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INITIAL SURVEY OF HEAVY METAL CONCENTRATIONS IN
PADDY SOIL AND RICE PLANTS (Oryza sativa L.) NEAR AND

FAR FROM OPEN LANDFILL IN SOUTHERN VIET NAM
Nguyen Thanh Giao1

Abstract – The concentrations of heavy
metals in soil and rice plants around the
landfill area in Dong Thang commune, Co
Do District, Can Tho City, Viet Nam needed
to be assessed for environmental pollution.
Soil samples were collected from four sites
(three sites S1, S2, S3 near and one site S4
far away from the landfill area) at soil depths
of 0 to 25 and 25 to 50 cm. The rice and soil
samples were simultaneously collected at the
same locations for analysis of heavy metals.
The heavy metals Mn, Zn, Cu, Cr, Ni, Pb and
Cd were analyzed using atomic absorption
spectroscopy. Six heavy metals including Mn,
Zn, Cu, Cr, Ni, and Pb were detected and
ranged from 12.3 to 291.0 mg/L for the top
soil and 11.2 to 370.0 mg/L for 25 to 50
cm soil layer. However, concentrations of Ni,
Cu, and Pb in soil tended to decrease while
Mn, Zn and Cr tended to increase with an
increase of soil depth near the landfill. A sim-
ilar tendency of heavy metal concentration
with depth was found at S4 except for Cu. The
decreasing order of the selected heavy metals
concentrations in the two soil layers at near
the landfill was Mn>Zn>Ni>Cr>Cu>Pb and
these concentrations of heavy metals were
within the limits of QCVN 03-MT: 2015/BT-
NMT and Canadian Council of Ministers of
the Environment (CCME, 2007). The result
of the bioaccumulation factor (BAF) in rice
plants showed that the selected heavy metals
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were accumulated more in the root rather
than the stem-leaf and grain. Mn was accu-
mulated dominantly in both root and stem-
leaf, while Zn, Cu, and Pb only accumulated
in the root. Thus, result of this study suggests
that is essential to collect and treat the heavy
metals in the leachate properly to minimize
the distribution of heavy metals to the paddy
soil environment.

Keywords: bioaccumulation, contamina-
tion, heavy metals, landfill, leachate, paddy
soil, paddy rice.

I. INTRODUCTION
Viet Nam, like many countries, has re-

cently been facing serious environmental pol-
lution from solid wastes as the amounts of
generated wastes have been increasing in
both quantity and toxicity. According to the
National Environmental Report 2011 to 2015
[1], the total amount of urban domestic solid
waste generated in the country was 32,000
tons in 2014. The amount of solid waste gen-
erated in the Mekong Delta region accounted
for 5% of the total generated in the whole
country. Can Tho City is generating solid
wastes of approximate 893 tons day−1 [2].
Solid wastes are being collected and treated
at landfill sites. The solid waste is mainly
treated in the form of burial, but this tech-
nique still faces many problems when landfill
sites are not designed to meet standards, and
the pollution control process has not been
effective, especially with the dispersion of
odors and leachate when solid waste con-
tains 53-87% of organic matter [3]. Untreated
leachate containing high levels of heavy met-
als was the most obvious source of surface
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water pollution, and was likely to pollute the
environment of soil and underground water
because it has no management solutions in
place to treat and prevent dispersion into the
environment [4], [5]. According to the statis-
tics of Technical Infrastructure Department -
Ministry of Construction [6], only 203 out
of 660 landfill sites across the country are
‘sanitary landfill’ areas, and the remaining
were ‘unsanitary’. However, many landfill
sites have been overloaded, exacerbating the
environmental impacts, which has led to
increasingly serious and complex pollution
problem in these areas.

II. BACKGROUND

The landfill at Dong Thang Commune,
Co Do District, Can Tho City, Viet Nam
is in a state of serious overload due to the
huge disposal of of solid wastes (approximate
370 tons per day−1) from many districts of
Can Tho City. The untreated leachate running
out from the landfill areas has significantly
affected water, soil and grain rice quality
in the land adjacent to the landfills [7].
Leachate contains not only high levels of or-
ganic matter and nitrogen but also significant
concentrations of heavy metals, so it causes
pollution of paddy soil and surface water
[7], [8]. Several studies have also shown
that heavy metals are often found with high
concentrations in and around landfills all over
the world [9]–[11], the effects can be exac-
erbated by the fact that, heavy metals could
potentially be present already in paddy fields
due to impurities of chemical fertilizers and
pesticides [12], [13]. Therefore, heavy metal
contamination is always a major concern in
several environmental studies since it could
be bioaccumulated in microorganisms and
then transfer into food chains.[14]–[16]. A
former study pointed out that heavy metals
could move from soil and water to plant
tissue via the uptaking process by roots [12],
posing potential risks for human health and
ecosystems [17]. Currently, several studies

have reported on the quality of water and
soil at the landfill and surrounding areas [7],
[18]–[22], but very few studies have been car-
ried out on the accumulation of heavy metals
in rice plants and assessment of potential risk
resulting from exposure. Therefore, this study
was implemented to examine the occurrence
of heavy metals in two different soil layers
of sites both far and surrounding the studied
landfill area and heavy metal accumulation
in the rice plant including root, stem-leaf,
and grain. The findings from this study could
provide useful information for local authori-
ties on how to best manage environment and
heath risks from heavy metals in leachate
from landfill.

III. MATERIALS AND METHODS

A. Study area

Co Do District is a sub-urban district and
lies to the west of Can Tho City, which
is the central city of the Mekong Delta
region. The district has a natural area of
31,047.67 hectares and a population of
122,464 people, of which more than 9,000
people are classed as ethnic minorities (the
largest one being the Khmer ethnic group).
The district has 10 attached administrative
units including Co Do town and Dong
Hiep, Dong Thang, Thoi Dong, Thoi Xuan,
Thoi Hung, Thanh Phu, Trung Hung, Trung
An, and Trung Thanh communes. Co Do
District has 79 hamlets. Dong Thang landfill
in Co Do District, currently receives 180
tons of municipal and agricultural solid
wastes from seven districts in Can Tho
City. At present, leachate in the landfill has
been collected in the leachate collection
ponds but there is no treatment. Figure 1
is a pictorial representation of the study
area, and shows where the four samples of
soil and rice plants were collected, at S1
(10o5′11.47”N ; 105o27′47.18”E),
S2(10o5′7.14”N ; 105o27′46.03”E),
S3(10o5′1.02”N ; 105o27′47.52”E) and
S4(10o4′56.53”N ; 105o27′41.15”E).
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Fig. 1: Study area. (The S1, S2, S3 and S4 represents sampling sites: S1, S2, S3 represents
locations near the landfill and S4 represents the rice fields far (1 km) from the landfill).

B. Soil sample collection and pretreatment
At each sampling site, soil samples were

collected at 2 different depths of 0-25 cm
and 25-50 cm. In total 4 sampling sites were
chosen for this study, of which 3 sites were
in the rice fields located around the Dong
Thang landfill (Figure 1). Three sampling
sites were close to the landfill (namely S1,
S2, and S3) and one (S4) in the rice field
located near the Bo Thiec canal approxi-
mately 1 km from the landfill (Figure 1).
At each sampling site, the soil sample was
collected at five points in the area of 1m2.
At each point in the squared area, 1 kg of
soil was collected as a sample. Then, the soil
sample at each point was air-dried, pulverized
and mixed well. After that, 50 grams of the
pulverized soils were combined to be one soil
sample.

C. Rice plant sample collection and pretreat-
ment

At each sampling site in the rice field
both soil and rice samples were collected at

the same time. Rice samples were collected
during the ripening stage (few days before the
harvest) at the same locations with the soil
samples (Figure 1). IR50440 was the cultivar
of rice commonly planted in the study area by
farmers. Five whole rice plants were carefully
removed from the soil at each sampling site
in an area of 1 m2. The collected rice plants
were divided into three parts including the
root, stem and leaf, and grain. The separated
parts of the rice plants at three locations
surrounding landfill (S1, S2, and S3) were
pooled to be one analysis sample. The heavy
metal content in the rice tissue, Cd, Cr, Cu,
Ni, Mn, Pb and Zn, were analyzed.

D. Sample extraction and analysis for soil
and rice tissues

After sampling, all soil samples were air-
dried at room temperature, pulverized and
sieved through mesh with a pore size of 0.5
mm for heavy metal analysis. Following the
method set by the United State Environmen-
tal Protection Agency (EPA3051), the pulver-

50



TẠP CHÍ KHOA HỌC TRƯỜNG ĐẠI HỌC TRÀ VINH, SỐ 38, THÁNG 6 NĂM 2020 KHOA HỌC CÔNG NGHỆ - MÔI TRƯỜNG

ized soil sample (0.5g) was digested using a
microwave digester (Multiwave PRO - Rotor
16HF100, Anton Paar, Austria) by adding
10 mL of 65% nitric acid and operated at
1,000 watts of power, with a temperature of
175oC for 15 minutes and 30 seconds. The
root, stem and leaf, and grain of rice plants
were harvested separately and washed three
times with deionized water, oven dried at
70oC and ground to pass through a 1 mm
stainless steel sieve. The samples (0.5g) were
digested in the microwave digester by adding
8 mL of 65% nitric acid and were run under
the following conditions: a power of 1,000
watts and an ambient temperature to 180oC
for 40 minutes. Heavy metals, Cd, Cr, Cu,
Fe, Ni, Mn, Pb and Zn, were determined
by atomic absorption spectrometry (AAS,
Agilent, AA240, Australia). All glasswares
used in heavy metal analysis were cleaned
and washed by being soaked with 0.1 M
nitric acid for 24 hours and then rinsed with
distilled water. Analysis of heavy metals was
performed in triplicates for each soil sample.

Calculation of bioaccumulation factor
Accumulation of heavy metals in the rice

was assessed using bioaccumulation factor
(BAF), an indicator to determine the ability
of a plant to accumulate a specific metal in
relation to its concentration in soil [23], [24].
BAF value was calculated using Equation 1:

BAF =
Cr

Cs

BAF =
Cr

Cs

(1)

Where Cr is the heavy metal concentration
in each part of the rice plant (mg/kg); Cs is
the corresponding heavy metal concentration
in the soil (mg/kg); a BAF ≤ 1 indicates that
the plant only absorbs without accumulating
heavy metal; a BAF > 1 shows that the
plant accumulates heavy metals; a BAF> 10
indicates the plant is classified as a "super
accumulator”.

E. Data statistical analysis
The results of the soil sample analysis were

compared with QCVN 03-MT: 2015/BT-

NMT Technical regulation on the allowable
limits of some heavy metals in the agricul-
tural soil in Viet Nam [25] and the guidance
of soil quality protecting human health and
the environment CCME [26]. Comparison of
heavy metal concentration in rice samples
with QCVN 8-2: 2011/BYT [27], FAO/WHO
[28] and a number of countries’ permissible
level to assess heavy metal concentration
in the rice grain. Bioaccumulation of heavy
metals in soil and rice was assessed using
BAF and a risk assessment was performed
using the hazard index (HI). Data on heavy
metal concentrations in soil and rice were
presented as Mean ± SD. The difference in
heavy metal concentrations at the sampling
locations was determined using Analysis of
Variance (ANOVA) at a significant level of
5% using IBM SPSS statistics for Windows
Software, Version 20.0 (IBM Corp., Armonk,
NY, USA).

IV. RESULTS AND DISCUSSION

A. Occurrence of heavy metals in two differ-
ent soil layers

Table 1 presents the concentrations of
heavy metals in two different soil layers of
four different sampling sites including three
sites surrounding the landfill. Six out of
seven heavy metals were detected in both soil
layers around the landfill with a concentra-
tion range of 12.3 to 291 mg kg−1 for the
layer 0 to 25 cm and from 11.18 to 370
mg kg−1 for the layer 25-50 cm. Table 3
shows that higher concentrations of heavy
metals were found in the topsoil and resulted
in higher levels of heavy metals in the sub-
surface soil (25 to 50 cm), for example, the
concentration pattern of heavy metals on the
two layers was similar in decreasing order
of Mn> Zn> Ni> Cr> Cu> Pb. In addition,
the concentrations of Mn, Zn, Cu, and Cr on
the topsoil (0 to 25 cm) and Mn, Zn, and
Ni in the subsurface soil (25 to 50 cm) at
the locations S1, S2 and S3 were in general
higher than those at S4 (1 km away from
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the landfill). However, Cr concentration at
S1 and Cu at S3 on the topsoil and Mn,
Zn, Ni at S2 in the sub-surface soil tended
to be lower than those at S4. Cd was the
only metal not detected in all soil samples.
Previous studies also reported that Cd was at
negligible concentration at the landfill [15],
[19], [21], [29].

Most of the heavy metal concentrations
found in the in soil were in compliance with
QCVN 03-MT: 2015/BTNMT [25], CCME
[26], Pendias and Pendias [30] and Ewers
[31]. The highest concentration of Mn was
found in both soil layers with the concentra-
tions ranging from 240 to 321 mg kg−1 (top-
soil) and from 201 to 629 mg kg−1(subsurface)

(Table 1). Mn concentration at both locations
S2 and S3 of the topsoil layer tended to
be higher than that at the subsurface level,
whereas Mn concentration in the topsoil had
a tendency of being lower than that of the
subsurface layer at S1 and S4 sample sites.
Former study of Nhien and Giao [7] at Dong
Thang landfill reported that Mn concentra-
tions in the leachate and soil were detected
at the concentrations of 0.425 mg L−1 and
from 190.33 to 209.33 mg kg−1, at the two
differing surface levels. It was reported that
there was an increase of Mn concentration
in the soil at the time of the study. The
average Mn concentration at locations around
the landfill (S1, S2 and S3) had a tendency
of being higher than that at S4 regardless of
soil depth, showing the negative impact of the
landfill leachate on the surrounding paddy
soil environment. From other studies, the
mean Mn concentrations in agricultural soil
reported in Malaysia (153 mg kg−1), Spain
(362 mg kg−1), Jordan (144.6 mg kg−1)
and Iran (403.38 mg kg−1), some central
provinces in Viet Nam (105.18 to 123.25
mg kg−1) [32], [33] were lower than the Mn
concentration in this present study. This was
also in line with the previous findings by
Klinsawathom et al. [15] and Kanmani and
Gandhimathi [19]. According to the research
by Satachon et al. [17] Mn content in organic

rice fields in Thailand ranged from 8.82 to
18.60 mg kg−1. The use of chemicals in soil
for agricultural purposes may also lead to an
increase of Mn concentrations [17], [34]. The
spread of heavy metals in soil depends on
many factors such as time, chemical prop-
erties of leachate, the hydraulic regime of
underground water [4]. Cr concentration at
S4 had a tendency of being lower than S2
and S3 in the topsoil, this could be because
the amount of Cr in soil at S4 is not di-
rectly affected by the landfill leachate, but
agricultural activity. Further study is needed
to elaborate this point. The concentration of
Cr in the Central Coast region was recorded
from 1.99 to 2.18 mg kg−1 [32] which was
much lower than found in this study. The
presence of Cr in soil is a major threat to
plants and humans because under appropriate
environmental conditions Cr (III) is easily
converted to Cr (VI) - a toxic form [35].

At locations around the landfill sites (S1,
S2 and S3), the average Ni concentration
tended to decrease with depth, ranging from
33.9 mg kg−1 (in topsoil) to 32.7 mg kg−1

(subsurface). Zn concentration ranged from
65.8 to 82.7 mg kg−1 for 0 to 25 cm layer and
from 60.5 to 93.8 mg kg−1 for 25 to 50 cm
layer. In contrast to Ni, the average Zn con-
centration in topsoil tended to be higher than
that at site S4 and tended to increase with soil
depth (Table 1), which could pose a threat
to groundwater quality because Zn concen-
tration appeared with the high concentration
(after Mn). Previous study also reported that
Ni and Zn in the Dong Thang landfill ranged
from 13.03 to 27.17 mg kg−1 and from 63.93
to 84.33 mg kg−1, at the two soil depths [7].
The concentration of Ni ranged from 5.05
to 26.30 mg kg−1 and Zn varied from 27.70
to 55.60 mg kg−1 in the soil sampling sites
surrounding landfill in Thailand [15]. Ni and
Zn concentrations in this study tended to be
higher and than those found in agricultural
soil in the Mekong Delta, Central Coast
Delta (Viet Nam) and Thailand [12], [17],
[32], [36]. The distribution of Ni and Zn
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Table 1: Heavy metals concentrations in two different soil layers of 4 different sites

Depth Heavy metals
Heavy metal concentration (mg kg−1) QCVN 03-

MT:2015/

BTNMT

CCME, 2007

S1 S2 S3 S4
Average

(S1, S2, S3)

0-25cm

Mn 321.0±2 240.0±0 315.0±2 234.0±8 291.0±38.85 - -

Zn 78.8±0 82.7±0.70 65.8±0.35 74.7±0 75.8±7.70 200 200

Cu 20.4±0 19.0±0.27 14.7±0.01 17.6±0 18.1±2.66 100 63

Cr 9.7±0.56 27.5±0.70 28.3±0.05 11.1±0.4 21.8±9.12 150 64

Ni 34.9±0 36.3±0.50 30.5±0.25 35.6±0.45 33.9±2.66 - 50

Pb 14.6±0.03 12.6±0.02 9.7±0.08 13.1±0.50 12.3±2.14 70 70

Cd ND ND ND ND ND - 3

25-30cm

Mn 629.0±7 201.0±0 280.0±6 257.0±1 370.0±197.12 - 2,000

Zn 91.7±0.35 60.5±0.05 93.8±0.05 75.2±0 82.0±16.15 200 200

Cu 14.7±0 15.3±0.01 19.4±0.02 18.8±0 16.3±2.20 100 63

Cr 28.3±1.05 26.8±0.00 22.5±1.40 32.5±0 25.9±2.73 150 64

Ni 34.2± 0.05 26.1±0.05 37.8±0.10 31.5±0.90 32.7±5.21 - 50

Pb 11.7± 0.01 10.7± 0.06 11.2±0.48 13.6±0.03 11.2±0.46 70 70

Cd ND ND ND ND ND - 3

(* Notes: ND: not detected)

concentration at all study locations and the
soil layers were mainly influenced by the
impact of leachate, mobility of the metals and
soil properties. At the same time, the impact
of physicochemical processes in soil or the
use of fertilizers may also affect the heavy
metal distribution [37], [38].

Cu and Pb were presented in soil with
relatively low concentration varied from 16.3
- 18.1 mg kg−1 and 11.2 - 12.3 mg kg−1,
respectively (Table 1). Cu in the topsoil layer
at S1 and S2 sites tended to be higher
than that of S4 in the same layer while
Cu of S3 site was lower. In contrast to
this Cu at the subsurface layer of (25 to
50 cm) of the sites S1 and S2 tended to
be lower than that of S3 but higher than
that of S4. The use of agrochemicals for
agricultural cultivation may also contribute
to the high level of Cu in the paddy soil
regardless of the location whether close by or
far away from the landfill [39]. However, the
mean concentration of Cu of the sites around
the landfill tended to decrease with depth
of soil which was in similar trend to that

found at Ampar Tenang landfill in Malaysia
[40]. For some agricultural cultivation areas
around the landfill, Cu concentrations were
recorded at a variation between 18.43 and
26.7 mg kg−1 [7] and between 24.52 and
28.54 mg kg−1 [15]. Previous studies showed
that the concentration of Cu in agricultural
soil of the Mekong Delta (Viet Nam), Samut
Songkhram (Thailand) and Tanzania were in
the ranges of 15 - 18 mg kg−1, 17.01 -
19.92 mg kg−1 and 15.5 - 20.13 mg kg−1,
respectively [12], [36], [41]. This comparison
indicates that concentrations of Cu in the
agricultural soil surrounding the Dong Thang
landfill was close to those in natural soils in
the agricultural areas without the influence
of landfilling activity.

The Pb concentration in the topsoil at
the S4 site was calculated to be 13.1 mg
kg−1 and tended to be higher than those of
other sites (9.66 - 12.6 mg kg−1) and Pb of
the topsoil tended to be higher than that of
subsurface soil layer regardless of the soil
sampling sites. In the same study area, Pb
concentration in the current study (11.2 -
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12.3 mg kg−1) tended to accumulate higher
than the previous study of Nhien and Giao
[7] (2.31 - 4.23 mg kg−1). Several previous
studies also reported that Pb concentrations
in soil samples surrounding landfills were
relatively high, ranging from 5.28 mg kg−1

(Thailand) to 8.35 mg kg−1 (Nigeria) [5],
[13], [19] and from 6.23 to 8.79 mg kg−1

[32].
Six out of the seven heavy metals were

detected in the soil sampling sites surround-
ing landfill and one km away from landfill
at two different soil depths. The varying
distribution of each heavy metal at the study
sites was partly due to the impact of the
landfill leachate, properties of soil, and heavy
metals [8], [42], [43]. The occurrence of
heavy metals could be also from the use
of fertilizers and pesticides for agricultural
activities [7], [17], [44]. The presence of
heavy metals in paddy soil not only affects
the quality of the soil but also threatens the
groundwater and rice grain quality.

B. Heavy metals in rice plant

It was found that six out of the seven heavy
metals tested for occurred in parts of the
rice plant including the root, stem-leaf, and
rice grain (Table 2). The Cd concentration
was below the detection limit, and below
the FAO/WHO regulatory standard (0.2 mg
kg−1).

Heavy metals were found to accumulate in
the rice roots (Table 2), where the concentra-
tion of Mn, Zn, Cu, Pb, Ni and Cr in the rice
root of S1-S3 sites was 674 mg kg−1, 87.6
mg kg−1, 29.3 mg kg−1, 11.7 mg kg−1, 16.9
mg kg−1, and 10.4 mg kg−1, respectively, and
from site S4 was 403 mg kg−1, 104 mg kg−1,
28.0 mg kg−1, 14.5 mg kg−1, 7.95 mg kg−1,
and 5.04 mg kg−1, respectively (Table 2). In
addition, the concentration of Mn, Cu, Cr and
Ni at S4 had a tendency to be lower than
the locations near the landfill; whereas Zn
and Pb at S4 tended to be higher than those
of mean values of S1-S3. The occurrence of

Pb in the roots with levels greater of than
10 mg kg−1 could affect rice growth [45].
The concentrations of Mn, Zn, Cu, Pb and
Ni in roots in the current study were higher
than those found in the previous study by
Klinsawathom et al. [15]. In addition, the
concentration of Zn and Cu in the root of rice
in the paddy field in Thailand was 29.36 -
42.91 mg kg−1, and 6.21 - 14.62 mg kg−1, re-
spectively [12]. The results imply that heavy
metal concentrations in rice roots in the area
are influenced by the landfill leachate. The
content of Mn, Zn, Cu, Ni, and Cr of the
locations surrounding the landfills (S1-S3)
in the stem-leaf of the rice plants was 645
mg kg−1, 47.6 mg kg−1, 5.42 mg kg−1, 4.37
mg kg−1, and 2.30 mg kg−1, respectively,
whereas from the site S4 only Mn, Zn, Ni,
and Cu were found in this part of rice plant
collected with the concentration of 544 mg
kg−1, 61.5 mg kg−1, 2.78 mg kg−1, and 1.96
mg kg−1, respectively (Table 2). Except Zn,
from the site S4, the other parameters that
detected elements in the stem-leaf of the
plant had a lower concentration than those
of S1-S3 in the same part of rice plant.

The concentration of Mn, Zn, Cr, Cu, and
Ni in the rice grains of the sampling sites
(S1-S3) surrounding the landfill was 237 mg
kg−1, 35.8 mg kg−1, 5.67 mg kg−1, 4.27 mg
kg−1, and 4.25 mg kg−1, respectively while
the concentration of Mn, Zn, Ni, Cu, and
Cr in rice grain of the site S4 was 129 mg
kg−1, 17.7 mg kg−1, 1.68 mg kg−1, 1.45
mg kg−1, and 0.57 mg kg−1, respectively.
The average concentration of heavy metals
in the rice grains at the sites S1-S3 had a
tendency of being higher than those of S4,
by about 1.49 to 2.94 times. This study found
that the accumulation of heavy metals in the
rice grain in the paddy field surrounding the
landfill was higher than those found in the
previous study by Klinsawathom et al. [15].
Former studies have found that Mn, Cr, Ni,
Zn, and Cu can accumulate in rice grains
in paddy soils with the concentrations of
15 - 80 mg kg−1, 0.014 - 0.79 mg kg−1,
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Table 2: Concentrations of heavy metals in different parts of rice plants from different
sampling sites

Sampling sites Heavy metals
Concentration of heavy metals (mg kg−1)

QCVN 8-2:2011/BYT
Root Stem - Leaf Grains

S4

Mn 403.0±6.66 544.0±15.87 129.0±11.59 -

Zn 104.0±2.08 61.5±0.55 17.7±0.82 -

Cu 28.0±1.85 2.0±0.82 1.5±0.13 -

Cr 5.0±0.09 ND 0.6±0.01 -

Ni 8.0± 0.34 2.8±0.09 1.7±0.30 -

Pb 14.5±0.80 ND ND 0.2

Cd ND ND ND 0.4

Mean value

(S1, S2 and S3)

Mn 674.0±12.53 645.0±8.72 237.0±21.79 -

Zn 87.6±0.93 47.6±1.08 35.8±0.17 -

Cu 29.3±0.20 5.4±0.34 4.3±0.07 -

Cr 10.4±0.06 2.3±0.05 5.7±0.25 -

Ni 16.9±0.68 4.4±0.16 4.3±0.13 -

Pb 11.7±0.07 ND ND 0.2

Cd ND ND ND 0.4

(* Notes: Data were presented as Mean ± SD, n = 3. ND: not detected)

0.12 - 3.6 mg kg−1, 3.47 - 14.70 mg kg−1,
and 2.08 - 2.8 mg kg−1, respectively [13],
[17], [30], [32], [46]–[49]. The findings from
the current study and the literature review in-
dicate that the accumulation of heavy metals
in rice grains from paddy soil surrounding
the landfill is higher than those from sites
being far, or without being affected by the
landfill leachate. The concentration of Cr
in rice grain collected from the site S1-S3
(near the landfill) was ten times higher than
that of the site S4 (1000 m away from the
landfill). This fact could indicate the serious
impact of landfill leachate on the rice grain
quality and pose a threat to rice consumers
since Cr is considered a carcinogenic metal
[35], [50], [51]. A Cr limit has not been
established in Viet Nam, but Cr concentra-
tion in the current study in the rice grain
exceeded approximately 5 times compared
with the allowed MAC threshold in China (1
mg kg−1) [53]. It could be concluded that
higher concentration of heavy metals in soil
influenced by the landfill leachate resulted in
higher accumulation of heavy metals in rice

grain.
Among the heavy metals, Mn was highly

accumulated in rice plants which could be
due to its higher mobility compared to the
other metals [54]. This study found that the
accumulation of heavy metals in most parts
of rice at S1-S3 was higher that those of
S4 (except for Zn and Pb in rice roots) and
decreased in the order of Mn> Zn> Cu> Ni>
Cr (except in rice grain, Cr> Cu> Ni). Heavy
metals accumulated in different parts of rice
plant can be ranked with decreasing order of
root > stem - leaf > grain (except for Mn at
S4 and Cr at S1 - S3).

C. Bioaccumulation factor of heavy metals
in rice plants

The bioaccumulation factor (BAF) was
calculated for the accumulation of heavy
metals from the soil into parts of rice plants
which was presented in Figure 2. The BAF
coefficients pointed out that the accumulation
of heavy metals in the rice grain was not
readily detected (BAF <1).
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Fig. 2: BAF values for heavy metals in the different parts of rice plants

The BAF value for Mn, Zn, Cr, Cu, and Ni
was 0.81, 0.47, 0.28, 0.24 and 0.13 respec-
tively. As could be seen from Figure 2, Mn
was the metal with the highest BAF in the
root and stem-leaf of the plant while Ni was
one with the lowest BAF in all different parts
of rice plants. Previous studies also found
that although heavy metals were detected in
rice grains, the BAF values in the rice plant
were still lower than 1 [15], [32]. In addition,
previous studies have also showed that Mn,
Zn, and Cu were also strongly absorbed by
plants [17]. However, continual consumption
of heavy metal contaminated rice grain could
lead to a bioaccumulation of heavy metals
in the human body and consequently result
in adverse health impacts [55]. The current
study found that Mn, Cu, Zn, and Pb accu-
mulated mainly in the root of the plant with
BAF values of 2.31, 1.62, 1.16 and 0.95,
respectively. However, only Mn was found
to be accumulated in the stem - leaf of the
rice plant with the BAF value being relatively
high (2.21). Previous studies also reported
that Mn could accumulate in the root, stem-
leaf of the rice plants planted around the
landfill and uncontaminated agricultural land
[15], [17]. This study found that BAF values

for heavy metals in most parts (root, stem-
leaf, and grain) of the rice plants at locations
S1-S3 tended to be higher than those at S4
(except for Zn and Pb in root, Mn and Zn in
stem-leaf). The findings show the influence
of the landfill leachate to the surrounding
environment and the dispersion of pollutants
to the vicinity. Accumulation of heavy metals
in the different parts of rice plants was varied
with a decreasing order of root> stem-leaf >
grain (except Mn and Cr). Despite the BAF
<1, the presence of heavy metals in different
rice parts, especially Ni, Cu, and Cr could
pose a serious threat to human health and
ecosystems.

V. CONCLUSION

Six out of the seven heavy metals, Mn, Zn,
Ni, Cr, Cu, and Pd, were detected and were
under the permitted limits of QCVN 03-MT:
2015/BTNMT and CCME in two different
soil layers at two different study sites. The
concentration of the detected heavy metals
in the topsoil (0-25cm) of the sampling site
of S1-S3 around the landfill had a tendency
of being higher than those of the site S4,
1 km away from the landfill with the ex-
ception for Ni, and Pb. For the subsurface
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soil depth of 25-50 cm, the concentrations
of Cr, Pb, and Cu of S4 were higher than
those at the sites S1-S3. The presence of the
heavy metals (except Cd) in soil depth of
25-50 cm could potentially result in serious
groundwater pollution. The concentration of
the heavy metals in the different rice parts
cultivated in paddy soil surrounding landfill
site ranked with a decreased order of Mn>
Zn> Cu> Ni> Cr (except for the heavy metals
in the rice grain with the order of Cr > Cu
> Ni). Cd was not detected in the rice plant
and Pb only appeared in the roots. Most of
the heavy metals in the rice parts sampled
in paddy soils around the landfill tended
to be higher than those of the site being
1km away from the landfill. The detected
heavy metals were found in the decreasing
order of root > stem and leaf > grain. BAF
values indicate that heavy metals, Mn, Zn,
Cu, and Pb, accumulated in rice roots and
Mn was found both in the rice root and
rice stem-leaf. More soil, surface water and
ground water samples of sites surrounding
and far from the landfill should be sampled to
determine the concentration of heavy metal
and a management strategy should be taken
to minimize the leakage of leachate into rice
fields.
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