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Abstract

Vietnam has participated in the European-Asian Moss survey in 2015 undertaken by the
UNECE ICP Vegetation led to the necessity of choosing proper moss species abandon in
tropical and subtropical climate of Vietnam. It was shown in the pilot study of the authors in
2009 — 2010 that such species as Barbula indica can be successfully applied for bio-
monitoring purposes in the Northern Vietnam. The present study relates to the Central
Vietnam where 10 samples of various moss species were collected in the Hue city, which is 5
kind mosses of Barbula and 5 kind mosses of Hypnum, and subjected to conventional and
epithermal neutron activation analyses at the reactor IBR — 2 in Dubna. The results determined
concentration of 22 heavy metal elements.

Keywords: Bio-monitoring, heavy metal elements
1. INTRODUCTION

The pilot study of Nguyen Viet et al. 2010 [1] using moss technique to monitoring
metal atmospheric deposition in the north of Vietnam was found as an effective method. The
recommended moss species used for metal deposition monitoring in Europe are Pleurozium
schreberi, Hylocomium splendens and Scleropodium purum [2]; besides, the moss Hypnum
cupressiformehave been greatly used. Although the mentioned moss types are rarely found
in Asia; instead, other moss types as Hypnum plumaeform, Hypnum plumaeforme -
Taxithelium instratum, Thuidium tamariscellum and Barbula indica were used, respectively
[1,3,4,5].

Generally, moss is hardly found in Vietnam; Leucobryum is the most widespread moss
in Vietnam, but does not fit to the atmospheric deposition monitoring by its very short stem.
By our investigation, the Hypnum moss is found in the north and central Vietnam but
scarcely in the south, and only the Barbula specie exists not in a large number, but widely in
the whole country.

The main aim of this investigation was as follows: to find out the difference of
clemental accumulation capacity of the two mosses 10 identify the moss specie suitable for
bio-monitoring in Vietnam.

2. MATERIALS

Sampling areas

Hue (16.80°N, 108.20°E) is a city of the Hue-Thuathien province in the northern
central Vietnam. It is located in the seashore, on the bank of Huong River, with an area of
about 84 km® and an average height of 3 - 4 meters above the sea. The region features a
coastal narrow strip land, leaning against the Truong Son Mountains; the Hue area holds a
tropical soon climate. :

There are two seasons (dry and rainy) in Hue area; the rainy season in Hue is from
August to January. ‘
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Sampling and moss species

The moss collection was carried out at the end of the rainy season in February 2014 in
the areas of Hue city. To minimize the influence of substrate, moss was picked out from the
tree trunk at the high at least 1.5m from the ground and only the top, green part was used for
analysis. :

In Hue area, ten moss samples of five Hypnum, and five Barbula were collected.
Morphology of these moss types seems to be considerably distinctive as showed in the Figl.

Hypnum commutatum Barbula indica
Fig.1 - Side-view and straight-view pictures of two moss types.

- Hypnum commutatum typically grows on tree trunks, logs, walls, rocks and other
surfaces, prefers acidic environments, and is fairly tolerant of pollution. It is a
small to medium-sized moss about 2-10 cm long.

— Barbula indica is commonly ranging from 2 to 3 cm high and rarely higher (up to
5 cm). Leaves are ovate to ovate-lanceolate and plant is green to brownish-green.
In laboratory, moss samples were cleaned from extraneous materials (large soil
particles, leaves, dust, etc.). The top part of the mosses (living, green) was separated from
the lower part (brown, dead), and then only the toppart was used for analysis.

3. METHOD

The instrumental neutron activation analysis (INAA) was carried out at the Department
of Neutron Activation Analysis, Frank Laboratory of Neutron Physics, Joint Institute for
Nuclear Research, Dubna, Russia. About 0.3g dry weight of moss sample was heat-sealed in
polyethylene foil bags and packed in aluminum cups for short-term irradiation and for long-
term irradiation respectively. Samples were irradiated in channels equipped with a pneumatic
system in the pulsed fast reactor IBR-2, FLNP, JINR. To determine short-lived isotopes,
every sample was irradiated for 3 min at channel 2,and then was measured 15 min after 3-5
min of decay. Long-lived isotopes were determined using the Cd-screened channel 1; the
samples were irradiated for 2.5 days and then re-packed after 3 days of decay. They were
measured two times the first time in 30 minutes just after the re-package and the second time
in 1.5 hours after 20 days of decay.Sample gamma spectra were obtained by measuring with
a Ge (Li) detector with resolution of 2.5-3 KeV for the “’Co 1.332 KeV line or HPGe
detector with resolution of 1.9 KeV for the “Co 1.332 KeV line.

Data processing was performed using the software developed in FLNP JINR, and
element concentrations were determined on the basic of certified reference materials and flux
comparators [6]. To provide quality control, contents of elements yielding short — lived and
long — lived isotopes were determined using a group of certified reference materials served
by International Atomic Energy Agency (IAEA) and the United States National Institute of
Standards and Technology (US NIST).
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4. RESULTS AND DISCUSSION

Moss obtains nutrients directly from atmospheric deposition because it lacks a cuticle

and a root system; consequently, elemental concentrations in moss respond to atmospheric
environmental variability. Besides, the elemental accumulation ability in moss tissue could
be different due to their hetero geneous species. Because the Hyprnum specie has been widely
used to the mentioned purpose in Europe, a comparison was made of Vietnam Hynum result
to the ones of other countries as Russia [6] and Bosnia — Herzegovina[7]. A relative
comparison of elemental accumulation of Hypnum specie and the one of Barbula was made
by calculating the ratios H/B of median values of Vietnam Hypnum samples to the ones of
Vietnam Barbula samples.A summary result shows in the Table 1.
Table 1. Median values and ranges of elemental concentrations (pg/g) determined in
Hypnum moss samples collected inVietnam and other countries, the ones in Vietnam
Barbula moss samples and the ratios //B of the elemental median values of Vietnam
Hypnum samples to the ones of Vietnam Barbula samples.

: ]
DTN " | Russia (South Urals) Vietnam (Hue city)
Herzegovina ¥
=
Hypnum Hypnum Hypnum Barbula =
=~ o
| & g 2 . 2
E S | Range = Range én- Range §- Range
=3 =}
Na (360 91-1100 346 104-1304 499 435-749 373 323-686 1.3
Mg (2670 1040 - 9520 | 3096 1188-15400 (2860 1340-3110 1280 810-3500 .2
2305 -
Al 6270 20740 2300 810-8877 4290 1760-8230  [2510 1080-13200 1.7
Cl |344 156 - 715 250 55-1114  [375 281-720 402 292-786 0.9
K [4820 1950 - 6820 | 6954 3011-13260 |12000 | 6870-23400 |7670 5960-26700 1.6
5323 =
Ca (10310 34330 3972 1720-13800 [13600 | 9340-40700 |7300 4800-28000 1.9
Ti |57 14 - 222 - - 284 179-483 332 100-671 0.9
\% 11 2.89-34 7 2.0-28.8 6.37 3.06-8.8 4.41 TATEY 14
Mn |503 38-1770 285 59-1402 123 48.2-165 604 B4.6-117 2
Fe |1600 439 - 4750 1689 335-20730  [2230 1200-3200 1340 934-4000 1.7
Co |[1.09 0.18-7 0.57 0.14-2.75 075 0.55-1.07 0.532 | 0.29-0.94 1.4
In (25 10-57 58 15-304 118 88.6-155 80.2 72-167 )
As |1.12 0.31-3.7 1.57 0.37-9.68 1.93 1.59-2.03 1.22 0.94-5.96 1.6
Se |0.09 0.035-0.18 0.29 0.02-2.21 1.05 0.76-1.4 1.47 0.72-1.52 0.7
Br |4.31 1.99-8.1 4.3 0.09-2540 [12.8 8.8-14.7 7.62 527-11.4 1.7
Rb |9 3-19 10 2.8-38.6 22.6 20.8-31 12.7 9-39.2 1.8
Sb |0.25 0.068-1.5 0.5 0.08-3.46  [0.90 0.807-1.05 0.832 0.73-1.54 1.1
I 1.8 0.6-3 - - 15.8 6.96-50.2 6.33 5.8-20.4 2.3
Cs |0.39 0.079-2.5 0.21 0.03-0.61 0.543 | 0.32-0.95 0.249 | 0.22-1.38 2.2
Ba |41 8-90 43 6-129 485 |445-645 292 | 188917 1.7
La |3.11 0.82-8 1.3 0.37-12.58 |2.57 1.47-4.11 1.54 0.91-7.52 17
Th [0.38 0.11-1.5 0.29 0.05-2.42 1.15 0.57-2.35 0.658 | 0.45-3.31 1.7
U 0.21 0.05-0.61 0.19 0.05-4.60 0.36 0.161-0.516 |0.195 0.103-0.61 1.8
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Comparing elemental median values of Hypnum samples of Vietnam with the
corresponding ones of other countries show that, lot of the median concentration values of
Vietnam Hypnum samples are nearly the same or higher (lower) than the ones of other
countries (related to every element) of about 1+2 times, except for the elements Titanium,
Selenium and Iodine. The median concentrations of these elements in the Vietnam samples
are higher than the ones of other countries about 510 times. It could be explained by the
Jocation of Hue city situated on the seashore. Selenium and Iodine in seawater could be the
source of them in the moss samples. Exploitation of Titanium mines along the central coast
of Vietnam would cause the high Ti concentration in moss.

Study elemental accumulation abilities of the moss types

The ratios H/B in the Table 1 show that, for most of elements, the median
concentration value of each element of Hypnum samples is higher than the one of Barbular
samples in the range of 1.1 to 2.5 times, the contrary for Selenium, it is 0.7, and for Titanium
and Selenium they are nearly the same (0.9). It means that the elemental accumulation
abilities of the Hypnum moss are generally higher than the ones of Barbular moss but not
significant and Barbular moss could be used to study atmospheric deposition in Vietnam.
The H/B ratios in this work give a common sight about the elemental accumulation of the
two moss species, and they are not used as inter-calibration factors.

Study local pollution

Hue city is situated on the offshore of the Pacific Ocean, and in a region with many
Titanium exploitation places. Consequently, the elements related to scawater as I, Se, Br and
to Ti exploitation often highly contain in these moss samples.

5. CONCLUSION

— Elemental accumulation abilities of Hypnum moss, which is largely used in Europe,
are pretty better than the ones of Barbula. However, Barbula moss is widespread in
the whole country, so the Barbular moss would be the most suitable moss specie to
study atmospheric deposition in Vietnam

— Elemental accumulations of these moss types are not the same so it should be used
only one moss type to perform the air deposition monitoring,

— Except for the north of Vietnam with four seasons, the other parts of Vietnam have
two seasons (dry and rainy) in a year but they come in different time of the calendar
year; consequently, sampling time in each region would be correctly considered,

— Tt is very important to follow the moss sampling recommended instructions [2], and it
should be attentively recognize all sampling details that could effect on analytical
results.
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Abstract

Atmospheric deposition of trace elements in three cities of Vietnam including Hue, Hoi An and Ho Chi Minh in Central and
South of Vietnam has been studied in this work by moss technique. Thirty samples of the local moss Barbula indica were
collected in these cities and the concentrations of thirty heavy elements were determined by neutron activation analysis at the
reactor IBR-2 of the Frank Laboratory of Neutron Physics of the Joint Institute for Nuclear Research located in Dubna, Russia.
Concentrations of thirty elements were determined in each sample. Factor analysis has been applied to the concentration data and
five main factors, which characterized five possible sources of the air pollution affecting the investigated areas have been
identified. The correspondence between the research results and the reality of the air pollution in the studied sites has proved
high possibility of the method for studying air pollution in Vietnam.

Keywords Air pollution - Heavy metal elements - Vietnam - Moss technique - Neutron activation analysis

1 Introduction

The environment protection in Vietnam was nearly neglected
during the 80’s years, while the first stage of the economic
reform took place there. As a consequence, the level of envi-
ronmental pollution has increased over time and has caused
serious damage to the country life. This could be one of the
biggest problems in Vietnam so far.
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Air pollution is one of the main types of pollution of the
environment and could be the most common and serious
one in large urban and industrial zones. Recently, it was
reported that Vietnam is one of 10 countries with the most
polluted air in the world, particularly in terms of particulate
pollution, which includes dust and total suspended partic-
ulates (Tuan et al. 2017). So far, there have been studies on
air pollution of NOy, SO,, CO and heavy metal elements in
Vietnam (Pham et al. 1999, 2004; Nguyen et al. 2010) but they
are separate and have no development plan. In Europe, the
moss technique is conducted on a large scale to survey air
pollution and its results illustrate the benefits of this approach
(Frontasyeva et al. 2004; Harmens et al. 2010, 2015). In
Vietnam, the moss technique was effectively used by
Nguyen Viet and his workers (Nguyen et al. 2010; ICEM,
2007; Trang Hoang & Hahn, 2015) for monitoring atmospher-
ic deposition of heavy metal elements in the North. In their
work, the moss Barbula indica, one of the few local wide-
spread, was used to replace the species that are often used in
the European surveys, but it is hardly found in the country.

The main purpose of our study is to investigate the air
pollution of heavy metal elements in several areas of the
Central and South of Vietnam using moss Barbula indica as
a bio-indicator. The neutron activation analysis has been cho-
sen as an analytical technique for the determination of heavy

\3‘ Korean Meteorological Society @ Springer
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metal elements in the moss samples. The possible sources of
the pollution in the investigated areas were estimated by ap-
plying a multivariate statistical analysis.

2 Materials and Methods
2.1 Sampling Areas

Barbula indica moss samples were collected in three cities:
Ho Chi Minh (HCM), Hoi An and Hue. The sampling sur-
faces covered almost the city areas of Hoi An and Hue but, just
about one third of the HCM City territory at the current time.
Figure 1 shows locations of the investigated cities in Vietnam.
HCM City is located in the southeastern region of Vietnam.
There are two distinct seasons there; the rainy season in HCM
City usually begins in May and ends in late October; the dry
season lasts from November to April. This is the biggest and
the most developed city of the country, with high population
density of about 6600 people/km? (Demographia World
Urban Areas 2017). The city is an economic and financial

|
%

o
&
—
<)
Y
£
=
o 3
=
2
=
O

; N Q : T " ~‘."'
d,,«% 13N ' 852‘, A

center and also a transit point for many means of transport
throughout the country and from abroad. These special fea-
tures are the sources of high pollution that damages the envi-
ronment of the city. Hoi An city is located in Quang Nam
province, over Thu Bon estuary and in the Central Vietnam.
The rainy season there lasts from August to January. This is a
small ancient and low urbanized tourist city, with population
density of about 2000 people/km?. Some traditional craftwork
clusters (such as bronze casting, pottery, carpentry, and leath-
er) and agriculture are still maintained there. Hue city is locat-
ed in Thua Thien province, in the North Central Viet Nam.
Hue area is a coastal narrow strip land, leaning against the
Truong Son Mountains; by the special position, it holds a
tropical monsoon climate with the highest rainfall in
Vietnam. The rainy season there lasts during August to
January. Hue was an ancient capital of Viet Nam, but nowa-
days it is a tourist city with population density of about 4800
people/km?. Beside of the new urban life, traditional activities
such as craftworks, agriculture and the use of solid fuels re-
main in and out of the city. Over time there is the appearance
of industrial parks, mining sites in the vicinity and throughout

Fig. 1 The locations of sampling sites based on Google map in Hoi An, Hue and Ho Chi Minh Cities. The big roads in each panel are marked by the

yellow lines
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Thua Thien. These factors have caused significant impacts on
the Hue environment.

2.2 Moss Sampling

The local moss Barbula indica was used in this work. The
moss height often ranges from 2 to 3 cm and rarely higher (up
to 5 cm) but in Viet Nam, it just ranges from 1 to 2 cm. As this
is a short moss species, in our study, only mosses picked out
from tree trunks or walls were used to minimize the influence
of substrate on analytical results.

The sampling and the preparation of the moss samples were
carried out in accordance with the protocols written in the mon-
itoring manual of the UNECE ICP 2015 (ICP Vegetation
2015). Moss were cut out from its carpets by plastic tools and
put in polyethylene zip-lock bags, both tools and bags were
made from low impurity materials. All sampling sites were
located at least 200 m from main roads, 50 m from local roads
with the sampling net at least about 3 km % 3 km. However, by
special characteristics of cities in Vietnam, in many places moss
was covered with soil dust. Therefore, according to the protocol
of “Field sampling” written in monitoring manual, the collected
samples were thoroughly washed by distilled water and cleaned
from extraneous materials (large soil particles, leaves, dust,
etc.). Furthermore, according to this manual, the top part of
the moss (living, green) was separated from the lower part
(brown, dead) and only the top part was used for study. In the
last stage, all moss samples were dried until their weights are
unchanged. Thirty Barbula indica moss samples were collected
in three cities, including 6 (HCM1, ..., HCM6) in HCM City, 7
(HAL, ..., HA4, HA7, HA9, HA10) in Hoi An and 17 (Hu-
S1,...,Hu-S4, Hu-N1,...,.Hu-N4, Hu-El,..., Hu-E4, Hu-E21,
Hu-W1,..., Hu-W4) in Hue and its vicinity in the end of the
rainy season of each zone during period from November 2014
to February 2015. The locations of sampling sites based on
Google map in Hoi An, Hue and Ho Chi Minh Cities are
presented in the Fig. 1.

2.3 Analytical Method

The Neutron Activation Analysis (NAA) was carried out at
the NAA Department of FLNP (Frank Laboratory of Neutron
Physics) of JINR (Joint Institute for Nuclear Research) in
Dubna, Russia. About 0.3 g of dry weight of each sample
was heat-sealed in polyethylene bag or was packed in alumi-
num cups, used for short-term irradiation or for long-term
irradiation, respectively. The samples were irradiated in chan-
nels equipped with pneumatic system installed at the IBR-2
pulsed nuclear reactor of FLNP with the average power of
2 MW. Main characteristics of the irradiation channels are
showed in Table 1 that have maintained since 2000 year until
now (Frontasyeva 2005; Barandovski et al. 2012; Goryainova
et al. 2016). To determine short-lived isotopes, each sample

Table 1  The main characteristics of the irradiation channels at 1.5 MW
Irradiation Neutron flux density T°C Channel Channel
site 102 nem ?s™ diam., mm length,
mm
Thermal  Resonance Fast
Channel 1  Cd-coated 3.31 432 70 28 260
Channel 2 1.23 2.96 41 60 28 260

was irradiated for 3 min in channel 2, then was measured, after
3 to 5 min of decay, for 15 min. To determine long-lived
isotopes, samples were irradiated for about 3 days in the Cd-
screened channel 1. After irradiation, they were repacked and
measured twice, the first time after 3 days of decay for 30 min
and, the second time after 20 days of decay for 1.5 h. Gamma
spectra of the samples were measured by Ge (Li) detector or
by HPGe detector with the resolution of 2.5 to 3 KeVor of 1.9
KeV, respectively, for the 1332 KeV line of the ®°Co. The
software Genie 2000 was used to store, display, and analyze
the gamma spectra. The other software developed at FLNP
was used to calculate concentrations of the elements in the
samples. The calculation was done by the support of the stan-
dard reference materials produced by the international Atomic
Energy Agency and the National Institute of Standards and
Technology (Frontasyeva 2005). The analytical errors of the
concentrations of the interested elements range from 3 to 15%.

2.4 Multivariate Statistical Analysis

In environmental science, factor analysis is a well-known
method for statistical data analysis and has been used exten-
sively in order to simplify a set of multidimensional original
data for making it becoming more easy to interpret (Schaug
et al. 1990). By using this technique, several new latent
variables (factors) will be created and each original variable
can be expressed as a linear combination of these factors,
plus a residual term that reflects the extent to which the
variable is independent of the other variables. In our work,
factor analysis was used in order to identify and characterize
different pollution sources using STATISTICA-8 software.
In this analysis, relation of each examined element with each
(latent) factor is characterized as factor loading (FL) ranging
from —1 to 1, here the effect of each factor on the element
concentration becomes strong when the value is close to 1,
thus each (latent) factor can be attributed to the possible
source for each element. Factor score (FS) shows the rela-
tive contribution of each (latent) factor to the elemental
composition of each sampling site, where high score means
strong effect of the factor on the elemental composition of
the site. For more detailed description of our factor analysis,
see Oprea and Mihul (2003).
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3 Results and Discussion

The concentrations of thirty elements namely Na, Mg, Al,
Cl, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Zn, As, Se, Br,
Sr, Cd, Sb, Cs, Ba, La, Ce, Sm, Tb, Ta, Th and U were
determined in the moss samples by NAA. The ranges and
the median of the concentrations of these elements in each
studied areas are presented in Table 2. The elements that
are often released by the urban and light industry activi-
ties were found in the samples collected in HCM City.
Titanium, Cr, Fe, Ni exhibited both the maximum and
the highest median concentrations. The other elements as
Co, Ba and Zn exhibited the maximum or the highest
median concentrations. The elements released by the solid

fuel combustion (Wielgosinski 2012) were found in the
moss samples from Hue. Antimony, Se, Cd exhibited with
both the maximum and the highest median concentrations,
and V exhibited with high concentration.

The elemental composition of the moss samples from
Hoi An was far complex and could be related to the
specific locations of the Hoi An city. Sodium, Mg, Cl,
Mn exhibited there with both the maximum and the
highest median concentrations, and Br exhibited just with
the highest concentration. These elements might be de-
rived from seawater. In addition, the high concentrations
of Cd, As, Zn, Co elements were also found in these
samples. It is impossible for us to find the real reasons
of this phenomenon.

Table 2 Minimum, maximum, and median concentrations of determined elements in each studied area
Element Hue Hoi An Ho Chi Minh City
Min Max Median Min Max Median Min Max Median
mg kg mg kg mg kg mg kg mg kg ' mg kg mg kg mg kg mg kg '
Na 300 1280 620 540 2510 1310 440 1340 930
Mg 830 1930 1550 1080 2730 1620 870 1970 1290
Al 1000 12,700 5800 1700 7800 3200 2500 15,300 4800
Cl 550 3600 1700 1300 4000 2100 530 970 780
K 6500 26,000 16,000 14,000 30,000 17,000 9300 16,000 12,000
Ca 4900 16,000 11,000 6700 30,000 9800 9400 34,000 14,000
Sc 0.24 2.12 1.09 0.44 1.90 0.80 0.81 2.20 1.81
Ti 129 741 271 92 465 205 204 914 524
v 2.55 19.5 12.2 3.39 44.7 5.11 5.26 57.4 8.08
Cr 2.1 21.7 11.0 3.8 15.6 6.8 13.8 31.2 19.9
Mn 41 121 74 29 112 88 45 170 77
Fe 1120 7030 3720 1580 5270 4810 3080 19,600 5430
Co 0.32 2.17 1.40 0.73 3.81 1.01 1.75 341 3.28
Ni 1.09 9.6 42 1.48 7.7 2.7 7.3 12.6 9.5
Zn 71 460 126 144 470 254 96 790 178
As 0.99 3.30 2.30 1.29 11.6 3.00 1.95 5.50 4.10
Se 0.84 22 1.4 0.60 0.96 0.70 0.32 0.50 0.39
Br 6.0 19.9 10.4 6.4 50.1 7.7 8.7 24.7 12.8
Sr 32 70 46 24 100 29 56 275 90
Cd 1.59 3.8 24 0.25 29 2.00 0.25 1.07 0.80
Sb 0.74 2.1 1.40 0.53 1.6 0.89 0.68 1.60 1.00
Cs 0.71 34 1.58 0.44 1.63 1.18 22 14.1 53
Ba 23 340 58 24 127 83 83 260 101
La 0.95 7.7 3.10 0.91 7.9 2.24 2.89 8.8 5.6
Ce 23 18.3 6.2 1.40 16.9 42 6.1 18.3 11.7
Sm 0.131 1.01 0.51 0.141 1.20 0.35 0.59 1.74 1.15
Tb 0.0283 0.525 0.097 0.0279 0.152 0.050 0.074 0.331 0.177
Ta 0.0311 0.165 0.090 0.053 0.194 0.065 0.079 0.223 0.153
Th 0.44 33 1.78 0.40 35 0.86 0.72 2.0 1.49
U 0.198 0.96 0.62 0.142 22 0.233 0.328 1.53 1.10
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3.1 Extracted Factors

The pre-study of the obtained concentrations had been
done to select out eighteen elements used for factor analy-
sis including Mg, Al, Cl, Ca, Sc, Ti, V, Cr, Fe, Ni, Co, Zn,
As, Se, Cd, Sb, Ba and La. The elements of interest were
those that join together into groups (or factors) represent
possible sources of pollution in the studied areas, and the
number of explained variance of each group is as high as
possible. The factor analysis process has pulled out the five
relevant factors that could explain more than 80 % of the
variability and they are showed in Table 3.

3.2 Factor Explanation

Based on the values of the factor loadings (Table 4) and factor
scores (Table 5), the possible sources of pollution in the stud-
ied areas are proposed and their potentials in each site are
explained as below.

The factor F1 explains 41.7% of the variances. It contains
Sc, La, Co, Ni, Cr, Ti, Ba, Fe and As with their factor loadings
ranged from 0.93 to 0.54. F1 has a typical earth’s crust com-
position and it could relate to local soil. The sites with high
factor score FS1 value in Hue are situated along big road and
often in surrounding of at least a factory as Hu-S4. The site
Hu-N4 is near the QL1A highway while Hu-E1 and Hu-W4
are near the QL49 highway. The site HA9 in Hoi An, an old
town tourist area, has a high FS1. The majority of sites having
high FS1 in HCM are situated in crowded places as big parks,
tourist destinations with high traffic ways around.
Consequently, local soil dust would be the dominant source
of air pollution in these sites.

The factor F2 explains 14.9% of the variances. It contains V,
Ca, Al, Ti and Cr with their FL2 in the range between 0.85 and
0.43. Based on the F2 composition, the factor could relate to the
long-range atmospheric transport. Because small particles of V
may stay in the air for long times, they are more likely to be
transported away from the site of release (Department of health
and human services 2012). Aluminum, Ca are contained in
products of the mineral deposits that have been exploited over
Thua Thien province as granite, kaolin and limestone. In addi-
tion, the exploitation of Ti ores (ilmenite) in Thua Thien
Province can lead to high Ti combination with F2. Most of
the sites with high FS2 values are situated in Hue as Hu-N1,
Hu-E1 and Hu-E4 along high routes numbered 49 and big
roads. In HCM City, the particular sitt HCM1 with high FS2
is situated in vicinity of a cluster of car washing and repairing

stations. However, we are unable to explain this. We have tried
to find some reference but not yet found.

The factor F3 explains 11.6% of the variances. This factor
relates to the elements released by solid fuel combustion as Se,
Sb, Cd and CI with their FL3 in the range between 0.87 and
0.34. The particulate matter release during combustion of sol-
id, liquid and gaseous fuels is highly, slightly and nearly none
(Wielgosinski 2012). Therefore, the use of solid fuels for liv-
ing is gradually being replaced everywhere. However, accord-
ing to the government report in 2015, a great part of house-
holds in Hue — Thua Thien especially in periphery of Hue city
used traditional fuels as firewood and charcoal and that could
explain why all high FS3 values connect to Hue sites and why
the FS3 values of even if the condensed traffic sites of HCM
City are lower than the ones of the Hue sites.

The factor F4 explains 6.9% of the variances contain-
ing Mg, Cl, As and Ca with their FL4 ranged between
0.84 and 0.30. Except for As, the factor includes essen-
tial elements for plant and could relate to water as the
great parts of dissolved ions in water are Cl, Mg and Ca
ions. Furthermore, all the sites with high FS4 values are
situated in marsh, damp areas over river- or sea- sides in
the coastal regions. Arsenic presences in water factor F4
reflects the As contamination of water in the studied
areas. This is in line with the overall assessment about
water pollution in Southeast Asia (Berg et al. 2001;
Merola et al. 2015).

In Table 5, the high FS4 values belong to Hoi An sites as
HAT1, HA4, HA10 situated on the sides of rivers De Vong and
Thu Bon. The Thu Bon drainage site HA9 has the highest FS4
(3.44) and high FS1 (1.04) values of water and soil factors,
respectively. The highest concentrations are of As, Br, Th and
U elements. The second highest concentrations are of V, Ba
and the high concentrations of Cr, Zn, Co, La and Ce were
determined in the HA9 sample that characterizes high pollu-
tion status of the site. In Hue, the sites with high FS4 values
Hu-S4 and Hu-S1 are situated around water plant Huong Phu
and on the side of river Nhu Y, respectively. In the public
disclosure N58030, Vietnamese Ministry of Natural
Resource published that the direct discharge of industrial un-
treated wastewater into canals, rivers has been the main source
of pollution in open water systems in Vietnam. It seems that
the polluted wastewater has been carried away to the estuary
and highly contaminates the HA9 site. In 2016 year, an acci-
dent of contaminated water by industrial pollutants caused
millions of dead fish on shores and rivers in the Central of
Vietnam (Zara 2016).

Table 3 Explained variance and
cumulative of the factors

Factor 1 (F1)

Factor 2 (F2) Factor 3 (F3) Factor 4 (F4) Factor 5 (F5)

Expl. Variance (%) 41.7
Cumulative (%) 41.7

14.9 11.6 6.9 6.1
56.7 68.3 75.2 81.2
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Table 4  Factor loadings Table 5 Factor scores relate with sampling sites
Element FLI1 FL2 FL3 FL4 FL5 Site name” FS1 FS2 FS3 FS4 FS5
Mg -0.06 0.33 —0.04 0.84 0.14 Hu-S1 —0.73 -0.44 1.23 1.22 —0.20
Al 0.47 0.78 0.26 -0.03 -0.09 Hu-S2 —0.59 -0.47 1.44 0.80 0.17
Cl -0.25 —0.15 0.34 0.73 -0.21 Hu-S3 —0.08 -0.32 1.49 0.19 0.19
Ca 0.14 0.78 —0.25 0.30 0.32 Hu-S4 0.76 0.13 0.79 1.05 -1.37
Sc 0.93 0.20 0.02 0.03 -0.01 Hu-N1 0.06 0.81 1.68 -0.42 0.13
Ti 0.67 0.61 0.15 -0.10 —-0.03 Hu-N2 -0.79 -0.30 0.76 0.39 —0.57
\ 0.24 0.85 —0.05 0.23 0.26 Hu-N3 —0.40 —0.12 —0.34 -0.24 —0.62
Cr 0.70 0.43 —0.02 —0.18 0.20 Hu-N4 0.82 —2.48 1.24 —0.44 3.13
Fe 0.63 0.07 —0.13 —-0.09 -0.14 Hu-El 1.04 1.01 0.71 -0.15 —1.42
Ni 0.81 0.31 —0.08 —0.13 0.13 Hu-E2 -1.35 0.34 —0.62 -0.78 —-0.10
Co 0.84 0.21 -0.20 0.02 0.22 Hu-E3 -0.23 0.43 0.35 —0.05 -0.62
Zn 0.00 0.31 0.01 0.06 0.81 Hu-E4 0.53 0.73 1.49 -0.91 -0.47
As 0.54 0.27 —0.21 0.52 0.27 Hu-E21 0.05 0.24 —0.30 —0.03 -1.34
Se -0.19 —0.15 0.87 0.13 -0.04 Hu-W1 -1.20 0.28 —0.20 -0.72 0.41
Cd -0.25 —0.08 0.72 0.04 -0.22 Hu-W2 -1.61 -0.11 —0.21 0.23 -0.77
Sb 0.20 0.30 0.81 -0.06 0.22 Hu-W3 -1.12 0.38 —0.26 —1.44 0.00
Ba 0.67 —0.35 0.01 -0.11 0.55 Hu-W4 1.12 -0.01 1.14 —0.69 -1.06
La 0.92 0.11 -0.14 0.06 0.04 HA1 -1.22 -0.47 -1.18 1.15 -0.04
HA2 -0.97 -0.48 -1.06 —0.74 -0.22
Bold values represent the characteristic factors HA3 0.19 0.04 023 ~0.60 0.87
HA4 0.65 -0.14 0.24 1.09 0.44
The factor F5 explains 6.1% of the variances. It con- HA7 094 095 068 002 0-24
tains Zn and Ba with FL5 of 0.81 and 0.55, respectively. HA9 1.04 L 129 344 079
F5 could be an anthropogenic factor because Zn and Ba HAL0 103 057 029 122 0.57
are mainly released into the air from manmade and indus- ~ HM! 0.09 387 034 06424l
trial process. The information could be found wherever in HCM2 0.86 0.0 -1.39 0.27 0.14
the literature of potential contaminants relating to indus- M3 182 019 105 008 023
trial sectors. Tire-wear particles have been recognized asa ~ HCM# 137 055 145 074 138
potential source of Zn into urban environment (Councell HCM5 . —0.42 -150 Bt 0.41
HCM6 2.10 -0.86 —0.62 -1.03 0.50

et al. 2004). In addition, Zn is one of the most abundant
elements contained in additives of lubricating oil, therefore it
is also a major elemental constituent in exhaust (Fujita et al.
2006). Consequently, condensed traffic in these cities could be
one of main sources of Zn into the air. In addition, high FS5
values could relate to peculiar sources of pollution
in corresponding sites that are explained as follows.

—  The site HCM1 with high FS5 value and the highest
Zn concentration is situated nearby car washing and
repairing stations.

—  The HA sites with high FS5 values and high concentra-
tion of Zn as HA3 and HA9 are situated on two sides of
the cooper - brass (alloy of Cu and Zn) workshops Phuoc
Kieu, Dien Ban. The HAO site that has not only high FS5
value but also high FS4 value is located near the pottery
village Thanh Ha and on the side of Thu Bon river.

— The Hue site HU-N4 with the highest FS5 value, the
highest concentration of Ba and high concentrations of
Zn is situated nearby the industrial complex Tu Ha —

@ Springer =) Korean Meteorological Society

Bold values represent the characteristic factors

*The abbreviations S, N, E and W of the site names were used just only
for identification of the sampling area of Hue province. S, N, E and W
stand for the south, north, east and west areas

Huong Van; there are collected different factories mainly
producing packaging and building materials. Especially,
there is the big Portland cement factory Luks operating
for over twenty years, and Ba is the first characterized
element of the non-volatile metal compounds emitted
from Portland cement (Greer and Coauthors 1992).

4 Concluding Remarks

This study is the first attempt to characterize the atmospheric
pollution of heavy metal elements using moss technique in
three cities in the central and south of Vietnam. By the
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obtained results, the pollution features of the studied cities
could be resumed as follows:

—  The air in Hue and HCM City is highly contaminated by
different sources of pollution. Hue is greatly polluted by
the mining activities and the use of traditional fuels that
have taken place in the vicinity of the city and in the Thua
Thien province. Ho Chi Minh City is mainly polluted by
sources of pollution from various urban activities.

—  The water environment in Hoi An seems to be seriously
damaged by untreated wastewater.

The correspondence between the research results and the
reality of the air pollution in the studied sites has proved high
possibility of the method for studying air pollution in Viet
Nam. Our obtained results will be used as a reference database
for the future investigation, to monitor the air pollution of
heavy metal elements in other provinces in Vietnam. Our next
plan is application of the same method to gradually expand the
study territory to the whole country for giving out an overview
about air pollution in Vietnam.
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Abstract. Air pollution in Vietnam, especially the pollution caused by metal elements, is severe
due to the rapid growth of industrialization. The study of air pollution caused by metal elements
is a hard and expensive work. Development of the simple and cheap methods for studying metal
pollution in the air is being carried out in many countries of the world. In this paper, we used
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Nai provinces and the obtained results will be presented.
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I. INTRODUCTION

In recent years, along with the rapid development of the economy, the air environment is
seriously polluted by many different causes. Air pollution in Vietnam is a very worrying issue.
There have been many different warnings about air pollution in Vietnam and which is high com-
pared to other countries in the world [1, 2]. Therefore, monitoring air quality in Vietnam is an
urgent need and should be carried out regularly and continuously.

Currently, the monitoring of air quality in Vietnam is conducted mainly by using automatic
monitoring stations imported from abroad [3,4]. The advantage of this method is that it is possible
to monitor air quality continuously. However, this method has many disadvantages, namely: 1)
very expensive (several dozens of billions vietnamese dong for a monitoring station and requires a
few billion vietnamese dong of running cost per year); ii) need technical staff who are knowledge-
able to maintain, and recalibrate analytical equipment; iii) can only be installed in locations where
the power supply is available,. .. Due to these disadvantages, this method is often not suitable for
developing countries like Vietnam. In addition, the automatic air quality monitoring stations are
often used to monitor only toxic gases such as SOx, NOx, COx, etc. It is dificult to get information
of metal pollution in the air by using these stations.

Another way for monitoring the air quality is to use power pumps in combination with
air filters. After a certain period of air sample taking, the filters will be taken to laboratories for
analyzing the concentration of metal elements accumulated on the filters. This method also has
the disadvantages: it cannot be investigated on a wide area at the same time. Moreover, the time
of sample taking cannot be long enough, so the analytical results are usually only considered to
reflect the level of pollution in a very short period of time.

For overcoming these disadvantages of the above methods, a method for studying metal
pollution in the air using biological indicators (lichen, moss, algae, ...) has been developed and
widely used in European countries since the 60s of the last century [5-9]. It has been shown that
the content of heavy metal elements in moss is proportional to the concentration of metal elements
in the air. Mosses are mostly used due to the following reasons [10]: i) Mosses lack developed
root system, therefore, they are fed only by nutrient absorption from the air; ii) Mosses lack leaves
cuticula; iii) Mosses have low variability of morphology through the growing season; iv) Mosses
have a high surface-to-volume ratio; v) Mosses have a high cation exchange capacity of cell walls.
In addition, mosses are present everywhere, so sampling is not difficult and process of collecting
moss, storage and processing for analysis is also very simple.

Many previous studies have confirmed that the method of studying metal pollution in the
air by using moss is a cheap and easy one. However, so far, this method has not been implemented
in Vietnam. In this paper, we will present the possibility of applying this technique to investigate
the metal pollution in the air in Vietnam.

At the Institute of Physics of the Vietnam Academy of Science and Technology (VAST),
a research group was formed in order to cooperate with the research team at the Joint Institute
of Nuclear Research (JINR) in Dubna (Russian Federation) for using moss to study the metal
pollution in the air in Vietnam. According to an agreement between two groups, the Vietnamese
team will take moss samples from different provinces in Vietnam and bring them to JINR to
determine the concentration of the metal elements by a method of neutron activation analysis
(NAA) at the IBR-2 nuclear reactor. The first investigations have been carried out for different
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provinces in the north and south of the country including Thai Nguyen, Hanoi, Hue, Hoi An and
Ho Chi Minh city [11, 12]. This study is a continuation of our campaign for investigation of the
metal air pollution using moss as bioindicator in Hanoi, Hung Yen and Dong-Nai provinces.

II. MATERIAL AND METHODS

II.1. Moss sampling procedure

The local moss Barbula indica was used in this work. The moss height often ranges from
2 to 3 cm and rarely higher (up to 5 cm) but in Vietnam, it just ranges from 1 to 2 cm. As this is
a short moss species, in our study, only mosses picked out from tree trunks or walls were used to
minimize the influence of substrate on analytical results.

The sampling and the preparation of the moss samples were carried out in accordance with
the protocols written in the monitoring manual of the UNECE ICP 2015 [13]. For each sample
we recorded the following characteristics: the moment of sampling, the day, the name of the place
and the GPS coordinates.

The sampling places were chosen from the areas with different pollution levels: Some were
collected near the economical units which produce gaseous pollutants, others were taken near the
roads which have different traffic flows and the others were also collected from the areas, far away
from any sources of pollution. Thus we can have the possibility to make a comparative analysis
between heavy metal air pollution in those places.

Mosses were cut out from their carpets by plastic tools and put in polyethylene zip-lock
bags, both tools and bags were made from of low impurity materials. All sampling sites were
located at least 200 m from main roads, 50 m from local roads with the sampling net at least
of about 3 km x 3 km. However, by special characteristics of cities in Vietnam, in many places
moss was covered with soil dust. Therefore, according to the protocol of “Field sampling” written
in monitoring manual [13], the collected samples were thoroughly washed by distilled water and
cleaned from extraneous materials (such as large soil particles, leaves, dust, etc.). Furthermore,
according to this manual, the top part of the moss (living, green) was separated from the lower part
(dead, brown) and only the top part was used for study. In the last stage, all moss samples were
dried until their weights are unchanged.

I1.2. Analytical method

The Neutron Activation Analysis (NAA) was carried out at the NAA Department of Frank
Laboratory of Neutron Physics (FLNP) of the Joint Institute for Nuclear Research (JINR) in
Dubna, Russia. About 0.3 g of dry weight of each sample was heat-sealed in polyethylene bag or
was packed in aluminum cups, to be used for short-term irradiation or for long-term irradiation,
respectively. The samples were irradiated in channels equipped with pneumatic system installed at
the IBR-2 pulsed nuclear reactor of FLNP with the average power of 2 MW. Main characteristics
of the irradiation channels are showed in Table 1 that have been maintained since 2000 years until
now [14,15]. To determine short-lived isotopes, each sample was irradiated for 3 min in chan-
nel 2, then was measured, after 3 to 5 min of decay, for 15 min. To determine long-lived isotopes,
samples were irradiated for about 3 days in the Cd screened channel 1. After irradiation, they
were repacked and measured twice, the first time after 3 days of decay for 30 min and, the second
time after 20 days of decay for 1.5 h. Gamma spectra of the samples were measured by Ge (Li)
detector or by HPGe detector with the resolution of 2.5 to 3 KeV or of 1.9 KeV, respectively, for
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the 1332 KeV line of the 60Co. The software Genie 2000 was used to store, display, and analyze
the gamma spectra. The other software developed at FLNP was used to calculate concentrations
of the elements in the samples. The calculation was done by the support of the standard reference
materials produced by the International Atomic Energy Agency and the National Institute of Stan-
dards and Technology. The analytical errors of the concentrations of the interested elements range
from 3 to 15%.

III. RESULTS AND DISCUSSION
II1.1. Studied areas

For starting a campaign to study air pollution of metal elements in Vietnam using the moss
bio-indicator, a number of areas in the south of Vietnam was investigated, namely in Hue, Hoi An
and Ho Chi Minh city [12]. In this investigation, Hanoi, Hung Yen and Dong-Nai provinces were
studied. The sampling locations in these areas are shown in Fig. 1.

Fig. 1. The locations of sampling sites.

The total number of collected moss samples was 35, among them 10 in Hanoi, 15 in
Hung Yen and 10 in Dong-Nai. These moss samples were collected during the period from No-
vember 2016 to February 2017. The concentration of 33 metal elements for each moss sample
was determined by the method of neutron activation analysis carried out using IBR-2 nuclear re-
actor of the Joint Institute for Nuclear Research in Dubna. The error of the concentration for most
elements is less than 10%. The average values of concentration in mg.kg~! (dry weight) of 33
elements in Hanoi, Hung Yen and Dong-Nai are listed in Table 1 together with the minimum and
maximum values of the elemental concentration of all 33 elements.

The concentration of almost elements in the same area at different sampling points varies
in a fairly wide range. This suggests that there are many pollution sources which spread these
elements into the air in the investigated areas.

From Table 1, it can be seen that in Hanoi, the descending order of the mean concentration
of the elements in moss samples is: Ca > K > Al > Fe > Mg > Cl > Na > Ti > Zn > Mn > Ba
>S8r>V>Cr>Ce>Br>Ni>La>As>Co>Sb>Th>Sc>U2>Cs>Gd>Cd>Hf
> Sm > Yb > Se > Ta > Tb. In Hung Yen province, the order is: Ca > K > Al > Mg > Fe > Cl
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>Na>Zn>Ti>Mn>Ba>Sr>Cr>V >Br>Ce>Ni>La>As>Co>Sb>Cs>Th
> Sc > Cd > U > Gd > Hf > Sm > Se > Yb > Ta > Tb. For Dong-Nai province, the following
descending order was observed: Ca > K > Al > Fe > Mg > Cl > Ti > Na > Mn > Zn > Sr >
Ba>Cr>V>Ce>Ni>Br>La>Co>Sc>As>Hf >Th>Sm >Cs>Gd>Sb>U>
Cd > Yb > Se > Ta > Tb. Although there is a slight difference, in general the descending order
of the mean concentration in the moss samples observed in the three provinces is quite similar. It
means that the sources of metal pollutions in the air in these three provinces are quite similar.

The highest concentrations belong to Ca, K, Al, Fe, Mg, CI, Na and Ti. These elements are most
abundant elements in the crust. The lowest concentrations belong to Ta and Tb. This reflects that
the density of dust in the air is very high and air pollution in these provinces is seriously caused
by floating dust. Vietnamese people feel this because a lot of buildings and transportation systems
are being built in these provinces resulting in a lot of crust dust in the air.

Descriptive statistics of metal concentration data including mean, median, standard devia-
tion, minimum, maximum, range, coefficient of variation in percent (CV=standard deviation/mean
x 100%), kurtosis and skewness determined in moss samples in Hanoi, Hung Yen and Dong-Nai
are presented in Table 2. The IBM SPSS software version 20 was used for statistical calculations.

From Table 2, it can be observed that all of the heavy metals under investigation in Hanoi
showed moderate variation in concentration, with the coefficient of variation ranging from 17%
to 68% except for Ba (117.4 %). For Hung Yen province, the coefficients of variation range from
14% to 64% except for Zn (97%) and Ta (227.1%). For Dong-Nai province, the variation in
concentration is much higher than Hanoi and Hung Yen. The coefficients of variation for U, Fe,
Yb, Hf, Sc, Mn, Cr, Ta, Sb, Ti, Sr, Ni and Co are higher than 75%. High values of the coefficient
of variation are likely to indicate the influence of complicated origins of these elements in mosses
[10]. Furthermore, for those elements whose value of skewness is in the range from -0.8 to 0.8 and
the value of its kurtosis is in the range from -3.0 to 3.0 then its concentration can be considered
to be normally distributed. In this case, the source of pollution of these elements can be the same.
Otherwise, the source of pollution may be very complicated.

II1.2. Contamination Factor of Metal Elements

Contamination factor (CF) may be useful to classify pollution situation of the investigated
area [16] and for our case they are listed in Table 3. We calculated contamination factor for element
i by the following formula

Ci

CF; = BG. (1
where C; is the mean value of each element from the moss samples from the investigated area
and BG; is the average e value of the three sample sites showing the lowest concentration of the
corresponding metal from the investigated area. The pollution level can be classified according to
CF value as follows: CF<1: no pollution (C1), 1<CF<2: suspected pollution (C2), 2<CF<3.5:
slight pollution (C3), 3.5<CF<8: moderate pollution (C4), 8<<CF<27: serious pollution (C5) and
27<CF: extreme pollution. The calculated CF coefficients for Hanoi, Hung Yen and Dong-Nai
areas together with their air pollution rank are listed in Table 3.

It can be seen from Table 3 that Hanoi is suspected pollution by most elements (1<C2<2)
except for Cd, Ba and U. By these elements, Hanoi is moderately polluted (2<CF<3.5). In
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Table 1. The concentration of elements in the collected moss samples in mg.kg ™! (dry weight).

ElL Hanoi Hung Yen Dong-Nai

Mean Min Max | Mean Min Max | Mean Min Max
1 | Na |9469 601 1380 | 912.9 717 1830 | 927 522 2100
2 | Mg | 4876 3630 6640 | 3989 3340 6380 | 4095 2160 7620
3 | Al | 7882 4950 13900 | 5871 4530 14700 | 8552 1800 20400
4 |Cl | 1212 485 2300 | 2748 2830 3620 | 1683 462 2580
5 | K | 8764 6450 10700 | 9931 8600 12200 | 11930 8980 14200
6 | Ca | 27310 13500 62600 | 21026 15800 27600 | 14585 8470 33600
7 | Sc | 1.44 0.83 2.46 0.95 0.708 2.25 1.90 0.352 5.75
8 | Ti | 587 370 967 356.70 298 749 137848 91.3 3930
9 |V |21.15 118 39.1 1470 134 24.1 19.50 322 454
10 | Cr | 19.12 105 32.3 21.28 109 46.3 30.00 7.03 103
11 | Mn | 1524 100 225 127.8 200 226 132.5 476 412
12 | Fe | 5431 2850 8310 | 3536 4050 6610 | 6641 1290 19400
13 | N1 | 7.75 4.95 15.5 6.40 5.22 11.8 8.60 198 323
14 | Co | 2.22 1.50 3.58 1.49 1.11 3.42 3.11 0.76  13.70
15| Zn | 443 158 1230 | 370.1 298 1340 | 97.93 57.8 156
16 | As | 4.09 2.59 7.83 2.49 1.56 3.85 1.58 0.79 2.59
17 | Se | 0.32 0.18 0.52 0.33 0.273 0.68 0.21 0.136 0.30
18 | Br | 8.64 4.29 16.10 | 8.42 5.56 15.10 | 7.08 350 16.8
19 | Sr | 6692 28.3 131.0 | 36.27 34.3 47.2 53.30 219 204
20 | Cd | 0.86 0.34 1.39 0.71 0.7 1.66 0.50 020 0.78
21 | Sb | 1.68 0.78 3.28 1.18 0.72 2.22 0.63 020 2.29
22 | Ba | 141.08 52.5 601 5565 61.1 111 40.57 19.8 555
23| Cs | 1.11 0.61 1.82 1.17 0.71 2.04 0.67 033 1.09
24 | La | 4.76 3.06 8.42 3.56 2.79 8.41 4.19 1.55 9.77
25| Ce |9.33 6.07 15.8 7.03 5.14 17.3 9.52 3.14 22
26 | Sm | 0.67 0.36 1.22 0.51 04 1.21 0.75 025 1.56
27 | Gd | 0.87 0.45 1.67 0.62 0.53 1.32 0.67 024 1.31
28 | Tb | 0.10 0.06 0.16 0.07 0.05 0.16 0.09 0.03 0.16
29 | Yb | 0.35 0.55 0.35 0.29 0.26 0.61 0.32 0.11 0.57
30 | Hf | 0.84 0.44 1.23 0.52 0.38 1.35 1.34 046 3.6
31| Ta | 0.14 0.09 0.23 0.27 0.12 2.46 0.19 0.03 0.50
32 | Th | 1.63 1.00 2.74 1.12 0.83 2.72 1.09 036 2.21
33| U 1.16 0.44 2.02 0.67 0.88 1.17 0.59 0.18 1.72

Hung Yen area, there is no pollution by Th and U (C1). Air pollution by 17 elements includ-
ing Na, Mg, Cl, K, Ca, V, Mn, Fe, As, Se, Br, Sr, Ba, Cs, Gd, Yb and Hf is suspected (C2). By
other elements including Al, Sc, Ti, Cr, Ni, Co, Cd, Sb, La, Ce, Sm and Tb, air pollution is slight
(C3). Especially, air pollution by Zn and Ta is moderate (C4). In case of Dong-Nai province,
it can be summarized as follows. Air pollution by 11 elements namely Na, Mg, K, Ca, Zn, As,
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Table 2. Descriptive statistics of metal concentration data.

407

] ElL \ Hanoi \ Hung Yen \ Dong-Nai ‘

SD Kurt Skew Ccv SD Kurt Skew Ccv SD Kurt Skew Cv

(%) (%) (%)

Na | 2945 -1.64 041 31.1 3728 1.28 1.35 40.84|5392 2.03 1.64 58.16
Mg | 1135 -1.19 0.55 37.33| 1198 0.06 0.99 30.03 | 1865 -0.12 0.98 45.53
Al 2942 0.73 1.26 37.33| 3524 2.09 154 60.03 | 6238 -0.27 0.92 73.47
Cl 520 1.15 0.8 42.88 15299 0.19 -0.23 19.28|767.7 -145 -041 45.62
K 1543 -1.68 -0.04 17.61| 1436 -1.09 0.05 1447 | 1746 -0.84 -0.56 14.63
Ca | 15108 2.58 1.63 55.32| 3015 042 029 1434 | 7603 6.09 2.34 52.13
Sc 052 0.01 0.87 36.11| 059 1.07 1.34 62.18 1.7 294 158 89.32
Ti | 217.7 -094 0.83 37.08|176.0 0.72 092 4933 | 1445 0.89 0.94 104.8
A% 927 -0.08 084 4384 | 464 028 0.72 31.59]|14.22 -055 047 7291
Cr 698 -0.55 0.72 36.51 (1221 -0.05 1.02 57.37(29.61 553 224 98.68
Mn | 45.84 -146 0.38 30.08 |47.83 -0.32 061 3743|1195 3.75 1.89 90.18
Fe 1176 -1.05 0.14 3271 | 1562 -0.32 0.83 44.18 | 5757 2.44 1.47 86.68
Ni 326 3.03 1.69 4206| 295 -0.72 044 46.13| 9.53 5.83 234 110.8
Co 0.7 -0.16 0.87 31.69| 0.77 1.68 1.18 51.67| 4.16 6.79 2.55 1339
Zn | 304.0 572 221 68.63|361.7 3.01 1.85 97.73|34.32 -0.77 0.58 35.05
As 1.56 328 1.68 3823 | 0.88 -1.23 047 35.59 05 1.82 0.61 31.35
Se 0.12 -0.92 054 37.65| 0.12 443 1.82 36.04| 0.06 -1.63 0.38 30.45
Br 32 3.1 128 36.97| 2.87 0.63 1 34.06 4 503 2.09 5654
Sr | 36.06 -045 0.85 53.89| 6.58 -098 0.17 18.15| 5777 7.96 2.78 108.3
Cd 038 -1.78 0.04 4498 | 042 -0.03 0.85 583]| 0.18 -0.46 0.1 36.48
Sb 0.7 247 127 41.54] 0.53 -0.07 0.7 4542 0.64 7.34 2.63 101.7
Ba | 165.6 8.69 29 117412344 091 096 42.12| 12,5 -1.1 -048 30.81
Cs 036 049 081 32.53| 044 0.08 0.88 37.79| 0.25 0.73 0.57 37.26
La 1.57 282 158 3292 211 137 144 59.35 27 1.03 1.18 64.33
Ce 283 249 135 30.36| 429 1.65 1.53 6098 | 6.34 029 0.99 66.59
Sm| 025 183 1.01 37.36 03 124 136 5791| 046 -0.82 047 60.48
Gd 032 5.12 1.84 36.63 03 076 1.16 48.81| 0.39 -1.31 0.5 5845
Tb 003 1.51 1.15 31.05| 0.04 1.18 1.36 4396| 0.05 -2.22 -0.05 57.87
Yb 0.11 0.19 0.39 30.39| 0.13 1.66 1.3 4396 | 0.16 0.51 1.37 86.98
Hf 0.27 -1.63 0.03 32.31| 0.31 2.89 1.8 58.68| 1.16 0.51 1.37 86.98
Ta 005 -06 078 3295| 0.61 14.6 3.8 227.1| 0.19 -146 0.85 100.2
Th 055 082 1.07 33.53| 071 136 1.52 63.75| 0.58 046 0.55 53.08
U 055 -1.21 026 47.25| 026 -0.87 047 39.23| 048 3.63 1.88 81.82

SD: Standard deviation; CV: Coefficient of variation; Kurt: kurtosis; Skew: skewness

Se, Br, Cd, Ba and Cs is suspected (C2). Air pollution for 16 elements including Al, Cl, Cr, Mn,
Ni, Sr, Sb, La, Ce, Sm, Gd, Tb, Yb, Hf, Th and U is slight (C3). Especially by 6 elements in-
cluding Sc, Ti, V, Fe, Co and Ta, the air pollution is moderate (C4). In general according to the
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values of contamination factors listed in Table 3, it could be concluded that the air pollution in
Hung Yen and Dong-Nai is more serious than in Hanoi. It might be understood because Dong-Nai
and Hung Yen belong to the provinces with the fastest industrial growth rate in the country. There
are many big industrial zones located in these provinces and therefore, air pollution is a result of
this rapid industrial growth.

Table 3. Contamination factor.

Element Hanoi Hung Yen Dong-Nai

CF Rank CF Rank CF Rank

1 Na 1.46 C2 1.62 C2 1.67 C2
2 Mg 1.32 2 1.42 C2 1.59 Cc2
3 Al 1.46 Cc2 2.16 C3 2.62 C3
4 Cl 1.69 Cc2 1.39 C2 2.16 C3
5 K 1.24 Cc2 1.24 C2 1.21 Cc2
6 Ca 1.72 Cc2 1.23 2 1.49 C2
7 Sc 1.55 Cc2 2.3 C3 3.88 C4
8 Ti 1.48 C2 2.17 C3 5.77 C4
9 v 1.79 Cc2 1.59 C2 3.86 Cc4
10 Cr 1.49 C2 2.31 C3 2.95 C3
11 Mn 1.46 Cc2 1.81 C2 2.67 C3
12 Fe 1.58 C2 1.86 C2 3.95 C4
13 Ni 1.5 Cc2 2.23 C3 3.09 C3
14 Co 1.45 C2 2.07 C3 3.8 C4
15 Zn 1.98 Cc2 4.69 Cc4 1.48 Cc2
16 As 1.46 C2 1.66 C2 1.44 Cc2
17 Se 1.63 Cc2 1.51 C2 1.43 C2
18 Br 1.57 Cc2 1.61 C2 1.65 Cc2
19 Sr 1.99 C2 1.31 C2 2.14 C3
20 Cd 2.03 C3 2.34 C3 1.51 Cc2
21 Sb 1.63 C2 2.06 C3 243 C3
22 Ba 247 C3 1.89 C2 1.58 C2
23 Cs 1.46 C2 1.73 C2 1.49 C2
24 La 1.37 c2 2.12 C3 2.24 C3
25 Ce 1.38 C2 2.11 C3 2.44 C3
26 Sm 1.64 C2 2.02 C3 2.54 C3
27 Gd 1.41 Cc2 1.87 C2 2.35 C3
28 Tb 1.43 C2 2.03 C3 2.61 C3
29 Yb 1.49 Cc2 1.89 C2 2.09 C3
30 Hf 1.5 C2 1.79 C2 2.69 C3
31 Ta 1.49 C2 6.1 Cc4 3.64 Cc4
32 Th 1.43 C2 0.65 C1 2.12 C3
33 U 2.14 C3 0.9 Cl 2.33 C3
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IV. CONCLUSION

This study is the continuation of our previous work to characterize the atmospheric pollu-
tion of heavy metal elements using moss technique in three provinces in the north and south of
Vietnam, namely Hanoi, Hung Yen and Dong Nai. Barbulea Indica moss (35 samples) has been
used as bio-indicator of air pollution of metal elements. The instrumental neutron activation anal-
ysis has been used using IBR-2 nuclear reactor at the Joint Institute for Nuclear Research (Dubna,
Russia). For each moss sample, the concentrations of 33 elements were determined with the error
being less than 10%. By the obtained results, the contamination factor for all elements has been
determined and the pollution situation based on the values of this factor for these elements in three
investigated provinces has been categorised. In order to find the pollution sources, the multivariate
statistical analysis should be applied and this analysis will be carried out latter. Finally, we would
like to emphasize that using moss technique is a low cost way for mapping air pollution in Viet-
nam. We will continue to apply this technique for further investigation of air pollution in other
provinces in the country.
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TOM TAT

Viét Nam la mét trong nhitng nwée c6 mirc do 6 nhiém nghiém trong, dac biét la 6 nhiém
khéng khi. Tir ndam 2014, Viét Nam da tham gia vao chuwong trinh diéu tra é nhiém khong khi qua
cay réu (ICP Vegetation Programme Coordination Centre. Réu dwoC chon lam doi tiwong nghién
Cieu 6 nhiém khong khi. .Bai bdo ndy tién hanh nghién ciu do nong do nguyén té trong muoi sdu
Mdu réu Barbular thu thap tai Thanh phé Hué, duege phan tich bang phiong phdp phén tich kich
hoat neutron (Neutron Activation Analysis) tai vién Nghién ciru Hat nhdn Dubna — Nga. Két qua
nong dé cdac nguyén té trong mau réudwoc nghién ciru bang phwong phdp phdn tich cdc nhén té —
Factor Analysis ciia phan mém Statistica 8.0 nham muc dichtim ra méi lién hé giira nguon phdt 6
nhiém va nguon nhan.

Tir khéa:6 nhiém khong khi, Barbular, kich hoat neutron, phan tich nhan td.
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ABSTRACT

Vietnam is one of the countries with serious pollution, especially air pollution. Since 2014,
Vietham has been in the moss-based pollution investiation program of the ICP Vegetation
Program Coordination Center. The moss was the subject of the study of air pollution. The study
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investigates the elemental concentration of the sixteen the Barbular mosses collected in Hue City,
which were analyzed by neutron activation analysis (NAA) at the Institute of Nuclear Dubna —
Russia. The results of the elemental concentration in the mosses were analyzed by the factor
analysis of Statistica 8.0 software, in order to find out the relationship between pollution sources
and receivers.

Keywords:air pollution, Barbular, NAA, Factor Analysis.

1. Mé dau
Theo s6 liéu diéu tra moi day cua WHO, mdi ndm c6 khoang 2 triéu ngudi chét vi 6
nhiém khong khi. Co quan Nghién ctru Ung thu Quéc té (IARC) cho biét, chi tinh riéng
niam 2010, nan 6 nhiém khong khi da khién 223 nghin nguoi trén khip thé gioi chét vi
bénh ung thu. Hién nay, 6 nhiém moéi truong 14 vin dé rat duge quan tim trong nudc ciing
nhu trén thé giéi. V&i két qua phan tich cac dir liéu vé chat luong khong khi tai 1100 thanh
phd & 91 qubc gia trén thé giditrong thoi gian tir 2003-2013, t6 chuc Y té thé gigi (WHO)
da dua ra két luan: O nhiéu thanh phd, 6 nhiém khong khi dang dat t6i mac de doa stc
khoe con ngudi,dac biét nghiém trong 1a Trung Qudcva cac qudc gia khu vuc Dong Nam
A (Mai Anh, 2014).Viét Nam dang chu trong van dé 6 nhiém moéi truong va bao vé moi
truong. Nhung van dé diéu tra 6 nhiém moéi truong theo timg ving, ting khu vuc dé tim ra
nguyén nhan 6 nhiém dang 1a mot van dé moi va gap khong it kho khin ¢ nude ta. Bén
canh d6, Viét Nam ciing tham gia vao dé an diéu tra 6 nhiém mdi trudng khong khi qua
nghién ciru ling dong ndng do kim loai trong cay réu véi cac nude Chau Au tir nim 2014,
Réu 14 loai thuc vat ¢ ré gia nénkhong hap thu chat dinh dudng qua ré ma qua than
14; vi thé cac chit dinh dudng cho réu chu yéu dén tir khong khi. Bén canh dohé sé hap thu
kim loai ning cua réu rat 16n vi n6 khong c6 biéu bi va ti s6 dién tich bé mat/ don vi khbi
lwong 13 16n nhat trong tat ca cac loai sinh vat chi thi (Thai Khic Dinh va Hoang Thi Hai
Thanh, 2008).

Nham phat trién hudng nghién ctru vé 6 nhiém khong khi ching t6i da nghién ctru dbi
tugng cdy réu Barbular 13 phu hop c6 thé sir dung & Viét Nam (Poan Phan Thao Tién va
dong tac gia, 2014).

Thanh phd Hué nam & dai hep cua mién trung Viét Nam, c6 toa do dia Iy 16°-16°80°
vi Bic va 107°8” — 108°20” kinh Pong va dién tich ty nhién 71,68 km® Khu vyc thanh phd
Hué 1a dong bang thugc ving ha luu song Huong va song B9, co do cao trung binh khoang
3-4m so v6i myc nudc bién va thuong bi ngap lut khi ¢au ngudn caa song Huong (trén diy
Trudng Son) xdy ra mua vira va 16n. Khu vuc dong bang nay twong ddi bang phang, tuy
trong d6 c6 xen k& mot sb ddi, ni thép nhu nai Ngu Binh, Vong Canh... khi hau cua thanh
phd Hué co su khac biét so véi ving Bac Bo va Nam Bo, vi noi day khi hau khic nghiét va
¢6 sy khac nhau gitta cac mién va khu vyc trong toan tinh. Ving duyén hai va dong bang
¢6 hai mua rd rét: mua kho tir thang 3 dén thang 8, troi nong va oi birc, ¢6 luc 1én toi 39 —
40°C. Tir thang 8 dén thang 1 13 mia mua va hay xay ra bdo lut, nhiét do trung binh Ia
19,7°C, d6i khi ha xudng con dudi 10°C (Theo Dia chi Thira Thién Hué, 2005).
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Trong nghién ciru nay ching toi di thu thap dugc 16mau réu Barbula. Cac mau réu
nay dd duoc phan tich kich hoat bang nguén neutron tai 16 phan tng hat nhan IBR 2 — Vién
Lién hiép nghién ctru hat nhan Dubna — Lién Bang Nga (Frontasyeva M.V, and Pavlov. S.S,
2000).

2. Vatliéu va phwong phap
2.1. Vatligu

Mau réu Barbular thu thap vao cudi mua mua bat ddu thang 2 nim 2014 tai thanh

phd Hué. Trén hinh 1 hién thi hinh anh réu Barbular.

. . s B -5
- 7 v ls
p— irg} k carn
Hinh 1.Céy réu Barbular diroc thu thdp tai Thanh pho Hué
Mau réu sau khi thu thap duoc cit bo phan ré, phan than va 14 dwoc rira sach bang

nudc cat, sau d6 duoc say kho ¢ nhiét @6 60 °C va cho vao tii nhua bao quan dé tranh céac
chat ban khong mong mubn bam vao mau réu dan dén sai s6 két qua phan tich (Frontasyeva
M.V et al, 2000) . Mu sau cing dugc cho vao kho luu trit va tién hanh déng vién dé dua
mau vao 16 chiéu xa. Luong mau thyc vat can cho mdi lan chiéu 1a khoang 300mg di dugc
sdy kho, dat mau trong tii nhya cho trudng hop chiéu ngan va dat mau trong nap nhom
dung cho mau chiéu dai (hinh 2).

.| AN
i

i

Khuén déng mau Maéy ép mau Vién mau Mdu boc
Hinh 2. Mét s6 hinh anh cia qui trinh lam mau

2.2. Phwong phap
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2.2.1. Phan tich kich hoat neutron céng cu (Instrumental Neutron Activation Analysis —
INAA) dugc thuc hién tai nhom Phan tich kich hoat neutron thuéc Phong thi nghiém Vat 1i
Neutron Frank (FLNP) — Vién Nghién ctru Lién hiép Hat nhan Dubna (JINR) — Lién bang
Nga (Frontasyeva M.V, and Pavlov. S.S, 2000).
Mau duoc chiéu xa trong hai kénh trong hé thdng 16 hat nhan IBR2 — FLNP — JINR.
Théng lugng ngudn neutron voi cac dic tinh dong va nhiét do duoc ghi & bang 1.
Bdng 1. Thong sé thong heong ciia kénh chiéu Xa

Neutron nhiét Neutron trén nhiét Neutron nhanh
Kénh Na Thong 1 Na Na Thong | Nhiét
g ang (l)zng 11’0_’]2']g ang Th6ng luqng ang 102ng u%nq 1@
chieu luong  (10“,n.cm™s lugng (102 n.cm 2™ luong  (10°5,n.cm™.s do
(eV) D) eV A \V/ D) (°C)
. (Cd- 5
Chl (kénh 10° -
(kenh ) 055 screened) 055-10° 33 A 42 70
1) 25.10
0,02
Ch2 (kénh
2() - 1,2 3,0 41 60

Pé xé4c dinh cac nguyén té c6 thoi gian séng ngan, mdi mau duoc chiéu xa tir 3 dén 5
phat & kénh 2 (Ch2) & mau phén ra tir 3 — 5 phut, sau d6 do 2 1an véi thoi gian lan luot 1a
5 — 8 phut va 20 phut.

Pé xac dinh cic nguyén td c6 thoi gian séng dai, cac mau duoc dong trong mot
container va cho chiéu xa 3 — 5 ngay tai kénh Cd — screened (Ch1). Sau d6 mau dugc dong
g6i lai va do 2 1an sau thoi gian phan ra lan luot sau 4 — 5 ngay va sau 20 ngay, thoi gian

do mau lan luot 13 45 phat va 2 gio 30 phat. Cac mau dugc chiéu va do tai phong
REGATA — thugc phong thi nghiém FLNP — JINR (hinh 3).

5

Hinh 3. Cdu triic 1o phan ing hat nhdn IBR2 — JINR — Dubna.
Viéc do phé, nhan dién cac nguyén t6 hién dién trong mau thue va miu chuén duoc
thuoc hién bai chuong trinh Genie 2K cua hing Canberra, riéng ham lwong cac nguyén t6
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trong mau dugc tinh toan bang phan mém tai phong thi nghiém FLNP, JINR (Frontasyeva
M.V et al, 2000).

2.2.2. Phuong phdp phdn tich nhdn t6 “ Factor analysis ’bang phan mém Statistica 8.0 dé
danh gid nguon goc é nhiém khéng khi

Trong nghién ctru nay chung t6i sir dung phadn mém Statistica phién ban 8.0. Phan
mém Statistica 1a mot gbi phan mén phén tich nang cao do cong ty StartSoft quan li va phat
trién & nhidu nudc trén thé gi¢i nhu Mi va cac nudc chau Au.

Phuong phap phén tich nhan té “Factor analysis — FA” 1a mot lya chon trong phwong
phap phan tich théng ké da bién. Mot nhan té (factor: latent variables — bién tiém an) la
tong trong sb cua cac bién, muc dich 1a tom tat thong tin trong mot sb lugng mot sé luong
céc bién tuong quan thanh mot s6 nho hon cac nhan t6 khong twong quan véi nhau. Trong
phan tich nhan t6 két qua phan tich c¢6 tong phuong sai tich liiy 16n 70% thi két qua chon
bién du vao va gom dua vé nhan t6 co y nghia thyc tién. Két qua twong quan gitta nhan t6
(FA) Véi cac bién (variables) ddu vao (ndng d6 nguyén td) co gia tri 16n hon 0,5. Gia tri
nhan t6 tai trong (Factor loadding) cua mot nghién ctru nio d6 co thé am hodc duong,
nhung dic thicta nghién ciru ndy 1a ngudn phat/ vat tiép nhan (source/receptor model) nén
gia tri FL nhan duoc la dwong( D.Pordevic et.al, 2013).

Trong diéu tra ddnh gia 6 nhiém méi trudng, so lieu khao sat chinh 13 ham lugng cac
nguyén to cia mot tap hop nhidu mau nghién cru duge xac dinh bang cac phuong phéap
phan tich. Co sé dit liéu nay chira nhiéu thong tin ban dau dic trung cho thanh phan cac
nguyén td dai dién cho nhiéu ngudn phat ma ngudn thu hap thy duoc. Vai bo sé liéu nhiéu
chiéu nhu vay thi phan tich théng ké da bién voi tng dung phan tich nhan t6 1a thich hop
nhat dé nghién ciru nguon gdc 6 nhiém khong khi trong diéu tra 6 nhiém moéi truong
(Alvin C.Rencher, 2002).

3. Kétqua va thao luan
3.1. Két qud phan tich méau réu Barbular ¢ thanh pho Hué — Vigt Nam

Két qua phan tich da tim ra 44 nguyén t6 vét bao gom: Na, Mg, All, Si, Cl, K, Sc, Ti,
V, Cr, Mn, Fe, Ni, Co, Cu, Zn, As, Se, Br, Rb, Sr, Mo, Ag, Cd, In, Sb, I, Ba, Cs, La, Ce,
Nd, Sm, Gd, Tb, Tm, Yb, Lu, Hf, Ta, W, Au, Th, U..

Bdng 2.Két qua nong do(mglkg) mét s6 nguyén to doc hai trong mdu réu Barbular thu
thap tai Thanh phé Hué
Ten N4 N3 N2 NI B4 B3 B2 BL b4 D3 b2 bl T4 713 712 T1
Cr 207 212 11 816 168 101 632 217 173 88L 182 212 149 558 254 7,59

Cd 225 242 338 339 203 1,65 3 241 251 215 233 315 334 2 3,77 2,49
As 267 277 228 203 333 223 218 301 33 252 154 3 2,74 185 099 1,89

Mn 879 576 582 544 647 121 64 979 994 994 50,1 114 114 823 412 744
(N: ki hiéu phia Nam; B: ki hiéu phia Béc, D: ki hiéu phia Pong, T: ki hiéu phia Tay, céc ki
hiéu hudng theo hudng ban do).
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O Bang 2 ching t6i dwa ra két qua néng do mot sé nguyén t6 doc hai nhu
Cr,Cd,As,Mn, voi sai sb dudi 10% tir két qua phan tich mau réu Barbula.Theo mét sb
nghién ctiru vé st khoe va méi truong, nhimg nguyén tb ndy ciing 1a nguyén nhan giy ra
cac bénh man tinh, dac biét 1a bénh ung thu gy anh hudng rat 16n dén suc khoe va tinh
mang con nguoi (Trinh Thi Thanh, 2007).

Két qua phan tich kich hoat neutron tai 1o phai tng hat nhan IBR2 — JINR — Dubna —
Nga cho thay cung mot luc c6 thé phan tich duoc nhiéu nguyén td, két qua phan tich dang
tin cay. Phu hop vé6i nghién ciru diéu tra nguyén td vét trong danh gia 6 nhiém khong khi
(Harry Harmens, and et al, 2013)

3.2. Két qud sir dung phwong phdp phdn tich nhan té FA (Factor Analysis)

Cdc yéu t6 duge trich xudt.

Véi s6 lidu sir dung mudi mot nguyén té duge dua vao tng dung Factor analysis
trong phan mém Satistica 8.0 d& phan tich danh gia 2 nhan t5 ki hiéu 1a FA1 va FA2 véi
t6ng phan traim phuong sai toan phanhon 79% nhu ¢ bang 3.

Bdng 3. Bang phdn trdam va gid tri va tich lily cdc yéu to phan tich

FAL FA 2
% Phuong sai tich liy 53,97 25,72
% Phuong sai toan phan 53,97 79,69

Dién gidi cdc nhdn té phdn tich
V6i két qua phan tich nhan t6, da tim ra dugc mdi lién quan giira mudi Mot nguyén
t6 phan tich trong mau réu Barbular thanh hai nhém nhén t6 dic trung cho ngudn 6 nhiém
trong khong khi dugc trinh bay & bang 4. Pic thu 1 cua nghién ctu nay 1a di tim ngudn
phat 6 nhiém qua két qua phan tich mot chi thi sinh hoc nghia 1a ngudn phat va nhan cé
mdi quan hé déng bién thuan nén gia tri nhan to tai trong (FL) phai co gié tri duong.
Bdang 4. Bang két qud nhan t6 tai trong (FL)

FAl FA2
Al 0,94 -0,24
Sc 0,89 0,15
Ti 0,95 -0,04
\% 0,75 -0,49
Cr 0,67 0,15
Ni 0,85 0,33
Co 0,87 0,27
Zn -0,11 0,86
As 0,72 0,66
Se -0,08 0,81
Sb 0,33 0,77
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- Nhan t6 1 (FAL) bao gom cac nguyén t6 Al, Sc, Ti, V, Cr, Ni, Co, va As véi gia tri
nam trong khoang tir 0.67 — 0.95 nhém nhan té nay dic trung cho ngudn 6 nhidm tir bui
duong (H. Nguyen Viet et al, 2010) .

- Nhan t6 2 (FA2) bao gdm cac nguyén to Zn, As, Se, va Sb véi gia tri nam trong
khoang tir 0,77 — 0,86 thudc nhém dic trung cho ngudn 6 nhiém khong khi tir chat dbt ran
nhu rom ra. than cui. than da. ... (Grzegorz Wielgosinski ,2012)

- Vi nguyén t6 Asenic (As) anh huong boi hai nhan t6 6 nhidm tir bui dudng va chat
d6t (nong nghiép va cong nghiép). Piéu nay cho thiy phu hop véi cac két qua nghién ciru
khac & Viét Nam véi nguyén té As co trong cac ngudn 6 nhiém kha cao (Hahn C.., T.Q.
Trang Hoang, 2015).

4.  Kétluan

e Trong nghién ctru ndy, budc dau da co mot s6 két qua kha quan trong nghién ciru 6
nhiém khong khi sir dung chi thi sinh hoc bang cay réu Barbular nhu

v’ Pi phan tich dugc 44 nguyén t6 cing mot luctrong ciy réu Barbular bang
phuong phap phan tich kich hoat neutron cé sai s6 dudi 10%. Pay 1a mot phuong phép hitu
ich trong nghién ctru diéu tra nguyén t6 vét, véi két qua phan tich.

v Sir dung phan mém Statistica 8.0 dé xur 1y s6 liéu,va danh gia truy xuat nguon
g6c 6 nhiém khong khi. Vi két qua giai thich 1én dén 79% gitra bo s liéu phan tich véi
ngudn goc 6 nhiém da tim ra dwoc hai yéu té tac dong dén 6 nhiém khoéng khi tai Thanh
phd Hué 1a tir bui dudng va tir cac chéat dot trong sinh hoat doi song.

e Sir dung chi thi sinh hoc ciy réu dugc vi von nhu 13 mot sinh vat dang song va hang
ngay hap thy méi truong xung quanh va dugc tich liy theo thoi gian. Két qua nghién ciu
dugc danh gia theo thoi gian, dé xac dinh tinh anh hudng cac nguyén té kim loai ning gay
anh huong dén suc khoe va doi séng con nguoi.

% Tuyén b6 vé quyén loi: Céc téc gid xéc nhan hoan toan khéng cé xung dét vé quyén loi.
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ABSTRACT

Introduction: The intention of Vietnam to participate in the European-Asian Moss Survey in the
framework of The United Nations Economic Commission for Europe - International Cooperative
Programme on effects of air pollution on natural vegetation and crops (UNECE ICP Vegetation) ne-
cessitates choosing appropriate moss species that grow in the tropical and subtropical climate of
Vietnam. The three selected moss species, divided into phytogeographical elements, were as fol-
lows: Leucobryum (aduncum, albidum), Hypnum commutatum and Barbula indica. Methods: The
present study focuses on Central Vietnam where 18 samples of the three above moss species were
collected in the vicinity of Dalat and Hue cities. Elements in the moss samples were detected by
neutron activation analysis (NAA) at the IBR-2 reactor of the Division of Neutron Activation Analysis,
Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research in Dubna, Russia. Results:
The analytical results for twenty-three trace elements, which were used to study elemental accu-
mulation abilities of the three moss species in the air, were Na, Mg, Al, Cl, K, Ca, Ti, V, Mn, Fe, Co, Zn,
As, Br, Rb, Sr, Sb, I, Cs, Ba, La, Th, and U. The accumulation abilities were found to decrease in the
following order: Leucobryum > Hypnum > Barbula. However, Leucobryum, because of its short stem,
was not judged to be a suitable candidate for biomonitoring. Conclusion: The element accumu-
lation abilities of Hypnum moss were better than those for Barbula, but both were comparable and
could be used as indicators for air deposition monitoring; however, Hypnum was not widely present
in Vietnam. Thus, Barbula indica moss could be used for performance of atmospheric deposition

monitoring in Vietnam.

Key words: Leucobryum, Hypnum, Barbula, NAA, biomonitoring

INTRODUCTION

With rapid industrialization and a booming popula-
tion, the environment in Vietnam has become seri-
ously degraded in recent years 2. The pilot study of
Nguyen Viet et al.® in the north of Vietnam found
the moss technique to be an effective method to mon-
itor metal air deposition. Three moss species are
commonly recommended: Pleurozium schreberi, Hy-
locomium splendens and Scleropodium purum. These
species are used for heavy element deposition mon-
itoring in Europe. In addition, the moss Hypnum
cupressiforme has been widely used?. However, the
above-mentioned moss species are rarely found in
Asia. Instead, other mosses, such as Hypnum plumae-
forme, Taxithelium instratum, Thuidium tamariscel-
lum and Barbula indica, have been used in Asian stud-
ies37.

Generally, moss does not grow everywhere in Viet-
nam, and in many areas of the country, moss sites
that strictly meet the recommendations for atmo-
spheric deposition monitoring® can rarely be found.

In our work, an attempt was made to compare three
candidate moss species to study atmospheric depo-
sition of heavy elements in Central Vietnam. The
goal of this study was to find moss species grow-
ing widely in the special climate of Vietnam, which
have good element accumulation abilities. Elemen-
tal concentrations were determined in 18 samples of
three widespread mosses, Leucobryum (aduncum, al-
bidum), Hypnum commutatum and Barbula indica,
which were collected in Dalat and Hue. The elemental
concentrations were then used to assess their element
accumulation abilities.

MATERIALS AND METHODS

SAMPLING AREAS

Hue (16.80°N, 108.20°E), with an area of roughly 84
km?, is a city in Thua Thien Hue province, located in
the middle of Vietnam and situated on the Perfume
River. The average elevation of the city is 3-4 meters
above sea level. The region features a narrow coastal
strip of land abutting the Truong Son Mountains. It

Cite this article : Tien D P T, Khiem L H, Trinh T T T, Frontasyeva M V, Sang N T M, Son N A. Comparing
atmospheric trace element accumulation of three moss species. Sci. Tech. Dev. J.; 23(4):752-757.
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has a tropical monsoon climate.

Dalat (11.56 °N, 108.27 °E), with an area of about 390
km?, is a city in Lam Dong province in the Central
Highlands of Vietnam, and situated at an elevation
of 1500 meters above sea level. Dalat is considered
a temperate region because of the effects of elevation
and forest cover.

The two seasons (dry and rainy) in these areas occur
at different times of the year because of their differ-
ent geographical features. The rainy season in Dalat is
from May to October, but in Hue it is from August to
January.

SAMPLING AND MOSS SPECIES

The moss collection was carried out at the end of the
rainy season in Dalat and Hue. To minimize the in-
fluence of the substrate, moss was collected from tree
trunks at least 1.5 m above the ground and only the
top, green part was used for analysis. The two sam-
ple groups (Dalat and Hue) were treated differently.
The Dalat group was washed three times with distilled
water to remove the substrate influence, but the Hue
group was not washed. Using both washed and un-
washed moss allows us to detect the influence of the
heavy element deposition that covers the moss surface
area.

In the Dalat area, seven moss samples (four Hypnum
commutatum and three Leucobryum) were collected.
In the Hue area, eleven moss samples (five Hypnum,
two Leucobryum and four Barbula) were collected.
The three moss species have distinctive morphologies,
as shown in Figure 1.

Barbula commonly ranges from 1-3 ¢cm high and,
though rarely, can grow up to 5 cm. Leaves are
ovate to ovate-lanceolate, and the plant is green to
brownish-green in color.

Leucobryum is a large genus of mostly tropical mosses
that grow as compact cushions. The stem of Leuco-
bryum albidum is less than 1 cm tall. Leucobryum
aduncum is similar to Leucobryum albidum but is
usually taller. Leucobryum albidum is the most abun-
dant of the two species, and seems inappropriate for
biomonitoring because of its short stem (only about
0.5 cm long).

METHODS

Neutron Activation Analysis was conducted at the
Neutron Activation Analysis Division of the Frank
Laboratory of Neutron Physics, Joint Institute for Nu-
clear Research, Dubna, Russia®. For short-term ir-
radiation, about 0.3 g dry weight of moss sample
was heat-sealed in polyethylene foil bags. For long-
term irradiation, the moss samples were packed in
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aluminum cups. Samples were irradiated in chan-
nels equipped with a pneumatic system in the pulsed
fast reactor IBR-2 at the Frank Laboratory of Neu-
tron Physics. To determine short-lived isotopes, sam-
ples were irradiated for 3 min at channel 2 and then
measured for 15 min after 3-5 min of decay. Long-
lived isotopes were determined using the Cd-screened
channel 1. These samples were irradiated for 2.5 days
and then re-packed after 3 days of decay. They were
measured two times: the first time for 30 minutes just
after the re-packaging; the second time was for 1.5
hours after 20 days of decay. Sample gamma spec-
tra were obtained by measuring with a Germanium
(Lithium) Detector with a resolution of 2.5 - 3 keV
for the %Co 1,332 keV line, or a HPGe detector with
a resolution of 1.9 KeV for the ®°Co 1,332 keV line.
Data processing was conducted using software '° de-
veloped at Frank Laboratory of Neutron Physics. El-
ement concentrations were determined on the basis
of certified reference materials and flux comparators.
To maintain quality control, the contents of elements
yielding short- and long-lived isotopes were measured
using a collection of certified reference materials from
the International Atomic Energy Agency (IAEA) and
the United States National Institute of Standards and
Technology (NIST).

RESULTS

Mosses obtain nutrients directly from atmospheric
deposition because they lack a cuticle and a root sys-
tem. Consequently, element accumulations in moss
reflect atmospheric concentrations. However, the
ability to accumulate elements in moss tissue can dif-
fer among species.

These data only show trends in element accumulation
ability for these moss species. The calculated ratios
cannot be used as recalibration factors for air depo-
sition surveys using these moss types for the follow-
ing reasons: only a small number of samples was used
to calculate the factors, the samples were collected
in urban and non-urban areas, the sampling did not
always strictly follow the recommended procedures,
and there considerable differences in morphology of
these mosses which could cause great differences of
element accumulation.

DISCUSSION

Hylocomium and Pleurozium mosses were used in

1 such as in

biomonitoring in European countries,
Norwaylz, Switzerland 13; and those in northern Eu-
rope14. However, the first announcement about the
moss technology in Northern Vietnam > (Ha Noi and

Thai Nguyen) was the use of Barbula moss. We have
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Hyprnum

Barbula

Leucobryum

Figure 1: Side-view and top-view pictures of the three moss species. Hypnum usually grows in acidic environ-
ments, such as on tree trunks, walls, rocks and logs. Hypnum is about 2-10 cm tall, which is considered a small- to

medium-sized moss.

analyzed and compared the ability accumulation of
heavy metal of Hypnum moss between Viet Nam (Hue
city) and Russia, Bosnia-Herzegovina °.

In this study, three kinds of mosses, which were col-
lected in Da Lat (highlands) and in Hue, were ana-
lyzed by the NAA method. The element concentra-
tions of mosses are displayed in Table 1; those values
are used to study the elemental accumulation abilities
of the moss species.

Essential and non-essential elements for plant life dif-
fer in abundance and behavior in moss tissue. Essen-
tial elements make up the majority of plant tissue and
consist of the primary nutrients nitrogen (N), phos-
phorus (P), and potassium (K). The secondary nutri-
ents include calcium (Ca), magnesium (Mg) and sul-
fur (S), as well as the micronutrients iron (Fe), man-
ganese (Mn), zinc (Zn), copper (Cu), boron (B), and
molybdenum (Mo). Elements having chemical prop-
erties homologous with those of these nutrients, es-
pecially the primary nutrients, can imitate them and
accumulate in plant tissues. For example, some moss
samples are rubidium and cesium imitate potassium,
and barium and strontium imitate calcium. Although
nutrients are essential elements, the imitators can be
non-essential or toxic to plants. This information
could be found anywhere in plant literature.

The Dalat and Hue sample groups were treated differ-
ently. In the Dalat sample group, the median concen-
trations of non-nutrient elements in the Leucobryum

samples were higher than in the Hypnum samples.
However, the inverse was the case for the primary,
secondary nutrients and their homologous (except
for potassium). In the Hue group, the median non
- nutrient element concentrations in Barbula moss
was lower than that of the Leucobryum and Hypnum
mosses. In general, the non-nutrient elemental accu-
mulation abilities of the mosses can be arranged in the
following decreasing order: Leucobryum > Hypnum >
Barbula.

The nutrient accumulation abilities of the different
moss species are not the same. Most nutrients ac-
cumulate more in Hypnum than in the other species,
and many of them accumulate more in Barbula than
in Leucobryum.

Among the various moss types, the mean concen-
tration of different elements were found in different
magnitudes.

Table 2 shows the mean element concentration ratios
of the moss pairs for Dalat and Hue. Except for a very
high calcium ratio in Dalat, the Hypnum-Leucobryum
ratios vary from 0.4 to 3.7 in Dalat, and from 0.5 to 2.6
in Hue. The ratios of the Barbula-Hypnum pair vary
from 0.4-1.3 in the case of Hue. Results for washed
moss samples may display real accumulation abilities
of the moss types. The results of the non-washed moss
samples may retain the influence of the substrate and
a portion of the deposition covering the moss surface.
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Table 1: Median element concentrations of mosses collected in Dalat and Hue (mg x kg~')

Element Dalat (washed moss) Hue (unwashed moss)
Hypnum Leucobryum Error Hypnum Leucobryum Barbula Error
(mgxkg™!) (mgxkg™) (%) (mgxkg™") (mgxkg™!)  (mgxkg™!) (%)
Na 190 430 6 500 530 400 4
Mg 1100 300 4 2860 1730 1310 4
Al 630 1090 2 4300 7900 2900 2
Cl 60 110 10 380 500 500 10
K 4800 1900 10 12000 17200 11700 10
Ca 14600 1100 6 13600 5300 9000 6
Ti 20 40 18 280 500 400 18
v 0.79 0.87 6 6.4 11.0 53 6
Mn 32 15 5 123 48 89 5
Fe 900 1400 13 2200 3100 1200 10
Co 0.45 0.65 13 0.75 0.90 0.40 11
Zn 55 35 12 120 80 120 8
As 0.70 1.25 8 1.90 3.60 1.10 4
Br 9 8 11 13 10 6 11
Rb 16 14 25 23 30 11 18
Sr 67 <15 13 29 39 18 15
Sb <0.05 0.20 25 0.90 0.80 1.30 9
I 2.8 1.8 15 16 7 7 15
Cs 0.50 0.30 12 0.55 0.90 0.20 7
Ba 44 <18 10 49 72 25 8
La 0.6 1.3 12 2.6 52 1.2 7
0.35 1.00 7 1.15 2.50 0.50 4
U 0.10 0.23 10 0.36 0.50 0.14 6
The calcium ratio for Dalat is considerably larger than CONCLUSION

that for Hue. The high value could be caused by the
high portion of calcium in the Bazan red soil and cal-
careous rocks of Dalat. These were compared with
the low amount of calcium in the sandy coastal soil
at Hue, and the presence of calcium on the surfaces of
the unwashed moss samples.

Elemental accumulation abilities of Hypnum moss,
which is largely used in Europe, are better than those
of Barbula. However, Barbula moss is capable of ac-
cumulating pollutants, and is easily harvestable, rec-

ognizable and widespread >!°

in the whole country.
Thus, Barbula moss would be an suitable bioindicator

to study atmospheric deposition in Viet Nam.
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Element accumulation abilities of Hypnum moss are
better than for Barbula, but both of them are compa-
rable and can be used as indicators for air deposition
monitoring in Vietnam. Leucobryum, which is a short
moss, does not appear to be appropriate for biomoni-
toring because of the strong influence of the substrate
on the analytical results.

Except for the north of Vietnam, which has four sea-
sons, other parts of Vietnam have two seasons (dry
and rainy) per year that occur at different times. Con-
sequently, the time selected for sampling in each re-
gion should take the dates of the local rainy season
into consideration.
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Table 2: Mean element concentration ratios of moss
pairs in Dalat and Hue

Element  Dalat Hue

H/L H/L B/L H/B
K 2.5 0.7 0.7 1.0
Ca 13.3 2.6 1.7 1.5
Mg 37 1.7 0.8 22
Fe 0.6 0.7 0.4 1.8
Mn 2.2 2.6 1.9 1.4
Zn 1.6 1.5 1.5 1.0
Cl 0.5 0.8 1.0 0.8
Na 0.4 0.9 0.8 1.3
Al 0.6 0.5 0.4 1.5
\% 0.9 0.6 0.5 1.2
Co 0.7 0.8 0.4 1.9
As 0.6 0.5 0.3 1.7
Br 1.1 1.2 0.6 2.0
Rb 1.1 0.7 0.4 2.0
Sr 4.4 0.7 0.5 1.6
I 1.6 2.1 0.9 2.3
Cs 1.7 0.6 0.2 2.8
Ba 3.0 0.7 0.3 1.9
La 0.5 0.5 0.2 2.2

0.4 0.5 0.2 2.3
U 0.4 0.7 0.3 2.6

H: Hypnym, L: Leucobryum, B: Barbula

Accumulation of nutrient elements in the studied
moss species varies widely. It is preferable to use one
of the same moss species to perform atmospheric de-
position monitoring. Barbula moss can be used as the
bio-indicator for monitoring air pollution in Vietnam
because it has good elemental accumulation abilities
and is widespread.
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TOM TAT

Pdnh gid 6 nhiém méi truong la van dé can quan tam ciia cdc quoc gia trén thé gidi, dic
biét la cdc quoc gia dang phdt trién, trong dé c6 Viét Nam. Théng thuong, cdc nguon 6 nhiém
trong khéng khi do 3 nguon chinh: qud trinh san xudt ciia cdc nha mady, xi nghiép; cdc nguon é
nhiém sir dung héa chdt trong san xudt néng nghiép; cdc nguon é nhiém tir phirong tién giao
théng. Nghién ciru nay sir dung réu Barbula, xem nhw cdc tram quan tréc sinh hoc. Réu Barbula la
thuee vit bdc thap, ré gia, chiing hit cac chat dinh dudng théng qua lé va than. Réu Barbula cé kha
nang hcfp thu kim logi trong khong khi rat l6m, moc ty nhién tai cac vung ¢ thanh phé Pa Lat. Vi tri
lcfy mau réu tai thanh phé Da Lat la nhitng vi tri co phuong tién xe c¢ di lai nhiéu, va Vi tri san
xudt néng nghiép trong diém. Bang phwong phdp huynh quang tia X phan xa toan phan (TXRF),
két qua da phan tich dwoc 21 nguyén té vét c6 trong cdc mau réu, véi ham heong ciia mét so kim
logi doc nang rat thcfp.

Tir khéa: 6 nhiém khong khi; réu Barbula; TXRF; nguyén t6 vét

1.  Toéng quan

Viét Nam 1a nu6c dang phat trién, khong tranh khoi trinh trang 6 nhiém kim loai
trong khong khi do cac nha may, xi nghiép, phuong tién xe cd. Theo mot nghién ctru vé
moi truong do cac trudng dai hoc ctia Mi thuc hién va cong bd tai Dién dan Kinh té thé
gidi & Davos, Viét Nam nim trong s 10 quéc gia co6 khong khi 6 nhidm nhat thé giéi

Cite this article as: Nguyen An Son, Doan Phan Thao Tien, Le Hong Khiem, Nguyen Thi Nguyet Ha,
Nguyen Thi Minh Sang, Pham Thi Ngoc Ha, Le Viet Huy, Pham Dang Quyet, Ho Huu Thang, & Nguyen
Truong Duong Cam (2020). Determination of trace elements in atmostphere of Dalat city through Barbula
moss using the total reflection X-ray fluorescence. Ho Chi Minh City University of Education Journal of
Science, 17(6), 1048-1056.
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(WHO, Database, 2011; Vietnam Investment Review, 2018). WHO da khuyén cao Viét
Nam can ting cudng tuyén truyén vé cac nguy co ddi véi stirc khoe do 6 nhiém khéng khi
gdy ra, xdy dung chinh sach hiéu qua va kiém soat chit ché tinh hinh 6 nhiém khéng khi tai
cac thanh phd. Tir ndm 2014 dén nay, Viét Nam di tham gia vao dé an diéu tra 6 nhiém
moi trudng qua lang dong kim loai trong khong khi véi cac nude chau Au nhdm phat trién
huéng nghién ctru vé 6 nhidm khoéng khi trén chi thi cta cay réu, budc dau di co cac cong
trinh cong bd lién quan dén 6 nhiém méi truong khong khi bang ki thuat réu Barbula
(Nguyen, et al., 2009; Doan et al., 2018; Le et al., 2020).

C6 nhiéu phuong phap dé danh gia ham luwong 6 nhiém kim loai trong khong khi,
mot trong nhitng phuong phap ¢6 dién va dién hinh 1a dit cac tram quan tric thu thap mau
bui khi tai cac ving 6 nhiém. Tuy nhién, phuong phap nay kha ton kém vi phai st dung
nhiéu phin loc, bao tri tram quan tric... Ngdy nay, viéc ding réu dé danh gia 6 nhiém cac
nguyén to kim loai nang trong khong khi dd va dang duoc trién khai rdt manh trén thé gidi,
dic biét & cac nude chau Au. Uu diém cua cay réu la phan bd & vung do am cao, rat tién
loi trong viéc chon mau; ddng thoi khi phan tich cho két qua c6 do chinh x4ac cao. Nhitng
dic trung va vu diém cua viée dung réu dé kiém soat 6 nhiém kim loai niang trong khong
khi la:

 Cay réu thuong sinh trudng trén than cac cdy, va ¢ nhitng noi 4m wdt. Réu c6 bo ré
gia nén no khong hap thu cac chat dinh dudng tir dat. Cac chit dinh dudng chi dugc hap
thu tir nuéc mua, khong khi. Cac chat gay 6 nhiém bam vao bé mit cdy réu va duoc vi sinh
vat trén d6 chuyén hoa thanh chat dinh dudng cho cay;

+ Réu khong c6 16p biéu bi nhu nhitng thuc vat bic cao nén kha ning hip thu céac
nguyén t6 kim loai rat cao;

+ Réu c6 kha niang chéng chiu 6 nhiém tét. Piéu nay c6 nghia nd c6 thé tich tu cac
nguyén t6 kim loai ning v6i ham luong rit cao;

e Réu co ti sb dién tich bé mat/khdi luong rat 16n nén kha nang h?ip thu kim loai tir
khong khi cao.

Cong trinh nghién ctru dau tién vé str dung cay réu trong danh gia moi trudng duoc
thue hién tir thap nién 70 cta thé ki XX (Ruhling, & Tyler, 1969). Budc dau, nhom tac gia
nay dd nghién ctru sy hip thu cac kim loai qua chi thi trén cdy réu. Tiép theo, cic cong
trinh nghién ctru vé 6 nhiém kim loai qua h?ip thu trén cay réu duogc thuc hién trén cac ho
réu khac nhau (Gerdol et al., 2002; Salo, Paturi, & Makinen, 2016). Cac nghién ctru nay
chu yéu tap trung ¢ vung Pong Au, Tay Au, va mot sd nghién ctru & chau A. Két qua cho
thdy, cac ho réu thuong dung trong nghién ctru 1a ho Tortula muralis. S6 cac kim loai tim
thiy trong miu réu 1én dén 36 nguyén to tir Natri dén Uran, diéu nay thé hién hiéu qua cua
phuong phéap nghién ctu.

Thanh phd Pa Lat thudc tinh LAm Pong, nam tir 11°48'36” dén 12°01'07" vi d6 Bic
va 108°19'23" dén 108°36'27" d6 kinh Pong, phia Bic giap huyén Lac Duong, phia Pong
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va Pong Nam giap huyén Pon Duong, phia Tay giap huyén Ldm Ha, phia Tay Nam giap
huyén Purc Trong (Tran et al., 2008).

Do chiu anh hudong cua khi hdu nhiét doi gié6 mua bién thién theo do cao, nén khi hau
ba Lat duoc chia lam 2 mua riéng biét 1a mua mua va mua kho. Mua mua thuong bt dau
tir thang 5 kéo dai dén thang 11, mua kho tir thang 12 dén thang 4 nim sau. Pa Lat ¢ khi
hau 6n doi ngay trong vung khi hau nhiét d6i va nam khéng xa cac trung tam db thi 16n va
ving dong bang dong dan. Véi diéu kién dja Ii nhu vy, Pa Lat duoc xem 1a mot trong
nhirng thanh phé ctia nudc ta c6 didu kién khi hau thuén loi dé cay réu phat trién 6n dinh.

Phuong phap TXRF la phuong phap hién dai trong phan tich dinh tinh, dinh luong
cac nguyén to vét trong mau, 1a phuong phap di duogc cong bd tir nhimg nim 1990
(Wobrauschek, Streli, Kregsamer, Ladisich, & Rieder, 1996). So v6i phuong phap huynh
quang tia X (XRF) thi phuong phap TXRF cho d6 chinh xé4c cao (dén ~ppb), dai phan tich
rong, da nguyén t, sai sb thap. Vi miu mong, nén c6 thé boé qua hién twong hap thu va
kich thich th& cip bén trong miu, quan hé giita cudng do tia X dic trung va khéi luong
nguyén té duoc xac dinh boi:

li = Si xm; 1)
trong do, Ii (cps) 1a cuong do tia X dic trung cta nguyén td, twong tmg voi toc do dém
dinh phd; Si (cps/ng/mA) 1a do nhay hé théng cta nguyén t6 i; mi (ng) 1a khdi luong
nguyén to.

2.  Vatliéu va phwong phap
2.1. Vatliéu

Mau réu Barbula bat dau thu thap tir thang 5/2019 dén thang 9/2019 tai thanh phd Da
Lat. Vi tri léy mau réu tai thanh phé ba Lat duoc trinh bay ¢ Hinh 1. Tién hanh léy réu
theo 5 vi tri (tr 1-5). Cac vi tri 1, 2, 3, 4 1a nhiing vi tri phuong ti¢n giao thong di lai nhiéu
nhat ¢ thanh phd Pa Lat, vi tri 5 duoc xem 13 ving ndng nghiép 16n ctua Thanh phé.

|
| DT722]
Vuran Hoa 5
4 balLat
Nha Tho Domaine gy ) QL27¢C |
De Marie Q P PP ;
[DT725 | [ QL20| #/ Chia Linh Phurdc
Nha Tha conga Tp. Pa Lat =l
3
2
1
Thién vién Tric ¢ Ny
3 m Khu Du Lich
lam DaLat ¥ QT}'ea(: Datanla
Pudng Ham Diéu Khac [ aL20]

Q

; - o
Khu Du Lich Thac Prenn &/

Hinh 1. Cdc vi tri ldy mdu réu
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M3u réu sau khi thu thap dugc cit bé phan ré, giit lai phan than va 1a. Hinh 2 1a hinh
anh réu Barbula qua xtr If ¢t bo phan ré.

Hinh 2. Trdi: mdu réu Barbula thu hdi tai Thanh phé Pa Lat. Phdi: mdau réu nghién thé
Phén than va 14 dugc rira sach bang nudc cét, sdy kho & nhiét d6 60 °C, cho vao tdi
nhwa bao quan nhiam tranh can nhiéu cic chit tir moi trudng bén ngoai. Sau d6, miu duoc
nghién bang cbi chay ma nio, tiép theo ddng nhit mau bang hé pha mau vi séng. Phuong
phap ddéng nhat mau nhu sau: 14y 0,2 gram réu da duoc nghién va qua b ray loc (~ 1 mm)
cho vao 10 mL dung dich HNO;3 (14N). Hon hgp niy duoc dit trong hé pha mau vi song
Mars6 nhu Hinh 3. D6 dong déu ctia miu sau khi sir dung may pha mau nho hon 5 pm.

Hinh 3.a. Mdy phd mdu vi séng MARS6 Hinh 3.b. Binh dwng mau dat trén gid xoay
Sau 30 phiit pha mau, d& mau ngudi tw dong bén trong may pha mau khoang 1 gid,

tiép theo nho dung dich chuin ndi Galium (1ppm) vao trong miu; sau do, dong nhit mau
lan nita bang may lic tw dong khoang 5 phat. Hinh 4 1a may lic méu ty dong va cac mau
duoc nhé 1én tinh thé mang mau (loai tinh thé thach anh), sau cung, mau dugc séy 0 nhiét
d6 30°C cho dén khi kho mau.

£ ’5&%

Hinh 4.a. May ldc méu tw déng Hinh 4.b. Nh6 mau trén tinh thé thach anh va sdy madu
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C6 thé tom tét quy trinh tao mAu réu trong phan tich bang phuong phap TXRF nhu Hinh 5:

Chon dia X li phan 18, Nghién Pha miu bang| | Thém dung Nho miu
diém ldy mau [-» sy khova |—» mau bang [» maypha mdu[» dichchudn [#» Iéntinh thé
réu Barbula béo quan than cbi chay Vi song ndi mang mau

va la ma ndo say kho mau

Hinh 5. Quy trinh tao mdu réu trong phan tich TXRF
2.2. Phwong phdp phan tich
Hé TXRF loai S2 PICOFOX™ (Brucker, 2018) ctia Trudng Pai hoc Da Lat 1a hé
thng phan tich ban ty dong, phan tich dinh tinh va dinh lugng nhiéu nguyén td, ngudng
phat hién dén ppb (ng/kg), phan tich dai rong cac nguyén td, tir nhom dén Uranium. Cau
tao cua hé gdm: dng phat tia X (bia Molipden) lam viéc & diéu kién dién ap 50kV, dong
dién 1000 pA; bo loc don nang la tinh thé da 16p lam béng kim loai déng; detector thu
nhan tia X 13 detector ban dan loai SDD. Hinh 6 trinh bay nguyén i phan xa toan phan cua
hé TXRF.
|

Hinh 6. So' d6 nguyén |i phan xa toan phan ciia hé TXRF va hinh dang hé TXRF S2 Picofox™

bé giam thiéu phén buc xa tia X nang lugng lién tuc (buc xa ham), h¢ phé ké
TXRF thuong dugc trang bi bo loc don ning dé cit phan ning luong nay. Hinh 7 mé ta
phé lién tuc trude va sau khi qua bg loc.

1. Phé tia X ding dé kich thich bia mdu, 2. Phé tia X tir ong phat tia X di qua bé loc;
3. Phoé tia X phdt ra tir dng phdt tia X 4. Ong phat tia X; 5. B¢ loc don ning luwong;
6. Chum tia X don ndng qua cira sé hep, 7. Detector; 8. Vi tri ddt vdt mang mau.
Hinh 7. Phé tia X phdt ra tir mdy phat tia X trude va sau bé loc (bia Mo)
Thong thuong, cac hé TXRF cat birc xa ham bang céc tinh thé c6 do rong khe hep
(khoang cach cac nit mang tinh thé) phu hop voi bude séng tia X dic trung cta vat lidu
lam cathode ctia may phat. Viéc chon lya vat li€u tuan theo dinh luat Bragg:
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2dsinG = ki (2)
v6i d 1a khoang céch giita cac nguyén tir tinh thé nhidu xa, 0 1a goc nhiéu xa, k 14 bac nhidu
xa, A 1a budc song cua tia X.

Hé TXRF loai S2 PICOFOX™ vat liéu 1am cathode 1a Mo, ning luong tia X dic
trung can quan tim la ning luong 16p K (17,5 keV), vat liéu nhidu xa dwoc chon co
d = 2,88 nm (kim loai déng), goc nhiéu xa bac nhét 1a 0,7°, diéu nay rat dé dang dé cit cac
ning lugng trén va dudi mic 17,5 keV (ning lugng dng phat tia X loai Molipden).

Kha ning phan tich cia hé TXRF phu thugc nhiéu vao ning lugng cua dng phat tia
X, ddng thoi phu thuéc vao nguyén té trong mau. Theo Erick va cong su (Erick el al.,
2013), véi hé TXRF S2 PICOFOX spectrometer, cac nguyén t6 cd thé phan tich bang ning
lugng tia X phat ra & 16p K gdm: Al, Si, P, Se, Cl, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni,
Cu, Zn, Ga, Ge, As, Se, Br, Rb, Sr, Y, Es, Fm, Md, No, Lr; phan tich theo nang lugng I6p
L gom: Ru, Rh, Pd, Ag, Cd, In, Sn, Sh, Te, I, Cs, Ba, Hf, Ta, W, Re, Os, Ir, Pt, Au, Hg, TI,
Pb, Bi, Po, At, Fr, Ra, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Th, Dy, Ho, Er, Tm, Yb, Lu, Ac,
Th, Pa, U; nhitng nguyén t con lai gdm: Na, Mg, Ar, Kr, Xe, Rn, Np, Pu, Am, Cm, EK,
Cf, H, He, Li, Be, B, C, N, O, F, Ne, Zr, Nb, Mo, Tc khong thé do dac hoic ngudng phat
hién rat cao.

3. Két qua va thao luin

Bing phuong phéap phan tich TXRF trén hé S2 PICOFOX™ tai nam vi tri 1dy méu,
két qua thu phd dwoc chi ra & Hinh 8. Bang 1 trinh bay két qua phén tich ciia cac nguyén td
kim loai ¢6 trong mau réu Babula tai thanh phd Da Lat. Két qua phan tich di tim ra 24
nguyén t6 vét, bao gém: Na, Mg, Al, P, Ar, K, Ca, Sc, Cr, Mn, Fe, Cu, Zn, As, Rb, Sr, Cd,
Sh, Ba, La, Th, Yb, Pb, Th.

x1E3 Pulses

80+

60 Pb
{er Mo Fb
K

1 si Cl Ar Ca Cr Mn = Ga As Br Mo

o k ‘_,Jm.ﬂ‘m&? L‘L_A ﬂ\

5

Cdac mau cua phé.' vitri 1, Vitri 2, Vitri 3, Vitri 4, Vitri 5
Hinh 8. Phé TXRF do mdu réu tai cdc vi tri ldy mau tai thanh phé Pa Lat
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Bing 1. Két qua phdn tich mét s6 nguyén té trong mdu réu Barbula
thu thdp tai thanh phé Pa Lat

S . Vitril Vitri 2 Vitri3 Vitrid Vitri5
Nguyén
T & C [ [ C [ 9 C C 9
T (mgkg)  (mg/kg) (mgkg)  (mg/kg) (mg/kg) ~ (mg/kg) (mgkg)  (mg/kg) (mg/kg) ~ (mg/kg)
1 Na 205200 289,55 6,01 218335 250,00 528 216570 21365 349 781,75 225,30 1,78 241345 24485 10,83
2 Mg ND 264,65 69,30 093 128,80 58,85 111 286,70 64,80 1,49 ND
3 Al 1914,55 42,05 1,44 721,70 3225 429 2236,50 33,80 1,02 3407,35 40,90 190 1502,05 34,70 1,10
4 P 381,70 850 2,01 116340 11,35 234 556,25 735 301 148945 11,45 453 324,90 7,20 281
5 Ar 2155 1,90 195 15,30 1,60 137 5,00 135 185 4,40 1,50 117 22,75 1,60 138
6 K 220590 9,40 8,66 3849,80 14,20 1044 217170 750 11,96 553860 16,70 2180 231985 9,40 974
7 Ca 6997,35 24,10 652 3864,25 13,80 812 7102,35 19,65 3414 508975 15,10 2653 5277,70 18,10 29,67
8 Sc 14,20 055 843 595 0,40 475 14,40 0,40 2145 735 0,40 10,66 17,55 045 6,77
9 cr 5,10 025 492 0,20 0,20 387 0,40 0,15 363 ND 1,75 0,20 331
10 Mn 30,80 035 7,09 30,20 0,30 454 66,15 0,40 585 2745 025 9,59 3745 035 5,30
1 Fe 308845 10,00 345 2024,60 6,50 2,90 1664,55 4,60 1013 209530 5,80 1975 2089,60 675 30,88
12 Cu 845 0,10 4,60 9,50 0,10 6,05 9,80 0,10 516 11,55 0,10 523 14,00 0,15 314
13 Zn 17355 075 6,65 265,45 1,00 462 406,45 1,20 2,36 305,35 1,00 423 303,95 115 5,06
14 As 14,50 0,10 259 1,75 0,05 1,39 1,35 0,05 224 250 0,05 221 10,70 0,10 1,36
15 Rb 13,05 0,10 847 955 0,05 4,94 575 0,05 4,90 10,85 0,05 1,70 15,55 0,10 1841
16 Sr 4335 020 14,46 16,45 0,10 3333 78,45 0,30 67,66 42,90 020 49,13 29,20 0,15 18,44
17 cd 4,60 225 315 945 2,00 546 ND 6,05 1,90 10,84 ND
18 Sb 124,45 2,00 4,00 33,90 135 294 100,50 145 859 32,00 1,25 10,30 78,20 155 19,42
19 Ba 465,20 2,80 77870 27420 185 50510 251,80 150 65590 42620 215 89820 264,65 185 45330
20 La 29,10 075 187,50 20,55 0,60 118,50 13,70 045 145,10 24,50 055 247,09 19,20 0,60 116,50
21 Tb 4087,40 020 892 035 0,15 381 ND ND ND
22 Yb 381,70 0,10 17,54 195 0,10 7,80 2,40 0,05 648 1,90 0,05 9,39 315 0,10 14,12
23 Pb ND 310 0,05 1,50 370 0,05 2,16 5,80 0,05 197 5,05 0,05 121
24 Th 30,80 0,05 231 0,20 0,05 245 015 0,05 274 0,40 0,05 2,94 2,65 0,05 521

Chu thich: phan s6 liéu in nghiéng 1a két qua phén tich dinh lugng khong tin ciy; ND (None
detected): 1a nguyén t6 khi phén tich dudi ngudng phét hién, khong thu nhan duoc.

Theo tiéu chuan danh gia cua nha san xuat (Brucker, 2018), két qua phan tich dinh
luong cac nguyén tb trong mau phan tich bang hé S2 PICOFOX™ c¢6 phwong sai nhoé hon
10% (%?<10%) thi duoc chip nhan dé danh gia dinh luong. Két qua ¢ Bang 1 cho thiy,
mot s6 nguyén td xudt hién trong mau tuy nhién co sai s6 16n, két qua xac dinh dinh lugng
khong dang tin cdy nhu Sr, Ba, La & tit ca cac diém lay mau, c6 thé do anh hudng can
nhidu cta nhimg nguyén t6 c6 trong mau phat ra tia X gan voi ning lugng phat cua cac
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nguyén t6 nay — ddy ciing 1 han ché cta phuong phap TXRF boi tinh chat phat tia X khi
nguyén tir bi kich thich c6 mirc ning lugng cac vach rat gan, khoang vai eV dén vai keV.

Ciing theo Kkét qua phan tich, mot ) nguyén t6 doc hai nhu Cr, Mn, As, Cd vdi sai sd
dudi 10%. Tuy nhién, két qua cho thay hai nguyén t6 Cr va Cd c6 ham luong rat thap, ngay ca
mot s6 noi khong thé xac dinh do dudi ngudng phat hién. Didu nay cho thdy khong khi & thanh
phd Pa Lat it bi 6 nhidm, an toan. Cac 6 nhiém tir khi thai xe c¢d (biéu hién nhu Pb) ciing rat
thép. Mot sb nguyén t6 c6 ham lugng cao nhu Al, Fe, Ca, Zn 1a do chinh mo6i trudong ban dia,
day 1a viing cao nguyén véi cac quing kim loai nhe kha phd bién.

4.  Kétluan

Trong nghién ctru nay, nhém nghién ctru da stir dung réu Barbula lam chi thi sinh hoc
dé danh gia 6 nhidm khong khi tai thanh phd Pa Lat, ddy duoc xem 13 phuong phap nghién
ctru it tén kém, thich hop cho nhimg vung réu phat trién trong diéu kién do am cao, luong
mua trung binh hing nim 16n. Bing phuong phap TXRF, nghién ctru di xac dinh duogc 21
nguyén td vét ¢6 trong cac mau réu voi ham lugng déng tin cdy, bao gdm: Na, Mg, Al, P,
Ar, K, Ca, Sc, Cr, Mn, Fe, Cu, Zn, As, Rb, Cd, Sb, Tb, Yb, Pb, Th.

Két qua phan tich dinh luong cho thiy ham luong ciia cic kim loai doc ning réat thap,
thip hon nhiéu 1in so v&i cong trinh nghién ctru tai Thanh phé H6 Chi Minh, Hué va Hoi
An cua Doan va cong su (Doan et al., 2019). Piéu nay cho phép khiang dinh khong khi tai
thanh phd Pa Lat kha trong lanh, it bj anh huéng 6 nhidm so véi cac thanh phd noi trén tai
Viét Nam.

% Tuyén bé vé quyén loi: CAc tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.

% Loi cdm on: Nhém tac gid chan thanh cdm on B6 Gido duc va Pao tao da cung cép kinh
phi dé tai sé B2019-DLA-04 dé thuc hién nghién ciu nay.
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ABSTRACT

An assessment of environmental pollution is a concern for all countries in the world,
especially developing countries, including Vietnam. Air pollution are mainly from three sources:
the production process of factories and enterprises; pollution from chemicals in agricultural
production; and pollution from vehicles. This research used Barbula moss, which is considered as
a bio-monitor. Barbula moss is a short plant without true root, so it absorbs nutrients through
leaves and stems. Barbula moss can absorb metals in the air. Barbula moss is very large and
grows naturally in Dalat city. Moss sampling in this study was collected from areas with vehicles
and agricultural production. Using the total reflectance X-ray fluorescence (TXRF) method, 21
trace elements were found in moss samples with a very low concentration of some heavy metals.

Keywords: Air pollution; Barbula moss; TXRF; trace element
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TOM TAT

Béo cao nay trinh bay két qua ban dau vé 6 nhiém cac nguyén t6 hoa hoc trong
khong khi tai thanh phé Hoi An va thi xa Dién Ban (Tinh Quang Nam). Ching
t6i da thu thap cac mau réu Barbula tai 7 vi tri & khu vuc khao sat. Ham lugng
ctia 30 nguyén té bao gdm Na, Cl, K, Mg, Br, Se, Ca, Al, Sc, Ni, Zn, Co, V, Cr,
Sr, Cd, Ti, Mn, Fe, Sb, Cs, Ba, La, Ce, Sm, Gd, Tb, Ta, Th va U trong cac mau
réu da duoc xac dinh véi sai s6 tir 3 dén 15% bang phuong phap phan tich kich
hoat neutron trén 0 phan (ng hat nhan IBR2 — tai Vién Lién hiép Nghién cuu
hat nhan (Dubna, Lién bang Nga). Ngudn phét thai cia cac nguyén to6 Mn, Zn,
Cd, Cr, Se, Sb va V da dugc doan nhan bang phuong phap phan tich nhén to.

T khoéa: réu Barbula, phan tich kich hogt neutron, Quang Nam

I. GIOI THIEU

Mbi truong song dang bi 6 nhidm & nhiéu qudc gia, trong d6 mic do 6 nhidm moi
truong khong khi dang & mirc bao dong. Chinh vi vay, nhiéu t6 chirc da hop tac trén pham vi
toan cau dé cing nhau nghién ctu, diéu tra va canh bao muc do 6 nhiém trong khong khi
bang céc tram quan trac. Bién hinh ¢6 To chuc thong tin vé Chét lugng khang khi toan cu
(IQAir AirVisual) da ung dung phan mém AirVisual de dua ra cac chi s6 chét luong khong
khi do duoc tai tirng tram quan tric, trong d6 ¢ chi s6 nong do bui min PM 2,5.

Trong nhimg nim gan day, chinh phu Viét Nam d3 yéu cau kiém soat chét luong
khong khi & cac thanh phd 16n nhu 13 mot nhiém vy cip bach. Mot sé tinh va thanh phé ¢
Viét Nam ciing da duoc dau tu cac tram quan tric va cd thé theo di chi sé chat luong khong
khi trén ung dung AirVisual. Theo béo céo chat lugng khong khi nim 2019 ciua To chuc
thdng tin vé Chat lugng khong khi toan cau (IQAIr AirVisual) cho hay Ha Noi 1a mét trong
nhitng thanh phd 6 nhiém bui min cao nhat thé gigi [1]. Tuy nhién, dé lip dat dong bo céc
tram kiém soat khdng khi ¢ tit ca cac dia diém trén cac viing mién thi doi hoi chi phi rat Ion
vi can hé thdng dién ludi va nhiéu chuyén gia vé van hanh, bao dudng. Mot giai phap c6 gia
thanh thap, d& thuc hién, than thién moéi truong di va dang duoc &p dung trong nghién ciu
diéu tra 6 nhidm khong khi & cac nuéc phét trién trong khu vuc Chau Au 1 st dung chi thi
sinh hoc bang cay réu [2]. O Viét Nam ciing da ung dung nghién ctu & nhiém khdng khi

1
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bang chi thi sinh hoc cay réu ¢ thanh phb Ha Noi va Thai Nguyén [3]. Vi cay réu c6 cau tao
ré gia, nén hap thu chit dinh dudng qua than va la. Cay réu song ¢ mdi truong am udt va co
kha ning tich lily cac nguyén t6 (trong d6 c6 kim loai ning) qua ling dong tir cac hat swong,
mua va bui trong khong khi [4].

V6i mong mudn trién khai mot phuong phép c6 tinh ang dung cao trong diéu tra 6
nhiém moi truong, chung t6i da nghién ctru tim ra dbi twong réu Barbula phi hop 1am chi thi
sinh hoc quan tric & diéu kién khi hau Viét Nam [5, 6, 7]. Trong nghién cttu nay, cac mau
réu Barbula duoc thu hai ngau nhién ¢ Tinh Quang Nam. Phan tich dinh tinh va dinh luong
cac nguyét td c6 mit trong cac mau réu bang ky thuat phan tich kich hoat neutron dung cu tai
Vién Lién hiép Nghién cuu Hat nhan— Dubna, Lién Bang Nga.

II. THUC NGHIEM

Thu thap méu

Tinh Quang Nam c6 toa do & 15°33" 25” B 108°02° 12” B, nam & khu vyc mién
Trung Viét Nam. Quang Nam nam trong ving khi hau nhiét di gié mua, nhiét d6 trung binh
nam trén 25 °C, lugng mua trung binh hang nam dat 2.000-2.500mm tap trung vao 3 thang
mua mua (thang 10, 11 va 12). Tong dién tich ty nhién cua tinh 1a 1.057.474 ha, véi dan s6
gan 1,5 triéu ngudi. Toan tinh ¢6 2 thanh phd (Tam Ky, Hoi An), 01 thi xa (Pién Ban) va 15
huyén. Nhém nghién ctru da thyc hién thu mau réu Barbula (Hinh 1) ngau nhién tai thanh
phd Hoi An va thi xa Bién Ban thudc tinh Quang Nam theo quy chuan ciia Chuong trinh ICP
—Vegetation [2] va chua xac dinh dugc ngudn & nhiém phat ra trong khdng khi. Mbi vi tri thu
tir 3 dén 4 mau réu Barbula.

Hinh.1. Anh réu Barbula.
Phwong phap phan tich kich hoat neutron dung cu

Cac mau réu dugc chiéu xa trén kénh chiéu REGATA (thudc phong thi nghiém vat ly
neutron) véi thong lugng neutron tai kénh chiéu 1a 10% neutron/cmz/glay, trong vung nang
lugng tur 0,5 dén 10* eV. Phuong phap chuan tuong dbi dugc &p dung dé tinh ham lugng cac
nguyén té trong cac mau réu. Cac mau chuan duoc sir dung la 1633b (than tro bay), 667
(tram tich) va 2711(dat Montana). Trén Bang 1 trinh bay ché d6 dit thoi gian chiéu, ra va do.
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Biang 1. Ché 6 thoi gian chiéu — rd — do cho mau réu.

Thoi gian Thoi gian  Thoi gian bong vi cac nguyén t6 co thé xac dinh dugc

Loai chieu chiéu ra do

Xa

Ngan 3 phat 3 phat 15phdt U, Dy, Ti, Mg, Al, Na, V, Al, Mn, Cl, Ca
(Kénh 2)

4 ngay 30 philt Sm, Mo, Lu, Np, Gd, Yb, Au, Nd, Ba, Cd, As,
N Sb??, Ga, W, Br, Na, K, La

Pa' 3 - 4 ngay Tm, Gd, Ce, Yb, Se, Hg, Pa, Cr, Hf, Ba, Sr,

(Keénh 1) 20ngay 90 phat Nd, Ag, Zr, Nb, Cs, Co, Th, Sc, Rb, Fe, Zn,
Ta, Sb* Y

I1l. KET QUA VA THAO LUAN
1. Két qua phan tich cac mau réu Barbula thu thap tai Tinh Quang Nam

Két qua phan tich cac mau réu thu tai 7 dia diém thuoc tinh Quang Nam (thanh phé
Hoi An va thi xa Dién Ban) da xac dinh duoc 30 nguyén t6 bao gom: Na, Cl, K, Mg, Br, Se,
Ca, Al, Sc, Ni, Zn, Co, V, Cr, Sr, Cd, Ti, Mn, Fe, Sb, Cs, Ba, La, Ce, Sm, Gd, Th, Ta, Th va
U vai sai s6 twong ddi dudi 15%. Gia tri ham lugng cac nguyén tb trong cac mau réu, gia tri
trung vi, gia tri nho nhat (Min), gia tri I6n nhat (Max) duoc trinh bay & Bang 2.

Bang 2. Két qua ham lwong (mg.kg™) c&c nguyén té trong cac mau réu.

HA1 HA2 HA3 HA4 HA5 HA6 HA7 Trungvi Min Max
Na 536 833 1440 1510 1270 2420 1150 1270 536 2420
Cl 3270 1270 1450 2100 1800 2320 4000 2100 1270 4000
K 18500 8880 12000 15800 13200 14800 25100 14800 8880 25100
Br 643 904 737 195 695 501 7,69 7,69 6,43 50,1
Ca 9770 9160 9330 16400 6720 30300 10700 9770 6720 30300
Al 1700 1900 7370 6150 2090 7790 3210 3210 1700 7790
Mg 2068 1089 1075 1984 1362 2730 1627 1627 1075 2730
Ni 225 267 482 6,15 247 765 285 2,85 2,25 7,65
Zn 357 144 456 254 183 249 471 254 144 471
Se 0,637 0673 0,696 0,958 0,817 0,786 0,602 0,696 0,602 0,958
Co 073 088 18 381 101 244 084 1,01 0,73 3,81
Cr 477 6,73 131 156 3,8 154 4,66 6,73 3,8 15,6
Sr 275 243 409 536 272 100 29 29 24,3 100
Cd 15 131 201 252 2 1,18 2091 2 1,18 2,91
Ti 205 92 368 305 123 465 186 205 92 465
Mn 98,2 29 89,7 875 349 112 457 87,5 29 112
Fe 4920 1920 4810 5140 1580 5270 2190 4810 1580 5270
Sb 053 089 159 157 082 1,2 0,82 0,89 0,53 1,59
vV 412 339 118 9,76 397 447 511 5,11 3,39 447
Sc 0439 0792 144 139 0516 19 0,688 0,792 0,439 1,9
Cs 044 079 134 118 155 163 0,95 1,18 0,44 1,63
Ba 244 342 827 96,7 958 127 53,3 82,7 24,4 127
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La 091 159 538 469 137 7,9 2,24 2,24 0,91 7,9
Ce 14 304 105 905 219 169 419 4,19 1,4 16,9
Sm 014 028 087 0,69 0,22 1,2 0,34 0,34 0,14 1,2
Gd 011 0,21 0,72 0,64 0,2 1,42 0,3 0,3 0,11 1,42
Tb 003 005 012 0,12 003 015 0,05 0,05 0,03 0,15
Ta 006 006 013 011 005 019 0,05 0,06 0,05 0,19
Th 039 056 2,07 1,9 056 345 0,86 0,86 0,39 3,45
u 014 017 063 054 019 221 0,23 0,23 0,14 2,21

Tir két qua ¢ Bang 2 cho thy, da sb ham luong cac nguyén té nho nhat & vi tri HAL —
vi tri thu mau & dwong Nguyén Chi Thanh - Thon DPong Na - Cam Ha. Vi tri ndy xa trung
tam phd ¢6 Hoi An, chi c6 dan dia phuong, khong c6 nhiéu xe du lich luu thong qua day.
Bén canh d6 & vi tri HA4 c¢6 ham luong 16n nhat cua cac nguyén t kim loai nang Co, Cr va
Cd (16n thtr 2), d6i chiéu vi tri thu mau & gan trung tam phd co Hoi An, gan giao 16 cua ba
duong Ba Triéu - Hai Ba Trung - Tran Hung Dao. Cac nguyén td kim loai ning trén co trong
thanh phan khoi thai tir cac chat d6t nhién liéu rdn nhu than (than da va than to ong), cui (g0)
va c0 thé cé trong cac hop chat thudc nhudm duoc ding trong sinh hoat con ngudi [8].

bang chu y nhat mau & vi tri HA6 c6 cac gia tri 16n nhat ciia ham lugng cac nguyén
t6 bao gém: Br, Ca, Al, Mg, Ni, Cr, Sr, Ti, Mn, Fe, V, Sc, Cs, Ba, La, Ce, Sm, Gd, Tb, Ta,
Th va U. Trong d6 gia tri 16n nhat ctia nguyén t6 Brom (50,1 mg/kg) cao gap 7 lan so voéi gia
tri trung vi (7,69 mg/kg), nguyén t6 nay co6 ham lugng kha 16n trong cac dai duong [9]. Cac
nguyén t6 thudc nhom dét hlem La, Ce, Sm, Gd, Tb va cac nguyén t6 Th, U ¢o trong thanh
phan 16p vo trai dat, tirc 1a mau & vi tri nay bi tic dong rat 16n dén bui duong c6 thé do trong
qua trinh di chuyén ctia cac phuong tién giao thong va dan cu [10]. Bac biét cac nguyén t6
Al, Mg, Sc, Sr, V va cac nguyén t kim loai nang nhu Ni, Cr, Ti, Mn, va Fe c6 ham luong
16n nhat trong 7 vi tri thu mau; thanh phan cac nguyén td nay co trong cac ngudn khi thai tir
phuong tién giao thong, va rac thai sinh hoat [11, 12]. Céc két qua phan tich phan anh ding
véi vi tri thu mau (gan bién Cira Dai).

2. Panh gia ngudn giy 6 nhiém

Dé x4c dinh cac nguon giy 0 nhlem nhom nghién clru tlen hanh phan tich méi twong
quan gitra ham luong mot s6 nguyén t6 (r>0,5 duoc cho c6 m01 tuong quan manh; 0,3<r
<0,5 c6 mdi trong quan trung binh). Nhan dinh chung, néu mbi tuong quan cua ham luong
cac nguyén t6 ddng bién cang 16n thi cic nguyén td do co moi lién h¢ cang lon voi cac
nguon phat ra. Voi myc dich nay nhom nghién ctru da tinh hé so tuong quan cua ham lugng

cac nguyén t6 dugc chon Cd, Cr, Sb, V, Se, Zn va Mn cua 7 mau réu ¢ tinh Quang Nam. Két
qua mdi twong quan gitta ham luong 7 nguyén t6 dugc chon thé hién ¢ Bang 3.

Bang 3. Két qua hé sb twong quan mot s6 nguyén té ¢ Tinh Quang Nam.

Cd Cr Sb Vv Se Mn Zn
Cd 1
Cr -0,10 1
Sb 0,21 0,88 1
\V -0,43 0,67 0,35 1
Se 0,10 0,59 0,58 0,25 1
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Mn -0,25 0,68 0,39 0,64 0,22 1
Zn 0,52 0,00 0,11 -0,08 -0,49 0,31 1

Trong d6 nguyén t6 Cd véi Zn ( r = 0,52) c6 mbi lién hé cung ngudn tir 16p xe trong
qué trinh luu thong 16p xe bi bao mon va cudn trong khong khi [ 13]; V6i nhom nguyén t6 Cr
v6i Sb (r = 0,88), V (r = 0,67) va Se (r = 0,59) va Mn (r = 0,68) cac nguyén t6 nay co6 mbi
tuong quan dong bién thuan manh (r >0,5) c6 thé co ngudn tir khi thai phuwong tién giao
thong (xang, dau) [14]; Nguyén t6 Sb véi Se (r = 0,58), Mn (r = 0,39), va V (r = 0,35) c6 thé
¢6 nguon tir chat dot ran nhu than da, cui [11].

I1l. KET LUAN

Ung dung k§ thuat phan tich kich hoat neutron dung cu da phan tich dugc bay vi tri
thu mau réu Barbula, véi két qua xac dinh duoc 30 nguyén té vai sai s6 trong d6i dudi 15%.
Két qua cua nghién ctu ndy cho thiy kha ning sir dung réu Barbula trong nghién ciu 6
nhidm khong khi tai Tinh Quang Nam. Panh gia ngudn gay 6 nhiém qua két qua tinh hé sb
trong quan giita ham lugng 7 nguyén té trong d6 c¢6 mot sé kim loai nang (Cd, Cr, Zn, Mn).

Lé Hong Khiém cam on sy tai tro cua Trung tam Vat ly Quéc té do UNESCO bio trg
cua Vién Vit ly véi de tai ma so 1CP.2022.04.
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ABSTRACT

This article presents initial results about chemical elements in the air at
Hoi An city and Dien Ban town (Quang Nam province). The Barbula indica
moss samples were collected at 7 locations in the investigated area. The
concentration of 30 elements including Na, Cl, K, Mg, Br, Se, Ca, Al, Sc, Ni, Zn,
Co, V, Cr, Sr, Cd, Ti, Mn, Fe, Sb, Cs, Ba, La, Ce, Sm, Gd, Th, Ta, Th and U in
the collected moss samples were determined by neutron activation analysis on the
IBR2 of the Joint Institute for Nuclear Research in Dubna (Russian Federation),
with the errors from 3 to 15%. The possible emission sources of detected
elements including Mn, Zn, Cd, Cr, Se, Sb and V have been identified by factor
analysis.
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Abstract

Forty-five moss samples were collected at the end of the 2019 rainy season in Hanoi capital and some other cities in Red
River Delta and the south central region in Vietnam. Twenty-nine elements were determined in the moss samples by neutron
activation analysis at the reactor IBR-2 in the Joint Institute for Nuclear Research in Dubna, Russia. Factor Analysis allowed
the extraction of five main factors that characterized five expected pollution sources and estimation of the factor probability

at each sampling site.

Keywords Air pollution - Vietnam - Moss technique - Neutron activation analysis

Introduction

In Vietnam, the increase in environmental pollution is
associated with industrial development and population
growth. One main form of pollution is air pollution, which
has caused different diseases in the community. Therefore,
assessing air pollution, in the form of particles and gases
in the air, is one of the most important and urgent tasks in
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Vietnam today. Previously, there have been several projects
using different methods including the moss biomonitoring
technique to study atmospheric environment in Vietnam
[1-9]. Our group is using the moss technique to investigate
air pollution in different regions in Vietnam, such as the
Red River Delta and South Central regions as described in
this work.

Moss techniques have been widely used for monitoring
atmospheric deposition in Europe for a long time. However,
the moss technique is a fairly new application in Vietnam,
and the moss species used are different from the ones used
in Europe. Moss lacks a true root system and obtains nutri-
ents directly from the atmosphere. Moss has good ability for
bioaccumulation of heavy metals and the moss leaves are
highly permeable to ions of trace elements and mineral salts.
Therefore, moss is used effectively to study air deposition of
metals as well as other trace elements [10, 11]. The recom-
mended moss species in Europe are Pleurozium schreberi,
Hylocomium splendens, and Scleropodium purum [12]; how-
ever, these species are not found or are rare in Vietnam. The
local epiphytic moss Barbula, which is widely distributed
across Vietnam, tropical Asia [13] and other tropical and
sub-tropical regions [14] has been used in our study.
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Materials and methods
Sampling areas
Forty-five samples of Barbula moss were used to study

air pollution in featured areas in the Red River Delta in
North and South Central regions of Vietnam (Fig. 1).

Twenty-three samples were collected in Ha Noi Center and
the delta in Hai Duong province; both of them are along to
the Red River Delta. Twenty-two samples were collected
in the coastal city Nha Trang and its vicinity in Khanh
Hoa province, and in the highland city of Da Lat; both of
which are in South Central Vietnam. Vietnam has tropical
monsoon climates with four or two distinct seasons that
vary due to the local topography in corresponding area.
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Fig. 1 The sampling sites in Ha Noi, Hai Duong, Khanh Hoa and Da Lat
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The sampling was carried out in the end of the rainy sea-
son in each region. The sampling distance was about 3 km
in the inner cities, and about 6—10 km in their vicinities.

Red River Delta

Red River Delta is the flat lowland situated in the merging
area of Red River and Thai Binh River systems in Northern
Vietnam. It covers parts of two great municipalities—the Ha
Noi capital and Hai Phong port—and eight provinces includ-
ing Hai Duong. Ha Noi Center and the river delta townships
in Hai Duong characterize two city types in the Red River
Delta—the crowded, highly urbanized center and the new
industrialized—agricultural zone. In the region, there are
four seasons, the rainy season last from May or June until
October with relative humidity varying from 83 to 87%.

The capital, Ha Noi, is the commercial, cultural, and
educational center in Northern Vietnam. The average popu-
lation density of Ha Noi is 2398 people per square kilom-
eter—very high when compared to other capitals in ASEAN
region. The 2019 World Air Quality Report ranked Ha Noi
in world's seventh most polluted capitals [15].

Hai Duong province can be divided into two parts—hilly
areas with various mineral deposits in the north, and the field
lands of the Red River Delta in the south. The average popu-
lation density is about 1404 people per square kilometer. The
sampling area, located in the river delta, covers the most part
of three districts Ninh Giang, Gia Loc and Tu Ky. Hai Duong
is highly industrialized with a good transportation network
consisting of a national railway, large roads and convenient
local road system; however, agriculture remains one of the
main local activities in the south.

South Central Vietnam

Central Vietnam is a transitionary area from the north to the
south of the country with the coastal boundary in the east
and the Truong Son mountain range in the west. The shape
of the territory is narrow in the north and wide in the south.
The south terrain consists of two parts: the South Central
Coast and the Central Highland. The landscape is not flat
with mountain backdrops and hills extending to the coast.
The two cities studied (and the special sites in their sur-
roundings) are Nha Trang in coastal area of the South Cen-
tral Coast, and Da Lat—at an elevation of 1500 m above sea
level in the south Central Highland. However, the climates
in these two regions are not the same due to their special
topographic features. The rainy season in Nha Trang lasts
from September to December with the mean annual relative
humidity about 77%; but the Da Lat rainy season lasts from
April to the end of October with the mean relative annual
humidity of 85%.

In the Khanh Hoa province, including Nha Trang city,
there are different deposits with medium reserve of minerals
and construction materials, among them granite and sand
are the two most exploited. Besides, fishing, exploitation
of marine resources, seafood processing industry are other
local business.

The soil and climate of Da Lat are suitable for grow-
ing vegetables and flowers; and a great part of the temper-
ate agriculture products for all over Vietnam comes from
the region. In addition, for a long time many mineral ores
and construction materials have been mined throughout the
Lam Dong province. Kaolin and granite are the two most
exploited minerals in Da Lat, but Kaolin is the only mineral
of economic significance. A molybdenite deposit has been
discovered near Da Lat, but it is in limited quantities.

Moss sampling and preparation

The two widespread moss types in Vietnam are Leucobrum
and Barbula. They can be found in the whole country, but
the other moss types cannot. Leucobrum moss grows densely
and forms swollen cushions; it has forked branches at the
stem tip and crowded leaves. In Vietnam, the moss is often
under 5 mm tall and is not suitable to air pollution moni-
toring due to high substrate influence. Barbula moss forms
clusters or mats of short plants about 0.5-2 cm tall, with
unbranched sterm; and the moss leaves occur all around each
stem. In this form, its upper part can be easily detached from
its base and the substrate influence could be minimized.
Therefore, Barbula is the most suitable type of moss used for
the air deposition survey in the entire country of Vietnam.

Moss was cut out from its carpets using plastic tools and
put in polyethylene zip-lock bags. Both the tools and bags
were made from low impurity materials. The samples were
cleaned to remove extraneous materials (large soil par-
ticles, leaves, etc.) and then thoroughly washed with dis-
tilled water and only the green top part of moss was used
for study. Finally, the samples were dried to constant mass
before being prepared for analysis. The moss sampling and
preparations were executed in accordance with the published
protocols [12].

Analytical method

The neutron activation analysis (NAA) used to determine
elemental concentrations of the samples was executed in the
NAA Department of Frank Laboratory of Neutron Physics
(FLNP) in the Joint Institute for Nuclear Research (JINR)
in Dubna, Russia. Sample irradiation was carried out in
channels equipped with the pneumatic system installed at
the IBR-2 pulsed nuclear reactor of FLNP with the average
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power of 2 MW. Main characteristics of the irradiation chan-
nels are shown in Table 1 [16, 17].

The samples were irradiated two times in different con-
ditions to determine short- and long- lived isotopes. About
0.3 g of dry-weight material of each sample was heat-sealed
in a polyethylene bag, or packed in aluminum cup, used
respectively for short-term irradiation or for long-term irra-
diation. For the short-term irradiation, each sample was irra-
diated for 3 min in channel 2 and measured for 15 min after 3
to 5 min of decay. For the long-term irradiation, the samples
were irradiated for about 3 days in the Cd-screened channel
1. After irradiation, they were repacked and measured twice:
the first time after 4 days of decay they were measured for
30 min. The second time, after 20 days of decay, they were
measured for 1.5 h. The HPGe detectors with the relative
efficiency of 40-55% and resolution of 1.8-2.0 keV for total-
absorption peak 1332 keV of the isotope ®®Co have been
used to measure the gamma spectra of the studied samples.
The software Genie 2000 was used to store, display, and
analyze the gamma spectra. Other softwares developed at
FLNP calculate elemental concentrations of the samples.
Calculation of the element concentrations was done with
the support of the standard reference materials NIST 1515
(apple leaves), NIST 1573a (tomato leaves), NIST 1547
(peach leaves), NIST 1632c (trace elements in coal), NIST
1633c (coal fly ash), 1633b (coal fly ash), NIST 2710 (Mon-
tana soil), NIST 1633c (coal fly ash) and NIST IRMM 667
(estuarine sediment). These elements were also used to pro-
vide quality control for the results obtained by the compara-
tive method and errors from 3 to 13% have been obtained.

Results and discussion

Instrumental neutron activation analysis results

The concentrations of twenty-nine elements, namely Na,
Mg, Al, Cl, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Zn, As,
Br, Sr, Zr, Mo, Sb, Cs, Ba, La, Ce, Sm, Hf, Th and U were

determined in the moss samples by NAA with the rela-
tive error from 3 to 13%. Minimal, maximal and median

Table 1 The principal characteristics of NAA facility in FLNP

Neutrons Channel 1 Channel 2
Neutron flux: 10" Neutron flux: 10'2
nem~2s™Y T: 70 °C; chan- nem™2s™! T: 60 °C;
nel diameter: 28 mm channel diameter: 28 mm
Thermal Cd-coated 1.5
Resonance 3.6 3.0
Fast 4.3 4.1

@ Springer

concentrations of the elements corresponding with each of
studied areas are presented in Table 2.

Almost all of the highest median concentrations of the
determined elements have been found in the Ha Noi samples
as Mg, Al, V, Cr, Fe, Co, Ni, Zn, Br, Sr, Zr, Mo, Sb, Cs, Ba,
La, Ce, Hf. Furthermore, Cr, Ni, Sb, Ba and Sr were found
with maximum concentrations. These pollutants originate
from human activities in the high population and urbani-
zation area [18, 19]. These arguments reflect the seriously
polluted atmosphere in Ha Noi that entirely agree with the
2019 World Air Quality Report of The World Health Organi-
zation [15].

The highest median and maximal concentrations of K and
Cl, elements (characterizing fertilizing plants) were found
in the sample collected in the rice growing areas Dong Tam
in Hai Duong.

In Vietnam, mining deposits with little reserves that are
scattered over the country have not been strictly controlled.
This is an important source of air pollution around where
the activity takes place. The maximal concentrations of ele-
ments Al, Fe, V, Ti, Zr, and Hf were found in the samples
collected at the site KHS in the Khanh Vinh district of the
eastern region of Nha Trang. The main source of these ele-
ments can be considered to be from the exploitation of the
heavy-mineral ilmenite and the deposits for brick clay in the
area. The Al,O; is one of the main components of bricks
clay, and FeTiOj; is one of the main components of ilmenite
[20]. The high content of V originates from the brick clay
[21] and the Zr, Hf originates from the ilmenite [22].

Different minerals in Da Lat are derived from volcanic
eruptions materials. Kaolin and bauxite with a high content
of Th [23, 24] are being exploited near the DL11 site in Trai
Mat—Da Loc [25] and these activities may cause the high-
est Zn and Th concentrations in the corresponding sample.
Another volcanic rock—rhyolite with high content of U [26,
27]—is being exploited at the site DL12 in Xuan Tho, Xuan
Truong, which could cause the highest concentrations of As,
Sc, rare earths, and U in the sample DL12.

Factor analysis

Factor analysis (FA) is a statistical process applied to a mul-
tivariate system to reduce the number of variances and find
key factors that make the system easier to understand.

Extracted factors

The accuracy of FA analysis depends on the number of
samples and the number of variables (chemical elements).
In our case, for 45 samples, the number of variables should
be smaller than 22 [28]. In order to increase accuracy, we
should reduce the number of chemical elements included
in the FA analysis. Preliminary FA analysis has allowed us
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Table 2 Minimum, maximum and median elemental concentrations (mg/kg) in moss Barbula collected in Ha Noi, Hai Duong, Khanh Hoa, and

Da Lat determined by INAA

Element Ha Noi Hai Duong Khanh Hoa Da Lat

Conc (mg/kg) Conc (mg/kg) Conc (mg/kg) Conc (mg/kg)

Min Max Median Min Max Median Min Max Median Min Max Median
Na 650 1790 1000 270 2050 1000 430 2240 850 280 1790 450
Mg 3500 6100 3800 800 4700 2200 1400 2800 1600 760 2400 1200
Al 2400 18,800 11,100 1300 17,800 8600 2800 34,600 9300 4700 32,700 10,700
Cl 650 3350 880 100 6600 1000 160 2900 460 70 2400 300
K 6000 9900 8000 5300 16,000 9000 6000 13,000 8000 4600 12,500 7000
Ca 15,000 52,000 20,000 7000 24,000 14,000 9000 31,000 13,000 8000 16,000 11,000
Sc 0.53 4.2 2.1 0.21 3.1 1.7 0.30 6.7 1.1 0.70 7.2 1.6
Ti 140 1410 690 180 1400 660 150 1800 380 340 1300 560
v 6.70 38.0 28.0 244 30.0 12.6 3.70 39.0 8.70 5.10 22.0 13.0
Cr 5.80 58.0 27.3 2.30 54.0 15.3 2.80 23.0 6.00 5.00 15.0 8.90
Mn 85 780 210 45 240 170 96 530 150 40 180 88
Fe 1690 12,300 7000 2300 13,800 6100 1000 17,600 4000 2300 15,800 4900
Co 1.1 6.8 35 0.43 52 24 0.50 7.2 1.3 0.60 3.6 1.0
Ni 5.80 22.0 13.0 1.83 11.0 7.10 2.00 10.5 5.40 2.00 7.70 3.20
Zn 170 630 370 60 570 140 39 300 140 44 750 80
As 2.00 11.00 8.00 0.90 8.70 2.90 1.60 14.80 2.80 2.30 30.00 12.80
Br 6.0 13 9.8 22 69 7.0 33 24 9.5 2.4 8.3 4.2
Sr 90 370 110 30 90 50 40 240 75 33 160 50
Zr 16 80 50 6.0 73 38 7.0 110 38 15 70 30
Mo 0.90 2.8 1.4 0.40 2.1 0.80 0.60 3.8 1.3 0.40 6.0 1.0
Sb 0.77 6.9 33 0.24 2.6 1.2 0.22 14 0.44 0.19 1.0 0.32
Cs 1.84 24.4 9.10 0.346 3.44 1.93 0.75 3.60 1.53 0.30 5.00 0.79
Ba 68.0 253 192 37.6 168 94.0 314 130 50.0 27.0 107 38.0
La 23 15 7.0 0.90 13 6.2 14 17 4.6 1.9 36 4.0
Ce 4.0 30 14 13 21 11 2.8 43 11 4.0 65 11
Sm 0.28 24 1.1 0.12 1.6 0.86 0.19 2.9 1.3 0.29 8.0 0.70
Hf 0.32 22 1.6 0.14 23 1.2 0.20 3.9 1.2 0.56 24 1.1
Th 0.63 52 2.6 0.28 4.1 23 0.47 11 52 1.3 22 3.7
U 0.98 35 22 0.16 6.4 0.86 0.42 33 1.8 0.38 21 1.5

to exclude seven elements that are not subject to FA analy-
sis including Sc, Mn, Br, Mo, Cs, Sm and Hf. According to
preliminary FA analysis results, three elements Sc, Sm and
Hf only occur in factor related to the element group of soil
origin. They may not be included in FA analysis because
there are some other elements that are more clearly related
to the origin of the soil. In addition, the factor scores of
the two elements including Mo and Cs were quite high
at many sampling points where their origin could not
be explained and therefore they were excluded from FA
analysis. The reason leading to the exclusion of Mn and
Br from FA analysis is their factor loading has a large
negative value in many factors. Therefore, only twenty-two
elements were used for FA that include Na, Mg, Al, CI, K,
Ca, Ti, V, Cr, Fe, Co, Ni, Zn, As, Sr, Zr, Sb, Ba, La, Ce,
Th and U. The FA process pulled out five relevant factors,

showed in Table 3 that could explain more than 81% of
the variability.

Factor interpretation

The FA process to determine factor loadings (F,) as shown
in Table 3, and the factor scores (FS,) as shown in Table 4
helped to predict the sources of pollution and their potentials
at each sites.

Factor 1 explains 39.0% of the studied variances. It
contains Ce, La, U, Al, Fe, Ti and Zr with factor load-
ings (F1) ranging from 0.92 to 0.57. F1 involves mainly
elements of the earth's crust, especially, with rather high
heavy-mineral composition because of the mineralogical
structure of the region [23]. F1 could relate to local soil.
High FS1 relate to sites where local soil is disturbed by
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Table 3 Factor loadings of the variances

Element Factor loadings

Factor 1 Factor 2 Factor 3 Factor4 Factor 5
Na 0.47 0.28 0.66 —0.22 0.14
Mg 0.05 0.56 0.39 0.00 0.62
Al 0.77 0.16 —0.04 0.51 -0.23
Cl —-0.17 -0.08 0.89 0.03 0.21
K 0.03 0.06 0.87 0.04 -0.12
Ca -0.16 0.55 —-0.03 -0.11 0.64
Ti 0.67 0.55 —-0.04 -0.02 -0.26
v 0.48 075 -0.02 0.14 —0.11
Cr 0.08 0.84 0.07 0.04 0.12
Fe 0.76 0.41 0.08 0.09 —0.09
Co 0.43 0.75 0.04 -0.01 —0.05
Ni 0.15 0.90 0.00 0.03 0.30
Zn -0.17 0.57 0.22  0.64 0.11
As 0.55 -0.17 -027 0.62 0.02
Sr —0.06 0.09 0.04 -0.01 0.81
Zr 0.57 0.61 0.03 0.03 —-0.18
Sb 0.02 0.87 —-0.01 0.02 0.13
Ba 0.19 0.83 0.14 -0.07 0.34
La 0.92 0.21 0.03 0.04 —0.02
Ce 0.92 0.16 0.03 0.29 —0.07
Th 0.50 -0.04 0.01 0.80 -0.13
U 0.84 —-0.07 -0.02 0.04 0.17
Explained vari- 39.0 20.9 9.6 64 5.7

ances (%)

Cumulative (%) 39.0 59.9 69.5 75.9 81.6

Bold values represent the characteristic factors

human activities as the sites HD5 (1.18) near an agricul-
tural wholesale market; KHS (2.52) near sand and brick
clay mining; and DL12 (5.04) near a hard waste treatment
plant and a quarry.

The factor 2 explains 20.9% of the studied variances. It
contains Ni, Sb, Cr, Ba, Co, V, Zr, and Zn with their fac-
tor loadings (F2) ranging from 0.90 to 0.57. A considerable
source of air pollution at sites could originate by emissions
in gaseous form or as small particles, capable of travelling
long distances in the atmosphere before they eventually
reach the ground. The pollutants Ni, Cr, Co, V, Zr, and Zn
are found in both factor 1 (relating to local soil) and factor
2, with their F2s higher than their F1s. The pollutants Sb,
Ba, and especially V mainly originated from fuel combus-
tion, tend to be in smaller particulate fractions in the air
[29], and could travel long distances. The correlation of the
mentioned above pollutants and Sb, Ba, V in factor 2 shows
that F2 could belong to the source that involves the long-
range atmospheric transport. Moreover, high FS2 relate to
the sites near condensed traffic areas as HN2, HN3, HNS5 in
Ha Noi, and HDS near the junction of big route 5B and road

@ Springer

Table 4 Scores of factors corresponding to each site

Case Factor scores
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

HN1 0.12 0.97 -0.32 -0.20 -0.07
HN2 0.59 2.82 0.13 0.44 -0.20
HN3 —0.40 2.35 -0.87 0.09 3.19
HN4 0.27 0.76 - 042 0.13 3.46
HNS5 -0.71 2.62 0.39 1.13 0.01
HN6 -0.62 -0.71 1.44 —0.55 1.40
HD1 —0.81 —0.65 -0.22 -0.71 0.01
HD2 -0.11 0.37 0.94 - 0.62 —0.08
HD3 0.67 0.40 0.38 -1.02 - 1.10
HD4 0.14 0.42 —0.31 -0.72 -0.85
HD5 1.18 1.03 - 045 - 1.00 -0.22
HD6 -0.75 0.22 - 1.08 -0.36 -0.32
HD7 0.48 0.55 1.01 - 0.61 -0.78
HD8 - 045 1.29 0.44 0.46 - 0.54
HD9 -0.48 0.24 0.19 —-0.31 —0.60
HDI10 - 0.56 0.81 0.93 -0.35 -0.18
HD11 -0.20 0.23 0.38 - 0.50 0.07
HD12 - 0.65 - 1.30 4.36 -0.59 0.72
HDI13 -0.70 —0.46 0.28 - 0.54 -1.13
HD14 —0.01 0.82 —0.03 -0.35 —-0.95
HD15 - 0.55 - 042 - 041 0.00 -0.85
HD16 0.44 0.46 0.29 - 0.94 0.12
HD17 - 0.64 -0.17 0.83 - 0.31 —0.63
KH1 0.86 —0.11 - 091 0.23 —0.36
KH3 -0.27 -1.07 - 0.56 - 0.44 1.01
KH4 -0.19 -0.49 0.14 0.40 —0.68
KH5 - 0.65 0.23 -0.52 -0.17 0.75
KH6 -0.67 - 1.30 1.20 - 0.50 191
KH8 2.52 1.10 1.04 0.18 - 1.57
DL3 - 0.55 0.18 -0.32 0.03 -0.18
DL4 —-0.51 -0.49 —0.25 —0.15 —0.60
DL5 0.67 —0.64 -0.71 0.46 —0.36
DL6 - 047 —0.85 -0.28 - 0.06 - 042
DL7 0.40 —0.65 - 0.50 -0.21 0.54
DL8 0.12 - 0.58 - 0.86 0.11 - 0.62
DL9 -0.07 -0.26 —0.60 0.09 -0.26
DL10 -0.10 - 0.73 -1.33 0.67 0.10
DL11 -0.20 —-0.53 0.88 5.73 0.03
DL12 5.04 —-1.52 0.43 0.19 1.19
DL13 - 1.02 —-0.54 0.85 0.75 -0.75
DL14 -0.27 -0.92 —-1.18 -0.28 0.17
DL16 —-0.24 -0.84 - 1.17 0.57 —-0.11
DL17 —0.66 -0.93 —-1.25 -0.62 0.42
DL18 0.04 —0.68 —-0.75 0.27 —0.82
DL19 —0.06 - 1.00 —-1.24 0.17 0.15

Bold values represent the characteristic scores
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391 in Gia Loc district in Hai Duong with FS2: 2.82, 2.35,
2.62 and 1.29, respectively.

The factor 3 explains 9.6% of the studied variances. It
contains Cl, K and Na with their factor loadings (F3) rang-
ing from 0.89 to 0.66. Potassium (K) fertilizer is commonly
added to improve the yield and quality of plants growing.
In nature, K salts often combine with Na, Cl (Mg) salts;
therefore, F3 could relate to agricultural fertilizer. High
FS3 relates to the sites near rice fields in Hai Duong, as
HD2 (FS3: 0.94), HD12 (FS3: 4.36) and near crop growing
areas in Khanh Hoa, as KH6 (FS3: 1.2), KHS8 (FS3: 1.04).
However, the FS3 of the sites in Da Lat, one of the biggest
agricultural areas in Vietnam, are not as high as expected. It
could be explained by the specularity of Da Lat agriculture,
as most of crops are grown in greenhouses and samples were
collected in open-air, on trees or walls. For the open-air sites
DL11 in hydrangea fields and DL13 in residental areas, their
FS3 are 0.83 and 0.88, respectively.

The factor 4 explains 6.4% of the studied variances. It
contains Th, Zn, As and Al with their factor loadings (F4)
ranging from 0.80 to 0.51. F4 could relate to mineral pro-
cessing. Depending on their geological origin, the miner-
als in the studied regions could contain radionuclides [23,
30], as Thorium, Uranium in kaolin [31] and in bauxite [24]
deposits. The site HNS with high FS4 (FS4: 1.13) and high
concentrations of Th, U, As, Sb, Zn in Bat Trang pottery
village in the suburb of Ha Noi where, kaolin and fuel are
used to make pottery. The other site DL11 (FS4: 5.73) is
near a kaolin and bauxite mining area in Trai Mat [25] with
high concentrations of Al, Zn, As, Ce, Th. High concentra-
tion of REEs, especially with Ce were found near bauxite
ores [32, 33].

The factor 5 (F5) explains 5.7% of the studied variances.
It contains Sr, Ca, Mg (and Ba) with their factor loadings
ranging from 0.81 to 0.62 (and 0.34 for Ba). F5 contains
the alkaline earth metals with the same chemical charac-
teristics. Ca and Mg are macronutrients for plants; anyway,
the contents of these elements in plants vary depending on
their nutrient source. Ca and Mg ions are the most solute
ions in water, so F5 could relate to water source at the cor-
responding sites. Consequently, all samples with high FS5
were collected on the stone embankment of a water ditch as
HN3, DL12 or mountain-river landscape models as HN4,
HN6, KH3, KH6.

Conclusions

The Red River Delta and South Central Vietnam play impor-
tant roles in the Vietnamese economy, and a great parts of
the territories have been severely polluted. The sources of air
pollution detected by moss techniques and Factor Analysis
are mostly consistent with the geological and actual sources

in the study areas. Our study is aimed to investigate air pol-
lution and identify its sources in order to find a suitable pro-
cess for improving the environment in the studied areas in
Vietnam. The authors declare that they have no conflicts of
interest regarding the publication of this paper.
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