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Abstract
Measurement of environmental gamma dose in air in Ho Chi Minh city, Vietnam has been conducted at 2245 locations using 
a portable dosimeter installed on a motobike with GPS integrated and positioned 1 m above the ground surface. Cumulative 
gamma dose rates have also been measured using the TLD dosimeters located at 20 fixed locations around the city to evalu‑
ate the total component and the contribution of cosmic rays in the rainy and dry seasons. The gamma dose rates in the city 
were found in the range of 0.05–0.18 μSv/h with the average value of 0.10 μSv/h. The cumulative gamma dose in the dry 
season is greater than that in the rainy season by about 15%.

Keywords Gamma dose in air · Cumulative gamma dose · Portable dosimeter · TLD dosimeter

Introduction

Two main sources of exposure of humans to environmental 
radiation are terrestrial gamma rays and cosmic rays. Ter‑
restrial gamma rays are mainly from the primordial radioac‑
tive nuclides occurring naturally in soils, rocks existing in 
the earth’s crust and building materials, such as 238 U, 232 Th 
series and 40 K [1, 2]. The terrestrial gamma radiation level 
and associated external exposure due to the natural radio‑
activity, in particular outdoor gamma dose, depend on the 
geological structure and the activity concentration in the 
soil. However, indoor absorbed gamma dose, in addition 
to geology, relies also on building materials. It means that 
human activities with new construction materials could lead 
to the change of the environmental radiation background. 

On the other hand, cosmic ray particles interact with the 
atmosphere to produce a number of radioactive nuclei and 
cause radiation dose. According to UNSCEAR 1993, the 
average annual effective dose for adults due to cosmic rays 
is about 0.38 mSv [3]. The radiation dose induced by cosmic 
rays increases with latitude and altitude. The radiation dose 
due to cosmic radiation is about double at the altitude of 
2100 m compared to that at sea level [4]. Measurement of 
gamma dose rate in air is considerably essential to determine 
the environmental radiation background in a region and to 
estimate the risk to human health from both natural and arti‑
ficial sources [1, 2].

Among several techniques for measuring gamma dose 
in air, portable survey meter, thermoluminescent dosimeter 
(TLD) and gamma spectrometer are widely used [5–12]. 
Gamma spectrometer is extensively used to measure the 
radioactivity concentrations of 238 U, 232 Th series and 40 K in 
surface soils. Then, the gamma dose rate is calculated using 
the Beck formula [13]. TLDs are commonly used to accu‑
mulate the radiation response for a period of time. Then, the 
gamma dose rate is evaluated from the accumulative dose 
in the time period [4, 14, 15]. The mean values of outdoor 
and indoor annual gamma dose rates in air in Udupi district, 
Karnataka, India measured by the TLDs were reported as 
0.75 ± 0.18 mGy/yr and 0.74 ± 0.13 mGy/yr, respectively 
[16]. Direct measurement of gamma dose rate in air in 
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the area surrounding the Mexican Nuclear Research Cen‑
tre using the TLDs gave the mean value of 86.35 ± 12.57 
nGy/h (range in 58.42–115.11 nGy/h) [17]. As reported by 
Liu et al. (2022), the outdoor ambient dose equivalent rate in 
Canada is about 0.072 μSv/h, with 0.020 μSv/h for terrestrial 
radiation and 0.052 μSv/h for cosmic radiation, correspond‑
ing to the contributions of terrestrial radiation and cosmic 
radiation of 20.6% and 79.4%, respectively [18]. A portable 
survey meter consisting of a plastic scintillator or a Geiger‑
Muller counter is used to assess the instant gamma dose rate 
in air from both surface soil and cosmic rays [5–9, 18, 19]. 
Measurement of absorbed dose rates in air in Odisha, India 
using a NaI(Tl) scintillation spectrometer installed on a car 
reported that the average values for seaside and inland areas 
were 230 ± 116 nGy/h and 123 ± 18 nGy/h, respectively [5].

Assessment in natural radioactivity and radiological 
hazards in surface soils has been extensively conducted 
using gamma spectrometer technique to establish a base‑
line data in Vietnam [20–25]. Southern Vietnam consists 
of 19 provinces covering the area of 64000 km2 , in which 
Ho Chi Minh is the biggest city in the region, contrib‑
uting significantly in the transportation and economic 
development in the region and Southeast Asian coun‑
tries. Therefore, assessment of natural radioactivity and 
radiological hazards in the city has been extensively paid 
attention for the purpose of environmental protection. A 
past work assessed the absorbed gamma dose rates in air 
in whole Vietnam using a car‑borne survey technique, 
i.e., a dosimeter located inside the car driven on asphalt 
pavements [6]. The gamma dose rates measured by the 
dosimeter in the car were then corrected by a shielding 
factor for obtaining the dose distribution over the country. 
The average gamma dose rate in air in whole Vietnam was 
reported as 71 ± 28 nGy/h (range in 20–217 nGy/h) [6]. 
The gamma dose rate in the North tends to higher than 
that in the South because the Northern part of Vietnam 
concentrates more mining regions of rare‑earth elements, 
such as in Lai Chau and Lao Cai provinces.

In the present work, the gamma dose rates in air in Ho 
Chi Minh city, Vietnam have been measured using a port‑
able survey meter (FAG FH 40 dosimeter) installed on a 
motobike with GPS integrated and positioned 1 m above 
the ground surface. The measurement was conducted at 
2245 locations in 24 districts of the city. Assessment on 
cumulative gamma dose rates were also conducted using 
TLD dosimeters located at 20 locations distributed evenly 
in the city to evaluate the total gamma doses and the con‑
tribution of cosmic rays. Measurement and comparison 
of the cumulative dose rates in the rainy and dry seasons 
have also been conducted and presented.

Instruments and methods

Sampling site

Ho Chi Minh city is located on the latitude of 10◦10′ N 
– 10◦38′ N and the longitude of 106◦22′ E – 106◦54′ E in the 
South of Vietnam. The area of the city is about 2095 km2 , 
and the population is about 9.0 millions. The altitude of 
the city is within 1–32 m above the sea level. The altitudes 
of Northern an d Southern parts of the city are about 32 m 
and 0.5–1.0 m, respectively. While that of the central part 
is 5–10 m. The soil structure is originated from the weath‑
ering of granitic and basaltic rock materials, old alluvial 
soils and Holocene sediment [20]. The climate is tropical 
with two seasons: rainy season from May to November and 
dry season from December to April. The humidity is about 
80% and 74.5% in the rainy season and the dry season, 
respectively. The annual rainfall is 1800 mm. The average 
annual temperature is 28 °C with the range of 14–40 °C.

Gamma dose measurement

Table  1 shows the detailed measurement conditions, 
including the number of measured points in 24 districts 
of the city and the locations of the Thermoluminescent 
dosimeters. Measurement of the gamma dose rates in air at 
2245 locations distributed evenly in the 24 districts of the 
city was performed using the portable dose survey FAG 
FH 40 dosimeter. This measurement was conducted by 
installing the FAG FH 40 dosimeter on a motobike and 
driving on the main roads of the city. The distribution 
of the 2245 measured points is displayed in Fig. 1. The 
FAG FH 40 dosimeter, a Geiger Mueller (GM) counter, 
is a battery‑operated low‑level dose rate meter used to 
measure gamma radiation in the range of 0.01 μSv/h – 10 
mSv/h, with the energy range from 45 keV to 3.0 MeV. 
The power supply is the 9‑volt dry battery type IEC 6 LF 
22 or a suitable accumulator for a minimum life of 70 h of 
continuous use. The measured value is displayed in both 
digitals by means of a numeric readout and in analog form. 
To ensure the reliability of the FAG FH 40 dosimeter, 
the detector was calibrated to a standard gamma radiation 
field of a 137 Cs source, which has the reference standard 
dosimeters traceable to the primary standard dosimetry 
laboratory (PSDL). Figure 2 displays the total ambient 
dose equivalent rate in the standard gamma radiation field 
of 137 Cs source.

To measure the total cumulative gamma dose in air 
and evaluate the contribution of cosmic rays, the in‑house 
Thermoluminescent dosimeters (TLDs) with CaSO4:Dy 
powder were used. The dosimetric parameters of the TLDs 
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such as glow curve with temperature, homogeneity of the 
batch, reproducbility of measurement, linearity of dose 
response, limit of detection, fading, and energy depend‑
ent response function were determined by radiating with 
the gamma rays of 137 Cs source (662 keV) within dose 
interval of 0.05–24.24 mSv, and filtered X‑rays (Pantak 
standard X‑ray generator) with energies of 33 keV, 48 
keV and 65 keV for dose interval of 0.3– mSv at the 
Secondary Standards Dosimetry Laboratory (SSDL) of 
Institute for Nuclear Science and Technology (Hanoi, 
Vietnam). Then, the irradiated TLDs were measured by 
Rexon‑UL320 Reader System which has the consecu‑
tive heating cycle of 30 s with four nodes: node 1 for 
increasing from room temperature to 135 °C in 6 s, node 
2 for keeping the temperature at 135 °C in 4 s, node 3 for 
increasing the temperature from 135 to 280 °C in 12 s, 
and node 4 for keeping the temperature at 280 °C in 8 s. 
Figure 3 shows the energy dependent response function 
of the TLD dosimeter.

The TLD dosimeters were installed at 20 positions distrib‑
uted evenly in the city for measuring the cumulative gamma 
doses in air. In which, at six positions in Cu Chi, Hoc Mon, 

Thu Duc, District 1, Nha Be and Can Gio were located 
double TLD dosimeters. One of the two TLD dosimeters 
was included with a lead shielding layer (TLD_Pb) to 
prevent the gamma rays coming from surface soils for 
measuring only the cumulative gamma dose from the 
cosmic rays. The other TLD dosimeter was used without 
the lead shielding layer for measuring the total cumula‑
tive gamma dose in air, i.e., including the components 
of gamma doses from cosmic rays and surface soils. The 
use of TLDs to measure the lower environmental dose 
rate from surface soil or building material with shield‑
ing layers to eliminate the effect of cosmic rays is quite 
common. For example, the shielding layers to prevent 
cosmic rays was used to measure the natural background 
radiation in a 20‑story office building in Taiwan [14]. In 
the present work, to measure the contribution of cosmic 
rays we used the lead shielding layers to prevent the 
terrestrial gamma rays. The locations of the TLD and 
TLD_Pb dosimeters are depicted in Fig. 1 and Table 1. 
The measurements were conducted in four time periods 
in a year, in which two periods are in rainy season and 
two other correspond to dry season.

Table 1  Detailed condition of 
gamma dose measurement in air 
in Ho Chi Minh city

District name Area ( km2) Population density 
(people/km2)

No. of meas‑
ured points

No. of TLD 
dosimeter

No. of 
TLD_Pb 
dosimeter

Cu Chi 434.5 834 490 2 1
Hoc Mon 109.18 3326 166 2 1
Go Vap 19.74 28423 68 –
Binh Tan 51.89 11778 83 1 –
Tan Phu 16.06 26104 27 1 –
Tan Binh 22.38 19229 45 1 –
Binh Thanh 20.76 23109 31 1 –
Phu Nhuan 4.88 35990 18 –
Thu Duc 47.76 9936 110 1 1
District 1 7.73 24025 24 1 1
District 2 49.74 2744 62 1 –
District 3 4.92 38394 19 –
District 4 4.18 43788 8 1 –
District 5 4.27 41034 16 1 –
District 6 7.19 35035 21 –
District 7 35.69 7453 40 1 –
District 8 19.18 21978 25 1 –
District 9 114.01 2360 178 1 –
District 10 5.72 40942 12 –
District 11 5.14 45582 20 ‑
District 12 52.78 8559 102 1 –
Binh Chanh 252.69 1841 330 1 –
Nha Be 100.41 1095 121 1 1
Can Gio 704.22 100 229 1 1
Total 2095.01 – 2245 20 6
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Fig. 3  Energy dependent response function of the TLD dosimeter
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Fig. 2  The ambient dose equivalent rate of the standard gamma radia‑
tion field of a 137 Cs source calibrated using the FAG FH 40 dosimeter. 
The error bars indicate the 95% confident interval of the data

Fig. 1  Map of Ho Chi Minh city and the locations of gamma dose measurement
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Results and discussion

Gamma dose distribution

Table 2 shows the average and the range of the equivalent 
gamma dose rates in air measured in 24 districts of Ho Chi 
Minh city. Figure 4 displays the distribution of the gamma 
dose rates in the city plotted from 2245 measured points. 
The locations and the number of measured points in each 
districts are shown in Fig. 1 and Table 1, respectively. It 
can be seen that the equivalent gamma dose rates in air 
in the city vary from 0.05 to 0.18 μSv/h with the average 
value of 0.10 μSv/h. The lowest values of the gamma dose 
rates in 24 districts are about 0.05–0.09 μSv/h, whereas 
the highest values are about 0.13–0.18μSv/h. The average 
gamma dose rates in all districts are approximate, within 
the values from 0.10 to 0.11 μSv/h. This means that the 
difference of the average gamma dose rates from district 
to district, as well as compared to the average value of the 

whole city, is within 10%. For further statistical analysis, 
Fig. 5 displays the frequency distribution of the gamma 
dose rates measured at 2245 locations in the city. One can 
see that the gamma doses rates in air in Ho Chi Minh city 
follow the symmetrical distribution around the mean value. 
The data follow a standard distribution in the range from 
0.05 to 0.18 μSv/h, with the average value of 0.10 μSv/h. 
The smallest dose rates were in the range of 0.05–0.07 
μSv/h corresponding to 121 measured points, accounting 
for 5.4%. The highest dose rate is in the range of 0.13–0.18 
μSv/h, corresponding to 192 measured points, accounting 
for 8.5%. Most of the data range from 0.08 to 0.12 μSv/h 
(1932 points, accounting for 86.2%), equivalent to the 
annual dose of 0.70–1.05 mSv/yr. This range agrees with 
the natural radiation background in the world.

Together with the measurement of the gamma doses at 
2245 locations using a portable dosimeter (model FAH 
FH 40), we also performed soil sample collection and 
dose assessment at 120 locations in Ho Chi Minh city. The 
detailed radioactivity characteristics and related hazard indi‑
ces in soil samples in Ho Chi Minh city were presented in 
a previous work [25]. Since the dose measured directly in 
air consists of the contribution by the surface soils, it would 
provide useful information on the relationship between the 
equivalent gamma dose rates measured directly in air with 
that obtained from the terrestrial radioactivity concentra‑
tions in surface soils. The outdoor absorbed gamma dose, 
Dout , was calculated from the radioactivity of 226Ra, 232 Th 
and 40 K as [26]:

where, the values of 0.46, 0.62 and 0.042 are the activity‑
to‑outdoor dose conversion factors for 226Ra, 232 Th and 
40 K, respectively. Figure 6 displays the correlation of the 
gamma doses measured directly in air and that calculated 
from the radioactivity in surface soils. The correlation coef‑
ficient ( r2 ) between the measured and calculated values is 
0.6336. Since the direct measurement was conducted along 
the road system, it is noticed that crushed granitic stones in 
the roadbed and the asphalt cover can also emit gamma rays 
and contribute to the low dose rate. Moreover, the roadbed 
and asphalt cover also function as a shielding layer, leading 
to the change of the environmental radiation background. 
According to Inoue et al. (2020), the shielding effect by 
asphalt pavement ( SFasphalt ) in Southern Vietnam is about 
1.37 [5]. However, the measurement in Ho Chi Minh city 
was conducted at only 11 points. In the present work, quan‑
titative evaluation of the contribution or effect of roadbed 
and asphalt on the measured dose has not been conducted. 
This should be noticed in a future work.

(1)Dout(nGy ⋅ h
−1) = 0.46ARa + 0.62ATh + 0.042A

K
,

Table 2  Measured gamma dose rates in air in 24 districts of Ho Chi 
Minh city

District name Average dose rate (μSv/h) Range of 
dose rates 
(μSv/h)

Cu Chi 0.10 0.05–0.17
Hoc Mon 0.10 0.05–0.18
Go Vap 0.10 0.08–0.15
Binh Tan 0.10 0.07–0.17
Tan Phu 0.10 0.07–0.13
Tan Binh 0.10 0.07–0.15
Binh Thanh 0.10 0.08–0.14
Phu Nhuan 0.10 0.08–0.15
Thu Duc 0.10 0.08–0.15
District 1 0.10 0.06–0.14
District 2 0.10 0.06–0.16
District 3 0.10 0.07–0.16
District 4 0.11 0.08–0.15
District 5 0.11 0.09–0.18
District 6 0.10 0.07–0.15
District 7 0.10 0.08–0.18
District 8 0.10 0.07–0.15
District 9 0.10 0.07–0.16
District 10 0.11 0.09–0.17
District 11 0.10 0.08–0.17
District 12 0.11 0.05–0.17
Binh Chanh 0.10 0.05–0.18
Nha Be 0.10 0.07–0.18
Can Gio 0.10 0.05–0.18
Average 0.10 0.05–0.18
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Fig. 4  Distribution of environmental gamma dose rate in Ho Chi Minh city
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Cumulative gamma dose rates

Table 3 shows the total cumulative gamma dose rates and 
the components due to the surface soils and the cosmic rays 
measured by the TLD dosimeters in the rainy and dry sea‑
sons, respectively. The average equivalent gamma dose rate 
calculated from the cumulative doses is about 0.98 μSv/h. 
This value agrees with that measured directly in air (0.10 
μSv/h). The cumulative gamma doses due to the cosmic 
rays in the rainy season vary from 0.044 to 0.051 μSv/h 
with the average value of 0.048 μSv/h. Whereas, in the dry 
season, that values vary in the range of 0.046–0.068 μSv/h 
with the average value of 0.055 μSv/h. From Table 3, it 
is estimated that the contributions of the cosmic rays and 

terrestrial gamma rays in the total equivalent gamma dose 
rate in air are about 53% and 47%, respectively. One can also 
evaluate that the average annual effective dose in Ho Chi 
Minh city is about 0.86 mSv. In which, the contributions of 
cosmic rays and terrestrial gamma rays are about 0.45 and 
0.41 mSv, respectively. According to UNSCEAR report, the 
world average annual effective doses due to cosmic rays and 
terrestrial gamma rays are 0.4 and 0.5 mSv, respectively, 
and the ranges of the values are 0.3–1.0 mSv and 0.3–0.6 
mSv [1]. This means that the average annual effective dose 
obtained in Ho Chi Minh city agrees with the world average 
values. Figure 7 displays the cumulative dose rates in the 
rainy and dry seasons measured by the TLD dosimeters at 
20 locations distributed evenly in the city. It can be seen that 
the cumulative doses measured in the dry season are greater 
than that in the rainy season by about 15%.

As reported by Inoue et al. (2020), the average terrestrial 
gamma dose rates in whole Vietnam from direct measure‑
ment in air and fixed‑point measurement were 0.075 and 
0.71 μSv/h, respectively [5]. The value in the Southern part 
of Vietnam was 0.069 μSv/h (range in 0.029–0.074 μSv/h). 
Particularly, the terrestrial equivalent gamma dose rates 
in Ho Chi Minh city obtained from direct measurement 
and from soil concentration were 0.052 and 0.055 μSv/h, 
respectively [5]. However, the value obtained from soil con‑
centrations was based on the measurement of only eleven 
soil samples [5]. Tran et al. (2020) conducted a survey with 
120 soil samples distributed evenly in the city, and reported 
that the terrestrial equivalent gamma dose rate was about 
0.044 μSv/h. The value agree better with that evaluated 
from the terrestrial contribution in this work (0.046 μSv/h). 
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According to the UNSCEAR report, the average dose rate 
of cosmic rays at sea level is about 0.030 μSv/h, while the 
world average terrestrial dose rate is about 0.059 μSv/h [1, 
2]. The average gamma dose rate of cosmic rays in Ho Chi 
Minh city obtained in this measurement is greater than the 
world average value by a factor of 1.7, while that of terres‑
trial component is smaller by a factor of 0.8.

Conclusions

Assessment of gamma doses in air at in Ho Chi Minh city, 
Vietnam has been conducted using the FAG FH 40 dosimeter 
installed on a motobike driven around the city. Measurement 
of the cumulative gamma dose rates in rainy and dry seasons 
and the contribution of cosmic rays has also been conducted 
using 20 TLD dosimeters at fixed locations. It was found that 
the gamma dose rates measured in air in the city vary in the 
range of 0.05–0.18 μSv/h with the average value of about 0.10 
μSv/h. The lowest gamma dose rates in each district are about 
0.05–0.09 μSv/h, while the highest values are about 0.13–0.18 
μSv/h. The contribution of cosmic rays in the total gamma 
dose rates is about 53%. The measurement of cumulative 
gamma dose rates shows that the average dose rate in the dry 
season is greater than that in the rainy season by about 15%.
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