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Abstract 
The capabilities of the LowBackground Gamma Spectrometer (LBGS) at InSTEC were studied 
for environmental purposes. Fifty three γlines were identified in the LBGS background spectrum. 
The Minimum Detectable Activity for 210 Pb, 238 U, 226 Ra, 137 Cs, 232 Th and 40 K were calculated using 
the detector’s volumetric efficiency simulated by Monte Carlo method. Validation was performed 
by absolute and relative analysis of radionuclide activities present in a marine sediment certified 
material. 

CARACTERIZACIÓN DEL ESPECTRÓMETRO GAMMA DE BAJO FONDO DEL INSTEC PARA ESTUDIOS 

DE RADIOACTIVIDAD AMBIENTAL 

Resumen 

Se determinan las potencialidades del Espectrómetro Gamma de Bajo Fondo del InSTEC con 
fines ambientales. Se  identificaron  53  líneas gamma en  el espectro de  fondo natural  del 
espectrómetro. Se calculan las actividades mínimas detectables para los radionucleidos 210 Pb, 
238 U, 226 Ra, 137 Cs, 232 Th and 40 K empleando la eficiencia volumétrica del detector simulada por 
Monte Carlo. Como validación se determinan, por vía absoluta y relativa, las actividades de los 
radionucleidos presentes en un estándar de sedimento marino. 

Key words:  background  radiation,  gamma  spectroscopy,  Monte  Carlo method,  gamma 
spectrometers
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Figure 1.  LBGS at InSTEC. 

Introduction 
A large number of users of gamma spectrometry 

are concerned with measuring low levels of radioactivity 
such as those present in environmental samples (soils, 
sediments, water, food, etc.). There is a constant 
pressure to resolve lower and lower concentration 
levels. For this reason, the experimental set-up to be 
used for environmental radioactivity studies needs as 
low as possible the Minimum Detectable Activity (A MD ). 
The A MD is defined as the minimum amount of radioactive 
nuclide which can be determined [1]. It may vary with 
the amount, type and geometry of the sample and 
nuclide identity, as well regarding the detector (type, 
crystal dimension, energy resolution, etc.), detector 
environment (background) and counting time, i.e. the 
A MD have a strong dependence with the detector 
efficiency and the radioactive background. Taking these 
facts into account, to characterize a gamma 
spectrometer destined to environmental studies, a 
detector efficiency well known and a radioactive bac- 
kground minimization are indispensable. 

The experimental determination of the detector 
eff iciency for volumetr ic samples (typical in 
environmental studies) is not a simple problem. A set 
of volumetric certified gamma sources (with density, 
composition and gamma energy range similar to the 
samples of interest) is needed, but they are either too 
expensive or not for sale. An alternative way is starting 
from the detector efficiency using a set of point stan- 
dard sources (for example, 241 Am, 133 Ba, 137 Cs, 60 Co and 
152 Eu), compute the point (Ω point (E ij )) and volumetric 
(Ω vol (E ij )) energy-dependent solid angles by Monte 
Carlo simulations [2] or by a Semiempirical Method 
[3], and calculate the volumetric efficiency as follow: 
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On the other hand, unwanted background radiation 
is originated from radionuclides in the detector 
assembly and those in surround materia ls, 
radionuclides in air and cosmic ray interactions with 
both the detector itself and with surrounding materials. 
Background reduction methods have been categorized 
as «active» and «passive». «Active» procedures block 
potential background counts in the spectrum 
dynamically on a pulse-by-pulse basis [1]; «passive» 
methods use absorption in graded shields, by 
selecting low activity materials with different atomic 
number (Z) in order to absorb the high and low energy 
gamma radiation, X-rays from the shield materials and 
cosmic rays reaction products. 

The aim of the present study is to evaluate the 
capabilities of the recently installed Low-Background 
Gamma Spectrometer (LBGS) at InSTEC for 
environmental radioactivity studies by the measure of 
the spectrometer background, the A MD and the detec- 
tor efficiency; also the activity of the nuclides present 
in marine sediment standard is determined. 

Material  and Methods 
Low-Background Gamma Spectrometer: The 

LBGS of the Nuclear Analytical Laboratory at InSTEC 
(figure 1) is composed by a Low-Background Chamber 
(LBC), using an n-type closed-end coaxial high-purity 
germanium detector (DSG, NGC-3018, 130 cm 3 , 
FHWM = 2.04 keV for 1332 keV 60 Co gamma line) 
equipped with an 8192 channel multichannel analyser 
(webMASTER TARGET coupled to PC). The gamma 
spectra are processed using the Gamma-W version 
18.03 code (Dr. Westmeier Gesellschaft für 
Kernspektrometrie mbH). The LBC is a detector shielded 
with 55 mm thickness of lead, 35 mm thickness of a steel 
frame, and an internal graded shielding consisting of 
12 mm thickness of cadmium, 17 mm of copper and 
9 mm of aluminium. The inner dimensions of the LBC are 
800 mm depth X´718 mm width X´736 mm height. 

Sample preparation: In the present study, we have 
used the certified reference material (CRM) IAEA-375 
[4] and the marine sediment standards UC-1 and UC- 
2, prepared in the University of Cantabria (Spain) [5]. 
Their radionuclide activities and main characteristics of 
the corresponding analytical lines are presented in 
table 1. Sample preparation was carried out by 
experimentally standardized the samples at 50 grams 
(dry weight), and stored on a hermetic closed plastic
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container. The gamma spectra measurements were 
carried out 28 days after sample preparation (to 
guarantee the secular equilibrium of the U and Th 
daughters) during 24 hours. 

Minimum Detectable Activity (A MD ): The LBGS 
background spectrum was measured during 72 hours 
for A MD determination. For each radionuclide, the A MD 

was calculated as: 
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where L D is the spectrometer detection limit defined by 
Currie [6] equal to 3σ, where σ is the standard deviation 
(in counts) of the area of the background windows (peak 
window at 1.17 times the FWHM), t the counting time, 
s ij the absolute emission probability corresponding to 
the i-th gamma-ray for the nuclide j and ε vol (E ij ) is the 
volumetric detection efficiency of the full-energy 
absorption peak considered. E ij is the energy 
corresponding to the i-th gamma-ray for the nuclide j. 

Table 1. Analytical lines and reported activity (Bq.kg -1 ) 
for radionuclides present in CRM and standards 

The volumetric efficiency was determined by 
semiempirical method using Monte Carlo (MC) 
simulation and point standard sources ( 241 Am, 133 Ba, 
137 Cs, 60 Co and 152 Eu), produced by AEA Technology 
QSA GmbH. Simulations were carried out to compute 
the point (Ω point (E ij )) and volumetric (Ω vol (E ij )) energy- 
dependent solid angles of Eq. (1). The MCNPX 2.5 was 
used as simulation code [8]. It has been used widely 
to estimate the efficiency curve of HPGe detectors for 
volumetric samples [9-12]. The sample-detector 
configuration was exactly reproduced in the MC 
simulation, taking as data the dimensions, density and 
chemical major elemental composition of CRM and 
standards, as well as the detector specifications (Ge 
crystal dimensions, dead layer and Al thickness, 
distance from Ge crystal to Al end cap) provided by 
detector supplier. 

Activity Determination: For validation, the 
radionuclide activities present in UC-1 standard were 
determined by absolute method as: 
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where A p,ij is the i-th photopeak area for the nuclide j; 
and by relative method calculated as 
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using the CRM IAEA-375 and UC-2 standard for 
calibration. The accuracy was evaluated using the SR 
criterion, proposed by McFarrell et al. [13]: 
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where A exp – experimental activity, A rep – certified value and 
σ is the standard deviation of A exp . On the basis of this 
criterion the similarity between the certified value and the 
analytical data obtained by proposed methods falls into 
three categories: SR ≤ 25% = excellent; 25 < SR ≤ 50% 
= acceptable, SR > 50% = unacceptable. 

Results  and Discussion 
Table 2 shows 52 gamma lines determined with an 

area error lesser than 30% in the 72 hours LBGS back- 
ground spectrum. All of them were very well identified. 
The origin of the major percent of the observed γ-lines 
is the presence of different nuclides from U and Th 
decay families. A larger contribution is caused by 
bremsstrahlung from the b decay of the daughter 210 Bi 
(T ½ = 5.013 d, E β,max =1161 keV), which is present in 
secular equilibrium. Independently of the copper and 
aluminium shield present in the LBC, the K α and K β Pb 
X-ray lines are observed. The biggest count rate 
(0,013 cps) was determined for the 234 Th non-analytic 
92.38 keV γ-line. 

During LBC construction, a difficulty with normal 
commercial Pb is that it can probably contain some 
210 Pb, which originates in trace 238 U in lead ore, and it is 
important to mention that this lead isotope cannot be 
removed chemically in lead purification. For this reason, 
the use of low-level lead is more recommended. 
Verplancke [14] takes as «low-level lead» that lead with 
less than 10 Bq of 210 Pb per Pb kg. Considering the count 
rate observed for 46.54 keV 210 Pb γ-line (0.006 cps) in 
the spectrometer background, the presence of low-level 
lead in the LBGS is confirmed. On the other hand, the 

Nuclide Eγ (keV) [7] S (%) [7] Indicative 
nuclide A IAEA375 A UC1 A UC2 

210 Pb 46.54 4.25 210 Pb  75 ± 13 35 ± 6 
234 Th 63.29 4.84 238 U 22.6 ± 2.0   
214 Pb 351.92 35.80 226 Ra 20 ± 2 24 ± 3 30 ± 3 
137 Cs 661.66 85.1 137 Cs 3587 ± 95 45 ± 2  
228 Ac 911.21 26.60 232 Th 20.7 ± 2.0 30 ± 3 52 ± 4 

40 K 1460.83 10.67 40 K 424  ± 8 480 ± 20 
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Table 2. Gamma lines determined in the LBGS background spectrum 

Channel Eγ (keV) Area Area Error (%) Nuclide [7] Erefer(keV) [7] S (%) [7] 
72.1 46.3 1543.9 9.8 210 Pb 46.54 4.25 
91.7 53.5 437.5 28.0 214 Pb 53.23 1.1 
117.9 63.2 2292.0 7.9 234 Th 63.29 4.84 
142.7 72.4 420.5 27.2 231 Th 

235 U 
72.75 
72.70 

0.25 
0.11 

149.1 74.7 1282.4 10.6 Pb K?1 75.0  
175.0 84.8 428.3 29.6 Pb K?1 84.9  
182.6 87.1 665.2 20.3 Pb K?2 87.3  
190.7 90.1 537.1 21.6 231 Th 89.95 0.94 
197.6 92.7 3506.0 9.4 234 Th 92.38 2.81 
234.3 105.2 445.3 23.8 235 U 105.3 1.97 
252.9 113.1 512.5 29.2 227 Th 

234 Th 
113.16 
112.81 

0.15 
0.28 

336.7 144.1 636.1 15.4 223 Ra 
235 U 

144.23 
143.36 

3.06 
10.96 

449.9 185.9 2241.1 13.2 226 Ra 
235 U 

186.10 
185.71 

3.50 
57.2 

513.9 209.5 413.0 29.7 228 Ac 
227 Th 

209.25 
210.65 

3.88 
1.11 

592.9 238.7 2694.1 7.4 227 Th 235.97 12.30 
598.6 240.9 298.5 24.1 224 Ra 240.99 3.97 
602.2 242.2 527.8 13.2 214 Pb 241.98 7.50 
641.2 256.6 260.7 29.6 227 Th 256.25 7.01 
737.2 292.1 222.4 27.1 234m Pa 293.79 2.99 
745.8 295.2 1074.4 8.4 214 Pb 295.21 18.50 
759.4 300.3 453.3 19.4 227 Th 300.00 2.32 
862.1 338.2 620.3 18.1 228 Ac 

226 Ra 
338.32 
338.28 

11.25 
2.65 

899.0 351.9 1668.1 9.3 211 Bi 
214 Pb 

351.06 
351.92 

12.82 
35.80 

1033.0 401.4 230.7 27.5 219 Rn 401.81 6.37 
1055.2 409.6 235.4 26.8 228 Ac 409.46 1.94 
1199.4 462.9 257.2 23.3 228 Ac 463.00 4.44 
1326.9 510.0 1821.7 5.3 228 Ac 

208 Tl 
509.96 
510.77 

0.47 
22.61 

1330.4 511.3 1737.5 3.7 annihilation 
1524.4 583.0 1056.4 9.5 228 Ac 

208 Tl 
583.41 
583.19 

0.11 
84.48 

1594.8 609.0 1571.8 4.8 214 Bi 609.31 44.80 
1736.7 661.4 992.9 9.9 137 Cs 661.66 85.1 
1913.7 726.9 243.3 20.1 228 Ac 

212 Bi 
726.86 
727.33 

0.64 
6.58 

2024.6 767.9 235.1 20.9 214 Bi 768.36 4.80 
2071.3 785.1 150.7 25.0 212 Bi 785.37 1.10 
2095.4 794.1 218.5 17.8 228 Ac 794.95 4.34 
2411.6 910.9 674.4 8.0 228 Ac 911.21 26.60 
2448.7 924.6 128.0 26.2 234 Pa D 925.0 7.8 
2473.5 933.8 161.5 22.2 214 Bi 934.06 3.03 
2554.0 963.5 216.6 19.0 228 Ac 964.77 5.11 
2567.7 968.6 337.3 13.8 228 Ac 968.97 16.17 
2653.5 1000.3 182.6 18.4 234m Pa 1001.7 0.838 
2976.6 1119.7 417.9 13.1 214 Bi 1120.29 14.80 
3297.1 1238.2 245.8 15.4 214 Bi* 1238.11 5.86 
3735.7 1400.2 90.1 24.8 214 Bi 1401.50 1.55 
3755.7 1407.7 115.8 24.0 214 Bi 1407.98 2.80 
3897.4 1460.0 937.2 7.9 40 K 1460.83 10.67 
4626.9 1729.6 120.8 23.9 214 Bi 1729.60 2.88 
4718.7 1763.5 465.4 8.0 214 Bi 1764.49 15.36 
5636.1 2102.6 108.8 20.4 208 Tl  SE 
5675.5 2117.2 82.3 22.9 214 Bi 2118.55 1.14 
5909.5 2203.7 182.8 18.3 214 Bi 2204.21 4.86 
7019.0 2613.7 604.5 7.6 208 Tl 2614.53 99.16
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Figure 2. Point and volumetric detector efficiency curves 
for employed  experimental  setup. 

presence of the non-natural radionuclide 137 Cs was 
unexpected. This isotope usually is associated with the 
nuclear explosions occurred after 1945. Then, its 
presence must be associated to the use of non-sufficient 
old steel in the LBC construction. 

Figure 2 shows the efficiency curves for point 
sources located at 30 cm of height (experimental), and 
for the 50 grams sediment sample at 0 cm. The last 
curve was obtained computing the energy-dependent 
solid angles by MC simulations and taking the 30 cm 
point efficiency as reference (Eq. 1). The low energy 
gamma rays self-absorption inside the volumetric 
sample is clearly observed. These curves were well 
fitted by the following polynomials: 

The A MD calculated by Eq.(2) for each radionuclide 
of interest after the 72 hours of background spectrum 
measurement are shown in table 3. The comparison with 
other similar gamma spectrometers (UC–University of 
Cantabria, Spain; CEAC–Center for Environmental 
Studies of Cienfuegos, Cuba) used for environmental 
studies shows that the InSTEC LBGS has the lowest 
detectable activities. 

Table 3. Minimum Detectable Activities of InSTEC Low 
Background Gamma Spectrometer 

*- sediment samples (<63 µm, 50 g dry wt., ∅ 5.8 cm, h – 3.2 cm). 
**- sediment samples (<63 µm, 50 g dry wt, ∅ 6.0 cm, h – 3.0 cm). 
***- sediment samples (<63 µm, 50 g dry wt, ∅ 5.9 cm, h – 3.1 cm). 

The activities of the UC-1 standard radionuclides 
determined in the InSTEC LBGS are shown in table 4. 

( ) ( ) ( ) 3 2 
int po  E log 3 . 13 E log 8 . 37 E log 3 . 53 4 . 32 log + − + − = ε

vol log = ε ( ) ( ) ( ) 3 2  E log 9 . 185 E log 6 . 461 E log 2 . 568 4 . 279 + − + − 

AMD (Bq.kg 1 ) Nuclide Indicative 
Nuclide Eγ (keV) Present study * UC ** [15] CEAC *** [16] 

210 Pb 210 Pb 46.54 6.1 10.0 9.0 
234 Th 238 U 63.29 1.8 6.0 6.2 
214 Pb 226 Ra 351.92 1.0 3.0 3.1 
137 Cs 137 Cs 661.66 0.6 0.5 0.6 
228 Ac 232 Th 911.21 1.9 2.0 2.1 

40 K 40 K 1460.83 7.2 10.0 10.1 

The bigger dispersion (between 10-15%) and deviation 
from the reference value (between 4.4 – 10.7%) are 
observed for absolute analysis. This is in 
correspondence with the difficulties in detector 
volumetric efficiency calculation, especially for low 
energies (the bigger dispersions are obtained for 
analytical lines with energy less than 100 keV). To solve 
this problem, a finest data (for example, about sample 
composition) and/or large calculations during Monte 
Carlo simulation are necessary. Independently of the 
above criteria, the SR accuracy test shows values 
between 25 and 50% for all determined activities, i.e., 
using the absolute method we obtained «acceptable» 
results. 

On the other hand, the application of the relative 
method shows «excellent» results (SR < 25% for all 
determined activities). For the studied radionuclides, 
the obtained deviation from the reference values is 
always less than 5%. It is an excellent precision for 
natural radioactivity measurements. 

According to the obtained results, for environmental 
radioactive studies using InSTEC Low Background 
Gamma Spectrometer, relative measurements are more 
recommended. Unfortunately, this method requires 
certified standards with a matrix similar to the studied 
sample matrix. For environmental studies many different
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certified standards (soils, sediments, water, food, etc.) 
are needed. Therefore, the alternative way is the use 
of absolute measurements expecting, until now, 
acceptable activity accuracy. 

Conclusions 
The Low-Background Gamma Spectrometer at 

InSTEC is an accurate facility for environmental 
radioactivity studies. The combination of low-level lead 
and Cd-Cu-Al internal graded shields allow obtaining 
a very low minimum detectable activity for those 
radionuclides of ecological interest. Relative and 
absolute activity measurements can be carried out with 
excellent and acceptable accuracies, respectively. 
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Table 4. Activities (main ± SD) determined in UC-1 
standard by absolute and relative methods 

Nuclide 210 Pb 226 Ra 137 Cs 232 Th 40 K 
Reference activity [5] 75 24 45 30 480 

SD (%) [5] 17 13 4 10 4 
Absolute activity 67 22 43 32 504 

SD (%) 15 14 12 9 11 
Deviation from the reference 

value (%) 10.7 8.3 4.4 6.7 5.0 

SR (%) 37 33 27 27 29 
Relative activity 78 25 44 31 460 

SD (%) 9 8 9 10 7 
Deviation from the reference 

value (%) 4.0 4.2 2.2 3.3 4.2 

SR (%) 23 21 20 23 18


