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Abstract Forty six houses at three typical inhabitant

villages that are located in the rare earth field in north-

western Vietnam were surveyed for radon and thoron

concentrations. The measurements were conducted by

exposing alpha track detectors CR-39 inside and outside of

dwellings for 4 months. The results showed that houses

adjacent to the rare earth ore bodies have significantly

elevated radon concentrations. Annual committed effective

doses originated from the inhalation of radon and thoron

were estimated. The results showed that people living in

the ore bodies areas would be exposed to the dose that

could be 10 times higher than the world average.

Keywords Rare earth � Ore bodies area � Radon �
Thoron � Annual effective dose

Introduction

It has been known that in some inhabited areas around the

world people may live in dwellings with high levels of

natural radiation, 100 times higher than the global average.

Yangjiang in China, Kerala in India, Guarapari in Brazil

and Ramsar in northern Iran are among the world’s well-

known areas with high levels of natural radiation [1–4].

The possible impact of natural radiation on humans has

been of serious concern for the society. Areas with high

levels of natural radiation have been under study to assess

the risks and long-term exposure effects [3, 4].

People living in rare earth deposits areas could be

exposed to high levels of natural radiation [5–8]. Because

of similar chemical properties and under similar physico-

chemical condition of formation, rare earth elements (REE)
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are often found in conjunction with uranium and thorium

[4–6].

Rare earth deposits have been found in northern Viet-

nam and are concentrated in northwestern metallogeny

zone [9]. Rare earths present potential economic opportu-

nities as well as health and environmental risks. Results of

natural radioactive environment survey in northwestern

Vietnam showed that the gamma radioactive doses vary

from 0.2 to 3.0 lSv h-1 [10, 11]. In all rare earth deposits

areas the gamma dose level exceeds the safety limit of

0.6 lSv h-1 [10].

The biggest rare earth field in northwestern Vietnam is

located in Lai Chau province [9, 10]. It has been suspected

that inhabitants living in the ore deposits areas could be

suffered by exposing to high external and internal effective

dose rates due to high levels of uranium and thorium and

their decay progenies as well as high radon and thoron

levels in their dwellings [10–12]. This paper reports on the

findings of a survey for radon and thoron concentrations,

inside and outside of local dwellings in three typical

inhabitant villages situated on and near the ore bodies

areas.

Materials and methods

The study areas

Ban Mau and Ban Mo

Ban Mau and Ban Mo are two villages located in the North

Nam Xe rare earth field, Nam Xe commune, Phong Tho

district, Lai Chau province (coordinates: 103�270E,

22�310N). These are high, rugged mountains where the ore

bodies are found in erupting bedrock of the Vien Nam (T1i

vn) formations, from the left bank of the Nam Xe stream

with elevation of 450 m up to the high peaks of 1,200 m

(Fig. 1).

In the mine field, original hard rocks are rarely exposed

and outcrops are only found in streams. Quaternary rocks

have thickness from 1 to 7.5 m, averaging about 4–5 m.

North Nam Xe rare earth field has both original and

weathered ore bodies [10, 12]. Original ore bodies were

created under two types of hydrothermal filling and meta-

somatic. Weathered ore bodies have the thickness range of

10–90 m, commonly of about 20–40 m. The thickness of

weathering increases from northwest to southeast with

sudden changes [10, 12].

The composition of REE in North Nam Xe rare earth

field is mainly of light group (cerium–lanthanum group).

Weathered ore has average content of 4–5 % rare-earth

oxides (REOs) and the original ore has average content of

1.4 % REOs. The proven reserves were estimated to be

940,000 t of REOs and the possible reserves were esti-

mated to be 3.135 Mt of REOs [12, 13]. In addition, there

were proven reserves of 76,000 t of U3O8, 59,000 t of

ThO2, and 38,000 t of Nb2O5 [13].

Ban Tham

Ban Tham is a village located in the Dong Pao rare earth

field (coordinates: 103�330E, 22�180N) and belong to Tam

Duong commune, Tam Duong District, Lai Chau province

(Fig. 2). Dong Pao rare earth field has rugged mountainous

terrain with heights of 500–2,000 m above-sea-level

(ASL). The center of the mine in the south has height of

1,138 m ASL. Mountains have slopes of 40�–50�, some-

times with steep cliff. The topography is in the form of

weathering denudation. In the limestone areas like Ban

Giang and Dong Pao there is also karst topography with

caves, karst sinkholes [10, 12].

As reported in [12], there are about 60 ore bodies in the

Dong Pao rare earth field. The majority of ore bodies are

usually distributed along the edge of syenite blocks

(Fig. 2). Dong Pao rare earth field contains mainly rare

earth minerals like bastnaesite, fewer parisite, and lanta-

nite. The ore bodies are under strong weathering, and have

content of 0.3–12.0 % REOs. The proven reserves were

estimated to be 645,000 t of REOs [12, 13].

Measuring technique

RADUET chambers made by Radosys Ltd.—Hungary

were used for the survey. A chamber pair with two CR-39

track etch detectors is dedicated to detect the radon and

thoron activity [14]. The main chamber is selective for

detecting only radon and the secondary chamber is sensi-

tive for both radon and thoron. A simple linear calculation

separates radon and thoron activity data results [15, 16].

At each dwelling, two pairs of RADUET chambers were

deployed, one pair was hung inside the house and the other

pair was hung outside the house. The list of the surveyed

dwellings is given in Table 1. A total of 46 houses were

surveyed, including 15 houses in Ban Mau village, 16

houses in Ban Mo village, and 15 houses in Ban Tham

village.

The measurements were conducted in the winter–spring

time (December to April). The annual average radon and

thoron concentrations were estimated by averaging mea-

sured concentrations in this time period. This could be a

reasonable estimation as the area has tropical climate, and,

as it was reported in [17], tropical climate areas could have

no seasonal changes in radon concentration. Also,

December to April is the winter–spring time, the only time

of the year people tend to close windows at cold nights.

The total exposure time was 132 days. During exposure
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time, the detectors were hung on a stable rod, 20 cm away

from any wall, at the height of 1.5–2 m from the floor. At

the end of the exposure time the detector pairs were

recovered and transferred to the laboratory for processing.

Five detector pairs were removed from the original loca-

tions by the house owners and so they were not used for

data evaluation.

In the laboratory the CR-39 chips were etched at 80 �C in

6 M NaOH solution for the duration of 4 h. The tracks caused

by the radon and thoron exposure were counted up with the

help of OLIMPUS CX21 microscope. The calibration factors

were determined as a result of test exposure in radon and

thoron calibration chambers, as described in [16].

Dose assessment

The annual committed effective doses originated from the

inhalation of radon or thoron, inside and outside of the

dwellings were calculated using the following Eqs. (1), (2),

and (3):

ERn=Tn ¼ EinRn=Tn þ EoutRn=Tn ð1Þ

where ERn/Tn is annual committed effective dose from

radon (Rn) or thoron (Tn);

EinRn=Tn ¼ CinRn=Tn � FinRn=Tn � tin � KRn=Tn ð2Þ

EoutRn=Tn ¼ CoutRn=Tn � FoutRn=Tn � tout � KRn=Tn ð3Þ

Fig. 1 Geological map showing Ban Mau and Ban Mo villages in the North Nam Xe rare earth field (adapted from [12])
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CinRn/Tn and CoutRn/Tn is annual average radon or thoron

concentration (Bq m-3) inside (CinRn or CinTn) and outside

(CoutRn or CoutTn) of the dwellings. FinRn/Tn and FoutRn/Tn

is the inside and outside equilibrium factors for radon and

its progenies or thoron and its progenies. These values were

taken from UNSCEAR 2000 [18] with FinRn = 0.4 and

FoutRn = 0.6 for radon, and FinTn = 0.02 and FoutTn =

0.003 for thoron; tin and tout is annual spending hours inside

(7,000 h) and outside (1,760 h); KRn/Tn is USCEAR 2000

recommended dose conversion factors, with KRn = 9 nSv

per unit integrated radon concentration (Bq h m-3) and

KTn = 40 nSv per unit integrated thoron concentration

(Bq h m-3).

In this survey, the annual average radon and thoron

concentrations were estimated by averaging measured

concentrations from December to April. It was also

understood that thoron concentration would be strongly

dependent on the distance from the source due to its short

haft-life, and the determination of the equilibrium equiva-

lent thoron concentration (EETC) would be very important

in estimating thoron dose for inhabitants. In this survey the

EETC was not measured. To estimate the risk caused by

the inhalation of thoron, the EETC was calculated by

multiplying measured thoron concentration with the equi-

librium factor for thoron and its progenies, taken from

UNSCEAR 2000 [18].

Result and discussion

Radon and thoron concentrations

The results of the measurements of radon and thoron

concentrations in the rare earth field of Lai Chau province

are given in Table 1. Houses in the Ban Mau village have

the highest radon concentrations, both inside and outside.

The indoor radon concentrations are ranging from 84 to

634 Bq m-3 with geometric mean (GM) of 308 Bq m-3

(Geometric standard deviation—GSD 1.7). Comparing to

worldwide GM value of 37 Bq m-3 (GSD 2.2) reported in

UNSCEAR 2000 [18], the indoor radon level in the Ban

Mau village is nearly 10 times higher than the world

average. The outdoor radon concentrations in the Ban Mau

village are ranging from 90 to 920 Bq m-3 with GM of

363 Bq m-3 (GSD 1.9), and that level is more than 30

times higher than the world average value of 10 Bq m-3

reported in UNSCEAR 2000 [18]. This could be due to the

fact that the Ban Mau village is located adjacent to the ore

bodies of North Nam Xe rare earth field (Fig. 1).

The Ban Mo village is located about 500–700 m from

the ore bodies of North Nam Xe rare earth field (Fig. 1).

This could be the reason the radon concentrations in this

village are about 3 times lower than that in the Ban Mau

village, with inside GM of 132 Bq m-3 (GSD 1.7) and

Fig. 2 Geological map showing Ban Tham village in the Dong Pao rare earth field (adapted from [10])
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Table 1 Annual average radon and thoron concentrations

No. House’s

code

Inside concentration (Bq m-3) Outside concentration (Bq m-3)

Rn Tn Rn Tn

Ban Mau village

1 BMau1 ND 920 ± 29 32 ± 14

2 BMau2 352 ± 18 59 ± 9 420 ± 19 60 ± 10

3 BMau3 84 ± 9 95 ± 7 245 ± 15 98 ± 9

4 BMau4 199 ± 13 15 ± 7 222 ± 14 13 ± 7

5 BMau5 241 ± 15 50 ± 8 ND

6 BMau6 229 ± 14 54 ± 8 90 ± 9 208 ± 10

7 BMau7 493 ± 21 87 ± 11 378 ± 18 10 ± 8

8 BMau8 273 ± 16 43 ± 8 320 ± 17 65 ± 9

9 BMau9 220 ± 14 72 ± 8 332 ± 17 18 ± 8

10 BMau10 516 ± 22 66 ± 11 516 ± 22 33 ± 10

11 BMau11 499 ± 21 17 ± 10 ND

12 BMau12 634 ± 24 10 ± 11 621 ± 24 72 ± 12

13 BMau13 512 ± 21 27 ± 10 859 ± 28 15 ± 13

14 BMau14 295 ± 16 23 ± 8 351 ± 18 15 ± 8

15 BMau15 295 ± 16 23 ± 8 261 ± 15 41 ± 8

Min 84 ± 9 10 ± 11 90 ± 9 10 ± 8

Max 634 ± 24 95 ± 7 920 ± 29 208 ± 10

AM ± ASD 346 ± 158 46 ± 28 426 ± 245 52 ± 54

GM 9/7 GSD) 308 9/7 1.7 37 9/7 2.0 363 9/7 1.9 35 9/7 2.5

Ban Mo village

1 BMo1 129 ± 11 22 ± 6 69 ± 8 10 ± 4

2 BMo2 227 ± 14 16 ± 7 118 ± 10 27 ± 6

3 BMo3 163 ± 12 16 ± 6 ND

4 BMo4 80 ± 9 22 ± 5 96 ± 9 20 ± 5

5 BMo5 98 ± 9 13 ± 4 123 ± 11 13 ± 5

6 BMo6 168 ± 12 23 ± 6 99 ± 9 15 ± 5

7 BMo7 104 ± 10 18 ± 5 186 ± 13 20 ± 7

8 BMo8 520 ± 22 16 ± 10 209 ± 14 17 ± 7

9 BMo9 135 ± 11 29 ± 6 111 ± 10 94 ± 8

10 BMo10 107 ± 10 83 ± 7 112 ± 10 25 ± 6

11 BMo11 99 ± 9 16 ± 5 28 ± 5 93 ± 7

12 BMo12 108 ± 10 23 ± 5 134 ± 11 13 ± 5

13 BMo13 46 ± 6 31 ± 5 134 ± 11 20 ± 6

14 BMo14 135 ± 11 27 ± 6 94 ± 9 19 ± 5

15 BMo15 117 ± 10 44 ± 6 66 ± 8 67 ± 6

16 BMo16 213 ± 14 14 ± 7 43 ± 6 70 ± 6

Min 46 ± 6 13 ± 4 28 ± 5 10 ± 4

Max 520 ± 22 83 ± 7 209 ± 14 94 ± 8

AM ± ASD 153 ± 108 26 ± 17 108 ± 48 35 ± 30

GM 9/7 GSD 132 9/7 1.7 23 9/7 1.6 97 9/7 1.7 26 9/7 2.1

Ban Tham village

1 BTham1 74 ± 9 52 ± 7 85 ± 10 90 ± 8

2 BTham2 74 ± 9 52 ± 7 85 ± 10 61 ± 7

3 BTham3 105 ± 11 71 ± 8 62 ± 9 77 ± 8

4 BTham4 113 ± 12 45 ± 7 157 ± 14 17 ± 7

5 BTham5 63 ± 9 73 ± 7 114 ± 12 12 ± 5
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outside GM of 97 Bq m-3 (GSD 1.7). Houses in the Ban

Tham village (Fig. 2) have similar level of radon concen-

trations as in the Ban Mo village, with inside GM of

77 Bq m-3 (GSD 1.4) and outside GM of 82 Bq m-3

(GSD 1.4). The outdoor radon levels in the Ban Mo and

Ban Tham villages are about 8–9 times higher than the

world average value of 10 Bq m-3 [18]. The indoor radon

levels in the Ban Mo and Ban Tham villages are about 3–4

times higher than that in the US with GM of 25 Bq m-3

(GSD 3.1) [19], in China with GM of 34.4 Bq m-3 (GSD

1.95) [18], and in the world with GM of 37 Bq m-3 (GSD

2.2) [18].

Thoron concentrations in Ban Mau and Ban Mo villages

are not high with inside GM of 37 Bq m-3 (GSD 2.0) and

outside GM of 35 Bq m-3 (GSD 2.5) in Ban Mau, inside

GM of 23 Bq m-3 (GSD 1.6) and outside GM of

26 Bq m-3 (GSD 2.1) in Ban Mo, and are equivalent to an

average concentration of the world [18]. This could be due

Table 2 Annual committed effective doses originated from the inhalation of radon and thoron

Effective dose from radon (mSv year-1) Effective dose from thoron (mSv year-1) Total dose from Rn

and Tn (mSv year-1)
Inside Outside Inside Outside

Ban Mau village

Min 2.1 ± 0.2 0.9 ± 0.1 0.1 ± 0.1 \0.1 5.0 ± 0.4

Max 16.0 ± 0.6 8.7 ± 0.3 0.5 ± 0.1 \0.1 22.0 ± 0.9

AM ± ASD 8.7 ± 4.0 4.1 ± 2.3 0.3 ± 0.2 \0.1 12.6 ± 5.7

GM 9/7 GSD 7.8 9/7 1.7 3.5 9/7 1.9 0.2 9/7 2.0 \0.1 11.4 9/7 1.6

Ban Mo village

Min 1.2 ± 0.2 0.3 ± 0.1 0.1 ± 0.1 \0.1 2.6 ± 0.3

Max 13.1 ± 0.6 2.0 ± 0.1 0.5 ± 0.1 \0.1 15.2 ± 0.7

AM ± ASD 3.9 ± 2.7 1.0 ± 0.5 0.1 ± 0.1 \0.1 5.0 ± 3.0

GM 9/7 GSD 3.3 9/7 1.7 0.9 9/7 1.7 0.1 9/7 1.6 \0.1 4.5 9/7 1.5

Ban Tham village

Min 1.2 ± 0.2 0.5 ± 0.1 0.2 ± 0.1 \0.1 2.4 ± 0.3

Max 3.1 ± 0.3 1.5 ± 0.1 0.6 ± 0.1 0.1 ± 0.1 4.6 ± 0.5

AM ± ASD 2.0 ± 0.7 0.8 ± 0.3 0.4 ± 0.1 \0.1 3.2 ± 0.6

GM 9/7 GSD 2.0 9/7 1.4 0.8 9/7 1.4 0.3 9/7 1.5 \0.1 3.1 9/7 1.2

Table 1 continued

No. House’s

code

Inside concentration (Bq m-3) Outside concentration (Bq m-3)

Rn Tn Rn Tn

6 BTham6 68 ± 9 68 ± 7 67 ± 9 266 ± 12

7 BTham7 111 ± 11 45 ± 7 62 ± 9 72 ± 7

8 BTham8 62 ± 9 72 ± 7 48 ± 7 78 ± 7

9 BTham9 48 ± 7 71 ± 7 145 ± 13 35 ± 7

10 BTham10 60 ± 8 99 ± 8 55 ± 8 84 ± 8

11 BTham11 69 ± 9 49 ± 6 79 ± 10 70 ± 7

12 BTham12 48 ± 7 90 ± 8 118 ± 12 108 ± 9

13 BTham13 124 ± 12 97 ± 9 ND

14 BTham14 117 ± 12 29 ± 6 62 ± 9 63 ± 7

15 BTham15 82 ± 10 27 ± 6 85 ± 10 29 ± 6

Min 48 ± 7 27 ± 6 48 ± 7 12 ± 5

Max 124 ± 12 99 ± 8 157 ± 14 266 ± 12

AM ± ASD 81 ± 26 63 ± 22 87 ± 33 76 ± 62

GM 9/7 GSD 77 9/7 1.4 59 9/7 1.5 82 9/7 1.4 58 9/7 2.2

ND no data available because the detector pair was removed from the original location, AM arithmetic mean, ASD arithmetic standard deviation,

GM geometric mean, GSD geometric standard deviation
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to the fact that thorium concentration in North Nam Xe rare

earth field is not high [10–12]. However, the thoron con-

centrations in the Ban Tham village are about 2 times

higher than that in the Ban Mau and Ban Mo villages, with

inside GM of 59 Bq m-3 (GSD 1.5) and outside GM of

58 Bq m-3 (GSD 2.2). This could be due to the higher

thorium concentrations in soil in this area [10–12].

There is also an interesting point to note that the indoor

radon and thoron concentrations are not statistically dif-

ferent from the outdoor concentrations. The reason could

be because of the fact that the area has tropical climate and

most dwellings are simple houses with open door and

windows that allow fresh air to exchange freely through the

house. Similar phenomena were observed in Thailand

where average indoor and outdoor radon levels are the

same in Bangkok and are not statistically different in

Chiang Mai because of rapid air exchange [17].

Based on the measured outdoor and indoor radon and

thoron levels it could be concluded that the investigated

rare earth field of Lai Chau province would be considered

as elevated radon and thoron level area, similar to the areas

with elevated uranium mineralization in south–west Eng-

land where about 30 % of the houses have indoor radon

level of up to 300 Bq m-3 [20].

Annual doses

The results of estimation of annual committed effective

doses (Eqs. 1–3) originated from the inhalation of radon

and thoron in the rare earth field of Lai Chau province are

given in Table 2. It could be seen that all inhabitants in the

investigated areas may have been exposed to high annual

effective doses. Comparing to the worldwide average val-

ues of 1.25 mSv year-1 (1.15 mSv year-1 for radon and

0.1 mSv year-1 for thoron) reported by UNSCEAR 2000

[18], people in the Ban Mau village may be exposed to GM

dose of 11.4 mSv year-1 (GSD 1.6), nearly 10 times

higher than the world average. Inhabitants in the Ban Mo

village may be exposed to GM dose of 4.5 mSv year-1

(GSD 1.5), nearly 4 times higher than the world average.

The people in the Ban Tham village may also be exposed

to GM dose of 3.1 mSv year-1 (GSD 1.2).

Conclusion

The results of radon and thoron investigation at the rare

earth field in northwestern Vietnam have shown that this is

an elevated natural radiation area. Indoor radon and thoron

concentrations are not statistically different from the out-

door concentrations. Both outdoor and indoor radon con-

centrations are higher than the world average. Houses in

the Ban Mau village, located adjacent to the ore bodies of

North Nam Xe rare earth field, have the highest average

radon concentration of more than 300 Bq m-3. Houses in

the Ban Mo village, located about 500–700 m from the ore

bodies of North Nam Xe rare earth field, and in the Ban

Tham village have radon level of about 100 Bq m-3.

Thoron concentrations in the Ban Mau and Ban Mo vil-

lages are not high and are equivalent to average concentra-

tion of the world. However, the thoron level in the Ban Tham

village is about 2 times higher than that in the Ban Mau and

Ban Mo villages, averaging about 60 Bq m-3.

Results of estimation of annual committed effective

doses originated from the inhalation of radon and thoron

showed that people in the Ban Mau village may be exposed

to average dose of 11.4 mSv year-1, nearly 10 times

higher than the world average of 1.25 mSv year-1 [18].

Inhabitants in the Ban Mo and Ban Tham villages may

receive average dose of 4.5 and 3.1 mSv year-1, respec-

tively. It was concluded that inhabitants living in the rare

earth field in northwestern Vietnam may have been

exposed to high effective dose rates due to high radon and

thoron concentrations in the air.

The risks and possible effects of long-term exposure of

the inhabitants in the Ban Mau village need to be evaluated

and intervention needs to be taken in order to reduce the

radon level since the radon level is beyond the action level

of 200 Bq m-3 set by Vietnam [21] and ICRP [22].
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