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Abstract: This paper presented the method of determining the radioactivity of “°K, ?*Ra and ***Th
in soil samples by gamma-ray spectrometerusing Nal (TI) scintillation detector. The radioactivity
of each isotope is calculated based on the net count rate in the energy window characteristics for
the “°K, ?*Ra and #**Th radioisotopes respectively. We have determined activity concentrations of
the natural radionuclides ?°Ra, %“Th and “°K in 15 soil samples collected around gold mines of
Khamkeut district, Bolikhamxay Province, Laos. The average activity concentrations of the natural
radionuclides *°Ra, #**Th and “°K are 46.58 + 7.36,71.19 + 5.42 and 574.62 + 25.02 Bq.kg™,
respectively. The average activity concentrations of **Ra and *2Th in this work are higher than
those of Bolikhamxay Province, Laos and the world average values. The estimated average
outdoor annual effective dose (E) and radium equivalent actitvity (Raeg) are 0.10 + 0.004 mSv.yr™
and 192.64 + 16.12 Bg.kg™, respectively.

Keywords: Gamma-ray-spectroscopy, Nal(T1) detector, ROI, student’s t distribution, Radiological
Hazard Assessment.

1. Introduction

Measurement of natural environmental radiation is very important and of particular concern to
human health. The major sources radiological exposure are natural radionuclides namely #*U and
22Th series and “°K, which occur in the earth' scrust since its origin. Natural radioactivity in
environmental is the main source radiation exposure to the human body. The ?*Ra subseries
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contribute about 98% of the external y dose induced by whole ?®U series. Radiological hazard
parameters are calculated based on the specific radioactivity of “°K, ?Ra and ?*2Th in the soil samples
[1-3]. The low resolution energy of the Nal(TI) detector with full width at half maximum (FWHM) is
70 keV at the 1332 keV, there are many overlapping full energy peaks of natural radiation isotopes.
Moreover, the radioactivity of environmental sampleswasvery small, so the appearance of full energy
peaks were not clear. For the Nal detector, radioactivity is based on detection gamma radiation of
1460.8 keV for “°K, from ***Bi (1764 keV) for *°Ra series and from *®TI (2614 keV) for series [4, 5].
The activity of each isotope is determined based on the net count rate (cps) measured in energy region
of interest (ROI) for each isotope. The net count rate measured in the i —th ROIcan be expessed as
follows [4]:

o= a,A i=1,2,3 1)
k
where njis the cps measured in the i — th ROI, Ay is the activity concentrion of nuclide k (k=1,2,3

for °K, **®Ra, #*Th ), matrix ai is an instrumentresponsedefined as net count rate in i th ROI for unit
activity of the isotope k.

Matrix of instrument response equation reference goes here|ja, | is calculated by the method of

MCNP simulations [4]. In this work, matrix of instrument response ||, || were determined. Activity

concentration of “K, ?°Ra, ?*Th in a soil sample calculated by matrix method. The obtained results
have been compared with the laboratories measurements by using a HPGe detector.

2. Methods and materials
2.1. Geological outline

Table 1. The position of soil samplescollected around the gold mining area in Khamkeut district

Item GPS Position
Latitude Longtitude Elevation(m)
K1 1g0 03461047 9°316.362" 636
K2 1808’30.6096” 901’ 13.512" 513
K3 18011’2.7636" 900’40.475" 523
K4 18011’ 34.908" 901’ 14.76" 513
K5 18° 11'37.5504" 8° 59"52.987" 517
K6 18010’43.5432” 9° 2'56.468" 531
K7 18015’28.7532" 901’33.6" 532
K8 18011’17.2" 9° 7'29.5" 537
K9 18011’39.9696 9 7'36.322" 523
K10 18012'14.2848” 9° 7'51.33" 525
K11 18010’18.8436" 9 6'53.273" 523
K12 1809’28.2708” 906’15.016” 522
K13 18° 9'11.3688" 9° 5'35.322" 519
K14 18° 9'16.2864" 9° 4'4.89" 513

Kis  1g09'42.7356" g0 2/41.881" 505
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Khamkeut is a district of Bolikhamxay province and located in the south of the province on
latitude 18° 21' 8" N and longitude 104° 55' 17" E. Khamkeut district is very full with natural forest,
wildlife and rich of natural resource.The mountainous areas of Khamkeut district, generally stay much
cooler with average temperatures of 11 degrees C during winter. The study area is around gold mine in
Khamkeut district, close to the agricultural field and about 3 km from the city. The position of the
investigation areas is listed in Table 1. The studied area is important from environmental, economical
and natural preservation point of view.

2.2. Preparation and processing of soil samples

Soil samples were collected from 15 different locationsof the gold mining area in Khamkeut
district, that are close to the populated areas and agriculture field. At every sampling site, the soil
samples were collected from the surface layers (5-30 cm depth) using a spade. Organic materials,
piece of stones in the samples were removed. At the laboratory, the samples were dried in an oven at
about 110 °C for 6 hours. After drying, the samples were crushed and served with a mesh having holes
each of diameter of 0.2 mm.

Afterward, the homogenized samples were weighed and each sample was packed in a cylindrical
plastic container of height 3 cm and 7.6 cm diameter. These were then stored for at least one month to
ensure secular equilibrium between the parent radionuclides #*2Th, **Ra and their respective
daughters.

2.3. Measurement the gamma-ray of sample using Nal (TI) scintillation detector

In this work, we used the gamma — ray spectroscopy with a 2 * 2 inch Nal (TI) crystal and
photomultiplier tube (ORTEC model 276),890 V of the high voltage supply, 2.5 of amplification
factor and multi - channel analyser with 4096 channels. The energy resolution (FWHM) and the
absolute efficiency of detector were equal to 50 keV and 14% at the 662 keV of **’Cs; 70.5 keV and
4.44% at 1332.5 keV of *°Co. Spectra were collected and analyzed by Maestro-32 software. To
calibrate energy of the gamma — ray spectrometry system, we have used the gamma peaks of **'Cs
(661.65 keV), ®Co (1173.22 keV and 1332.50 keV), “°K (1460.80 keV), *“Bi (1764.49 keV) and
2Th (2614.53 keV). The soil samples and standard samples were kept one by one on the top detector
and counted for period of 50.000 s to 100.000s.

2.4. Determination activity of “°K, *°Ra and #**Th according to the matrix method

To determine the activity of “°K, ?°Ra and %**Th according to the matrix method, the energy region
of interest (ROI) for each isotope were selected (Fig.1).

To determine the aj matrix in this work used standard samples RGK1, RGU1l and RGThl
provided by the IAEA. The standard samples and the measurement samples weighted 180 grams, and
were contained in a 7.6 cm diameter and 3 cm height plastic cylindrical box.The activitiesof the
standard samplesare 2520 + 72,889.2 + 5.4 and 585 +16.2 Bqfor*’K, ?°Ra, **’Th respectively.

2.5. Radium Equivalent Activity

Radium equivalent activity is a widely used hazard index. It is calculated as follows [1]:
Rag = Ara + 1.43 Aq, + 0.077A¢ (2)

where Ag., A, and Ag are the activities of *°Ra, 2?Th and *°K, respectively, in Bg/kg. It is
assumed that 370 Bqg/kg of *Ra, 259 Bq/kg of **Th, and 4810 Bg/kg of “°K produced the same
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gamma-ray dose rate. The maximum value of Ra, must be <370 Bg/kg in order to keep the external
dose <1.5 mGyly [1].
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Fig. 1. The energy window characteristics for “°K, ?°Ra and #*Th.
2.6. Air-Asorbed dose rate

The absorbed dose rates in outdoor air (D) at about 1 m above the ground surface were calculated.
The conversion factors used to compute absorbed gamma-ray dose rate in the air corresponds to 0.46
nGy h™ for *°Ra, 0.62 Gyh™ for **Th and 0.042 nGyh™ for “°K. Therefore, Dg can be calculated
according to [1, 3]:

Dr(NGyh™)=0.46 Ag,+0.62A1,+0.042 Ak

(3)
2.7. The External Hazard Index (Hey)

The external hazard index Hey is an assessment of the hazard of the natural gamma radiation. The
main objective of hazard index to keep the value less than unity.H., is defined by the following
equation[2]:

Heyx = Ara/370+ A7/259+ Ax/4810 4)
3. Results and discussion

3.1. Equation to calculate radioactivity concentration

Based on k-th standard samples, the element a; of matrix of instrument respone||aik || is determined
according to the following equation:

a, =1 i=12,3.
A

(5)
From three standard samples(defined in table 3) matrix of |, || of are found be:
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0.0001711 0.0005184 0.000322
a, =0 0.000439 0.0003332
0 0.00000543 0.000325

Radioactivities of “°K, ?°Ra and 2**Th were determined by the following equations:

A, :

A=t i=12,3. (6)
0.0001711 0.0005184 0.000322

where: A=[0 0.000439 0.0003332 |=2.41024x10**
0 0.00000543 0.000325

n, 0.0005184 0.000322
A, =[n, 0.000439 0.0003332=1.4124224x10"" xn, —6.670954x107" x n, +3.137288x107° x n,
n, 0.0000043 0.000325

0.0001711 n, 0.000322

A, =0 n, 0.0003332|=5.710x10"°xn, —5.69772x10° x n,
0 n, 0.000325
0.0001711 0.0005184 n,

A, =0 0.000439 n, |=7.51129x10° xn, —9.29073x107"" xn,
0 0.00000543 n,

Finally, the equation for calculating the radioactivity concentration of “°K, ?*Ra and ?**Th in soil
samples defined as:

A =5844.535x n, —6917.674xn, +1299.861x n, (7a)
A, =2307.141xn, — 2365.417 xn, (7b)
A, =3116.410xn, —38.511xn, (7¢)

Where n; are countrate (cps) in the i — th ROI, (i =1,2,3 for “K,?*Ra,®*Th); ApA, A, are
radioactivity concentration of “°K,?*Ra and Z2Th (Bqg/kg), respectively.

3.2. Repetition and reliability of the Nal gamma ray spectrometer

To test repetition and reliabilityof the gamma ray spectrometer with Nal(Tl) detector and the
accuracy of equations (7a, 7b, 7c), we determined the activity of “K, **Ra and ***Th in standard
sample TN at different times. Sample TN were prepared from samples RGK1, RGU1 and RGThl
withmatrices of high purity: SiO,, CaCO, MgO, TiO (3, 2, 1, 0.5). Matrices do not contain radioactive
isotopes. The radioactivity of *K, °Ra and “*Th in the sample TN is 987.2 + 6.0 Bg/kg, 330.2 + 9.1
Ba/kg, and 220.2 + 6.3 Bg/kg.

Obtained results at different times are given in Fig.2. The radioactivity values of “°K, “’Ra and
282Th obtained in each measurement deviation from the mean value shall not exceed one times the
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standard deviation. The our result is good agreement with an estimated value. In the Table 4 show
results of radioactivity concentration of “°K, *Ra, ?2Th from 2 soil samples determined by Nal (TI)
gamma-ray spectroscopycombined matrix method (4) in this work (a) compared to results from
Institute of Nuclear Science and Technology (INST).To compare, we used student’s t — distribution.
Each sample soil was calculated tk, tra, tmh by the following formula:

t = (Aikz_ Azk)2 k = 40K,226 Ra,232 Th (8)
Oy + 0y
where Ay, oy, are radioactivity and estimator for population standard deviation in this work.

Ay, o, are the radioactivity and the estimator for the population standard deviation from
theINST.
ty are parameters to compare with two average value obtain from differentlabolatories.
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Fig. 2. Activity of*°K, ?*Ra and **Th .in thesample TN determined at different times

Table 2. Comparison between our results (a) and others from INST (b)

“OK (Bg/kg) 2Ra(Bq/kg) 22Th(Bg/kg) tk tra tr
K2 339.05+22.40 39.91+2.8 60.27+4.56@ 0.97 1.24 0.65
309.27+20.53 44.92+2.90 64.29+4.19®
K14 356.50+20.72 39.66+2.99 58.80+2.46®@ 1.70 0.71 0.89
414.00+26.64 42.54+2.75 63.12+4.15®

All values of ty,trs,tr calculated are smaller than critical for tyos = 2.05, which corresponds to a
probability of 95%. It shows that, our results are in good agreement with results obtained by INST.
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3.3. The activity concentration of “°K, ?°Ra and *Th in the soil samples collected around gold mines
of Khamkurt district

The activity concentration of radionulides obtained from gamma-ray spectroscopy using Nal(Tl)
scintillation detector for 15 soil samples collected from aroundthe gold mine in Khamkeut districtis
presented in Table 3, with the uncertainty level of + 2. The result of the activity
concentration*’K,?*Ra and **Th are shown in graphically in Fig. 3, Fig. 4 and Fig. 5, respectively.

The activity concentration of “°K

The activity concentration of “°K ranges from 339.05+22.44 to 873.08+ 36.26 Bg.kg™ with an
average value 0f574.62+25.02 Bq.kg™. The highest “°K activity concentration of 73.08+ 36.26Bq.kg™
was found in K7 in the gold mine and the lowest value of 339.05+22.44 Bq.kg™ was found in
K14aroundof thegold mining area in Khamkeut district. The average value is higher than in the world
average of 400 Bg.kg™ [1].

900
800

40T
700
600
500
400
300
200
100

kl k2 k3 k4 k35 k6 k7 k8 k9 klo kll k12 k13 k14 k15

Activity Concentration (Bq/kg)

Fig. 3. Activity concentration of “°K in soil samples.

Activity Concentration of ?°Ra

The concentration of ?°Ra ranges from22.87 + 6.18 Bg.kg™ to 69.87+ 8.78 Bg.kg™. The lowest
?25Ra activity concentration of 22.87 + 6.18 Bg.kg™ was found in K7 sample .The highest value for
?°Ra (69.87+ 8.78 Bq.kg™) was found in K9, (Fig.4). The average radioactivity for “°Ra (46.58 *
7.36 Bg.kg™) is higher than the world average value of 35 Bg.kg™[1].
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Fig. 4. Activity concentration 0f?°Ra in soil samples.
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Activity concentration of *?Th

The ?**Th radioactivity concentration varies from 38.57+5.52 to 89.32+4.08 Bq.kg™. The lowest
22Th activity concentration of 38.57+5.52 Bg.kg™ was found in K7. The highest ?*Th activity of
89.32+4.08 Bq.kg™ was found in the K12, (Fig.5). The average radioactivity level of ***Th of 71.19 *
7.3 Bq.kg™ is higher than the world average of 30 Bg.kg™ [1].

232Th

90 ~ - - m
80 -

60 - 7] n ;&
50 -
40 -
30 ~
20 -
10 1

Activity Concentration(Bq/kg)

kI k2 k3 k4 k3 k6 k7 k8 k9 k10 kIl k12 k13 k14 k13

Fig. 5. Activityconcentration of 2*2Th in soil samples.
3.4. Radiological hazard assessment

The result obtained of radium equivalent activity (Rag), the absorbed dose rate(D), outdoor annual
effective dose rate (E) and external hazard index(He) are shown in the table 3.We can be observed
from Table 5, the calculated values of Rae for the same soil samples were found to vary from
145.25+9.96 Bq.kg™ to 247.67 Bq,kg™. With the average values of 192.64+ 8.56 Bg.kg™. These values
are less than the limit value of 370 Bg.kg™ [1]. The absorbed gamma dose (D) around the mines at
Khamkeutdistrict varies from 67.98+3.32 to 114.09+3.99 nGyh™ with an average value of
88.20+3.87nGyh™. The maximum gamma dose rates were measured,the obtained result are higher
than the world average of 59 nGyh™[1].

The outdoor annual effective dose rates are in the range of 0.08 to 0.13 mSvyr™ with an average of
0.10 mSvyr™. The average values of (E) lower than the world average value of 0.460 mSvyr™ [1]. The
estimated average values of external hazard index of He (0.52+0.02) in the study area were lower than
unity as desirable.The values of hazard index confirm to population safety in the living and activity
agriculture area.

4. Conclusion

In this study, gamma ray spectrometer with Nal(TIl) detector has been used to determine
radioactivity concentration of “°K,*°Ra, **Th in the soil samples collected in the gold mining areain
Khamkeut district closely than with each other soil samples Bolikhamxay province, Laos [6]. The
values of mean absorbed dose rate, annual effective dose and the radium equivalent activity were
higher than the average values of Bolikhamxay Province, Laos and in the world.
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Whereas, the radium equivalent activity values are below 370 Bg/kg the permissible limit and the
external hazard index is less than unity. Therefore, the study areasare the zones of normal radiation
level.

The main sources of the uncertainties for the present results were estimated due to statistical
errors: (2+6%), errors of activities of standard samples (0.8 + 2.8%).

Table 3. Activity concentration of “°K, ?°Ra and ?**Th measured in soil samples together
with radiological health.

Item Activity concentration in Bg.kg™ Radiological health parameter

W 2602 22y Raq(Bg.kg") D(NGy.h?')  E(mSv.yr?) Hex(Bq/kg)

K1 578.54+16.20  30.40+3.95 69.18+#3.30 173.8740.91  79.67+4.48  0.09+0.005 0.74+0.02
K2 356.37+10.72  39.91+2.8  60.27#2.28 153.53+6.88  69.46x3.10 0.08+0.003 0.41+0.01
K3 48358+11.67  50.35:2.91 86.81+2.48 211.74+6.89 95524312  0.11+0.003 0.57+0.02
K4 365.46+10.70  34.83+2.82 64.764+2.32 155574629  70.18+2.85 0.09+0.003  0.42+0.02
K5 610.60+11.78  43.23+2.83 81.024+2.44 206.69+8.58  94.32+3.83  0.12+0.004 0.55:0.02
K6 559.16+11.90  43.55+3.08 86.22+2.50 209.9+13.82  95.17+6.25 0.12+0.007 0.56+0.04
K7 873.08+18.23  22.87+3.90 38.57#3.26 14525+0.96  70.12+4.52 0.08+0.005 0.39+0.03
K8 484.17+413.90  44.26+3.61 83.20+3.02 200.65+8.99  90.61+4.06  0.11+0.004 0.54+0.02
K9 7437441251  69.87+3.10 81.574#2.50 243.78+8.99  112.24+4.7  0.14+0.005 0.650.02
K10  842.25+13.38  69.26+4.55 66.00+2.64 228.49+9.35  106.72+4.2  0.13+0.005 0.62+0.03
K11  567.17+11.09  49.30+2.65 59.98+2.27 178.74+6.75  82.42+3.05 0.10:+0.003 0.48+0.01
K12  836.25+12.56  35.79+3.06 88.14+2.60 247.67+8.81  114.09+3.9 0.14+0.005 0.67+0.02
K13  392.02+11.66  65.47+3.01 82.19+2.53 213.18+7.52  95.91#3.39 0.11+0.004 0.57+0.02
K14  330.05:11.28  39.66+2.99 56.80+2.46 150.44+7.37  67.98+3.33 0.08+0.004 0.41%0.01
K15  594.04+11.77  39.44+2.93 59.37+2.40 170.08#8.31  78.61#3.76  0.09+0.004  0.45:0.02
Avery 57462 £25.02 46.58+7.36 71.19+5.42 192.64+8.56  88.20+3.87 0.10+0.005 0.52+0.02
a[6] 41390 + 22.4 4380106 57.11 1431 158.75+16.10  71.69+143  0.09+001  0.44 +0.05
b [1] 400 35 30 370 59 0.48 1

a" Bolikhamxay Province; b” UNSCEAR2000.
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