are complimentary to each other. Elements common for 
both PGA and INAA such as Al, Ca, Mg, Mn and Ti have been compared using simple regression analysis and 
their results are reliable. However, INAA still prove to be more superior than PGA except for Si analysis. Both 
methods are nonetheless very useful especially when analyzing rare samples such as meteorites. Thus, 
applications of PGA and INAA have been beneficial to obtain useful elemental data for meteorite studies.
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