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As sess ment of the char ac ter is tics of nat u ral radionuclides and 137Cs in soil in Phonsavan dis -
trict, Xiengkhouang prov ince, Laos has been con ducted us ing a stan dard elec trode co ax ial Ge
(SEGe) de tec tor. Soil sam ples were col lected at 20 lo ca tions close to the pop u lated and ag ri -
cul tural area in Phonsavan dis trict. The av er age ac tiv ity con cen tra tions of 226Ra, 238U, 232Th,
40K and 137Cs are 54.0  2.5, 65.1  4.4, 96.9  3.7, 433.2  20.7, and 1.54  0.13 Bqkg–1, re -
spec tively. The av er age ra dium equiv a lent ac tiv ity Raeq is 225.9  7.8 Bqkg–1. The high est
Raeq of 269.9 Bqkg–1 is still lower than the safety limit of 370 Bqkg–1. As so ci ated ra dio log i cal 
haz ard in di ces, such as ab sorbed gamma dose rate, out door an nual ef fec tive dose equiv a lent,
ex cess life time can cer risk, ex ter nal and in ter nal haz ard in di ces, and gamma in dex, were also
cal cu lated and pre sented.
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IN TRO DUC TION

The nat u ral radionuclides in clud ing 238U, 232Th, and 
40K and their de cay se ries in sur face soils are the main con -
tri bu tors to the nat u ral ter res trial gamma ex po sure [1, 2].
The 238U de cay se ries is also re ferred to as 226Ra se ries
since the 226Ra subseries ac counts for about 98.5 % of the
to tal gamma dose [3]. Ac cord ing to UNSCEAR re port,
the world av er age ac tiv ity con cen tra tions of 226Ra, 232Th,
and 40K in soils are 35, 30, and 400 Bqkg–1, re spec tively
[1]. Soil is also the source for trans fer ring radionuclides to
plants [4-8]. As sess ment in the ac tiv ity con cen tra tions of
the nat u ral radionuclides in soils is im por tant in or der to
eval u ate the ra dio log i cal haz ards to hu man health and for
en vi ron men tal pro tec tion and mon i tor ing. Many stud ies
have re ported of the nat u ral radionuclides in sur face soil
with dif fer ent geo log i cal for ma tions [9-17]. Be sides the
nat u ral radionuclides, ar ti fi cial radionuclides are be ing
paid in creas ing at ten tion as in di ca tors to study en vi ron -
men tal pro cesses [18-21]. The 137Cs con tam i na tion in the

en vi ron ment and soil orig i nates from nu clear weapon tests 
and nu clear ac ci dents in the past, e. g., the Chernobyl and
Fukushima di sas ters. Due to the chem i cal af fin ity for clay
par ti cles and or ganic mat ter, 137Cs is con cen trated in the
sur face soil [2, 22]. The mi gra tion and dis per sion of 137Cs
are re lated to at mo spheric cir cu la tion and fall out [23, 24].
Due to the at mo spheric cir cu la tion and the fall out pro cess,
the 137Cs con cen tra tion is higher in the moun tains. As a re -
sult of the ero sion and wash out flow, 137Cs is car ried from
the moun tain to the sur round ing foot hills, mak ing the ac -
tiv ity con cen tra tions of 137Cs at the foot hills higher than
other flat re gions. More over, in a prim i tive for est, the
amount of or ganic com po nents in soil would be higher
than in the other pop u lated re gions. The cor re la tion be -
tween the 137Cs and or ganic com po nents is higher, and
thus, the 137Cs ac tiv ity con cen tra tion is higher. The ac tiv ity 
con cen tra tion of 137Cs de pends on soil prop er ties, bi o log i -
cal dis tur bance, de cay, me chan i cal re moval with rain wa -
ter, ver ti cal mi gra tion, and dif fu sion into deeper soil lay ers
[23, 24]. As sess ing the 137Cs ra dio ac tive con tam i na tion in
soils is help ful to as sess the char ac ter is tics, dis tri bu tion,
and re la tion ship of 137Cs with ge ol ogy, chem i cal prop er -
ties, and the im pact on the en vi ron men tal ecol ogy. 
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In re cent years, sev eral stud ies have been con -
ducted to as sess the nat u ral radionuclides in soils and to
build up a base line data in the mid dle of Laos for en vi -
ron men tal pro tec tion and mon i tor ing [25-28]. A pre vi -
ous work in ves ti gated the char ac ter is tics and dis tri bu tion 
of 137Cs in soils in the mid dle of Laos [29]. The work
aimed at pro vid ing the base line data on the 137Cs for fur -
ther mon i tor ing. Among 212 soil sam ples col lected
evenly at the flat ter rain with less vari a tion in the
petrographic prop er ties, ge ol ogy, and geo log i cal for ma -
tions, the 137Cs ac tiv ity was de tected in 116 sam ples. The
137Cs ac tiv ity con cen tra tions were in the range of
0.50-7.97 Bqkg–1 with the av er age value of 1.46 Bqkg–1.
Pre lim i nary re la tion ship with geo log i cal for ma tions,
top o graph i cal fac tors and re gional ge ol ogy was dis -
cussed in [29]. A strong cor re la tion be tween the nat u ral
radionuclides was ob served, but al most no cor re la tion
be tween 137Cs and other pa ram e ters [29]. 

Xiangkhouang is a north ern prov ince of Laos,
be long ing to the Xiangkhouang pla teau with the el e -
va tion of about 1300 m. Phonsavan dis trict is the cap i -
tal of the prov ince hav ing the av er age el e va tion of
1100 m, and is a po ten tial re gion to ex am ine the con -
tam i na tion of 137Cs in sur face soil and the ef fect of the
ero sion and wash out flow from the moun tain. In the
con tin u a tion of build ing up the base line data of nat u ral 
radionuclides and 137Cs in sur face soil in Laos, the
pres ent work aimed at as sess ing the char ac ter is tics of
nat u ral radionuclides and 137Cs in Phonsavan dis trict,
Xiangkhouang prov ince us ing the SEGe de tec tor. 

MA TE RI ALS AND METH ODS

Sam pling sites and sam ple col lec tion

Laos is a land locked coun try in South east Asia, lo -
cated on the lat i tude of 14.117-23.684°N and the lon gi -
tude of 100.413°-108.832°E. Xiangkhouang is a north -
east ern prov ince of the coun try on the Xiangkhouang

pla teau, cov er ing the area of 15880 km2 with a largely
moun tain ous to pog ra phy. Xiangkhouang shares the bor -
ders with Luang Prabang and Houaphanh to the north,
north ern Viet nam to the east, Bolikhamxay and Vienti ane
to the south. Xiangkhouang is a part of Nam Ngum River
wa ter shed. The Xiangkhouang pla teau is char ac ter ized by
roll ing hills and grass land with the el e va tion of about 1300 
m. The high est peak is PhouBia (2820 m) in the south ern
part of the pla teau. Phonsavan is the cap i tal of
Xiangkhouang prov ince, lo cated at the co or di nates of
19°25'N and 103°10'E with a pop u la tion of 37500. The
city has a long, warm and wet sum mer and a short and dry
win ter. The cli mate is hu mid sub trop i cal tem pered by the
av er age el e va tion of 1100 m. The av er age tem per a ture in
the sum mer is 23.6 °C, and that in the win ter is 14.8 °C. 

Soils were col lected at 20 sam pling sites close to
the pop u lated and ag ri cul tural area in Phonsavan dis -
trict. Fig ure 1 dis plays the site map with the sam pling
lo ca tions. The sam ples were col lected dur ing the dry
sea son in 2022. At each sam pling site, the soil was col -
lected from the sur face layer with the depth of 0-30
cm. A square of 60 cm times 60 cm was de ter mined
and flat tened. Top soils at the cen ter and the cor ners of
the square were col lected and mixed up. The amount
of 1 kg was se lected based on a quar terly method. At
the lab o ra tory, af ter re mov ing pieces of stones and
large-size ma te ri als, the soils were dried in an oven at
110 °C for 10-24 hours to re move the mois ture con -
tent. Then, a sam ple of 180 g was weighed and packed
in  a stan dard plas tic con tainer (3.1 cm in height and
7.5 cm in di am e ter). The soil sam ples were stored for a
month for at tain ing sec u lar equi lib rium be tween 226Ra 
and its daugh ters (214Bi and 214Pb). 

De tec tor cal i bra tion

The gamma spec tra of the soil sam ples were mea -
sured us ing the Can berra spec trom e ter sys tem with a
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Fig ure 1. Map of the 
sam pling site in
Phonsavan dis trict,
Xieng Khouang
prov ince, Laos with
the lo ca tions of soil
sam ples



Stan dard Elec trode Co ax ial Ge (SEGe) de tec tor (model
GC 5019). The SEGe de tec tor has the rel a tive ef fi ciency
of 50 %,  with the en ergy res o lu tion of 1.9 keV at the
1332 keV peak of 60Co and the peak to Compton ra tio
(P/C) greater than 64. The de tec tor is shielded in a cham -
ber model 747. The gamma spec tra mea sured by the
SEGe de tec tor were an a lyzed us ing the Ge nie 2000 soft -
ware. De tec tor cal i bra tion was per formed for de ter min -
ing the ef fi ciency curve based on the mea sure ment of the
IAEA-375 ref er ence ma te rial. In the mea sure ment, the
sam ples were placed on the top of the de tec tor. The mea -
sure ment time was in creased to en sure the sta tis ti cal er -
rors (2) of im por tant peaks are less than 2 %. In par tic u -
lar, the IAEA-375 ref er ence ma te rial was mea sured for
100000 sec onds. Back ground mea sure ment was also
con ducted for the pe riod of 160000 sec onds. The de tec -
tor's deadtime is less than 1 %. The ef fi ciency curve of
the SEGe de tec tor was con structed based on the ef fi -
ciency at the fol low ing peaks: 46.5 keV of 210Pb; 63.3
keV of 232Th; 186.2 keV of 226Ra; 295.22 keV and
351.93 keV of 214Pb; 609.31 keV, 1120.29 keV and
1764.49 keV of 214Bi; 1460 keV of 40K. Fig ure 2 shows
the ef fi ciency curve of the SEGe de tec tor with the
gamma ray en ergy.

In en vi ron men tal sam ples, the peak of 1460.83 keV
of 40K is al ways dis turbed by the peak of 1459.14 keV
(0.87 %) of 228Ac. In the pres ent work, the con tri bu tion of
1459.138 keV peak of 228Ac to the 1460.8 keV peak of 40K 
has been cor rected by mea sur ing the IAEA RTh1 ref er -
ence ma te rial. Dur ing the sam ple count ing pro cess, in ad -
di tion to the 1459.14 keV peak, the 911 keV (27.7 %) peak 
of 228Ac was also ob served. The ra tio be tween the count
num bers of the 1459.14 keV and 911.1 keV peaks was de -
ter mined and used to cor rect the con tri bu tion of 232Th
(1459.14 keV) counts to the 1460.83 keV peak of 40K. By 
mul ti ply ing the counts of the 911 keV peak to the ra tio, the
counts of the 1459.14 keV peak is ob tained to be sub -
tracted. This sub trac tion elim i nates the in ter fer ence
caused by 228Ac in the 40K re gion counts. The ra tio be -

tween the count num bers of the 1459.14 keV peak and the
911 keV peak is 0.0204.

Ra dio ac tiv ity mea sure ment

The mea sure ment of the ac tiv ity con cen tra tions of
226Ra, 228Ac (232Th), 40K and 137Cs were de scribed in sev -
eral pre vi ous works [26, 27, 29]. In par tic u lar, the 226Ra
ac tiv ity con cen tra tion was de ter mined via the 295.57 keV
(branch ing ra tio of 0.1841) and 351.9 keV (0.3560) peaks
of 214Pb, and the 609.3 keV (0.4549) and 1120.3 keV
(0.1491) peaks of 214Bi. 232Th ac tiv ity con cen tra tion was
de ter mined via the 338.6 keV (0.1127) and 911.1 keV
(0.258) peaks of 228Ac and the 583.19 keV (0.3055) peak
of 208Tl. 40K ac tiv ity con cen tra tion was de ter mined via the
1460 keV (0.1066) peak, and 137Cs ac tiv ity con cen tra tion
was eval u ated via the 661.65 keV (0.851) peak. The ac tiv -
ity con cen tra tion, AX (Bqkg–1), of a radionuclide X is writ -
ten as [30]

A
n E X

E I E X m
X 

  

( , )

( ) ( , )

g

g g
(1)

where n(E, X) is the net count ing rate (cps) for a peak
at the en ergy E, (Eg) – the de tec tor ef fi ciency at the
en ergy E, and I(E, X) – the gamma emis sion prob a bil -
ity; m – the mass of soil sam ple. The 2s stan dard un -
cer tain ties are eval u ated based on the un cer tain ties of
the quan ti ties in eq. (1). The min i mum de tect able ac -
tiv ity (MDA) con cen tra tion of a radionuclide is

MDA
N

E I E X m t
X
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277 4 66. .

( ) ( , )g g
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where NB is the back ground count for a peak at en ergy  E,
and t – the mea sur ing time. The MDA of 137Cs is 0.33
Bqkg–1 with the mea sure ment time of 24 hours fol low ing
the method de scribed in [29].

Mea sure ment of 238U

Sev eral ap proaches are ap pli ca ble to mea sure
the 238U ac tiv ity con cen tra tion in soil sam ples in the
dis equi lib rium con di tion be tween 226Ra and 238U. In
the dis equi lib rium be tween 238U and 226Ra, the ac tiv -
ity con cen tra tion of 238U can be de ter mined based on
the gamma lines of its two first daugh ters in the de cay
se ries, i. e., 234Th and 234mPa, which are in equi lib rium
with 238U. In the first ap proach, the ac tiv ity con cen tra -
tion of 238U can be de ter mined via the 92.5 keV peak of 
234Th. In this case, it needs to cor rect on the mea sure -
ment for the self-ab sorp tion fac tors [31-33]. The sec -
ond ap proach is to mea sure the 238U ac tiv ity con cen -
tra tion via the 1001.03 keV peak of 234mPa. Pre vi ous
works in di cated that the ac tiv ity con cen tra tion of 238U
could be de ter mined based on the 1001.03 keV peak of 
234mPa with out self-ab sorp tion cor rec tion [33, 34].
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Fig ure 2. Ef fi ciency curve of the SEGe de tec tor as a
func tion of gamma ray en ergy



How ever, this mea sure ment is ap pli ca ble only in the
case that the 238U ac tiv ity con cen tra tion in soil sam ple
is high enough or the mea sure ment time is long
enough. So that, the 1001.03 keV peak of 234mPa ap -
pears clearly and iso lated in the mea sured gamma
spec trum [34]. The dis ad van tage of this ap proach is
that if the ac tiv ity con cen tra tion of 238U is not high
enough, or the mea sure ment time is not long enough,
the count num ber of the 1001.03 keV peak is small,
lead ing to a large sta tis ti cal er ror.

An other ap proach is to mea sure the ac tiv ity
con cen tra tion of 238U based on the as sump tion that
the atomic ra tio of the two iso topes 235U and 238U (F = 
=.235U/238U) is a con stant, i. e., F = 7.210–3. Based on 
the half-lives and the atomic masses of 235U and 238U,
the ra tio FA of their ac tiv ity con cen tra tions is de ter -
mined as

F
A

A
A

U

U

 235

238

00462. (3)

The ac tiv ity con cen tra tion of 235U is de ter mined
from its 185.72 keV (0.572) peak. Since the 185.71 keV 
peak of 235U and the 186.21 keV peak of 226Ra were
over lapped, form ing a to tal peak of 186 keV. The count
rate of the to tal 186 keV peak is the sum of the two
peaks and can be ex pressed as

n n n( ) ( . , ) ( . , )186 18575 18621235 226 U Ra (4)

where n (186) is the count rate (cps) of the to tal 186 keV
peak, and n (185.75, 235U) and n (186.21, 226Ra) are the
count rates due to the 185.71 keV peak of 235U and the
186.21 keV peak of 226Ra, re spec tively. In the equi lib rium
con di tion be tween 226Ra and 214Pb, the ac tiv ity con cen tra -
tion of 226Ra is cal cu lated as
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where I(Eg, X ) is the emis sion prob a bil ity for the
gamma- ray at en ergy Eg, and (Eg) – the de tec tion ef -
fi ciency. From eqs. (4) and (6), the count rate n
(185.75,235U) is de ter mined as

n n
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( . , ) ( )
( . , )
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29522
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Once the count rate n (185.75, 235U) is known, the
ac tiv ity con cen tra tion of 235U can be ob tained from eq. (4). 
In the pres ent work, the ac tiv ity con cen tra tions of 238U in
soil sam ples were mea sured based on both the 1001.03
keV peak and the ac tiv ity con cen tra tion of 235U us ing the
SEGe de tec tor. The mea sure ments were con ducted based
on a sec ond ary ref er ence ma te rial TNUKTh, which was
de vel oped by a mix ture of the IAEA ref er ence ma te ri als.
The com po si tions of the TNUKTh sec ond ary ref er ence
ma te rial con sist of RGU-1 (12.00  0.01 g), RGTh–1

(12.00  0.01 g), RGK-1 (13.50  0.01 g), SiO2 (57.00 
.0.01 g), CaCO3 (57.00  0.01 g), MgO (18.00  0.01 g),
TiO2 (9.00  0.01 g) and Ba (NO3)2 (57.00  0.01 g). The
gamma spec trum of the TNUKTh sec ond ary ref er ence
ma te rial mea sured by the SEGe de tec tor for a pe riod of
90000 s is dis played in fig. 3. Ta ble 1 shows the ac tiv ity
con cen tra tions of 238U, 226Ra, 232Th, and 40K in the
TNUKTh sec ond ary ref er ence ma te rial mea sured by the
SEGe de tec tor. Com par i son with the ref er ence val ues is
also pre sented. The re sult shows that the ac tiv ity con cen -
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Fig ure 3. Gamma ray spec trum
of the TNUKTh sec ond ary
ref er ence ma te rial mea sured
by the SEGe de tec tor



tra tion of 238U mea sured via the 1001.03 keV peak is un -
der es ti mated by –5.59 % com pared to the ref er ence value.
Whereas, that mea sured by the ac tiv ity con cen tra tion of
235U is greater than the ref er ence value by 1.55 %. The dif -
fer ences in the ac tiv ity con cen tra tions of the nat u ral
radionuclides are within 5.59 %, which is ac cept able for
fur ther mea sure ment of the soil sam ples.

It is no ticed that in ad di tion to the 185.75 keV
(57.2 %) peak, 235U can also be di rectly de ter mined
based  on  the  143.76  keV (10.96 %), 163.35 keV
(5.08 %) and 205.30 (5.08 %) peaks. How ever, since
the soil sam ples were mea sured us ing the wide-band
gamma spec trom e ter sys tem from 30 keV to 3.0 MeV,
the pho to elec tric ab sorp tion peaks of 235U were emit -
ted, in clud ing the 143.76 keV peak, and thus Compton
scat ter ing is high. In con trast, the 1001.03 keV peak of
234mPa ap pears clearly against the low Compton scat -
ter ing back ground, fig. 3. The sta tis ti cal er ror of the
count rate of the 143.76 keV peak (12 %) is greater
than that of the 1001.03 keV peak (6.8 %). There fore,
the de ter mi na tion of 235U based on the 143.76 keV
peak would af fect the ac cu racy of the ac tiv ity con cen -
tra tion of 238U. Ta ble 1 shows that the de ter mi na tion of 
the 235U based on the 185.75 keV peak in fers the ra dio -
ac tive ac tiv ity of 238U with a high ac cu racy (dis crep -
ancy less than <2 %).

Ra dio log i cal haz ards

To es ti mate the im pact of the nat u ral radionuclides
to hu man health, ra dio log i cal haz ard in di ces were cal cu -
lated, in clud ing ra dium equiv a lent ac tiv ity, Raeq, ab -
sorbed gamma dose rate, D, out door an nual ef fec tive
dose equiv a lent (AEDE), ex cess life time can cer risk
(ELCR), ex ter nal and in ter nal haz ard in di ces (Hex and
Hin), and ra dio ac tiv ity level in dex Ig. The Raeq is cal cu -
lated as fol lows [35, 36]

Ra A A Aeq Ra Th K  143 0077. . (8)

where ARa, ATh, and AK are the ac tiv ity con cen tra tions
of 226Ra, 232Th, and 40K, re spec tively. The ab sorbed
gamma dose rate D (nGyh–1) at 1 m above the ground
is cal cu lated as [1]

D A A A( ) . . .nGyh Ra Th K
   1 046 062 0042 (9)

where the con ver sion fac tors as so ci ated to 226Ra,
232Th, and 40K are 0.46, 0.62, and 0.042
nGyh–1/(Bqkg–1), re spec tively. The out door AEDE
(mSv per year) is cal cu lated as [1]

AEDE D DCF OF T( )mSv per year     (10)

where the ab sorbed gamma dose rate D (nGyh–1) is ob -
tained from eq. (3), DCF = 0.7 SvGy–1 – the dose con -
ver sion fac tor, OF = 0.2 – the out door oc cu pancy fac -
tor, and T = 8760 h – the time fac tor [1, 37]. From the
out door an nual ef fec tive dose equiv a lent AEDE, the
ex cess life time can cer risk (ELCR) is cal cu lated as fol -
lows [38]

ELCR AEDE DL RF   (11)

where DL and RF are the du ra tion of life (70 years av -
er age) and the risk fac tor (Sv–1), re spec tively. For the
pub lic, the value of RF = 0.05 Sv–1 was used ac cord ing
to ICRP [39]. The ex ter nal and in ter nal haz ard in di ces,
Hex and Hin, are cal cu lated as [36, 40]

H
A A A

ex
Ra Th K  

370 259 4810
(12)

H
A A A

in
Ra Th K  

185 259 4810
(13)

The ra dio log i cal haz ard as so ci ated with the nat u ral 
radionuclides can also be eval u ated via the gamma in dex
Ig, which is cal cu lated as

I
A A A

g   Ra Th K

300 200 3000
(14)

The value of Ig = 1.0 is equiv a lent to the ef fec tive
ra di a tion dose of 1 mSvy–1, which is used as the up per
limit.

RE SULTS AND DIS CUS SION

Ac tiv ity con cen tra tions of the radionuclides

Ta ble 2 pres ents the ac tiv ity con cen tra tions of
226Ra, 238U, 232Th, 40K, and 137Cs in 20 soil sam ples in
Phonsavan dis trict. The 226Ra ac tiv ity con cen tra tion
var ies in the range of 41.7-72.1 Bqkg–1 with the av er -
age value of 54.0 2.5 Bqkg–1 . The ac tiv ity con cen tra -
tion of 238U is 40.9-84.5 Bqkg–1  with the av er age
value of 65.1 4.4 Bqkg–1. The high est 226Ra and 238U
ac tiv ity con cen tra tions are ob served at the sam ple
S10. The 232Th ac tiv ity con cen tra tions in 20 soil sam -
ples are within the range of 69.8-125.7 Bqkg–1. The
high est value of 125.7 4.8 Bqkg–1 is found at the sam -
ple S20. Sam ple S15 cor re sponds to the low est 232Th 
ac tiv ity con cen tra tion. The av er age value is 96.9  3.7
Bqkg–1 . The ac tiv ity con cen tra tions of 40K vary from
147.2 to 829.1 Bqkg–1, with the av er age value of 433.2
20.7 Bqkg–1 . The high est 40K ac tiv ity con cen tra tion
of 829.1 36.1 Bqkg–1 is found at the sam ple S4. Ta ble
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Ta ble 1. Ac tiv ity con cen tra tions of 228U, 232Th, 40K,
and 137Cs of the TNUKTh sec ond ary ref er ence ma te rial
mea sured by the SEGe de tec tor

Radionuclides
This

mea sure ment
[Bqkg–1]

Ref er ence
[Bqkg–1]

Dif fer ence
[%]

238U (1001.03 keV) 315.8 12.1 334.5 6.7 –5.59
238U (235U) 339.712.5 334.5 6.7 1.55

226Ra 331.5 6.7 334.5 6.7 –0.97
232Th 225.4 9.1 216.7 11.0 4.01

40K 958.5 33.2 972.2 11.2 –1.41



3 pres ents a com par i son of the ac tiv ity con cen tra tions
of the nat u ral radionuclides in sur face soils in
Phonsavan dis trict with that ob tained in neigh bour ing
re gions. One can see that the ac tiv ity con cen tra tions of 
226Ra, 232Th, and 40K in Phonsavan dis trict are higher
than that ob tained in the mid dle of Laos. The av er age

val ues in this study are also higher than the world av er -
age val ues [1]. Fig ure 4 dis plays the fre quency
dis tri bu tions of the ac tiv ity con cen tra tions of the
radionuclides. The sym met ri cal dis tri bu tions are ob -
served for all the nat u ral radionuclides and 137Cs with
ap prox i mate zero skew ness. The con cen tra tions of all
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Ta ble 2. Ac tiv ity con cen tra tions of radionuclides in soil sam ples in Phonsavan dis trict

Sam ples
Ac tiv ity con cen tra tion [Bqkg–1]

226Ra 238U 232Th 40K 137Cs 

S1 56.3 2.6 71.5 4.7 108.1 4.6 609.3 27.4 2.35 0.17

S2 62.2 3.4 77.1 4.8 113.2 4.7 329.7 16.3 1.75 0.16

S3 56.7 2.6 72.5 4.7 106.5  770.5 34.7 --

S4 42.1 1.7 40.9 3.1 72.8 2.6 829.1 36.1 1.97 0.16

S5 47.0 1.7 62.0 4.3 85.5 3.0 357.2 15.3 1.92 0.16

S6 46.8 1.7 63.1 4.3 87.4  451.6 0.3 1.81 0.16

S7 52.2 2.4 69.7 4.8 92.6  147.2 8.2 3.12 0.20

S8 54.2 2.4 72.0 4.7 97.6 3.7 189.6 11.2 2.16 0.17

S9 57.6 2.7 75.4 4.8 113.4 4.7 291.3 15.5 1.54 0.14

S10 72.1 3.7 84.5 5.1 118.3 4.7 371.8 22.3 1.61 0.14

S11 69.0 3.5 82.1 5.0 108.1 4.3 426.3 20.4 1.79 0.15

S12 63.2 3.5 67.0 4.8 104.2 4.3 456.3 21.1 0.65 0.06

S13 56.4  78.9 4.8 96.7 3.7 256.3 15.1 1.73 0.15

S14 52.7 2.4 61.1 4.3 77.2 2.7 235.1 14.6 1.82 0.16

S15 45.9 1.8 46.9 3.8 69.8 2.6 336.2 15.1 1.30 0.12

S16 41.7 1.6 41.9 3.1 82.5 3.0 539.3 25.2 0.83 0.08

S17 53.5 2.4 63.7  97.9 3.2 337.8 15.1 1.85 0.16

S18 56.4 2.7 65.3 4.5 90.6 3.5 765.4 34.7 –

S19 46.2 1.8 47.7 3.8 89.2 3.1 448.4 21.0 1.35 0.12

S20 48.2 1.9 58.4 4.3 125.7 4.8 516.2 24.8 1.25 0.12

Min 41.7 1.6 40.9 3.1 69.8 2.6 147.2 8.2 0.65 0.06

Max 72.1 3.7 84.5 5.1 125.7 4.8 829.1 36.1 3.12 0.20

Av er age 54.0 2.5 65.1 4.4 96.9 3.7 433.2 20.7 1.54 0.13
SD 8.27 12.8 15.34 192.18 0.74
SE 1.85 2.86 3.43 42.97 0.17

Me dian 53.9 66.2 97.2 399.0 1.74
Skew ness 0.54 –0.54 –0.01 0.71 –0.49
Kurtosis –0.04 –0.47 –0.69 –0.13 0.98

Ta ble 3. Com par i son of the ac tiv ity con cen tra tions of the nat u ral radionuclides in Phonsavan with neigh bour ing re gions

Re gion
Ac tiv ity con cen tra tion [Bqkg–1]

Ref er ences238U 226Ra 232Th 40K
Phonsavan, Xiengkhouang, Laos 54a (41.7-72)b 65 (41-85) 97 (70-126) 433 (147-829) This work

Savannakhet, Laos – 22 (7-74) 31 (4-114) 212 (14-906) [26]
Bolikhamxay, Laos – 44 (13-90) 63 (11-93) 523 (38-999) [27]
Khammuoan, Laos – 22 (7-74) 31 (4-114) 212 (14-906) [28]
Nghe An, Viet nam – 55 75 438 [13]
Ha Tinh, Viet nam – 45 63 488 [13]

Quang Binh, Viet nam – 39 48 319 [13]
Ho Chi Minh, Viet nam – 55 75 438 [16]

South ern Thai land 4-122 29 (4-122) 44 (6-170) 344 (5-1422) [41]
Perak, Ma lay sia 12-426 112 (12-426) 246 (19-1377) 277 (19-2204) [11]

Penang, Ma lay sia 184 396
162 (12-968) 165 (16-667) 835 (87-1827) [42]

Johor, Ma lay sia – 261 (11-1210) 300 (12-2450) [43]
World av er age 32 45 412 [1]

a Av er age value and b range of the val ues



the radionuclides fol lowed the light-tailed dis tri bu tion 
with the Kurtosis rang ing from –0.69 to 0.98. Fig ure 5
dis plays the Pearson cor re la tion co ef fi cients among
the ac tiv ity con cen tra tions of the nat u ral radionuclides 
and 137Cs ob tained in Phonsavan dis trict. Strong cor re -
la tion is ob served among 226Ra, 238U, and 232Th. How -
ever, no cor re la tion be tween 40K and 137Cs with oth ers
is ob served.

As shown in tab. 2, among 20 soil sam ples col -
lected, the 137Cs ac tiv ity was de tected in 18 sam ples. The
137Cs ac tiv ity con cen tra tions are about 0.65-3.12 Bqkg–1

with the av er age value of 1.54 0.13 Bqkg–1. The high est 
value of 3.12 0.20 Bqkg–1 was ob tained at the sam ple
S7. This re sult is con sis tent with the hy poth e sis that 137Cs 
is more con cen trated in the foot hills due to the ero sion
and wash out flow from the moun tain. Com pared to the
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Fig ure 4. Fre quency dis tri bu tion of the ac tiv ity con cen tra tions in the soil sam ples in Phonsavan dis trict



con cen tra tion of 137Cs in the mid dle of Laos (av er age of
1.42 and range of 0.5-7.97 Bqkg–1) [29], the val ues ob -
tained in Phonsavan dis trict are within this range. The
137Cs con cen tra tion in Phonsavan is lower than the world 
av er age value (51 Bqkg–1) [1].

Ra dio log i cal haz ards

Ra dium equiv a lent ac tiv ity

Ta ble 4 pres ents the ra dium equiv a lent ac tiv ity
Raeq, ab sorbed gamma dose rate D, out door an nual ef -
fec tive dose equiv a lent AEDE and ex cess life time
can cer risk ELCR, cal cu lated from the ac tiv ity con -
cen tra tions of the radionuclides in 20 soil sam ples.
Fig ure 6 dis plays the Raeq val ues with the con tri bu tion
from the nat u ral radionuclides. One can see that the
Raeq val ues are within 171.6-269.9 Bqkg–1, with the
av er age of 225.9 7.8 Bqkg–1, which is higher than the 
world av er age value by a fac tor of 2.0. The av er age
Raeq in this study area is also higher than that ob tained
in the mid dle of Laos (121.8  Bqkg–1) by a fac tor of 1.9
[28]. The high est Raeq of 269.9  9.1 Bqkg–1 is ob -
tained at the sam ple S10. This value is still lower than
the safety limit of 370 Bqkg–1 [1]. The av er age con tri -
bu tions of 226Ra, 232Th, and 40K to the to tal Raeq are
24.0, 61.3, and 14.7 %, re spec tively.
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Fig ure 5. Pearson cor re la tion co ef fi cients be tween the
ac tiv ity con cen tra tions of the radionuclides in the soil
sam ples in Phonsavan dis trict

Ta ble 4. Ra dium equiv a lent ac tiv ity con cen tra tion Raeq, ab sorbed gamma dose rate D, out door an nual ef fec tive dose
equiv a lent AEDE and ef fec tive life can cer risk ELCR in the soil sam ples in Phonsavan dis trict

Sam ple Raeq [Bqkg–1] D [nGyh–1] AEDE [mSvy–1] ELCR [×10–3]

S1 257.8 9.7 118.5 5.2 0.14 0.006 0.50 0.02

S2 249.5 8.0 112.7 5.2 0.14 0.006 0.48 0.02

S3 268.2 11.2 124.4 5.3 0.15 0.006 0.53 0.02

S4 210.0 10.6 99.3 3.9 0.12 0.005 0.42 0.02

S5 196.7 5.8 89.6 3.3 0.11 0.004 0.38 0.01

S6 206.5 7.0 94.7 3.6 0.11 0.004 0.40 0.02

S7 195.9 5.4 87.6 3.7 0.11 0.004 0.37 0.02

S8 208.4 6.0 93.4 3.9 0.11 0.005 0.39 0.02

S9 242.1 7.6 109.0 4.8 0.13  0.46 0.02

S10 269.9 9.1 122.1  5.5 0.15 0.007 0.52 0.02

S11 256.4 8.4 116.7 5.1 0.14 0.006 0.49 0.02

S12 247.4 8.5 112.9 5.2 0.14 0.006 0.48 0.02

S13 214.4 6.7 96.7 4.2 0.12 0.005 0.41 0.02

S14 181.2 5.7 82.0 3.4 0.10 0.004 0.35 0.01

S15 171.7 5.5 78.5 3.1 0.09 0.004 0.33 0.01

S16 201.2 8.0 93.0 3.7 0.11 0.004 0.39 0.02

S17 219.5 6.2 99.5 3.7 0.12 0.005 0.42 0.02

S18 244.9 10.8 114.3 4.9 0.14 0.006 0.48 0.02

S19 208.4 7.1 95.4 3.6 0.12 0.004 0.40 0.02

S20 267.7 9.2 121.8 4.9 0.15 0.006 0.51 0.02

Min 171.7 5.5 78.5 3.1 0.09 0.004 0.33 0.01

Max 269.9 9.1 124.4 5.3 0.15 0.007 0.53 0.02

Av er age 225.9 7.8 103.1 4.3 0.12 0.01 0.44 0.02
SD 30.6 14.2 0.02 0.06
SE 6.84 3.16 0.004 0.02

Me dian 216.99 99.41 0.12 0.73
Skew ness –0.02 –0.02 –0.02 0.07
Kurtosis –1.26 –1.25 –1.26 –1.35



Ab sorbed gamma dose rate

The ab sorbed gamma dose rates D [nGyh–1] of
the ter res trial gamma ra di a tion were cal cu lated in 20
soil sam ples in Phonsavan. The re sults show that D
val ues are within the range of 78.5-124.4 nGyh–1 as
shown in tab. 4 and fig. 7. The high est D is 124.4
nGyh–1, and the av er age value is 103.1 4.3 nGyh–1.
This value is about 1.38 times greater than the world
av er age value as shown in tab. 3. It is es ti mated that the 
con tri bu tions of 226Ra, 232Th, and 40K to the to tal dose
rate are 24 %, 58 %, and 18 %, re spec tively.

An nual ef fec tive dose equiv a lent
and ex cess life time can cer risk

The out door AEDE var ies from 0.02 to 0.15
mSvy–1 as shown in tab. 4. Fig ure 8 de picts the AEDE
and the ECLR cal cu lated from the soil sam ples in
Phonsavan dis trict. The con tri bu tions of 226Ra, 232Th,
and 40K to the to tal AEDE are es ti mated of about 25,

48  and 27 %,  re spec tively.  The  high est  AEDE of
0.15 mSvy–1 is ob tained at the sam ple S10. The av er -
age AEDE is 0.12 mSvy–1 . The val ues are smaller than 
the world av er age [1], and much lower than the safety
limit of 1.0 mSvy–1 [39]. From the AEDE, the ELCR
val ues are ob tained in the range from 0.3310–3 to
0.5310–3 with the av er age value of 0.4410–3 as shown 
in tab. 3. It is no ticed that the ELCR in sur face soil in
Phonsavan is greater than the world av er age value of
0.2910–3.

Ex ter nal and in ter nal ra dio log i cal
haz ards and gamma in dex

Ta ble 5 shows the ex ter nal and in ter nal ra dio log i -
cal haz ards and the ra dio ac tiv ity level in dex cal cu lated
from the ac tiv ity con cen tra tions in the soil sam ples.
Fig ure 9 de picts the sta tis ti cal anal y sis of Hex, Hin and I. 
The Hex val ues are in the range of 0.46-0.73 with the av -
er age of 0.61. The Hin is about 0.59-0.92 with the av er -
age of 0.76. The con tri bu tions of 226Ra, 232Th, and 40K
to the Hex are about 24, 61, and 15%, re spec tively, and
that val ues to the Hin are 38, 49 and 12 %, re spec tively.
It is no ticed that the Hex and Hin in the soils in
Phonsavan are less than the safety lim its (1.0). The I
var ies in the range of 0.61-0.98 with the av er age value
of 0.81. The val ues are lower than the limit of 1.0.

CON CLU SIONS

As sess ment on char ac ter is tics of nat u ral
radionuclides and 137Cs in sur face soils in Phonsavan
dis trict, Xiengkhouang prov ince, Laos have been con -
ducted us ing the SEGe de tec tor. Twenty soil sam ples
were col lected in the pop u lated and ag ri cul tural area in 
Phonsavan dis trict. The av er age ac tiv ity con cen tra -
tions of 238U, 226Ra, 232Th, and 40K are 65.1 4.4
Bqkg–1, 54.0 2.5 Bqkg–1, 96.9 3.7 Bqkg–1, and
433.2 20.7 Bqkg–1, re spec tively. The av er age Raeq is
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Fig ure 6. The Raeq in the soil sam ples in Phonsavan
dis trict

Fig ure 7. Ab sorbed gamma dose rate D in the soil
sam ples in Phonsavan dis trict

Fig ure 8. The AEDE (mSv) and the ECLR in the soil
sam ples in Phonsavan dis trict



225.9 7.8 Bqkg–1. The con tri bu tions of 226Ra, 232Th,
and 40K in the Raeq are about 24.0 %, 61.3 %, and 14.7
%, re spec tively. The high est 226Ra of 269.9 9.1
Bqkg–1 ob tained in Phonsavan is still lower than the
safety limit of 370 Bqkg–1. Among 20 soil sam ples
col lected in Phonsavan dis trict, the 137Cs ac tiv ity were
de tected in 18 sam ples. The av er age ac tiv ity con cen -
tra tion of 137Cs is 1.54 0.13 Bqkg–1, and the range is
0.65-3.12 Bqkg–1. As so ci ated ra dio log i cal haz ard in -
di ces in clud ing D, AEDE, ELCR, Hex, Hin, and I were
also cal cu lated. The val ues are lower than the safety

lim its, which means no sig nif i cant ef fect of the nat u ral
ra di a tion ex po sure to the hu man health.
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Ta ble 5. Ra dio log i cal haz ard in di ces of Hex, Hin, and I
in the soil sam ples in Phonsavan dis trict

Sam ple Hex Hin I

S1 0.70 0.03 0.85 0.04 0.93 0.04

S2 0.67 0.03 0.84 0.04 0.88 0.04

S3 0.72 0.03 0.88 0.04 0.98 0.04

S4 0.57 0.02 0.68 0.03 0.78 0.03

S5 0.53 0.02 0.66 0.02 0.40 0.03

S6 0.56 0.02 0.68 0.03 0.74 0.03

S7 0.53 0.02 0.67 0.03 0.69 0.03

S8 0.56 0.02 0.71 0.03 0.73 0.03

S9 0.65 0.03 0.81 0.04 0.86 0.04

S10 0.73 0.03 0.92 0.04 0.96 0.04

S11 0.69 0.03 0.88 0.04 0.91 0.04

S12 0.67 0.03 0.84 0.04 0.88 0.04

S13 0.58 0.02 0.73 0.03 0.76 0.03

S14 0.49 0.02 0.63 0.03 0.64 0.03

S15 0.46 0.02 0.59 0.02 0.61 0.02

S16 0.54 0.02 0.66 0.03 0.73 0.03

S17 0.59 0.02 0.74 0.03 0.78 0.03

S18 0.66 0.03 0.81 0.04 0.90 0.04

S19 0.56 0.02 0.69 0.03 0.75 0.03

S20 0.72 0.03 0.85 0.03 0.96 0.04

Min 0.46 0.02 0.59 0.02 0.61 0.02

Max 0.73 0.03 0.92 0.04 0.98 0.04
Av er age 0.61 0.76 0.81

Fig ure 9. The Hex, Hin, and Ig cal cu lated from the soil
sam ples in Phonsavan dis trict
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KARAKTERISTIKE  PRIRODNIH  RADIONUKLIDA  I  137Cs  U
POVR[INSKOM  ZEMQI[TU  FONSAVANA,  U  SJENGKUANGU,  LAOS

Procena karakteristika prirodnih radionuklida i 137  u zemqi{tu okruga Fonsavan, u
provinciji Sjengkuang, Laos, sprovedena je kori{}ewem standardnog elektrodnog koaksijalnog 

 detektora. Uzorci zemqi{ta prikupqeni su na 20 lokacija u blizini naseqenog i
poqoprivrednog podru~ja okruga Fonsavan. Prose~ne koncentracije aktivnosti 226 , 238 , 232 , 40K i
137  bile su 54.0  2.5 , 65.1  4.4 , 96.9  3.7 , 433.2  20.7  i 1.54  0.13  
respektivno. Prose~na aktivnost ekvivalenta radijuma Ra  bila je 175  20 , a najvi{a vrednost
Ra  od 269.9  jo{ uvek je ni`a od bezbednosne granice od 370 . Pridru`eni indeksi
radiolo{ke opasnosti, kao {to su ja~ina apsorbovane gama doze, godi{wi ekvivalent efektivne doze
na otvorenom, rizik od raka tokom `ivota, eksterni i unutra{wi indeksi opasnosti i gama indeks,
tako|e su izra~unati i predstavqeni.

Kqu~ne re~i: prirodni radionuklid, 137Cs, uzorak zemqi{ta, koncentracija aktivnosti


