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ABSTRACT
Introduction: The utilization of fossil fuels in coal-fired power plants (CFPPs) for electricity genera-
tion could lead to the release of additional natural radionuclides into the surrounding environment
and, consequently, increase the gamma dose rate at these areas. Methods: In this study, the geo-
logical variations of gamma dose rate in the vicinity of Duyen Hai CFPP complex and Vinh Tan CFPP
complex were evaluated. Results: The obtained gamma dose rates were in the range from 0.07 to
0.22 µSv h−1 with the average value of 0.13 µSv h−1 in Duyen Hai area and in the range from 0.14
to 0.34 µSv h−1 with the average value of 0.21 µSv h−1 in Vinh Tan area. The results indicated that
the gamma dose rates in Vinh Tan area are higher than the corresponding values in Duyen Hai area.
Both natural aspects, such as the geological differences, geomorphology and weathering process,
and anthropogenic aspects, such as the difference in operational scale, coal consumption, and ash
discharge between Duyen Hai and Vinh Tan CFPP complexes, might significantly contribute to the
variation of gamma dose rate in the investigated areas. Conclusion: Overall, the calculated out-
door annual effective doses in two studied areas showed that the radiological impacts from the
operation of Duyen Hai and Vinh Tan CFPP complexes to the environment and public health are
now negligible.
Key words: Natural radionuclide, coal-fired power plant, gamma dose rate, spatial distribution,
annual effective dose

INTRODUCTION
Radiation and its potential radiological hazards to the
surrounding environment and public health are be-
coming a serious concern around the globe, and radi-
ation itself is an unavoidable part of the environment
material (soil, water, plants, ...). The environmental
radiation background is mostly caused by the natu-
ral radioisotopes (238U, 232Th series, and 40K), and
special attention must be paid to the radioactive inert
radon gas (222Rn)1. Human beings may encounter
complications of health problems as a result of con-
tinuous exposure to natural and artificial radiation.
Especially, a certain level of radiation exposure may
lead to interaction with human beings at the cellular
level and consequently destroy the cell structure.
In recent decades, more attention has been paid to
the environmental impacts of coal-burning related to
the increase in natural background radiation due to
the uranium, thorium content in fly ash and coal slag.
Radionuclides are subsequently released into the sur-
rounding area by the pathways in which a fraction of
nonvolatile nuclides is enriched and concentrated in
the ashes, while the volatile nuclides are well known

for their polluting potential due to vast releases of
various conventional pollutants like CO2, SOx, and
NOx into the atmosphere2. According to UNSCEAR
(1988), the radioactive source released into the atmo-
sphere was related to the proportion of fly ash from
the coal-fired power plants3. A significant quantity
of natural radionuclides can be liberated with fly-ash
into the surrounding environment due to the opera-
tion of coal-fired power plants2,4. Additionally, there
are many studies on the effects of radiation from the
burning of fossil fuels5–8.
In Vietnam, there are currentlymanyCFPPs in opera-
tion, with a total power capacity of nearly 14,500MW;
each year, they generate about 15.8 million tons of fly
ash, slag, and gypsum which are occupying the total
landfill area of about 700 ha. Currently, the amount of
fly ash and slag consumption of all coal-fired power
plants in Vietnam is just over 35%. The rest are still
stored in the dumping sites. No research data on ra-
dioactivity levels in the soil surrounding CFPPs and
their impact on the environment in Vietnam have
been published yet. Therefore, in this study, we ini-
tially evaluated the in-situ gamma rate dose distribu-
tion in the areas around two typical CFPPs complexes
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in Vietnam: the Vinh Tan CFPP complex in the Cen-
tral Region and the Duyen Hai CFPP complex at the
southern end of Vietnam. From these data, the po-
tential risks of radiation exposure in these two areas
were evaluated.

MATERIAL ANDMETHOD
Surveyed areas
Binh Thuan is a province in the middle of Vietnam.
Geographical location is from 10◦33’42” to 11◦33’18”
North latitude and from 107◦23’41” to 108◦52’18”
East longitude. BinhThuan’s geography is mainly low
hills, narrow coastal plains, and narrow terrain along
northeast-southwest. This area is in a tropical mon-
soon climate, sunny, windy, no winter, and drought.
There are two distinct seasons in this area. The rainy
season normally is from May to October, and the dry
season lasts fromNovember to April. Vinh Tan CFPP
complex, which is located in the BinhThuan province,
was constructed in 2010 and commissioned in 2018.
It involved four CFPPs in operation (Vinh Tan 1, Vinh
Tan 2, Vinh Tan 4, and Vinh Tan 3). In 2018, the es-
timated capacity of all plants was up to 4,225 MW 9.
Waste ash and cinder from the operation of these CF-
PPs are transported to a storage site of an area of about
156.87 hectares.
Tra Vinh is a province in the Mekong Delta. Geo-
graphical location is from 9◦ 31’ 46” to 10◦ 4’ 5” North
latitude and 105◦ 57’ 16 ”to 106◦ 36’ 04” East lon-
gitude. The terrain is mainly flat land with an alti-
tude of 1m above sea level. The coastal climate of
Tra Vinh province has some meteorological charac-
ters such as strong winds, high evaporation, and little
rain. Tra Vinh is located in a tropical region with a
temperate climate; the average temperature is from 20
to 27oC; the average humidity is 80 - 8000% /year. The
rainy season is from May to November, the dry sea-
son fromDecember to April of the following year, the
average rainfall is from 1,400 - 1,600 mm. Duyen Hai
CFPP complex is located inDuyenHai town, TraVinh
province. Duyen Hai 1 and Duyen Hai 3 CFPPs in-
clude four units; each unit has a capacity of 622.5MW,
the total capacity of the units is 2,490 MW 9.

Inspector 1000
The Inspector 1000 analyzer is a high-efficiency,
handheld NaI spectrometer which is used primarily
in first responder, customs, homeland security, and
health physics applications. Inspector 1000 was de-
signed to be used in all types of environmental con-
ditions. It also has a wide operating range for both
temperature and humidity. It can be used in any

field measurement application requiring radionuclide
identification, activitymeasurements, dose/count rate
measurements, or spectrum acquisition and analysis.

Dosimetric quantities
The in-situ gamma dose rates at the surroundings of
the CFPPs in the radius of 3 km were evaluated at
the 1 m altitude from the ground using the Inspec-
tor 1000. Each measurement point was 100 m apart
from the others. As the values of gamma dose rate
were performed outdoor and contributed by terres-
trial radionuclides and cosmic radiation, the absorbed
dose rate and outdoor annual effective dose were cal-
culated in Eq. 1 and 2 by adopting dose conversion
factor of Yoshimura (2004), Anjos (2011) and UN-
SCEAR (2000) for the comparisonwith other studies.

Dab(µGy h−1) = H∗ (10)×0.8×1 (1)

Eout(µSv y−1 ) = Dab ×0.7×8760×0.2 (2)

where: Dab (µGy h−1) is absorbed dose rate; H*(10)
(µSv h−1) is in-situ gamma dose rate; 0.8 (Gy Sv−1)
is conversion coefficient from gamma dose rate to air
kerma; 1 is conversion coefficient from air kerma to
absorbed dose rate; Eout (µSv y−1) is outdoor annual
effective dose due to terrestrial radionuclides and cos-
mic radiation; 0.7 (Sv Gy−1) is the conversion factor
from absorbed dose rate to effective dose; 8760 (h) is
the total amount of a year; 0.2 is outdoor occupancy
factor10–12.

Statistical analysis andmapping
Descriptive analysis, normality test, and one-way
ANOVA test were performed for statistical estimation
and comparison between two sets of data; a p-value of
less than 0.05 is considered as statistically significant.
In-situ measured gamma dose rates were interpolated
using the kriging method in Surfer software, which is
suitable for gamma spectrometric data 13.

RESULTS
Geological variation of gamma dose rates
The in-situ gamma dose rate measurements around
two surveyed CFPP complexes were performed us-
ing the Inspector 1000 spectrometer. There were 114
measurements for Duyen Hai CFPP complex and 116
measurements for Vinh Tan CFPP complex. These
gamma dose rate values were statistically analyzed
and given in Table 1. The occurrence frequency dis-
tributions of these values were given in Figure 1. The
normality of the gamma dose rate data was tested by

816



Science & Technology Development Journal, 23(4):815-822

using the Anderson–Darling test. The results were
found that the distribution of gamma dose rate in
both Duyen Hai and Vinh Tan area are non-normal
(p < 0.05). The results indicated the non-uniform dis-
tribution of gamma dose rates in investigated areas,
possibly due to the geological properties. The overall
gamma dose rate values in the two areas are gener-
ally low as the distributions are left-skewed. Figure 2
showed the spatial distribution of gamma dose rate in
the vicinity of Duyen Hai CFPP and Vinh Tan CFPP.
As shown in Figure 2, some high dose locations close
to maximum dose values were indicated with darker
red colour; more specifically, Duyen Hai area showed
some high dose locations in the North and the West
and Vinh Tan area showed some high dose locations
in the Northwest. The values were in the range from
0.07 to 0.22 µSv h−1 with the average value of 0.13
± 0.03 µSv h−1 for Duyen Hai area and in the range
from 0.14 to 0.34 µSv h−1 with the average value of
0.21 ± 0.04 µSv h−1 for Vinh Tan area. The result of
the one-way ANOVA test showed a significant differ-
ence between the gammadose rates inDuyenHai area
and those in Vinh Tan area (p < 0.05).

Absorbed dose rate and outdoor annual ef-
fective dose
The calculation of the absorbed dose rate and the out-
door annual effective dose in this study as well as the
comparison with other studies over the world, have
been made and presented in Table 2. The calculated
absorbed dose rates were found in the range from 0.06
to 0.16 µGy h−1 with the average value of 0.11 µGy
h−1 for Duyen Hai area and in the range from 0.11
to 0.27 µGy h−1 with the average value of 0.17 µGy
h−1 for Vinh Tan area. In themeanwhile, the outdoor
annual effective doses were in the range from 0.07 to
0.22 mSv y−1 with the average value of 0.13 mSv y−1

for Duyen Hai area and in the range from 0.14 to 0.33
mSv y−1 with the average value of 0.21 mSv y−1 for
Vinh Tan area.

DISCUSSION
The radiation sources are mainly from the natural ra-
dioactivity synthesized during the creation of the so-
lar system, in which radionuclides in thorium series,
uranium-series and 40K contribute mostly to the am-
bient dose rate of the studied areas13. Other sources
that can be taken into account for the contribution to
the gamma dose rate are the radiations from the cos-
mic ray and cosmogenic radionuclides12,18. Obtained
fromFigure 2, the spatial distributions of gammadose
rates are non-uniformly for each studied area: Low

and middle dose rates were found at most locations.
However, there are some high gamma dose rate loca-
tions in the North and West of the CFPP for Duyen
Hai area and in the Northwest of the CFPP for Vinh
Tan area.
The distribution of natural radionuclides is affected by
many factors, both natural and anthropogenic facets.
Firstly, the natural aspects, such as geological forma-
tion as well as weathering and geomorphology, could
significantly vary the radioactivity concentration of
natural radionuclides13,16–20. Secondly, the anthro-
pogenic impacts, in this case, are the content of en-
hanced radionuclides in ash in the nearby dumping
area; and the fallout and transportation of fly ash and
its progenies by different wind directions4. During
the combustion, the radioactive contents in ash in-
crease to a certain extent in comparison with those
in feed coals, which is expressed by enrichment fac-
tor – the ratio between activity concentration in ash
and activity concentration in feed coal 21–23. The de-
gree of enrichment depends on many factors such as
particle size and CFPP technology, particularly, the
enrichment factor in fly ash is considered to be higher
than those in bottom ash as many researchers previ-
ously investigated21,24.
As observed from Table 1, the average gamma dose
rate of Duyen Hai area is slightly lower than the cor-
responding value of Vinh Tan area. Significant dif-
ferences among the gamma dose rate values of Duyen
Hai and Vinh Tan were found according to the one-
way ANOVA test (p < 0.05). There are many as-
pects related to the difference in dose rate between
the two studied areas. One possible explanation could
be the difference in geological characteristics between
the two studied areas16. The rock lithology, such
as composition, grain size, and origin, could influ-
ence radioelement content in soil and, consequently,
lead to the variation of gamma dose rate in different
locations13. Differences between radioactivity con-
centrations in two areas were reported by Huy et al.
(2012)25, in which the radioactivity concentration of
three main radiation sources - 226Ra, 232Th, and 40K
are 41.56, 37.96, and 415.21 Bq kg−1 for Binh Thuan
province and are 26.5, 61.0 and 414.6 Bq kg−1 for
Tra Vinh province, respectively. The difference due
to the cosmic rays in the two locations was negligible
as these two locations are coastal areas with low eleva-
tion12. Moreover, the discrepancy in each CFPP ca-
pacity could affect the variation of gamma dose rate
in this study. In 2019, the total capacity of Vinh
Tan CFPP complex is up to 4225 MW, higher than
the corresponding value of 2490 MW of Duyen Hai
CFPP complex with similar pulverised combustion
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Figure 1: (a) Histogram of the gamma dose rate distribution in Duyen Hai area (b) Histogram of the gamma dose
rate distribution in Vinh Tan area. The y-axis is the occurrence frequency and the x-axis is the measured gamma
dose rate; The red curve is the expectednormal distribution obtained fromfitting the experimental data according
to Gaussian distribution; Mean is the mean value of the distribution; StDev is the standard deviation value of the
distribution; N is sample size.
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Figure 2: (a) Spatial distribution of gamma dose rate (µSv h−1) in Duyen Hai area and (b) Spatial distribution of
gamma dose rate (µSv h−1) in Vinh Tan area. The y-axis is the latitude and the x-axis is the longitude for two
studied areas. The color scale indicates the low or high level of gamma dose rate. The figures in the map indicate
the values of the measured gamma dose rate which were interpolated into the isodose line by kriging method in
Surfer software.
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Table 1: Descriptive statistics of gamma dose rate (µSv h−1) in Duyen Hai and Vinh Tan areas

Sample
size
(N)

Average
gamma dose
rate (µSv
h-1)

Standard
devia-
tion

CV (%) Min Max Anderson–
Darling
test

One-way
ANOVA
test

Duyen
Hai

114 0.13 0.03 19.01 0.07 0.22 p < 0.05 p < 0.05

Vinh Tan 116 0.21 0.04 20.06 0.14 0.34 p < 0.05

Table 2: Comparison of gamma dose rates in different studies

Gamma dose rate
(Terrestrial and cosmic)
(µSv h-1)

Absorbed dose rate
(Terrestrial and cosmic)
(µGy h-1)

Outdoor annual effective
dose
(Terrestrial and cosmic)
(mSv y-1)

Duyen Hai
(present study)

0.13 (0.07 - 0.22) 0.11 (0.06 - 0.16) 0.13 (0.07 - 0.22)

Vinh Tan
(present study)

0.21 (0.14 - 0.34) 0.17 (0.11- 0.27) 0.21 (0.14 - 0.33)

Brazil 10 0.06 - 0.18

Korea 14 0.18 0.08

India 15 0.10 - 0.15 0.13 - 0.25

Hungary 16 0.10 (0.05 - 0.21)

Malaysia 17 0.17 (0.03 – 0.7) 0.21

Reference value 12 0.46

technology 9. Therefore, the coal demand and con-
sequently, the amount of fly ash and slag discharged
into the environment from Vinh Tan CFPPs might be
higher than those from Duyen Hai CFPPs. The pre-
vious study of Inoue et al. (2020)26 also showed that
the absorbed dose rate (65 nGy h−1) in Binh Thuan
province was higher than the corresponding value (54
nGy h−1) in Tra Vinh province.
The results of the calculation of absorbed dose rate
and outdoor annual effective dose in Table 2 showed
good agreementwith other studies. According toUN-
SCEAR (2000), cosmic radiation and outdoor terres-
trial radionuclides contribute to the total annual effec-
tive dose, an amount of 0.39 and 0.07mSv y−1, respec-
tively12. Therefore, the reference value of 0.46 mSv
y−1 for outdoor annual effective dose due to cosmic
radiation and terrestrial radionuclides was adopted.
The outdoor annual effective doses in Duyen Hai and
Vinh Tan area are lower than the reference value by
UNSCEAR (2000) of 0.46 mSv y−1and other studies
in India (from 0.13 to 0.25 mSv y−1) and Malaysia
(0.21 mSv y−1). Therefore, the conclusion could be
made that the operation of CFPPs in these two areas

might do no radiological harm to the public and en-
vironment.
In general, the radiological investigations have only
been performed representatively for each province,
not for each specific CFPP area with a high num-
ber of samples. Based on the results of this pre-
liminary study, we could further investigate radioac-
tive content in the soil samples that correspond with
the locations that contain high gamma dose rates.
Therefore, precise conclusions of soil contamination
sources could be reached. And recommendations for
dosimetric safety could be made for specific residents
and workers in different scenarios in the studied area.
Moreover, despite the low gamma dose rate in the two
studied areas, CFPPs still affect the environment and
public to a certain extent. By performing dose rate
measurement on a larger scale and estimatingweather
parameters such as wind direction, humidity, etc…,
the distribution of fly ash discharged from the CFPP
could be evaluated. These data are important inputs
for precise simulations of the effect of CFPP on the
surrounding area in both normal operation cases and
accident cases. However, due to the difficulties of
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sampling in some craggy terrain and restricted areas
in CFPP zone, sampling points were not distributed
uniformly in the studied area. Therefore, some inter-
polated results might be slightly different from prac-
tical results.

CONCLUSION
This study provided preliminary results of the in-situ
gamma dose rate in the vicinity of two CFPP com-
plexes in Vietnam with the average values of 0.13 µSv
h−1 for Duyen Hai area and 0.21 µSv h−1 for Vinh
Tan area. The variation of spatial distributions in each
CFPP area is contributed by both natural and anthro-
pogenic factors. Natural factors are the geological for-
mation, weathering, and geomorphology processes.
Meanwhile, the impacts of CFPP on the surrounding
area, such as the containment of ash in the landfill area
and the release of fly ash into the atmosphere, could
be taken into account as anthropogenic factors to the
environment. The results indicated that the average
gamma dose rate in Vinh TanCFPP complex is higher
than the corresponding value in Duyen Hai CFPP
complex. Many aspects that contributed to this dif-
ference are the geological characteristics that lead to
the high natural background radiation of BinhThuan
province and the bigger scale of Vinh Tan CFPP com-
plex in comparison with the scale of Duyen Hai CFPP
complex. The overall annual effective doses in the two
studied areas are 0.13 mSv y−1 and 0.21 mSv y−1 for
Duyen Hai and Vinh Tan area, respectively, which are
lower than the recommended value of 0.46 mSv y−1

by UNSCEAR.Therefore, the radiological risks in the
two studied areas negligible to the environment and
public. However, as this is a preliminary study of in-
situ gamma dose rate, closer investigations of specific
radionuclides content in the vicinity of two studied
CFPPs are needed for precise assessments of the radi-
ological impact of CFPPs to the public and environ-
ment.
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