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The study of technogenic pollution of soils with heavy metals (HM) is an
essential task for ecology. The analysis of the content of HMs in the park's soils
shows the degree of pollution and the sources of its occurrence. The study of
the elemental composition of soils is an objective method for assessing the state
of the ecosystem. To determine the current state of heavy metal contamination
in forest soils, the concentrations of their total forms were analyzed. Heavy
metals, including Zn, Pb, Cr, Cu, Hg, Cd, and As, were found in the study area.
In addition, the threat of contamination with Cd and As has been identified. The
calculation of the total pollution coefficient allows us to assess the level of
pollution for the dry season (Zc = 18.45-28.24, average 22.45) as average
(moderately hazardous) and for the wet season (Zc = 0.01-5.11, average 1.96)
as permissible. This indicates an unfavorable environmental situation. The
content of heavy metals in soils depends on the season. Observations show that
at the end of the wet season, the concentration of heavy metals decreases, while
it increases in the period after the dry season.

To cite this article: Pham, C.N., Lebedev, Y., Drygval, A., Gorbunov, R., Gorbunova, T., Kuznetsov, A., Kuznetsova, S.,
Nguyen, D.H. and Tabunshchik, V. 2024. Content of heavy metals in soils of Bidoup Nui Ba National Park (Southern Vietnam).
Journal of Degraded and Mining Lands Management 11(4):6413-6425, doi:10.15243/jdmlm.2024.114.6413.

Introduction

binding capacity (Karczewska and Kabata, 2002;
Zawadzka and Lukowski, 2010). Urban areas are

Soil serves as the primary sink for heavy metal
accumulation in the environment (Qingjie and Jun,
2008; Marchand et al, 2011). The ability to
accumulate heavy metals depends on factors such as
soil type, physical and chemical properties, and the
specific metal involved. Heavy metals are stable and
resistant to biodegradation or leaching. Their
accumulation disrupts biochemical processes and
negatively impact biological activity (Dijkstra, 1998;
Hernandez et al.,, 2003; Kabata-Pendias, 2011;
Mmolawa et al., 2011). Heavy metal distribution
within the soil profile varies due to pedogenesis,
weathering of parent material, and organic matter

prone to heavy metal pollution, but contamination can
also occur through wind transport (Karczewska and
Kabata, 2002; Wei and Yang, 2010; Zawadzka and
Lukowski, 2010; Yisa et al., 2012). Vertical water
movement enriches heavy metals in deeper layers.
Protected areas, including national parks, are at risk of
contamination from  human activities.  Soil
characteristics and terrain features influence heavy
metal distribution. Accumulation of heavy metals
reduces soil quality and can lead to soil acidification.
Atmospheric pollutants, including heavy metals, can
affect forests and soils through long-range transport
(De Vries et al., 2002; Staszewski, 2012).
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National Parks are valuable natural and cultural
heritage sites, and the presence of heavy metals in
these areas causes environmental problems.
Monitoring is crucial to assess pollution and soil
quality (Sienkiewicz et al., 2012; Gu et al., 2016).
However, there are limited studies on forest soil
pollution in nature reserves, possibly due to the
assumption that these areas are inherently clean.
Nevertheless, existing studies demonstrate significant
interest in the topic. For example, soil examinations in
Cat Tien National Park found As, Pb, Cu, and Zn in all
types of native forest soils (Tran and Tran, 1998;
Nguyen, 2013, 2015).

Another study in Kon Ka Kinh National Park and
Kon Chu Rang Nature Reserve (Gia Lai Province)
revealed the presence of heavy metals in forest soils
(Nguyen, 2017). Separate studies focused on
determining the total content of Mn, Ni, Cr, and Zn in
soils in the central part of South Vietnam (Ngo, 1995).
Research conducted in Bidoup-Nui Ba National Park
explored the diversity of flora and fauna, as well as the
concentration of biophilic microelements in the park's
soils (Lebedev, 2019). The geochemical composition
of soils and the migration of heavy metal elements in
the "plant-leaf debris/twig-soil" system were also
investigated (Lebedev, 2019, 2021a,b; Pham, 2022).

This study aimed to assess soil pollution levels in
Bidoup-Nui Ba National Park according to regulatory
documents in Vietnam and the Russian Federation.
The results provide insights into the chemical
composition of the studied subjects, enabling the
assessment of soil contamination by various chemical
elements and the identification of their sources.

Materials and Methods

The territory of Bidoup-Nui Ba National Park is
located in the province of Lam Dong, in the southern
part of Central Vietnam, with a tropical monsoon
climate. This study has selected a key forest area
(Figure 1) for further studies. The soil cover in this area
consists of various subtypes of yellow ferralitic soils.

The rationale for choosing a territory for
establishing a landscape-ecological station has been
provided in previous works by the authors (Gorbunov,
2018; Kotlov, 2018). The soil cross-sections of the
laid-out catena were correlated with elements of the
structural-denudational relief - at the ridge top, the
slope of the structural ridge, and the slope's foot. One
of the cross-sections was situated at the foot of the
slope on an island that emerged due to a periodic
watercourse. Consequently, it can be classified as part
of the structural-fluvial relief. The location of soil
profiles is presented in the schematic diagram of
genetic landscape types (Figure 2).

Sampling and sample preparation were carried
out in accordance with GOST 17.4.4.02-84. Sampling
points were positioned considering the wind rose and
microrelief features. In compliance with GOST
requirements, the upper part of soil horizon A was

sampled to a depth of 15 cm, where the majority of
pollutants typically precipitate from the atmosphere.
Element and heavy metal determination in the selected
soil samples was conducted using a mass spectrometer
with inductively coupled plasma (PlasmaQuant MS
Elite S-NR:11-6000ST043) at the Scientific and
Educational Collaborative Center "Spectrometry and
Chromatography" within the Research Center of IBSS.

Concurrently, a blank analysis was conducted,
including all determination stages except for sampling
(Kuznetsov, 1992). For the analysis, values of several
highly toxic elements were used, including Zn, Cr, Cu,
Cd, Pb, Hg, and As.

To evaluate the intensity and level of hazard
posed by soil contamination with heavy metals in the
studied areas, this study calculated:

—  Coefficient of technogenic concentration of
elements (Ks), according to the formula:

Ks=Ci/Cf

where: Ci is the content of the heavy metal in the
sample, mg/kg; Cf is the Dbackground
concentration of the heavy metal, mg/kg.
Reference concentrations of heavy metals were
taken as Clarke values for elements in the Earth's
crust (according to Vinogradov et al., 1993).

— Hazard coefficient Ko is calculated using the
following formulas:

Ko=Ci/MPC

where: Ci is the content of the heavy metal form
in the sample, mg/kg; MPC - maximum
permissible concentration of a heavy metal form,
mg/kg

— The total pollution index (Zc), which allows for
calculating the geochemical (background) level of
pollution and comparing the degree of pollution of
the soil cover, can be determined using the
following formula:

Zc=Y Ken—(n-1)

where: Zc is the total coefficient of heavy metal
contamination in the sample; n is the number of
determined elements; Kc represents the
concentration coefficients of heavy metals
determined in the sample (Bolshakov, 1999).

The existing standards for assessing the accumulation
of chemical elements in the soils of Russia are
provided in the Decree of the Chief State Sanitary
Doctor of the Russian Federation dated January 23,
2006, No. 1 “On the Enactment of Hygienic Standards
GN 2.1.7.2041-06”. Standards for the content of
pollutants in the soils of Vietnam are outlined in the
National Technical Regulations on the permissible
limits of heavy metals. The comparison between
national regulations and Clarke concentrations shown
in Table 1 demonstrates that the Maximum
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Permissible Concentration (MPC) for heavy metals in Simultaneously, no MPC for Hg in soils has been
the soils of Vietnam (MPC VN) significantly exceeds established in Vietnam. Therefore, this study used
the standards adopted for soils of Russia (MPC RF). Russian MPC values for Hg.

N 2 \ = N
“@“ | NG South China'Sea W®\ l
5 \ -
) - =
%
N Bidoup-Nui Ba National Park
N
Laos b -
‘\.
: |
Vietnam |
1
a
Cambodia 7 r
\ Altitude, m 1 0 g
B o- 200 [ 1 4001 - 1 600
; [ 200.1-400 [ 16001 - 1800
o b 400.1-800 [ 1 8o0.1 -2 000
7__[ 600.1 - 800 I 200012200
P [Jeco1-1000 [ 220041 -2400
S — [ J1o001-1200 | 2400.1-2600
0 60 120 240 Km | South (hina Sea e 5 10 20 0
———————— [Em=m———
Figure 1. Study area and sampling sites.
" P1
o ®' Legend o %
t S 1 \ P2
I va I 2 \\
=: ~—P
2 - \
= : \‘\f: i Riverbed __ River bed
Sty EE. 4 —
o -
e Teraatets EHE 10
% P

P1-P5 - sampling points

Tt Genetic types of relief: structural-denudational relief.
’ ‘ ] 1- edge of structural ridge; 2- slopes of structural

Y ridge; 3- edge surface of inter-hollow ridge; 4-
structural terraces; 5-rock outputs; structural-erosional
‘ ) relief. 6-watershed depressions on the structural
ridges' surface; 7-hollows; 8-alluvial cone; structural-

M uws ' fluvial relief. 9-island; 10-river bed

Figure 2. Genetic types of relief: structural denudation relief (Lebedev, 2019).

P1 - Thin, podzolized loamy sandy loess yellow ferralitic soil on kaolinite weathering crust; P2 - Thin, weakly
podzolized, medium loamy loess soil on rubble-stony deluvium of dacites; P3 - Thin sandy loam yellow ferralitic soil
on rubble-stony deluvium of dacites; P4 - Gleyic light loamy yellow ferralitic soil on the deluvium of the kaolinite
weathering crust; PS5 - Alluvial-fluvial light loamy soil on sandy and pebble-boulder alluvium of dacites, andesites,
tuffs, and sandstones.

Table 1. Standards for the content of heavy metals in soils, in mg/kg ('H 2.1.7.2041-06, TH 2.1.7.12-1-2004,
Vinogradov et al., 1993, SanPiN 2.1.7.573-96, 41, QCVN 03, 2008).

Elements Clark by A.P. Vinogradov et al. (1993) MPC Vietnam MPC RF
Cu 47 70 33
Zn 83 200 55
Pb 16 100 32
As 1.7 12 2
Hg 0.083 - 2.1
Cr 83 200 100
Cd 0.13 2 0,5
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Results

This study analyzed some chemical indicators that
influence the mobility and adsorption capacity of
heavy metals in soil. The acidity of the soil solution
ranges from acidic to slightly alkaline (pH 4.2-7.8)
(Table 2). The acidity of soil solutions decreases from
organic to mineral horizons. This is consistent with
natural conditions (rainforest) and can be attributed to
the acidifying effect of leaf debris. To determine the
current state of heavy metal contamination in forest

soils, the concentrations of their total forms were
analyzed. All tested samples contained the studied
heavy metal elements: Zn, Cr, Cu, Cd, Pb, Hg, and As.
The content of the total forms of the studied heavy
metals is shown in Table 3. The samples were taken in
the dry and wet seasons. The content of heavy
elements in soils was analyzed based on seasonal
moisture. It is noted that the concentration of the
studied elements in the dry season is higher than the
values typical for the wet season in most of the
considered cases (Figure 3).

Table 2. Actual acidity (pHuz0) of the soil (for the dry season).

Point 1 Point 2 Point 3 Point 4 Point §
Horizon pH  Horizon pH Horizon pH Horizon pH Horizon pH
At 4.5 At 4.2 Al 5.6 Ad 6.4 Ad 5.7
Al 5.1 Al 5.6 AcB 5.7 A 6.8 Al 6.6
A2 4.9 AcB 6.65 Cl1 6.2 AB 7.1 B1 7.2
B 5.8 BC 6.9 C2 6.3 B 7.6 B2 7.5
C 6.7 Bg 5.8 BC 7.4

G 7.5

This study noted that for a number of elements, the
Clarke concentration values, MPC VN, and MPC RF
were exceeded for dry or wet seasons, as well as for
both seasons combined. Among the elements,
cadmium should be highlighted, for which an excess
of Clarke values, MPC VN, and MPC RF was
observed in both the wet and dry seasons. An analysis
of the content of the studied elements in the
organogenic soil horizons is provided below.

Arsenic content in soil

The content of As in total forms was investigated in all
samples. By the end of the dry season, a concentration
range of 2.17-7.48 mg/kg was observed, while by the
end of the wet season, the concentration significantly
decreased to 0.25-0.51 mg/kg in all studied horizons.
The average arsenic content during the dry season was
6.24 mg/kg, characterized by a threefold excess of this
indicator relative to the MPC RF (2.0 mg/kg) and no
excess of the MPC VN (12 mg/kg). The average
arsenic content during the wet season was 0.39 mg/kg,
with no excess of the MPC RF or the MPC VN noted.

Cadmium content in soil

The content of Cd in total forms was investigated in all
samples, ranging from 0.96 to 3.73 mg/kg by the end
of the dry season and from 0.54 to 1.29 mg/kg by the
end of the wet season. The MPC VN (2.0 mg/kg) and
the MPC RF (0.5 mg/kg) values differ in terms of Cd
content in soils. In accordance with the MPC VN
values for Cd, an excess was noted during the wet
season (Figure 4). Particularly high values of Cd
content were observed in riverine areas (points 4, 5).
The Cd content exceeded MPC VN in all horizons of
points 4 and 5 during the dry season. In accordance
with the MPC RF values for Cd, an excess was noted
in all the studied soils for both the dry and wet seasons.

Copper content in soil

The content of Cu in the soil was investigated in all
samples in its total forms. By the end of the dry season,
values were recorded within the range of 17.64- 48.96
mg/kg, and from 3.29-7.99 mg/kg by the end of the
wet season. The MPC VN (70.0 mg/kg) and the MPC
RF (33.0 mg/kg) values for Cu content in soils differ.
No exceedances in MPC VN values were recorded.
Exceeding the MPC RF values was noted in all studied
horizons at the end of the dry season, up to 1.6 times.
By the end of the wet season, MPC values were not
exceeded.

Lead content in soil

The total forms of Pb content were investigated in all
samples, amounting to 3.70-39.13 mg/kg by the end of
the dry season and 2.13-23.96 mg/kg by the end of the
wet season. The MPC VN (100.0 mg/kg) and the MPC
RF (32.0 mg/kg) values for Pb content in soils differ
significantly. By the end of the dry season, no
exceedance of MPC for Pb was noted for Vietnam;
however, an excess of MPC RF was recorded in all
studied organogenic horizons at points 4 and 5.
Excesses of MPC for both Vietnam and the Russian
Federation were not recorded for the wet season of the
year.

Zinc content in soil

Zn content in total forms was investigated in all
samples. By the end of the dry season, Zn content
values were recorded in the range of 4.37-117.71
mg/kg and from 9.03-32.19 mg/kg by the end of the
wet season. The MPC VN (200.0 mg/kg) and the MPC
RF (55.0 mg/kg) values differ significantly in terms of
total forms of Zn content in soils. Exceeding the MPC
VN value for Zn was not recorded.
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Table 3. The content of heavy metals in the soil of the Bidoup-Nui Ba Park in dry (Ds) and wet (Ws) seasons in total form, mg/kg.

Point  Horizon As Cd Cu Pb Zn Hg Cr

Ds Ws Ds Ws Ds Ws Ds Ws Ds Ws Ds Ws Ds Ws

At 1.34 034 280 094 36.97 5.12 10.00 8.01 18.72  29.22 0.35 0.01 7.25 0.15

1 Al 2.18 049 1.88  0.81 17.64  3.29 9.32 2.13 4.38 9.03 0.86 0.01 8.86 0.41
A2 4.00 0.51 1.90 0.74 2430 3.48 15.34 2.58 7.48 9.15 0.49 0.01 16.56 0.84

At 329 028 245 1.29  28.39 4.86 8.25 7.37 4373 2792 0,29 0.01 26.16 0.36

2 Al 447 027 256 1.00 21.12 3.46 3.70 2.90 6.94 1347 0.15 0.01 36.78 0.23
Acs 448  0.31 2.02 1.03 18.96  3.63 8.24 3.23 1424  32.19 0.37 0.01 60.39 1.98

3 Ad 9.49  0.25 229  0.77 30.95 6.00 15.38 7.64 11.34 12.37 0.23 0.08 7236 1.75
Acs 9.46  0.41 247 098  44.28 7.99 23.21 9.55 21.69  14.62 0.22 0.01 146.36 2.70

Ad 5.03 040 257 0.62 25.07 6.26 3277 1212 117.72  18.07 0.35 0.02 31.65 1.74

4 A 458 049 266 054 2670 6.19 3296 15.21 66.77  16.30 0.25 0.02 31.83 2.49
AB 455 0.38 237 0.58  23.38 3.60 33.61 18.49 64.90 17.99 0.18 0.02 30.59 1.72

5 Ad 5.17 0.48 279  0.83 26.67 6.56 39.13 19.60 59.43 18.18 0.47 0.01 29.05 1.32
Al 462 049 296 089 20.72 5.88 34.04 23.96 54.88  22.84 0.17 0.02 28.60 2.36
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Figure 3. The content of heavy metals in the soil of the Bidoup-Nui Ba National Park compared to the MPC VN,
MPC RF, and the Clarke value of concentration.
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Figure 4. The content of Cd in the soil of Bidoup-Nui Ba National Park compared to the MPC VN and MPC RF
values.

For all studied soil horizons at points 4 and 5, as well
as organogenic horizons at points 2 and 3, by the end
of the dry season, an excess of the MPC RF for total
forms of Zn was noted. By the end of the wet season,
the excess at point 2 in the organogenic horizon
remained, and an excess of Zn content in the
organogenic horizon of point 1 was also noted. These
were observed at the slope of the automorphic hill and
the automorphic hill, respectively.

Mercury content in soil

The content of Hg in total forms was investigated in all
samples. Values ranged from 0.14 to 0.86 mg/kg by
the end of the dry season and from 0.01 to 0.08 mg/kg
by the end of the wet season. Exceeding the MPC RF
(2.1 mg/kg) was not recorded in any sample. There is
no established MPC VN for Hg in soils.

Chromium content in soil

The content of total forms of Cr was investigated in all
samples. The values ranged from 8.85-123.90 mg/kg
by the end of the dry season and from 0.15-2.7 mg/kg
by the end of the wet season. The MPC VN (200.0
mg/kg) and the MPC RF (100 mg/kg) values differ in
terms of chromium content in soils. Exceeding the
MPC VN and the MPC RF was not recorded.

The determined content of the studied elements
made it possible to calculate the technogenic
concentration coefficients (Ks). For background
territories, this coefficient does not directly reflect the
degree of anthropogenic pollution but indicates a level
comparable to anthropogenic pollution. Ks reveals the
characteristic accumulation patterns of heavy metals in
the park soil (Table 4). The higher the Ks>1, the
greater the risk of soil pollution (Zakrutkin and
Shishkina, 2011). The studied elements, based on this
indicator, are divided into three groups:

- In the first group, this study assigned Ks<1, which
is typical for dry and wet seasons under the
studied landscape conditions: Cu, and also, with

the assumption - Zn and Cr, since a single excess
was noted.

- The second group includes Ks>1, which is typical
for dry and wet seasons under the studied
landscape conditions: Cd. For Cd, an excess was
noted in all horizons. In the wet season, Ks
reaches values from 9.61 to 28.76, and from 4.16
to 9.96 in the dry season.

- The third group includes Ks>1, which are typical
for the dry season for all studied landscape
conditions: As, Hg. For As, the excess has a range
of 1.28-5.58, and for Hg, 1.81-10.36.

Ks made it possible to identify the elements that
accumulate to a greater extent in the studied soils
(Ks>1): As, Hg, and in some cases, Pb, Zn, and Cr. In
particular, Cd - its Ks were noted for both dry and wet
seasons. Table 5 presents the hazard coefficient (Ko).
If the calculated Ko of a substance does not exceed 1,
then the probability of developing harmful effects in
the soil is insignificant, and such an impact is
characterized as acceptable. If the Ko exceeds 1, there
is a possibility of harmful effects, but it is impossible
to specify the exact value of this probability.

It can be observed from the table that by the end
of the dry season, Cd has Ko>1 in almost all horizons.
Thus, Cd is associated with the potential for harmful
effects. By the end of the dry season, the Ko for As at
point 3 also has a value close to 1, but does not exceed
it. For other elements, the value of Ko is much lower
than one. It should be noted that the Ko values
according to the MPC RF (Table 6), differ
significantly from the MPCVN. Cd has Ko>1 values
in all horizons for both dry and wet seasons. As has
values of Ko>1 in almost all horizons during the dry
season. In the dry season, the value of Ko>1 for Pb and
Zn was also recorded in all horizons at points 4 and 5,
and at point 3 for Cr. Therefore, there is a risk of Cd
and As pollution in the area. It should be noted that
weathering processes and volcanism serve as natural
sources of Cd for atmospheric transport.
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Table 4. Technogenic concentration coefficients (K;) of heavy metals in dry (Ds) and wet (Ws) seasons.

Point  Horizon As Cd Cu Pb Zn Hg Cr
Ds Ws Ds Ws Ds Ws Ds Ws Ds Ws Ds Ws Ds Ws
At 0.79 020 2154 723 0.79 0.11 0.63 050 023 035 4.22 0.12  0.09 0.00
1 Al 1.28 029 1446 6.23 038 0.07 058 0.13 0.05 0.11 1036  0.12  0.11 0.00
A2 235 030 1462 569 052 0.07 096 0.16 0.09 0.11 5.90 0.12 020 0.01
At 194 0.16 1885 992 060 0.10 052 046 053 034 3.49 0.12 032 0.00
2 Al 263 016 19.69 7.69 045 0.07 023 0.18 0.08 0.16 1.81 0.12 044 0.00
AcB 264 018 1554 792 040 0.08 052 020 0.17 0.39 4.46 0.12 073 0.02
3 Ad 558 0.15 17.62 592 066 0.13 096 048 0.14 0.15 2.77 096 0.87 0.02
AcB 556 024 19.00 754 094 0.17 145 060 026 0.18 2.65 0.12 176 0.03
Ad 296 024 1977 477 053 0.13 205 076 142 022 4.22 0.24 038 0.02
4 A 269 029 2046 415 057 0.13 206 095 0.80 0.20 3.01 024 038 0.03
AB 268 022 1823 446 050 0.08 2.10 116 0.78 0.22 2.17 024 037 0.02
5 Ad 3.04 028 2146 638 057 0.14 245 123 0.72 0.22 5.66 0.12 035 0.02
Al 272 029 2277 685 044 013 213 150 0.66 0.28 2.04 024 034 0.03
Table 5. Hazard coefficient (Ko) according to MPC VN for dry (Ds) and wet (Ws) seasons (values not given for Hg).
Point  Horizon As Cd Cu Pb Zn Cr
Ds Ws Ds Ws Ds Ws Ds Ws Ds Ws Ds Ws
At 0.11 0.03 140 047 053 0.07 0.10 0.08 0.09 0.15 0.04 0,0008
1 Al 0.18 0.04 094 041 0.25 0.05 0.09 0.02 0.02 0.05 0.04 0.002
A2 033 004 095 037 035 0.05 0.15 0.03 0.04 0.05 0.08 0.0042
At 027 0.02 123 065 041 0.07 0.08 0.07 0.22 0.14 0.13 0.002
2 Al 0.37 0.02 128 050 0.30 0.05 0.04 0.03 0.03 0.07 0.18 0.001
AcB 0.37 0.03 1.01  0.52 0.27 0.05 0.08 0.03 0.07 0.16 0.30 0.01
3 Ad 0.79  0.03 1.24 049 0.63 0.11 0.23 0.10 0.11 0.07 0.73 0.01
AcB 0.79 0.02 115 039 044 0.09 0.15 0.08 0.06 0.06 0.36 0.01
Ad 042 0.03 1.29 031 0.36 0.09 0.33 0.12 0.59 0.09 0.16 0.01
4 A 0.38 0.04 133 027 038 0.09 0.33 0.15 0.33 0.08 0.16 0.01
AB 0.38  0.03 1.19 029 033 0.05 0.34 0.18 0.32 0.09 0.15 0.01
5 Ad 043 0.04 140 042 0.38 0.09 0.39 0.20 0.30 0.09 0.15 0.01
Al 039 004 148 045 030 0.08 0.34 0.24 0.27 0.11 0.14 0.01
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Table 6. Hazard coefficient (Ko) based on MPC RF for dry (Ds) and wet (Ws) seasons.

Point  Horizon As Cd Cu Pb Zn
Ds Ws Ds Ws Ds Ws Ds Ws Ds Ws Ds Ws Ds Ws
At 0.67 0.17 5.0 188 112 0.16 031 025 034 053 0,17 0.00 0.07 0.002
1 Al 1.09 025 376 1.62 053 0.10 029 007 0.08 0.16 0.41 0.00 0.09 0.004
A2 200 026 380 148 074 0.1 048 0.08 0.14 0.17 0.23 0.00 0.17 0.01
At 1.65 0.14 490 258 086 0.15 026 023 0.80 0.51 0.14 0.00 0.26 0.004
2 Al 224 0.14 512 2,00 0064 0.10 0.12 0.09 0.13 024 0.07 0.00 0.37 0.002
AcB 224 0.16 4.04 206 057 0.11 026 0.10 026 0.59 0.18 0.00 0.60 0.02
3 Ad 475 0.13 458 154 094 0.18 048 024 021 022 0.11 0.04 0.72 0.02
AcB 473 0.21 494 196 134 024 073 030 039 0.27 0.10 0.00 1.46 0.03
Ad 252 020 514 124 076 019 1.02 038 214 033 0.17 0.01 0.32 0.02
4 A 229 025 532 1.08 081 019 1.03 048 121 030 0.12 0.01 0.32 0.02
AB 228 019 474 116 071  0.11 1.05 058 1.18 0.33 0.09 0.01 0.31 0.02
5 Ad 259 024 558 1.66 081 020 122 0.61 1.08 0.33 2.46 0.00 0.29 0.01
Al 231 025 592 178 063 0.18 1.06 0.75 1.00 042 2.20 0.01 0.29 0.02
Table 7. Total pollution index (Zc) for dry (Ds) and wet (Ws) seasons.
Point T1 T2 T3 T4 TS5 Average
Horizon At Al A2 At Al AcB Ad A;B Ad A AB Ad Al value
Ws 22,27  21.22  18.64 20.24 1934 1845 25.63 22.60 2533 2398 20.82 28.24 25.11 22.45
Ds 2.51 0.96 0.47 5.11 2.39 2.92 2.88 1.81 0.37 0.01 0.40 2.39 3.30 1.96
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Anthropogenic sources of Cd pollution in the
biosphere include mining and metallurgy of Zn,
electronics and semiconductor industries, paint
production, electrical industry, and superphosphate
fertilizers (Zakrutkin and Shishkina, 2011). Near the
park's border, there are coffee and fruit plantations as
well as a fish farm. However, the concentrations are so
high that they are comparable to the levels of industrial
pollution, which makes it difficult to directly associate
them with agriculture.

The entry into organic horizons is possible
through translocation transfer from mineral horizons
with native leaf debris and twig. This is concerning
since point 5 is on a seasonal island in a river that runs
through a fish farm. Moreover, a high Ko for Pb and
Zn was noted, which is also characteristic of the
territory of the seasonal island.

The total pollution index (Zc) reflects the degree
of soil contamination with both chemicals and heavy
metals (Table 7). This study assessed the degree of soil
pollution risk in terms of Zc using an assessment scale
based on a generally accepted methodology (Titova et
al., 2001). The pollution level at Zc 0-16 is considered
low; at Zc¢ = 16-32, it is medium (moderately
hazardous); Zc = 32-128 corresponds to a high
(dangerous) level; and at Zc>128, it is very high
(extremely dangerous) (Titova et al., 2001). The
calculation of the Zc allows us to assess the level of
pollution for the dry season (Zc = 18.45-28.24, average
22.45) as moderate (moderately hazardous), and for
the wet season (Zc = 0.01-5.11, average 1.96) as
permissible.

Discussion

There are relatively few studies on the content of heavy
metals in the soils of reference areas in Vietnam
(Nguyen, 2013, 2015a,b, 2017; Lebedev, 2021a,b; Do,
2022; Pham, 2022). However, these studies do not take
seasonality into account, and there is also an emphasis
on the technogenic nature of the presence of heavy
metals in soils (Nguyen, 2013, 2015a,b, 2017; Do,
2022), which cannot reflect the complete picture due
to the lack of research on this issue.

There are several works (Le et al., 2000; Kien et
al., 2010; Cao, 2012; Nguyen, 2014, 2018, 2017a,b,
2008; Hoai et al., 2011; Do, 2016; Pham, 2017; Tran,
2018; Vu, 2018) devoted to the issue of heavy metal
content in agricultural soils. Nguyen (2013, 2015a,b,
2017) and Do (2022) studied the issue of heavy metal
content in the soils of reference areas; however, the
conclusions suggest that the increased content of
heavy metals in soils is associated with anthropogenic
pollution. Nevertheless, this study has not found
sources of pollution that could contribute to the
accumulation and explain the significant content of
heavy metals in the soils of reference areas. This study
compared the obtained results with the literature data
for each element studied.

Comparison of the obtained results with
previously published works shows that the excess of

As content in the soils of the Bidoup-Nui Ba National
Park, with the MPC RF values noted by us for the dry
season, is significantly lower than in the soils of the
Kon Chu Rang National Park, formed on basalts
(2.01-22.53 mg/kg) and in the Kon Ka Kinh National
Park (17.64-18.83 mg/kg) (Do, 2022). In the protected
areas of Dong Nai province, the values of As content
varies from 20.4 mg/kg for red-yellow soils formed on
shale to its absence (detection threshold <0.1 mg/kg)
(Do, 2022). For Bidoup-Nui Ba National Park, As
levels of 5.86 mg/kg to no As have previously been
reported (detection threshold <0.12 mg/kg). The
content of Cd in the range of 0.15-0.26 mg/kg in the
soils of the Bidoup-Nui Ba National Park was
established earlier and corresponded to the values
found at the end of the wet season and the beginning
of the dry season (Do, 2022).

In accordance with the literature data, in the
forest soils of Cat Tien National Park formed on basalt
deposits, Cu content in the upper soil layer (0-20 cm)
reaches 46.9 mg/kg. In the soils of Kon Chu Rang
National Park, Cu content varies between 19.12 and
31.58 mg/kg. In Kon Ka Kinh National Park, Cu
content reaches 61.0 mg/kg (Nguyen, 2017).
According to Le Duc (1998), Cu content in ferralitic
soils on limestones can reach 52 mg/kg (Do, 2022). For
the soils of Bidoup-Nui Ba National Park, the values
of Cu content were noted in the range of 1.05-32.51
mg/kg (Nguyen, 2017). According to the literature
data, the content of total forms of Pb in the soils of
Bidoup-Nui Ba National Park was noted in the range
of 7.18-18.87 mg/kg (Do, 2022).

In the soils of Kon Chu Rang, Kon Ka Kinh, and
Cat Tien National Parks for soils formed on
metamorphic  shales, the values were higher
(6.65-21.41 mg/kg) than in soils formed on basalt
deposits  (3.22-6.30 mg/kg) (Nguyen, 2017).
According to the literature data, the content of total
forms of Zn in the soils of Bidoup-Nui Ba National
Park was noted in the range of 9.08-52.05 mg/kg
(Nguyen, 2017). The content of Zn in Kon Chu Rang
and Kon Ka Kinh parks is in the range of 2.18-154.0
mg/kg. In Cat Tien National Park, the concentration of
Zn reached 210 mg/kg, exceeding the MPC VN
(200 mg/kg). It was also noted that the average content
of Zn in the red ferralitic soil of Vietnam is 107 mg/kg
(Lebedev, 2021a). In the central part of Vietnam, the
content of Zn in organic horizons (0-20 cm) of
ferrallitic soils formed on basalts reaches 81 mg/kg
(Tra and Egashira, 2001). For brown ferrallitic soils,
Zn content was noted in the range of 179-208 mg/kg
(Ngo, 1995).

There have been no studies on the content of Hg
in the soils of reference areas. However, no excess of
the MPC RF values was noted in any of the studied
samples, while the MPC VN for mercury is absent. For
the Bidoup-Nui Ba National Park, the content of total
forms of Cr was previously noted in the range of
5.65-12.52 mg/kg (Nguyen, 2017). The content of
heavy metals in the soils of the Bidoup-Nui Ba

Open Access

6422

@ ® @ CC BY-NC 4.0 | Attribution-NonCommercial 4.0 International



C.N. Pham et al. / Journal of Degraded and Mining Lands Management 11(4):6413-6425 (2024)

National Park corresponds to the range of their
concentrations previously reported by the authors and
does not exceed the MPC VN (Ngo, 1995; Nguyen,
2015; Pham 2017). In general, all National parks and
reserves in Vietnam are located far from residential
areas, industrial zones, etc. Therefore, the sources of
heavy metals deposited in the soils of these areas are
mainly of natural origin and are associated with
weathering processes. The results obtained by us make
it possible to judge the values of the content of total
forms of As, Cu, Pb, and Zn in the soils of Bidoup-Nui
Ba National Park, which are similar to the literature
data from Vietnamese studies.

Based on the findings of the present study, it
could be inferred that the forest soils of Bidoup-Nui Ba
National Park were quite similar to the content of
heavy metals in other National Parks of Vietnam.
There was a difference in the concentration of heavy
metals in surface soil by season: the content of heavy
metals in the dry season is higher than the content of
heavy metals in the wet season. The lower
concentration of heavy metals during the wet season
may be attributed to its leaching. During the dry
season, heavy metals accumulate in surface soil due to
its movement toward the upper layers of the soil. The
discarded plastic material, lead chromium batteries,
empty paint containers, and colored polythene bags act
as significant sources of heavy metals in soil. The
effects of rainfall during summer may facilitate the
leaching of the soil and contribute to the dilution of soil
solution during the wet season.

Moreover, evaporation is more intense in the dry
season, thus causing soil solution to be more
concentrated in terms of heavy metals in the dry
season. The amount of heavy metals in surface soils
was maximum during the dry and minimal in the wet
season. This might be due to the runoff effect which is
capable of removing heavy metals in general from the
land. Transport near the forest sites may be one reason,
but the concentration is negligible their presence in
sites has the potential to increase toxicity in the future
owing to more environmental degradation.

In terms of the studies carried out on the
calculation of the coefficients: technogenic
concentration (Ks), hazard (Ko), and total pollution
index (Zc), this study could not find comparable works
by other authors on this topic for comparison, making
the results unique.

Conclusion

In this study, an assessment was conducted on the
content of heavy metals (Zn, Pb, Cr, Cu, Hg, Cd, and
As) in soils within the area of Bidoup-Nui Ba National
Park in South Vietnam, according to the regulatory
documents of Vietnam (MPC VN) and the Russian
Federation (MPC RF). In the study area, a widespread
excess of the MPC RF for the total forms of metals Cu,
Zn, As, Pb, and Cd was observed. Comparing these
values with the MPC VN, it was found that only the

content of Cd exceeded the MPC. Thus, the content of
Cd surpasses the MPC values for both Vietnam and the
Russian Federation. According to the MPC RF and the
MPC VN, the technogenic concentration coefficient
(Ks) was calculated to clarify the features of heavy
metal accumulation in the soil of the park, depending
on the season of the year. An excess of K>1 for the
dry and wet seasons in all landscapes for Cd was noted,
as well as K1 for the dry season in all landscapes for
As and Hg. According to the MPC RF and the MPC
VN, the hazard coefficient (K,) was calculated. The
values of K, differ in the MPC VN and the MPC RF,
and also vary by the seasons of the year. It has been
established that Cd has values of Ko>1 in all horizons
for the dry and wet seasons according to the MPC RF,
and according to the MPC VN only for the dry season.
According to the MPC RF, As has values of Ko>1 in
almost all horizons during the dry season. In the dry
season, the value of K,>1 for Pb and Zn was also
recorded in all horizons at points 4 and 5, as well as for
Cr at point 3.

The calculation of the total pollution coefficient
made it possible to assess the level of pollution as
medium (moderately hazardous) (Z. = 18.45-28.24,
average 22.45) for the dry season and as acceptable
(Z. = 0.01-5.11, average 1.96) for the wet season.
Thus, the presence of Cd, As, and Hg in the soil at
levels comparable to technological pollution was
detected in the Bidoup-Nui Ba Park area. The gross
concentration values of heavy metals indicate an
unfavorable ecological-geochemical situation on the
park territory. However, this study has not identified
the sources of technological pollution in the studied
area, which suggests a natural origin of the
investigated heavy metal concentrations in the soil of
Bidoup-Nui Ba Park.

Acknowledgments

The work was carried out within the framework of the
Research Work of Joint Russian-Vietnamese Tropical
Research and Technological Center - ECOLAN E-1.2
«Conservation, restoration, and sustainable use of tropical
forest ecosystems based on the study of their structural and
functional organization», section «Study of the structure and
functioning of lowland and mountain ecosystems in Vietnam
(Bidoup Nui Ba National Park)». This work was carried out
within the framework of IBSS state research assignment
“Studying the features of the functioning and dynamics of
subtropical and tropical coastal ecosystems under the climate
change and anthropogenic load using remote sensing, cloud
information processing, and machine learning to create a
scientific basis for their rational use”, registration number:
124030100030-0. The RUDN University Strategic
Academic Leadership Program has supported this research.

References

Bolshakov V.A. 1999. Methodological recommendations for
assessing the contamination of urban soils and snow
cover with heavy metals. M: Soil. Institute named after
V.V. Dokuchaeva, 31 p.

Open Access

6423

@ ® @ CC BY-NC 4.0 | Attribution-NonCommercial 4.0 International



C.N. Pham et al. / Journal of Degraded and Mining Lands Management 11(4):6413-6425 (2024)

Cao, V.H. 2012. Assessment of lead and copper pollution in
agricultural soil in Van Lam district, Hung Yen province.
Journal of Science and Development 10(4):648-653.

De Vries, W., Vel, E., Reindsm, G.J., Deelstra, H., Klap,
JM., Leeters, E.E.JM.  Hendriks, CM.A.,,
Kerkvoorden, M., Landmann, G., Herkendell, J.,
Haussmann, T. and Erisman J.W. 2002. Intensive
monitoring of forest ecosystems in Europe 1. Objectives,
set-up and evaluation strategy. Forest Ecology and
Management 174:77-95.

Dijkstra, E. 1998. A micromorphological study on the
development of humus profiles in heavy metal polluted
and non-polluted forest soils under Scots pine.
Geoderma 82(4):341-358, doi:10.1016/S0016-
7061(97)00114-6.

Do, T.A.T. 2016. Determination of Cd and Pb content in soil,
water, and plants in Dong Thap commune, Dan Phuong,
Hanoi, using the flameless atomic absorption method
(GF-AAS). Master thesis, Hanoi National University -
University of  Natural Sciences, 80 p-
https://repository.vnu.edu.vn/handle/VNU _123/17737.

Do, T.T.N. 2022. Assessment of heavy metal content in
natural forest soil in the Central Highlands and Southeast
region. Journal of Tropical Science and Technology
29(12):188-202.

Gorbunov, R.V. 2018. On some features of the structure and
functioning of mountain tropical forest landscapes of
central Vietnam and the need to create a landscape-
ecological station. Proceedings of the Karadag Scientific
Station named after. T.1. Vyazemsky — Nature Reserve
RAS 3(7):43-67.

GOST 17.4.4.02-84. 2008. Nature conservation. Soils.
Methods of sampling and preparation of samples for
chemical, bacteriological, helminthological analysis:
interstate standards. Moscow. 8 p.

Gu, Y.G., Gao, Y.P. and Lin, Q. 2016. Contamination,
bioaccessibility and human health risk of heavy metals
in exposed-lawn soils from 28 urban parks in southern
China's largest city, Guangzhou. Applied Geochemistry
67:52-58, doi:10.1016/j.apgeochem.2016.02.004.

Hernandez, L., Probsta, A., Probsta, J.L. and Ulrich, E.,
2003. Heavy metal distribution in some French forest
soils: evidence for atmospheric contamination. Science
of the Total Environment 312(1-3):195-219,
doi:10.1016/S0048-9697(03)00223-7.

Hoai, P.M., Sebesvari, Z., Minh, T.B., Viet, P.H. and
Renaud, F.G. 2011. 2011. Pesticide pollution in
agricultural areas of Northern Vietnam: A case study in
Hoang Liet and Minh Dai communes. Environmental
Pollution 159:3344-3350,
doi:10.1016/j.envpol.2011.08.044.

Kabata-Pendias, A. 2011. Trace Elements of Soils and
Plants, fourth ed. CRC Press, Taylor & Francis Group,
pp- 534.

Karczewska, A. and Kabata, C. 2002. Trace elements in soils
in the Stolowe mountains national park. Szczeliniec
6:133-160.

Kien, C.N., Noi, N.V., Son, L.T., Ngoc, H.M., Tanaka, S.,
Nishina, T. and Iwasaki, K. 2010. Heavy metal
contamination of agricultural soils around a chromite
mine in Vietnam. Soil Science and Plant Nutrition
56:344-356, doi:10.1111/j.1747-0765.2010.00451 x.

Kotlov, I.P. 2018. Unmanned aerial photography for large-
scale mapping of mountain tropical forest landscapes.
Proceedings of the Karadag Scientific Station named
after. T.1. Vyazemsky — Nature Reserve RAS 2(6):63-84.

Kuznetsov, A.V. 1992. Guidelines for the determination of
heavy metals in soils of farmland and crop products.
Moscow. 62p.

Le Duc, T. 1998. Copper, manganese, and molybdenum
content in some main soil types in Northern Vietnam.
Soil Science Journal 10:170-181.

Le, T.L., Joern, K. and Juergen, E. 2000. Current status of
environmental pollution in mechanical craft villages in
Nam Giang commune. Journal of Earth Sciences
22(2):140-144, doi:10.15625/0866-7187/22/2/11223.

Lebedev, Y.O. 2019. Some features of geochemical
migrations in the conditions of subordinate landscapes of
mid-mountain tropical forests of South Vietnam.
Proceedings of the Karadag Scientific Station named
after. T.1. Vyazemsky — Natural Reserve of the Russian
Academy of Sciences 3(11):3-16,
doi:10.21072/ec0.2021.11.01.

Lebedev, Y.O. 202 1a. Migration of trace elements (and some
rare earth metals) in subordinate landscapes of mid-
mountain cloud forests of Central Vietnam. Celebrating
the 30th traditional day of the Southern branch (February
20, 1992 - February 20, 2022). Hanoi - Nha Trang - City.
Ho Chi Minh, December 2021: Vietnam - Russia
Tropical Center. Southern Branch, 417-437.

Lebedev, Y.O. 2021b. Soil and landscape-geochemical
conditions of mountain tropical forest ecosystems of
South Vietnam. Climatic changes and seasonal dynamics
of landscapes: materials of Vseros. Scientific-Practical
Conference, April 22-24, 2021, Ekaterinburg, RF.
Ekaterinburg: 345-358, doi:10.26170/KFG-2021-48.

Marchand, C., Allenbach, M. and Lallier-Verges, E. 2011.
Relationships between heavy metals distribution and
organic matter cycling in mangrove sediments
(Conception Bay, New Caledonia). Geoderma 160:444-
456, doi:10.1016/j.geoderma.2010.10.015.

Mmolawa, K.B., Likuku, A.S. and Gaboutloeloe, G.K. 2011.
Assessment of heavy metal pollution in soils along major
roadside areas in Botswana. African Journal of
Environmental Science and Technology 3:186-196.

Ngo, T.H.V. 1995. Chemical and physical properties of red
ferralitic soils of rubber plantations in South Vietnam
and Cambodia. Abstract of dissertations for Ph.D.,
Moscow State University, Moscow, 22 p.

Nguyen, T.K.D., Do, T.A.T. and Nguyen, T.M. 2017.
Assessment of the accumulation level of Cd, Pb in soil,
water and vegetables at industrial sites in Dong Thap
commune, Dan Phuong, Hanoi. Journal of Analytical
Chemistry, Physics and Biology 22(2):1-7.

Nguyen, T.L.H. 2014. Research on Cu, Pb, and Zn content
in agricultural soil due to the influence of Nhue River
irrigation water. Scientific and Technical Journal of
Irrigation and Environment 45(6):84-89.

Nguyen, T.L.H. 2017. Cd, Cr, Ni content in water and
agricultural soil in the Nhue river system. Science,
Technology, Irrigation and Environment 59(12):26-31.

Nguyen, V.D. 2008. Research on heavy metal accumulation
in agricultural soil and surface water around Dinh Tram
Industrial Park, Bac Giang province. Graduation thesis,
Hanoi, 65 pages.

Nguyen, V.T. 2015. Biodiversity and soil properties of Dong
Nai Biosphere Reserve (southern Vietnam). Dissertation
of a candidate of biological sciences, Rostov-on-Don,
170 p.

Nguyen, V.T. and Okolelova A.A. 2017. Heavy metal
content (As, Pb, Cu, and Zn) in natural forest soil of Gia
Lai province. Subcommittee on ecology and

Open Access

6424

@ ® @ CC BY-NC 4.0 | Attribution-NonCommercial 4.0 International



C.N. Pham et al. / Journal of Degraded and Mining Lands Management 11(4):6413-6425 (2024)

environment. 7th National Scientific Conference on
Ecology and Biological Resources, pp. 1930-1936.

Nguyen, V.T. and Okolelova, A.A. 2015. Soils of the Dong
Nai biosphere reserve in southern Vietnam. Science and
Humanities Studies 9(3):6-14.

Nguyen, V.T. and Okolelova, A.A. 2013. Content of lead,
zinc and arsenic in soils of Cat Tien National Park in
southern Vietnam. Modern Problems of Science and
Education 6.

Pham, C.N. 2022. Features of microelements migration in
the soil-plant system in Bidup Nui Ba National Park
(Vietnam). Current problems of ecology and
environmental management: in 3 volumes: collection.
Scientific tr. XXIII International Scientific-Practical
Conference, April 21-23, 2022, Moscow, Russian
Federation. Moscow: RUDN, 1: 460-464.

Pham, T.T.T. 2017. Status of heavy metal (Pb, Cd) pollution
in agricultural soil in Dong Mai lead recycling craft
village in Hung Yen, Vietnam. Journal of Vietnamese
Environment 8:284-288,
doi:10.13141/jve.vol8.no5.pp284-288.

QCVN 03. 2008. National technical regulation on the
allowable limits of heavy metals in the soils.

Qingjie, G. and Jun, D. 2008. Calculating pollution indices
by heavy metals in ecological geochemistry assessment
and a case study in parks of Beijing. Journal of China
University of Geoscience 19:230-241,
doi:10.1016/S1002-0705(08)60042-4.

Staszewski, T., Lukasik, W. and Kubiesa, P. 2012.
Contamination of Polish national parks with heavy
metals. Environmental Monitoring and
Assessment 184:4597-4608, doi:10.1007/s10661-011-
2288-z.

Titova, V.I., Dabakhov, M.V. and Dabakhova, E.V. 2001.
Ecotoxicology of Heavy Metals. N. Novgorod: NGSHA,
135 p. Kazan State University, 57¢

Tra, H.T.L. and Egashira, K. 2001. Status of heavy metals in
agricultural soils of Vietnam. Soil Science and Plant
Nutrition 47(2): 419-422,
doi:10.1080/00380768.2001.10408405.

Tran C.T. and Tran C.K. 1998. Current status of Vietnam's
soil environment through research on heavy metals.
Journal of Soil Science 10:152-160.

Tran M.T. 2018. Investigation of heavy metal contamination
in agricultural soils in Bac Ninh province. Vietnam
Journal of Agricultural Science and Technology 8
(93):102-108.

Vinogradov B.V., Orlov V.P. and Snakin V.V. 1993. Biotic
criteria for identifying zones of environmental disaster in
Russia. Izv. RAS. Geographical Series 5:13-27.

Vu, T.T.T. 2018. Assessment of the current environmental
status of the concentrated vegetable production area in
Than Binh hamlet, Than Cuu Nghia commune, Chau
Thanh district, Tien Giang province. Journal of Science
and Technology - NTTU 3:31-36.

Wei, B. and Yang, L. 2010. A review of heavy metal
contaminations in urban soils, urban road dusts, and
agricultural soils from China. Microchemical Journal
94:99-107, doi:10.1016/j.microc.2009.09.014.

Yisa, N.J., Jacob, J.O. and Onoyima, C. 2012. Assessment of
toxic levels of some heavy metals in road deposited
sediments in Suleja, Nigeria. American Journal of
Chemistry 2:34-37, doi:10.5923/j.chemistry.
20120202.08.

Zakrutkin, V.E. and Shishkina, D.Y. 2011. Methodology for
assessing the danger of soil contamination by mobile
forms of heavy metals on the territory of coal mining
enterprises. Southern Federal University. 54 p.

Zawadzka, M. and Lukowski, M.1. 2010. The content of Zn,
Cu, Cr in podzolic soils of Roztocze National Park at the
line of metallurgical and sulphur and the highway. Acta
Agrophysica 16(2):459-470.

Open Access

6425

@ ® @ CC BY-NC 4.0 | Attribution-NonCommercial 4.0 International



