Communications in Physics, Vol. 33, No. 3 (2023), pp. 329-342
DO https://doi.org/10.15625/0868-3166/18266

Investigation of elemental deposition in Lam Dong
province (Vietnam) by the moss biomonitoring method
and neutron activation analysis

Nguyen Thi Minh Sang'", Nguyen An Son', Le Hong Khiem”>*, Le Thi Thanh Tran',
Tran Tuan Anh*, Ho Huu Thang*, Inga Zinicovscaia>®, Marina Frontasyeva’,
Le Dai Nam” and Nguyen Thi Xuan Thai’

YFaculty of Nuclear Engineering, Da Lat University,
01 Phu Dong Thien Vuong, Da Lat, Lam Dong, Vietham

2Institute of Physics, Vietnam Academy of Science and Technology,
10 Dao Tan, Ba Dinh, Hanoi, Vietnam

3Graduate University for Science and Technology, Vietnam Academy of Science and Technology,
18 Hoang Quoc Viet, Cau Giay, Hanoi, Vietnam

4Da Lat Nuclear Research Institute, Da Lat, Lam Dong, Vietnam
> Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna, Russia

®Horia Hulubei National Institute for R&D in Physics and Nuclear Engineering,
30 Reactorului Str. MG-6, Bucharest - Magurele, Romania

"Vietnam Power Engineering and Electrical Joint Stock Company, Long Bien, Hanoi, Vietnam

E-mail: Tsangntm @dlu.edu.vn; *Ihkhiem @iop.vast.vn

Received 20 May 2023
Accepted for publication 30 June 2023
Published 15 August 2023

Abstract. The results of an investigation of heavy metals air pollution in Lam Dong province
(Vietnam) using the moss biomonitoring method are presented in this paper. Barbula Indica moss
samples were collected at 30 different locations in Da Lat and Bao Loc, two major cities of Lam
Dong province. The concentrations of 10 heavy metals and metallic elements, Sc, V, Cr, Mn, Fe,
Co, Zn, As, Hf, and Ta in the collected moss samples, were determined by the neutron activation
analysis method based on kO standardization using the nuclear reactor at the Nuclear Research
Institute in Da Lat. The results show that the air in Lam Dong province may be polluted by
Mn and is moderately polluted by Sc, V, Cr, Fe, Co, Zn, As, Hf and Ta. Factor analysis was used
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to find six main factors that characterized the expected pollution sources. The main sources of
heavy metal pollution in the Lam Dong atmosphere may be soil dust, traffic emissions, industry,
bauxite mining and alumina refining, chemical fertilizers and pesticides, and combustion of coal
and oil. By comparing heavy element concentrations in the moss from Lam Dong with that of
Hanoi, Thai Nguyen, and several European countries, it is found that heavy metal air pollution in
Lam Dong is much lower than in Hanoi and Thai Nguyen and much higher than in the European
countries.

Keywords: air pollution; heavy metal; moss biomonitoring; neutron activation analysis; Lam
Dong.

Classification numbers: 82.33.Tb; 82.80.Jp; 87.80.-y; 92.60.Sz; 02.50.Sk.

1. Introduction

Air pollution threatens the health of people everywhere in the world. Air pollution exposes
people to fine particles in polluted air. These fine particles penetrate deep into the lungs and
cardiovascular system, causing strokes, heart disease, lung cancer, chronic obstructive pulmonary
disease, and respiratory infections. According to the experts, the main sources of air pollution
in Vietnam include the high densities of motorbikes and vehicles in inner city areas, construction
work that is not carefully shielded, highly polluting industries such as thermal power, iron and
steel, and cement production, the burning of straw by farmers, and the use of coal for cooking
by households. According to the report of Greenpeace International on "The status of global air
quality in 2018," Vietnam is one of the countries with very high air pollution levels. In Vietnam,
air pollution continues to increase at an alarming rate. Air pollution not only affects human health
and quality of life directly, but also indirectly affects economic development. It is estimated that
about 60000 Vietnamese people die each year from air pollution. How dangerous is air pollution in
Vietnam today? It is still a controversial issue in the scientific community. Although the authorities
have implemented many measures to improve the quality of the air, the Vietnamese people are still
very worried about air quality.

In order to cope with air pollution, it is necessary to have data on pollution levels over time
in all provinces across the country. Automatic air quality monitoring stations have been installed
in the largest cities of Vietnam. However, due to high costs, automatic air quality monitoring
stations have not yet been installed in small cities, such as those in Lam Dong province. To have
data on air quality in these provinces, other methods of monitoring are needed.

Around the world, the moss biomonitoring method to study air pollution has been fre-
quently implemented because it is cheap and can be easily carried out over a large area. There
have been many studies so far on the correlation between the content of heavy metal elements in
moss and in the air [1,2]. The results of these studies show that this correlation is quite clear.
Therefore, the use of moss to monitor air pollution is continuously receiving the attention of
researchers around the world. The moss biomonitoring method provides the data on airborne
chemical elements needed to assess air quality and is very suitable for developing countries like
Vietnam. Different moss species can be used including Barbula Indica as confirmed by the ICP
vegetation moss biomonitoring survey, an international research project involving 50 countries to
investigate the effects of air pollution on vegetation [3].
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In Vietnam, investigations of air pollution using moss biomonitoring method have been
performed in Hanoi and some other big cities [4-10]. Barbula Indica moss can be used for air
pollution biomonitoring [3]. This report presents the results of an investigation of heavy metal
air pollution in Lam Dong province using the moss biomonitoring method. Samples of Barbula
indica moss were collected at various locations in the cities of Da Lat and Bao Loc in Lam Dong
province in December of 2019. The concentrations of heavy metal elements in the moss samples
were determined by the neutron activation analysis method using the nuclear reactor at the Da Lat
Nuclear Research Institute. The possible sources of heavy metal air pollution are identified by the
application of factor analysis.

2. Materials, method and data analysis

Study area

Lam Dong province is located in the South Central Highlands at an average elevation of
800-1000 m above sea level. Lam Dong has 12 administrative units including two cities, Da Lat
and Bao Loc. Da Lat is the administrative-socio-economic center of Lam Dong province. Da Lat
is a famous tourist city of Vietnam and is located at an altitude of 1500 m above sea level. With
many beautiful landscapes, Da Lat is known as the city of flowers, the city of love, and the city of
fog. Bao Loc is located at an altitude of 900 m above sea level and is a rich agricultural land. It
is assumed that Lam Dong is one of the provinces with the best air quality in Vietnam. The main
economic sectors of Lam Dong are tourism, high-tech agriculture, processing industry, mineral
exploitation, and production of household appliances. The areas studied in this work were Da Lat
and Bao Loc of Lam Dong province (Fig. 1) during December of 2019.

Moss sampling

The most common moss species in Vietnam is Barbula indica. Therefore, it was chosen
for biomonitoring in our investigation of elemental atmospheric pollution in Lam Dong province.
Barbula indica has been used in several previous investigations in Vietnam [4—10]. The collec-
tion of the living moss at the field sites under investigation was performed in accordance with
the guidelines of UNECE ICP [3]. Information about each collected sample was written in the
sampling log book, including the time of sampling, the coordinates (longitude and latitude) of the
sampling point, and the characteristics of the area around the sampling point. The latter infor-
mation is helpful in understanding sources of heavy element concentrations in the moss samples.
The moss plants were collected carefully using plastic tweezers and kept in sealed plastic bags
to avoid contamination. All moss sampling sites were chosen at locations more than 200 meters
from highways and more than 50 meters from small roads. The moss plants collected in an area
of 2 km x 2 km were combined into one sample. In total, we collected mosses at 30 locations, 19
of which were in Da Lat and 11 of which were in Bao Loc, from November of 2019 to March of
2020.

Moss sample preparation

After the moss samples were transferred to the analytical laboratory at Da Lat University,
they were first sorted to remove rubbish and non-moss plants. In the second step, the green part
of the moss plants was selected. In the third step, the moss plants were washed carefully using
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Fig. 1. Sampling locations in the cities of Da Lat and Bao Loc in Lam Dong province.

double distilled water. According to AnicCi¢ et al. [11], there is only a small difference in concen-
tration between the washed and unwashed moss for the majority of the analyzed elements. These
differences are within the analytical error of neutron activation analysis. Finally, the moss samples
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were dried in an oven at a temperature of 40°C until the sample masses no longer change to ensure
that the water in the moss has evaporated. The preparation of the moss samples was always carried
out with plastic gloves to avoid contamination. The dry mosses were used to make samples for
irradiation in the Da Lat nuclear research reactor.

Neutron activation analysis

Neutron activation analysis is recognized as a very effective analytical technique for deter-
mining the elemental composition of samples. With high sensitivity and good accuracy, as well as
the ability to analyze multiple elements simultaneously, the method has been used widely in many
fields of research, such as biology, environmental science, geology, and industry, etc. The Da Lat
nuclear research reactor, the only one available in Vietnam, has been used to analyze elemental
concentrations of geological, biological, and environmental samples since the 1980s. Its power is
500 kW and the thermal neutron flux is about 103 neutrons/cm?/s.

The neutron activation analysis method based on kg standardization is one of the well-
known methods for calculating elemental concentrations. The method was first developed in 1974
by De Corte et al. [12]. Since then, the kg method has been used by many neutron activation
analysis (NAA) laboratories and has been recognized by the Nuclear Analysis Association as a
standardized analytical method. The ko-NAA method has been used in investigations at the Da Lat
Nuclear Research Institute since the 1980s. By 2002, this method was officially applied through
the Ko-DA LAT program. The main advantages of the ko-NAA method are its simplicity and,
especially, its ability to make measurements without the use of different multi-element reference
materials. In this study, we are interested in determining the concentration of 10 elements in
moss samples including Sc, V, Cr, Mn, Fe, Co, Zn, As, Hf, and Ta. The general procedure of
neutron activation analysis of these elements for biological samples at the Da Lat nuclear reactor
is described briefly below.

To irradiate the moss samples, two neutron irradiations in the active zone of the reactor
were used, namely channel 7-1 with a neutron flux of about 4.2 x 10! neutrons/cm?/s and the
irradiation hole of the rotary rack with a neutron flux of about 3.5 x 10'? neutrons/cm?/s. The
average masses of the dried moss samples for the short and long irradiations were about 60 mg
and 160 mg, respectively. The samples were sealed in polyethylene bags for both short and long
irradiations.

To measure the gamma spectra of the irradiated moss samples, a multi-channel gamma
spectrometer was used. It consists of a HPGe detector with a resolution (full width at half max-
imum) of 2.0 keV at 1332 keV and a relative efficiency of about 40%. Genie-2K software was
used to analyze the gamma spectra and the Ko-Da Lat software [13, 14] was used to determine the
elemental concentrations from the obtained count rates.

To maximize the analytical sensitivity of the elements of interest, two modes of sample
irradiation were applied: short and long irradiations. Channel 7-1 was used for the short irradiation
mode with an automatic sample pneumatic system to transfer the sample to the irradiation location
in the active zone and back to the detector for gamma-ray measurement. This mode is used to
determine the concentration of the short-lived radioactive isotopes, including V and Mn. The
sample irradiation time was 120 s. To analyze V, a decay time of 600 s and a measuring time of
150 s were used. For Mn, a decay time of 3600 s and a measuring time of 400 s were used.



334 Investigation of elemental deposition in Lam Dong province (Vietnam) by the moss biomonitoring method ...

For the long-lived radioactive isotopes, the rotary rack was used for irradiation. We divided
the long-lived radioactive isotopes into two groups. The first group includes only As, while the
second group includes Sc, Cr, Fe, Co, Zn, Hf and Ta. The decay and measuring times for As were
4-6 d and 1200 s, while the decay and measuring times for the second group of elements were 30
d and 18,000 s.

Quality control

For quality control of our neutron activation analysis, certified reference materials, includ-
ing SRM-1572 and SRM 1547 from NIST (National Institute of Standards and Technology), the
trace elements in hay (powder) IAEA-V-10 (from the International Atomic Energy Agency), and
a synthetic multi-element standard material (SMELS Types I, II, and III) were analyzed under the
same experimental conditions. Our analysis procedure [14] was used for these materials and the
obtained concentrations were compared with the certified values. For all elements, the obtained
concentrations were in good agreement (within 7%) with the certified values. The ratios between
the measured and certified values for the elements are as follows: CI (1.04), Sc (1.03), V (0.95),
Cr (1.03), Mn(1.01), Fe (0.97), Co (0.94), Cu (1.01), Zn (1.04), As (0.98), Se (1.05), Br (0.96),
Sr (1.03), Zr (0.98), Mo (1.03), In (1.05), Sb (0.97), I (1.04), Cs (0.95), La (0.97), Ce (1.01), Pr
(1.01), Yb (0.96), Au (0.96) and Th (1.03).

3. Results and discussion

Descriptive statistics

Microsoft Excel 2013 was used to calculate descriptive statistics. The descriptive statistics
of the concentrations of 10 heavy metal elements, Sc, V, Cr, Mn, Fe, Co, Zn, As, Hf, and Ta, in
the moss samples are presented in Table 1. Concentrations are given in mg/kg. The coefficient
of variation (CV) in percent was calculated as the ratio between the standard deviation and the
mean concentration value. The value of p for each element listed in Table 1 was obtained by
Shapiro—Wilk test. This value is used to check whether the concentration of a certain element in
all moss samples follows a normal distribution. If this value is < 0.05, then the distribution is
normal and otherwise it is not. If the distribution of the elemental concentration is not normal, it
can be assumed that the pollution source of the element can be considered as very complex. From
p values listed in Table 1, it can be suggested that the pollution sources of 3 elements including
Cr, Zn and As (p<0.05) are not too complicated while with the remaining elements (p>0.05) are
very complicated. This conclusion will help to identify the source of the pollution of the elements
in the air.

The coefficient of variation for the analyzed elements varied from 38 to 103%. The maxi-
mum coefficient of variation for the concentrations was obtained for As (103%) and the minimum
coefficient of variation was observed for Mn (38%). The concentrations of the 10 heavy metal
elements in the moss samples decrease in the following order: Fe > Zn>Mn >V > Cr > As > Co
> Sc > Hf > Ta.

The mean elemental concentrations (mg/kg) of the moss samples collected in Lam Dong,
other cities in Vietnam (Hanoi, Thai Nguyen), and Europe (Tver, Yaroslav and Tula regions of
Russia, Silesia-Krakéw and Legnica-Glogéw Copper Basin of Poland, Prut river catchment region
of Romania, Norway, and Moldova) are presented (Table 2). It should be noted that the same
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analytical technique (neutron activation analysis) was used to obtain the elemental concentration
data for all regions mentioned above.

Table 1. Descriptive statistics of concentrations (mg/kg) of elements in the collected
moss samples in Lam Dong province.

El. Min Max Mean Median STDEV CV (%) p-value
Sc 008 355 132 1.23 0.87 66 0.157
V 098 1853 7.75 7.53 4.56 59 0.098
Cr 1.11 1991 6.93 6.09 4.52 65 0.04
Mn 50 207.4 102.28 89.59 38.46 38 0.018
Fe 284 6542 2503 2213 1615 65 0.052
Co 025 339 146 1.35 0.80 55 0.148
Zn 43 1298 28547 175.5 282.7 99 <0.001
As 049 17.07 393 2.40 4.06 103 <0.001
Hf 0.04 131 048 0.37 0.32 66 0.020
Ta 0.02 041 0.15 0.14 0.10 66 0.068

Table 2. The mean elemental concentrations (mg/kg) in moss obtained in the present
work and in other cities in Vietnam and Europe

El Lam Hanoi | Thai Tver Tula, Krakow, Prut Nor- Mol-
Dong [4] Nguyen| and Russia | Poland | river, | way dova
(Present [4] Yaroslay, [16] [17] Ro- [19] [20]
work) Russia mania

[15] [18]

Sc 1.32 1.16 1.3 0.14 0.57 0.19 0.48 0.1 1.1

\" 7.75 17.28 |53 3.2 8 3.9 7.0 1.6 9.6

Cr 6.93 20.81 16 1.5 5 6.2 54 1.1 10.3

Mn 102.28 | 147.8 | 153 400 300 145 180 450 132

Fe 2503 4400 4700 550 2200 1226 1900 490 3300

Co 1.46 1.93 1.5 0.41 0.63 0.3 0.57 0.5 1.4

Zn 285.47 | 457.7 | 121 34 54 150 40 36 39

As 3.93 3.19 9.9 0.22 0.5 0.43 0.73 0.17 1.2

Hf 0.48 0.68 1.8 0.18 0.82 0.17 0.53 - -

Ta 0.15 0.22 0.2 0.020 | 0.078 | 0.02 0.056 | - -

Comparing the concentrations of the elements in the moss samples from Hanoi and Lam

Dong, we found that except for Sc and As, the concentrations of the other metal elements, V, Cr,
Mn, Fe, Co, Zn, Hf, and Ta, are from 1.32 to 3 times higher in Hanoi than in Lam Dong. This is

understandable because there are many more sources of pollution in Hanoi than in Lam Dong.
Hanoi and Ho Chi Minh city are now considered as the two most polluted cities. In the

case of Thai Nguyen, the concentrations of all elements except Zn are higher than in Lam Dong.
In particular, the concentrations of some elements in the samples of Thai Nguyen are very high
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Fig. 2. Comparison of the ratios of elemental concentrations from cities in Vietnam
and Europe to those of Lam Dong. The vertical axis is the ratio of elemental con-
centrations relative to Vietnam while the horizontal axis is element. (a) Hanoi/Lam
Dong, (b) Thai Nguyen/Lam Dong, (c) Tver and Yaroslavregions (Russia)/Lam Dong, (d)
Tula region (Russia)/Lam Dong, (e) Silesia-Krakéw and Legnica-Glogéw Copper Basin
(Poland)/Lam Dong, (f) Prut river catchment (Romania)/Lam Dong, (g) Norway/Lam
Dong, (h) Moldova/Lam Dong.

in comparison with those in Lam Dong, namely, 6.84 times for V, 3.75 times for Hf, and 2.52
times for As. Thai Nguyen is also the major center of the country and there are many ore mines,
especially iron ore. Therefore, air pollution in this area is expected to be much higher than in Lam
Dong.

Looking the element concentrations in the moss from European countries listed (Table 2),
it is clearly seen that heavy metal air pollution in these European countries, especially Norway, is
much lower than in Lam Dong, Hanoi, and Thai Nguyen. To visualize more clearly the differences
in the mean concentrations of 10 metal elements in the mosses of Lam Dong, Hanoi, Thai Nguyen,
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and European cities, the ratios of the elemental concentrations in the mosses from cities in Vietnam
and Europe to those of Lam Dong are shown (Fig. 2).

Correlation analysis

The correlation coefficients of the elemental concentrations in the moss samples can give
some information about their origin. The Pearson correlation coefficients with significance level
p = 0.05 are presented in Table 3. A positive correlation indicates two variables that tend to move
in the same direction. A negative correlation indicates two variables that tend to move in opposite
directions. Several pairs of elements are strongly correlated, such as Sc and Hf (r=0.85), Sc and Ta
(r=0.787), Sc and As (r=0.699), Mn and Co (r=0.624), Fe and As (r=0.627), Fe and Ta (r=0.739),
As and Ta (r=0.773), and Hf and Ta (r=0.745). It was found that natural soils having high levels
of Co always have the presence of Mn and Fe [21]. It can be confirmed from Table 3 that there
are quite strong correlations between Mn and Co (r=0.624) and Mn and Fe (0.544). It is observed
that some elements, including V, Cr, Co, and Zn, are very weakly correlated with other elements
(Table 3).

Table 3. Pearson correlation matrix at the 0.05 level for elemental concentrations in moss
samples from the study area.

Sc A\ Cr Mn Fe Co 7n As Hf Ta
Sc 1
vV  -0.029 1
Cr 0.153 0.25 1
Mn 0488 0.286 0.309 1
Fe 0591 0.321 0456 0.544 1
Co 0.393 -0.122 0.323 0.624 0.259 1
Zn 0.095 -0.142 0.116 0.041 0.108 0.294 1
As 0.699 -0.005 0.032 0.452 0.627 0.102 0.142 1
Hf 0.85 0.019 0.017 0.297 0.441 0.267 -0.003 0.507 1
Ta 0.787 -0.05 0.189 0.509 0.739 0426 0.133 0.773 0.745 1

Contamination factor

The contamination factor (CF) is a quantity that can be used to assess the pollution level of
an element at the surveyed location. According to Fernandez [22], the elemental contamination
factor can be evaluated by the following equation:

Cri
BGg
where Cp is the mean concentration of the element of interest in all investigated moss samples in
the region under study, and BGg; is the background concentration. The choice of background val-
ues is not standardized. Several research groups choose a background value equal to the average
value of some (usually 3) lowest concentration of the corresponding element in all analyzed sam-
ples in the studied area. Another way chosen by many groups is to use the smallest concentration
of the corresponding element measured in a certain region of the world. Since the sample amount
collected in Lam Dong province was not large enough and there were no previous data, we decided

CFg =
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to choose the second method. Therefore, the minimum values of the elemental concentration listed
in Table 2 were chosen as background values. For the background values of Sc, V, Cr, Fe, Zn, Co,
and As, the data of Norway [19] were used, while for Hf and Ta, the data of Silesia-Krakéw and
Legnica - Gtogéw Copper Basin, Poland [17] were used. Finally, the mean value of the 3 smallest
concentrations of Mn among all moss samples collected in Lam Dong province in this work was
used as the background value for Mn.

Based on the value of the elemental contamination factor, pollution levels can be divided
into 6 categories ranging from C1 to C6, as follows: category C1 (unpolluted) if CF<1; category
C2 (may be polluted) if 1<CF<2; category C3 (polluted at low level) if 2<CF<3.5; category C4
(moderately polluted) if 3.5<CF<S8; category C5 (polluted at high level) if 8<CF<27; and C6
(extremely polluted) if CF>27. The calculated values of the elemental contamination factors for
Lam Dong province are listed in Table 4. It can be seen from this table that the air in Lam Dong
province might be polluted by Mn (C2), is polluted at a low level by Co and Hf (C3), is moderately
polluted by V, Cr, Fe, Zn, and Ta (C4), and is polluted at a high level by Sc and As (C5).

Table 4. Contamination factors.

Element Sc A% Cr Mn Fe Co Zn As Hf Ta
Background 0.1 1.6 1.1 5637 490 05 36 0.17 0.17 0.02
Mean 1.32  7.75 693 102.28 2503 146 28547 393 048 0.15
CF 13.20 4.84 630 1.81 511 292 793 23.12 2.82 7.50
Category C5 C4 C4 C2 C4 C3 (4 C5 C3 (4

Factor analysis

Factor analysis is a very suitable tool to find the sources of elemental air pollution when
using the moss biomonitoring technique. This method has been used by previous researchers
[23] to analyze the concentrations of elements in moss samples and identify possible sources of
pollution. In this work, IBM SPSS software version 20 was used to analyze the concentration
data. The results presented in Table 5 include the factor loadings of the elements as well as the
eigenvalues, the explained variance, and the cumulative explained variance of the extracted factors.

Six factors have been extracted that can explain 94.26% of the total variance. The explained
variances of Factor-1, Factor-2, Factor-3, Factor-4, Factor-5, and Factor-6 are 43.95%, 15.51%,
13.38%, 8.82 %, 6.77%, and 5.84%, respectively. If the value of any factor loading is greater than
0.6, then it is written in bold (Table 5).

Before discussing the factors that have been extracted, it should be emphasized that the
Central Highlands, including Lam Dong province, has the largest amount of aluminum bauxite
in Vietnam. Moreover, Vietnam has been estimated to hold the third largest reserves of bauxite
in the world. Currently, there are two large bauxite refineries operating in Lam Dong province.
Aluminum and ferric oxides are the main components of bauxite [24]. However, other toxic metals
may also contaminate the surrounding environment, depending on the characteristics of the land
and the land use activities [25]. Therefore, these refineries are expected to be large atmospheric
pollution sources of heavy metal and metalloid elements.

Factor-1 and Factor-2 explain 43.95% and 15.51% of the total variance, respectively. Factor-
1 is heavily loaded by the elements As (0.90), Fe (0.71), and Ta (0.66), while Factor-2 is mainly
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Table 5. Factor analysis of the elemental concentrations in the moss samples.

Element Factor-1 Factor-2 Factor-3 Factor-4 Factor-5 Factor-6
Sc 0.45 0.80 0.24 0.07 -0.03 0.03
A% 0.03 -0.02 0.01 0.13 0.98 -0.08
Cr 0.07 0.00 0.18 0.95 0.12 0.05
Mn 0.44 0.11 0.81 0.08 0.28 -0.07
Fe 0.71 0.30 0.15 0.43 0.27 0.04
Co -0.04 0.24 0.88 0.21 -0.17 0.21
Zn 0.08 0.00 0.10 0.05 -0.07 0.99
As 0.90 0.32 0.06 -0.08 -0.03 0.08
Hf 0.21 0.96 0.09 -0.03 0.04 -0.03
Ta 0.66 0.61 0.26 0.14 -0.10 0.05
Eigenvalue 4.395 1.551 1.338 0.882 0.677 0.584

Expl. Variance (%) 43.95 15.51 13.38 8.82 6.77 5.84
Cumulative (%) 43.95 59.46 72.83 81.65 88.42 94.26

loaded by the elements Hf (0.96), Sc (0.80), and Ta (0.61). All are elements in the Earth’s crust,
and Fe, especially, is the fourth-most abundant element in the Earth’s crust. Therefore, we can
conclude at a glance that Factor-1 and Factor-2 reflect contamination with soil dust. The presence
of As in Factor-1 can also be explained by the presence of As in the agricultural soil of Lam Dong.
This province is very famous in Vietnam for growing vegetables, coffee, and flowers. These prod-
ucts are supplied to the whole country, especially the southern region. To grow these products,
farmers must use a lot of chemical fertilizer and pesticides with a high concentration of As, so
that the soil in Lam Dong might be contaminated with As. The elements present in Factor-1 and
Factor-2 can also be released from other industries and human activities. As highlighted above,
there are two large bauxite refineries in Lam Dong, and the presence of these elements in Factor-1
and Factor-2 might be a consequence of bauxite mining activities in Lam Dong province. There-
fore, it is possible to say that Factor-1 and Factor-2 represent pollution sources from agriculture
and the bauxite refining industry.

Factor-3 has high values for Co (0.88) and Mn (0.81), and it accounts for 13.38% of the
total variance. The presence of Co and Mn in the air can be caused by both natural and man-made
sources. Some of the natural sources that emit Co into the air include weathering and erosion
of rocks and soil, forest fires, and evaporation of seawater, etc. Crystalline rock is the strongest
natural source of Mn in the air. The other natural sources of Mn in the air are sea spray, forest
fires, and vegetation activity [26,27].

Several man-made sources of cobalt air pollution are reported [28], namely, coal-fired
plants, emissions from vehicles, mining and processing of ores containing Co, utilization of chem-
ical supplies containing cobalt, etc. The main anthropogenic sources of Mn released to the air are
industrial emissions (such as ferroalloy production and iron and steel foundries, power plants, and
coke ovens), combustion of fossil fuels, and re-entrainment of manganese-containing soils [29,30].

Factor-4 contains Cr (0.95) only and explains 8.82% of the total variance. Cr rarely occurs
in nature so Factor-4 can be related to human activities. It was suggested by Cheng that the
combustion of coal and oil is the most important emission source of Cr in China. In Lam Dong
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province, coal is still the main fuel used for cooking by many families, and oil is used to pump
water from underground wells to irrigate fields of vegetables, flowers, and coffee plants.

Factor-5 is heavily loaded on V (0.98) and explains 6.77% of the total variance. It has been
found that combustion of fossil fuels and oil is the major source of V in the atmosphere [31].
In Lam Dong province, the use of fossil fuels for cooking and people’s daily activities is still
common. Furthermore, farmers in Lam Dong province regularly use diesel-powered engines to
irrigate coffee and other industrial crops. These activities may be the main sources of vanadium
emission into the atmosphere.

Factor-6 contains only Zn (0.99) and explains 5.84% of the total variance. An investigation
of air quality in Asian countries conducted by Hopke et al. [32] shows that Zn is emitted into
the atmosphere by two-stroke vehicles, which are a very popular means of transportation in Asia,
including Vietnam. In addition, Zn can be emitted from tire wear [31,32]. Thus, Factor-6 may be
related to two-stroke motor vehicles and tire wear.

4. Conclusions

Based on the results obtained in this study, several important conclusions can be drawn:

(1) The concentrations of 10 heavy metal elements determined in the moss samples col-
lected in Lam Dong province decrease in the order of Fe > Zn > Mn >V > Cr > As > Co > Sc >
Hf > Ta.

(2) The concentrations of the analyzed metal elements, V, Cr, Mn, Fe, Co, Zn, Hf, and Ta,
are much smaller in Lam Dong than in Hanoi and Thai Nguyen.

(3) By comparing the concentrations of elements in the moss of Lam Dong with those from
several European countries, it is found that the heavy metal pollution in the air of Lam Dong is
higher than that of the European countries, especially Norway.

(4) Based on the values of the elemental contamination factor, it can be concluded that the
air in Lam Dong province might be polluted by Mn, is polluted at a low level by Co and Hf, is
moderately polluted by V, Cr, Fe, Zn and Ta, and is polluted at a high level by Sc and As.

(5) Based on the factor analysis results, it is concluded that soil dust, traffic emissions,
industry, bauxite mining and refining, chemical fertilizers and pesticides, and combustion of coal
and oil are the main possible sources of heavy metals in the Lam Dong atmosphere.
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