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ABSTRACT

Low-dose radiation stimulates plant growth, particularly in mosses, enhancing their ability to
absorb airborne elements using the moss bag technique. An experiment was conducted to investigate
the effects of low-energy X-ray radiation (1-20 Gy, with a 1 Gy interval) on the growth of Babular
indica moss. The results revealed that doses ranging from 2 Gy to 16 Gy improved moss growth
compared to the non-irradiated control. The optimum stimulatory effect was observed at 14 Gy, as
morphological characteristics, moss weight, and chlorophyll content indicated. Consequently, 14 Gy
was selected as the irradiation dose for moss in the monitoring environment. Analysis of element
concentrations using Total Reflection X-ray Fluorescence (TXRF) demonstrated that the irradiated
moss exhibited significantly improved element absorption compared to the non-irradiated moss,
although still lower than that of natural moss. This study emphasises that low-dose (14 Gy) radiation
treatment of mosses holds promise for achieving more accurate results and a closer reflection of real
air conditions in environmental monitoring using the moss bag technique.

Keywords: Environmental monitoring; irradiated moss; non-irradiated moss; low-energy X-
ray; moss bag; natural moss

1.  Introduction

The moss bag technique has been used for the past half-century and has become the
most common type of active biomonitoring method utilising mosses to monitor air quality.
Numerous previous publications have reported on this technique. In 1969, mosses were
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considered indicators of the environment (Ruhling, 1969). After that, using moss material
from Hypnum cupressifolium species for air quality monitoring was originally introduced by
Goodman and Roberts (Goodman & Roberts, 1971), and since then, it has been continuously
improved and developed. The moss bag technique is one such modification that involves
exposing moss samples to absorb contaminants from the air. This technique has become a
useful tool for biological monitoring of components caused by atmospheric contamination,
such as heavy metals and other elements. While native moss is more appropriate for
extensive research in naturally large areas, the moss bag technique is useful for conducting
detailed surveys of pollution in urban and industrial areas where moss is rarely present
(Ares, 2012). The moss bag technique has the disadvantage of lower moss growth and
reduced accumulation of chemical elements compared to natural moss, leading to inaccurate
assessment results for air pollution. A standardized protocol was proposed by Ares
(Ares, 2012) to address this limitation.

The effects of radiation on plants have been investigated around the world for various
purposes, including mutation breeding, stimulation of seed germination and seedling growth,
microbial inactivation, and sprouting inhibition in agricultural products (Beyaz, 2016)
Gehrke (Gehrke, 1999) used ultraviolet-B radiation to simulate the conditions of ozone
depletion when researching the growth and development of two moss species. Generally, the
findings among these studies on plants differ considerably, with stimulation of growth at low
doses and negative effects at higher doses.

Radiation at high doses can cause many negative impacts on plants were reported in
previous studies, such as inhibiting plant growth and organs due to the expression of specific
cell cycle and developmental genes (Fina, 2017), causing cell and plant death, or inducing
mutations by DNA double-strand and single-strand breaks (Forster, 2019), the appearance
of de novo copy number variants and insertion/deletion events and other mutations
(Gregersen, 2011).

Low-dose radiation can cause stimulatory effects on plants has been reported in many
previous studies. Irradiation with low doses can enhance the germination percentage of
seeds, reduce the time of germination (Beyaz, 2016), and stimulate the germination of seeds
stored for long periods (Marcu, 2013). Seedlings from seeds irradiated with a low dose can
grow better than the control in terms of physiological parameters including number, weight,
and size of organs such as weight and size of the whole seedling, root, plumule, hypocotyl,
etc. (Marcu, 2013). Plants induced from low-dose irradiated materials such as bulbs, and
seeds may also grow better and bloom earlier (Sax, 1955) with improved plant height, shoot
number, panicle length, and seed number per panicle, and increased number of fruit and total
production (Toni A, 2013).

Miller and Miller consulted the series of studies related to plant growth stimulation by
exposure of seeds or plants to low doses of ionizing radiation and showed that the magnitude
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of the effects is usually small, being about 10% of control values (Miller & Miller, 1987).
According to these authors, there had been no understanding of the mechanisms of such
responses of the cellular and physical factors related to the induction of such effects yet.

To clearly explain the effects of radiation on the growth and development of the plant,
detailed knowledge about the mechanisms of the processes that occur at the genetic and
physiological levels, as well as their interplay is necessary because there have been a lot of
studies demonstrated that radiation can affect the hormonal and antioxidant systems, the
processes of biosynthesis, photosynthesis, respiration, and the genetic regulation of
physiological processes in plant (Gudkov, 2019).

Mosses belong to one of three groups of non-vascular land plants (Bryophytes), and in
principle, they can be affected by radiation as other plants. Accordingly, radiation at low
doses may stimulate the growth of mosses, and this is the initial idea for the current study
aimed to improve the absorption of chemical elements of moss used in the moss bag
technique.

The criteria of the biomonitoring species have been indicated in previous studies,
including being common in the area of interest, available for sampling, and tolerant of
pollutants at the relevant levels (Chakraborty, 2006). In the case of the biomonitoring species
mosses, the selection of the species should consider the following criteria: preference for
widely distributed and pleurocarpous mosses, selected species should possess the ability to
efficiently uptake contaminants from the atmosphere, and should be one of the previously
used with the available related information (Goodman & Roberts, 1971). The species used
in the moss bag technique are different depending on places of application in the world.
Because their distribution and abundance are different, species belonging to the genera
Sphagnum, Hypnum, Pseudoscleropodium, Pleurozium, Taxithelium, Hylocomium, etc. are
often mentioned in related studies (Goodman & Roberts, 1971). Recently, species of Barbula
indica have been successfully used in natural moss to investigate airborne trace element
pollution in Vietnam (Nguyen, 2022). Therefore, this species was chosen as the material for
the current study. Moreover, Barbula indica is a species that possesses a relatively wide
distribution in Vietnam.

The contaminants in the air can be investigated with moss bag techniques including
both inorganic and organic contaminants, but almost all previous studies focused on metals
and metalloids (Goodman & Roberts, 1971). The number of chemical elements surveyed
using Barbula indica moss has been increasing continuously, and recent studies showed that
30 elements including 22 metal elements (Le, 2020) resulted in air pollution in urban areas
of Vietnam.

After exposure to absorb the contaminants in the air, the moss materials could be
analyzed for the composition and concentration of chemical elements by various methods
such as proton-induced X-ray emission, using Inductively coupled plasma mass
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spectrometry (ICP-MS), Neutron Activation Analysis (NAA), X-ray fluorescence (XRF)
quantitative analysis, Electrothermal Atomic Absorption Spectrometry (AAS) and Flow
Injection Mercury System (FIMS) (Castello, 2007). Every of the above methods possesses
its pros and cons. In general, they have been used successfully for quantitative assessment.

To overcome the weak moss growth when applying the moss bag technique for
environmental monitoring, demonstrate the stimulant effect of radiation on the growth of
moss in the moss bags, and increase their ability to absorb chemical elements from the air,
in the current study, a low energy X-ray source was used to irradiate the moss to investigate
the effect of radiation on moss growth and determine the optimal irradiation dose for the
growth of moss. The moss was treated with optimal irradiation dose and then was used as a
bioindicator. The achievements from this research can be applied in environmental
monitoring to increase the accuracy and practicality of the moss bag technique.

2. Materials and Methods
2.1. Moss sample preparation

In this study, Babular indica moss was chosen as a bioindicator for environmental
monitoring in Vietnam due to the favorable conditions present. Moss samples were collected
from areas with minimal pollution to reduce the background chemical element
concentration. The moss was collected from the Pung K’No mountains in the Bidoup Nui
Ba National Park located at latitude 12.188447° North and latitude 108.463527° East. This
species of moss grows throughout the year due to the high humidity in the area.

After collection, the moss was treated as follows: old and broken moss branches were
removed, and moss branches of approximately 1.5 cm in length were selected. Five grams
of the chosen moss branches were then placed in each 16-mesh bag with a size of 7 cm x 7
cm (Figure. 1).

m b
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Figure 1. Moss bags
Six hundred and sixty moss bags were prepared for the experiment investigating the
effects of radiation doses on moss growth, while 60 moss bags were prepared for the
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experiment investigating and comparing the ability to absorb chemical elements in the air.
In the latter experiment, 30 moss bags were irradiated with an optimal X-ray dose, and 30
moss bags were non-irradiated. The moss branches collected from the Pung K’No mountains
that met the same criteria for the experiment were kept in zip bags for chemical background
concentration detection.

2.2. lrradiation process of moss sample

The X-ray generator model MBR-1618R-BE is used to irradiate moss. The generator
was operated in a voltage range of 35 - 160 kV and a current range of 1 - 30 mA. The moss
samples were arranged on the rotating table inside the irradiation room, at a distance of 250
mm from the source for radiation exposure (Figure 2).

In the experiment to investigate the effects of radiation doses on the moss growth, the
applied X-ray doses range from 1 Gy to 20 Gy, 1 Gy-interval, at a dose rate of 0.5 Gy/min
in the conditions of room temperature. In the experiment to investigate and compare the
ability to absorb chemical elements, the moss bags were irradiated by an optimal X-ray dose
for moss growth with the same dose rate and temperature.

I
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a) X-ray generator sharp b) Irradiation room c) Irradiation angle
Figure 2. MBR-1618R-BE X-ray generator and geometry irradiation
2.3. Radiation dose effects on the moss growth
After being irradiated with the above 20 doses and 30 bags per dose, all moss bags
were horizontally hung in the same natural condition (Fig. 3), at 2 meters from the ground
together with the control sample (non-irradiated moss sample).
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Figure 3. Moss bags during exposure

After 30-day exposure, the moss bags were measured for the chlorophyll concentration
(using chlorophyll meter model CCM300 Opti-sciences, USA) and weight of moss in each
bag (using the electronic scale model Presica LC220A, Swiss), then were observed and
photographed by using a microscope model Olympus SZX16 (Japan). The optimal dose for
moss growth was determined by the highest total chlorophyll concentration and weight. This
optimal dose was used to treat the moss bags for setting up the next experiment to compare
the ability to absorb chemical elements.
2.4. Investigation of the ability to absorb chemical elements

The chosen area for setting up the experiment to investigate and compare the ability to
absorb chemical elements among irradiated, non-irradiation mosses used in the moss bag
technique and local natural moss is located at latitude 10.5852° North and longitude
106.4910° East, namely Long Thanh Airport (Dong Nai province, Vietnam) where Babular
indica moss grow naturally. The survey period elongated into three months, from July to
September 2021. After exposure, 30 irradiated moss samples and 30 non-irradiated moss
samples used in moss bag techniques were collected together with 30 local natural moss
samples for subsequent treatment and analysis. In this case, moss from each moss bag was
considered as one separate sample. The moss samples were dried at 40°C for 50 hours then
crushed and homogenized to a powder in an AS 300 control analytical sieve shaker for 30
minutes. The weight of 1g powder of each sample was homogenized with the Gallium
internal standard solution for chemical analysis. The concentration of chemical elements
deposited in the air was determined for three types of samples: non-irradiated, irradiated by
X-ray at optimal dose for moss growth, and local natural mosses by Total Reflection X-ray
Fluorescence (TXRF) technique using Bruker S2 PICOFOX spectrometer.
2.5. Data processing

Data were measured and recorded separately for each repetition for each treatment in
all experiments before processing. The concentrations of chemical elements that the moss
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used in the moss bag technique absorbed during the exposure time were calculated by
subtracting the total concentration in the sample from the pre-determined background
concentration. The concentrations of chemical elements absorbed by local natural moss were
directly measured in samples because this material only appeared and experienced growth
during the experimental set-up. The data were processed using ANOVA analysis tools of
Microsoft Excel software; basic statistics were performed with significant differences
calculated at p < 0.05 level.

3. Results and Discussion

3.1. The effects of X-ray doses on moss growth

After 30 days of hanging in the same condition as the natural condition, there were
variations in morphological characteristics among mosses irradiated by different doses.
Microscopy images of moss in each of the treatments and the control samples are shown in
Figure 4.

Based on the morphological characteristics, the main differences among the treatments
were the colour and the dryness of the branches, the entirety of rhizoids, and the growth of
the phyllids. Even without irradiation, the moss in the control did not grow well, became
dry, and turned brown. In the treatment with 1 Gy irradiation, there was no change in the
status of moss compared to the control. When treated with X-ray radiations at doses from 2
Gy to 15 Gy, the moss grew better than the control, kept green, and the phyllids became
larger. Significantly, at doses of 14 Gy and 15 Gy, the moss grew best with the occurrence
of new shoots and phyllids; the caulis and phyllids kept the fresh status with a dark green
colour, and the rhizoids and branches were not broken. Although better than the control, the
growth of moss treated with irradiation at 16 Gy was inferior to that of 14 Gy and 15 Gy, as
shown by phyllids and caulis that were pale green and less fresh. The growth of moss
irradiated with doses in the range of 17 Gy — 20 Gy was worse than that of the control; the
branches and phyllids became dry, lightly crispy, and discolored, and several rhizoids and
phyllids were broken.

Although the moss weight and initial moss status of the moss bags were the same
(weight of 5.00 + 0.05g, total chlorophyll content of 350.92 + 15.23mg/m? of phyllid), after
30 days of the experiment, the moss weight, as well as the total chlorophyll content in the
moss samples, were different among the treatments. These differences follow both uptrend
and downtrend and reflect the effects of irradiation doses on moss vitality and growth, as
shown in Table 1.
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Figure 4. Effects of X-ray doses on the moss growth and survivability

It can be recognised that there was a close correlation between the morphological
characteristics recorded with the parameters of weight and total chlorophyll content under
the influence of different irradiation doses. While morphological expression in the moss in
control and in the treatments using doses of 1 Gy and from 17 to 20 Gy showed poor growth;
growth was improved at irradiation doses from 2 to 15 Gy, and the best doses were between 14
Gy and 15 Gy; the stimulant effect of radiation began to decrease quickly at a radiation dose of
16 Gy; both weight and total chlorophyll content of moss also reduced in the control sample,
and moss irradiated at doses of 1 Gy and 17-20 Gy; gradually increased from 2 to 15 Gy and
peaked at 14 and 15 Gy and suddenly lowered at 16 Gy. Although there was a general variation
trend, the variation in total chlorophyll content under the influence of the irradiation doses was
more significant than the variation in weight.

While the poor growth of non-irradiated and treated with low doses at 1 Gy mosses
could be explained by habitat transfer and insufficient radiation to stimulate growth, poor
growth of mosses irradiated at doses ranging from 17 Gy to 20 Gy should be explained by
both habitat changes and the inhibitory effect of sufficiently high doses of radiation (Fina,
2017, Forster, 2019).

The X-ray stimulatory effect on moss growth occurring in the irradiation dose range
from 2 Gy to 16 Gy can be explained by the phenomenon of hormesis induction (Miller &
Miller, 1987).
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The stimulatory at low doses and inhibitory at higher doses effects of radiation on moss
growth in the current study have also been described in various previous studies in a variety
of plants (Gudkov, 2019).

The above-obtained results indicate that X-ray irradiation at doses of 14 Gy and 15 Gy
had good stimulatory effects on the growth of moss. However, the total chlorophyll contents
in these irradiated mosses were still much lower than in natural moss (350.92 + 15.23 mg/m?)
and this shows that even after being stimulated by irradiation with suitable doses, the growth
level of moss used in the moss bag technique cannot reach the growth level as natural moss.
In terms of specific values, the 14 Gy irradiation dose was optimal and was chosen to apply
for the subsequent experiment to compare the ability to absorb elements in the air of
irradiated moss.

Table 1. The weight and total chlorophyll of moss bags after irradiation
Total chlorophyll content

Irradiation dose (Gy) Weight of moss (g/bag) (mg/m?)

0 (non-irradiated) 4.91+0.28 43.40 £ 2.29
1 492+0.14 42,77 +2.29

2 5.04+£0.14 52.99 £ 2.50

3 515%0.24 63.84 £2.71

4 5.26 £0.25 76.98 + 3.34

5 5.37+£0.20 92.84 +3.96

6 5.48 £ 0.30 111.83+4.38

7 559+0.35 134.77 + 6.68

8 571+0.44 162.52 + 7.72

9 5.81+0.45 195.69 + 8.55

10 5.92 £0.40 212,59 + 11.06
11 5.96 £0.17 246.39 + 11.47
12 6.17 £0.25 247.23+12.94
13 6.38 £ 0.10 273.72 +13.14
14 6.59 £0.28 307.94 + 14.81
15 6.45+£0.18 307.52 +17.11
16 521+0.15 121.84 + 4.38
17 4.86 +0.22 48.19 + 3.13
18 481+0.21 47.57 +3.13
19 4.76 £ 0.27 44.02 +2.92
20 471+0.21 43.40+2.71
p-value 0.003 0.003

3.2. The ability to absorb the chemical elements from the air of irradiated moss, non-
irradiated moss, and natural moss

After determining the optimal irradiation dose for moss growth, the moss bags were
prepared in two series including irradiated moss bags treated with 14 Gy irradiation and non-
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irradiated moss bags. These bags were then hung in the same place where the local mosses
appeared to assess their ability to absorb chemical elements deposited in the air. After three
months of exposure, the samples were collected, treated, and analysed by using the TXRF
technique to determine the concentrations of the elements. The concentrations of chemical
elements in moss samples are shown in Table 2.

The results from Table 2 show that in the moss bag technique, while all concentrations
of 24 elements were detected in irradiated samples (including Al, P, S, Cl, K, Ca, Ti, V, Cr,
Mn, Fe, Co, Ni, Cu, Zn, Br, Rb, Sr, Y, Ag, Sn, Sb, Ba, and Pb), only 21 elements were
determined in non-irradiated moss samples, Co, Ni, and Rb are three elements below the
limit of detection. The ability to absorb chemical elements deposited in the air of non-
irradiated moss was significantly lower than that of X-ray irradiated moss during exposure,
namely from 3.8 to 4 times lower for the elements of Al, P, S, CI, K, Ti, Sr, Y, Ag, Ba, Pb;
from 3.4 to 3.6 times lower for the elements of Ca, Fe, Cu, Zn, Br, Sn, Sh, 3.2 times lower
for Cu element; and 2.4 times lower for V element.

The difference in the ability to absorb elements between irradiated and non-irradiated
moss is entirely explained because the growth of moss irradiated by the optimal dose is
superior to that of non-irradiated moss. In previous studies related to the moss bag technique,
when arranging exposure to moss bags, many solutions were applied to enhance moss's
vitality and growth, such as watering, shading, using shelter systems, etc. (Goodman and
Roberts, 1971). The current study is within the above purpose, but the new solution is to
stimulate moss growth by low-dose radiation.

In general, the ability to absorb elements in the air of irradiated moss was lower than
natural moss, namely 96% for P and Ca elements, 91% to 95% for elements of S, ClI, K, Ti,
Mn, Sr, Ag, Sn, Ba, Pb; 86% to 89% for elements of Al, Fe, Zn, Br; 80% to 81% for elements
of Cu, Y; about 89% for Sb element, and 59% for V element compared with natural moss.
Comparing the correlation among groups of irradiated moss, non-irradiated moss, and
natural moss, a p-value below 0.05 indicates that there is a statistically significant

correlation.
Table 2. Concentrations of chemical elements deposited in the air that are absorbed
by irradiated moss, non-irradiated moss bag, and natural moss

Concentration (mg/kg)
No. EL Irradiated moss in NOI’]-I-I‘ radiated Pivalue  Pvalue  Psvalue
. mossinmossbag  Natural moss
moss bag technique .
technique
1 Al 2,643.25+145.12 661.54+597 3,074.75+250 3.78E-07 1.68E-17 0.002
2 P 603.06 £ 19.19 15569+280 629.28+1424 129E-08 4.07E-14 0.042
3 S 1,497.21+31.64 37481+8.73 1599.44+223 153E-09 3.26E-13 0.001
4 cl 612.56 + 16.82 15321+1.68 64843+260 4.06E-09 1.23E-13 0.011
5 K 838.44 £ 20.81 216.32+0.93 879.76 £2.60 274E-09 1.11E-14 0.014
6 Ca 782.36 £10.73 200.72£2.03 811.15+260 241E-11 5.38E-14 0.005
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7 Ti 293.51 +16.99 78.37+1.46 320.08+2.60 3.71E-07 7.90E-12 0.001
8 \Y 311+£1.07 128+0.16 523+131 833E-04 2.07E-03 0.054
9 Cr 4.78+0.72 150+0.15 6.09+0.79 3.79E-05 6.24E-05 0.033
10 Mn 88.32+6.71 2211+0.34 97.18+260 210E-07 3.88E-09 0.038
11 Fe 2550.43 +99.37 71828+1.62 295068+260 208E-06 1.36E-17 0.001
12 Co 123+£044 ND 187+£015 4.07E-04 4.12E-07 0.002
13 Ni 216+0.35 ND 3.08+0.66 8.59E-06 2.00E-04 0.048
14 Cu 12.65+0.79 3.72+0.16 1576 £2.02 348E-07 3.47E-05 0.047
15 Zn 345.28 +57.68 96.44+4.10 392.04+154 487E-05 251E-11 0.000
16 Br 29+0.24 0.80+0.11 326+0.16 482E-06 6.01E-07 0.038
17 Rb 215+0.29 ND 276+022 1.74E-06  3.84E-07 0.021
18 Sr 40.18 +3.15 10.21+£0.18 4370+141 151E-06 8.19E-09 0.015
19 Y 6.34+0.43 159+0.34 7.83+0.88 2.78E-06 5.04E-06 0.011
20 Ag 55.47 +1.57 1465+0.091 58.75+131 118E-08 3.62E-09 0.033
21  Sn 82.75+151 22.72+0.94 8721+260 228E-10 1.34E-08 0.041
22 Sb 39.35+1.01 11.03+0.16 4430+2.60 1.04E-09 4.66E-07 0.024
23 Ba 39.15+1.81 10.32 +0.78 4317+2.60 257E-08 6.51E-07 0.047
24 Pb 3.57+0.18 0.94+0.10 393+020 354E-07 163E-08 1.84E-08

Note: ND: non-detected; P.: between irradiated and non-irradiated mosses in moss bag technique;
P.: between non-irradiated and natural mosses; Ps: between irradiated and natural mosses.

This shows that moss irradiated with optimal radiation dose had overcome the
inefficient absorption of moss elements in the bag. This opens up a prospect of using the
irradiated moss in moss bag technique as an upgraded bioindicator to assess the deposition
of elements in the atmosphere where natural mosses do not exist.

4.  Conclusion

Low-dose X-ray irradiation from 2 Gy to 16 Gy could improve the poor growth of
moss, as used in the moss bag technique, and the optimal growth stimulation effect was at
14 Gy.

In the moss bag technique, irradiated moss at the optimal dose can improve the ability
to absorb elements deposited in the air during exposure significantly compared to non-
irradiated moss, thereby enhancing the accuracy of research results and helping to reflect
more realistic environmental conditions.

The findings in this study can be promisingly applied in studies evaluating
environmental pollution via the moss bag technique, especially in studies using Babular
indica moss as a bioindicator.
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UNG DUNG TIA X NANG LUQNG THAP PE KICH THICH REU
TRONG VIEC QUAN TRAC MOI TRUONG
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YTruong Dai hoc Da Lat, Viét Nam
2Vién Vat ly, Vién Han 1am Khoa hoc va Cong nghé Viét Nam, Viét Nam
3Trwong Pai hoc Bong Nai, Viéet Nam
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TOM TAT

Burc xa liéu thap kich thich si phét trién cua thuc vat, ddac biét la trirong hop & réu, do do ting
kha nang hap thu cac nguyén to trong khdng khi khi sir dung ki thugt tdi réu. Mét thi nghiém da dwoc
tién hanh dé khdo sdt tac dong cua birc Xa tia X nang heong thap (tie 1 d@én 20 Gy, véi mai lan ting
la 1 Gy) doi véi s phét trién cua réu Babular indica. Két qua cho thdy, liéu chiéu tir 2 Gy dén 16 Gy
dd cdi thién su phat trién cia réu so véi mau doi ching khéng dwoc chiéu xa. Hiédu ing kich thich
t6i wu dioc quan sat thay ¢ 14 Gy, dwoc thé hién théng qua cdac ddac diém hinh théi, trong leong réu
va ham lwong chat diép luc. Do do, 14 Gy duoc chon lam liéu chiéu xa cho réu trong moi truong
quan trdc. Phdn tich ham lrong nguyén té bang cach si dung phirong phdp huynh quang tia X phan
Xa toan phan (TXRF) dé chirng minh rang réu duwot chiéu xa c6 khd ndng hdp thu nguyén té dicoc
cdi thién dang ké so Vi réu khéng dwoc chiéu xa, mac du van thap hon so véi réu e nhién. Nghién
cizu cho thdy viéc xat |i réu bang biic xga liéu thap (14 Gy) hiza hen 1a mét gidi phap dé dat dwoc két
qud chinh xdc hon va phan dnh chinh xdc hon cdc diéu kién khong khi thyc trong quan trdc moi
trieong bang ki thugt tdi réu.

Tir khéa: quan tric moi truong; réu duoc chiéu xa; réu khong dugc chiéu xa; tia X nang lwong
thap; tdi réu; réu ty nhién
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