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Abstract
This study investigated heavy metal contamination levels and the related genetic 
differentiation in Limnocharis flava and Marsilea crenata near a municipal landfill 
compared with those in a reference area using inductively coupled plasma optical emission 
spectrometry (ICP-OES) and inter-simple sequence repeats (ISSR) analysis. With the 
exception of Mn concentration in the water, the heavy metal concentrations (As, Cd, Pb, 
Cr, Mn and Zn) in the water and sediment of the landfi ll and reference areas were lower 
than the standards of Thailand. The heavy metal concentrations in the sediment from the 
landfi ll area were signifi cantly higher than those from the reference area, except for Mn.
In L. fl ava and M. crenata from both areas, As, Pb and Cr concentrations were higher than 
the food standards of FAO/WHO. In the landfi ll area, the highest bioaccumulation factor 
(BAF) values for As (3.92 ± 0.80), Cd (3.23 ± 0.77), Pb (1.51 ± 0.08) and Mn (1.47 ± 0.46) 
were found in M. crenata. The highest BAF values for Cr (0.80 ± 0.60) and Zn (6.97 ± 0.47) were 
found in L. flava. The genetic similarity values ranged from 0.56 - 0.99 in L. flava 
and from 0.71 - 0.98 in M. crenata. This result suggested that the heavy metal 
concentrations in the 2 aquatic plant species might be a factor in genetic diff erentiation. 
M. crenata might be better able than L. fl ava to endure the harsh conditions and adapt to survive in the 
municipal landfi ll area. M. crenata is suggested for use in phytoremediation of As, Cd, Pb and Mn.
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1. Introduction
Human activities produced numerous 

amount of municipal solid waste (MSW). 
The variation, toxicity and quantity of 
MSW were enhanced by urbanization and 
economic expansion (Gidde et al., 2008). 
At least 33 percent from 2.10 billion tons 
of MSW in the world (as a tremendously 
conservative estimate) was not managed in 

the safe way for environment (Silpa et al., 
2018). In Thailand, the quantity of MSW 
generated in 2018 was 27.8 million tons, 
which was a 16.4% increase from 2017, 
due to expanding urban communities and 
lifestyle changes, i.e., the shift from an 
agricultural to urban society (PCD, 2018). 
Khon Kaen province generated 710,298 
tons of MSW in 2016 (TPCD, 2016). 
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Only 65.04% of the solid waste was 
p rope r ly  d i sposed  o f  (Khon  Kaen 
municipality, 2016). An improper landfill 
was implemented for MSW disposal. This 
MSW generated landfill leachate, which is 
one of the main sources of heavy metals in 
the surrounding environments (Kanmani 
and Gandhimathi, 2013). The heavy metals 
found in the Khon Kaen municipal landfill 
include As, Pb, Cd, Cr, Mn and Zn (Promsid, 
2014; Phoonaploy et al., 2016; Intamat et 
al., 2017; Sriuttha et al., 2017). The heavy 
metals contaminated in water and soil, and 
then accumulated in living organisms along 
the food chain, leading to biomagnification 
and health problems of human (Beaumont 
et al., 2008; Mohammad, 2012; Yang and 
Shu, 2015). Plants are used as bioindicators 
of heavy metal exposure (Stankovic et 
al., 2014). The advantages of using plants 
as bioindicators are as follows: they are 
eukaryotes, are endurable in environmental 
stresses, are easy to grow, are capable of 
processing complicated pollutant particles, 
and allow the assay of various environments 
(Kovalchuk and Kovalchuk, 2008). Aquatic 
plants are living organisms that absorb 
heavy metals through their roots, leading to 
a systemic accumulation of heavy metals. 
Four types of aquatic plants are classified as 
submerged, emergent, floating and marginal 
(Zuengsonthiporn and Jongrakthai, 2012). 
The differences in these plant growth 
forms and in the morphology of the plants, 
such as fibrous rooting systems and large 
surface areas that contact the heavy metal 
source, may determine the aquatic plants 
efficiency to absorb and accumulate heavy 
metals (Kulakow et al., 2000; Sarma, 
2011). Many aquatic plants show their 
high potential to accumulate heavy metals 
and remove them from contaminated water 
(Basile et al., 2012). Because of the high 
tolerance and sensitivity of those aquatic 
plants to heavy metals, they have been used 
as bioindicators (Cardwell et al., 2002). 
The high accumulation of heavy metals might 
decrease plant growth, e.g. by inhibiting 
respiration and photosynthetic processes, 
and decrease chlorophyll synthesis (Dube 
et al., 2003; Peralta-Videa et al., 2009; 
Morsy et al., 2012). Furthermore, heavy 

metals might cause genetic differentiation 
both at the cellular level (cytotoxicity), 
such as chromosome abnormalities in 
the roots of Elodea canadensis (Zotina 
et al., 2015) and at the molecular level 
(genotoxicity), such as DNA damage 
in Hydrilla verticillata, Ceratophyllum 
demersum, Colocasia esculenta and L. flava 
(Gupta and Sarin, 2009; Boonmee et al., 
2015; Neeratanaphan et al., 2016). Aquatic 
plants are suitable for use as genotoxicity 
indicators of environmental pollution. 
Heavy metals and chemical toxins induce 
genetic differentiation by increasing 
DNA polymorphism (Dhakshanamoorthy 
et al., 2011), resulting in DNA changes 
in aquatic plants. L. flava and M. crenata 
are local aquatic plants found in the Khon 
Kaen municipal landfill which local people 
consume these aquatic plants regularly. 
These aquatic plants are potentially suitable 
for studying genetic differentiation in the 
municipal landfill. 

Simple sequence repeat (SSR), inter-smple 
sequence  repea t  ( ISSR) ,  r andomly 
amplified polymorphic DNA (RAPD) and 
amplified fragment length polymorphism 
(AFLP) markers were developed and 
used to measure genetic differentiation 
(Hu et al., 2017). The use of ISSR is an 
acceptable and efficient approach for 
genetic variation assessment of plants 
because it is easy to apply, inexpensive, 
reliable, highly informative and repeatable 
(Reddy et al., 2002; Semagn et al., 2006; 
Wang et al., 2017). This approach has 
successfully detected DNA polymorphisms, 
which show alterations in DNA sequences 
and structures in plants contaminated 
with heavy metals (Mahfouz and Rayan, 
2016). This study investigated heavy metal 
accumulation-related genetic differentiation 
of DNA using ISSR markers in L. flava 
and M. crenata from a municipal landfill 
compared with that from a reference 
area. The effects of heavy metals from a 
municipal landfill on two edible aquatic 
plants in this study can be used to help 
make guidelines and policies between 
local livelihoods and government agencies 
for sustainable management in aquatic 
ecosystems.
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2. Materials and methods

2.1 Sampling sites

The study area was located in a reservoir 
that was 300 meters from the metropolitan 
municipal landfill and 17 km from the Khon 
Kaen municipality of Thailand at 16°35’41.30’ 
N latitude and 102°48’12.11’ E longitude 
(Figure 1). The geographic coordinate is UTM 
48Q N 1,835,718; E 266,085, and the study 
area is located at a height of 200 meters up sea 
level. The MSW has been managed by sanitary 
landfills since 1988. The landfills have exceeded 
full capacity due to the objection of local 
people to using a new, proposed disposal area 
(Wirojanagud et al., 2004). Therefore, the very 
large amount of excess waste has caused many 
environmental problems, such as undesirable 
and unhygienic surroundings, including the 
occurrence of waste fires. The runoff from 

Figure 1. Location of the study area in a reservoir near the Khon Kaen municipal landfill.

the heavy metals in the landfill leachate has 
contaminated 2 reservoirs to the north (Inmuang 
and Larbkam, 2011). The majority of the land 
near the municipal landfills was agricultural areas 
growing economic crops, such as sugarcane and 
rice. The reference area was a reservoir near an 
agricultural area in Khon Kaen province that was 
not affected by landfill leachate contamination.

2.2 Sample collection and preparation

Five replicates of water, sediment, L. flava 
and M. crenata samples from the municipal 
landfill and the reference area were collected in 
January 2017. The reference site was defined 
as the reservoir in the Khon Kaen province, 
where there was no leachate contamination. In 
the field, the water samples were immediately 
added to 3 drops of HNO3 to fix the heavy 
metals (Kananke et al., 2015). The sediments 
were dehydrated in the open air, 



P. Ruchuwararak et al  /  EnvironmentAsia 13(3) (2020) 36-49

39

ground with a mortar and sieved via a 2 mm 
screen (Odai et al., 2008). The aquatic plants 
were removed any materials by distilled water, 
dried in an oven for 24 hrs at 80°C, and ground 
with an agate mortar (Yang et al., 2013).

The aquatic plants in this study grow 
in wet conditions, such as paddy fields and 
shallow waters. L. flava is a perennial, erect, 
glabrous emergent aquatic weed, which grows 
20-100 cm tall and roots in mud (Abhilash 
et al., 2009). M. crenata is a species of fern 
similar to a four-leaf clover, with stems up to 
20 cm and leaves that float in deep water, grow 
erect in shallow water or spread on the ground 
(Zuengsonthiporn and Jongrakthai, 2011). The 
size of M. crenata is smaller than that of L. flava.

2.3 Heavy metal analysis
 
The water samples were digested with 

HNO3 and boiled on a hot plate electronic 
for 30 min at 90°C. The dried sediments 
were digested with HNO3, H2O2 and HCl, 
and boiled on a digestion block for 2 hrs at 
180-220°C. The aquatic plants were digested 
with HNO3 and H2O2 and boiled on a hot plate 
electronic for 2 hrs at 120°C. Each digested 
solution was diluted with deionized water 
and filtered with a filter paper (Odai et al., 
2008; Yang et al., 2013). The 1 metalloid and 
5 heavy metals (As, Cd, Pb, Cr, Mn and Zn) 
of the digested samples (water, sediments and 
aquatic plants) were detected by inductively 
coupled plasma optical emission spectrometry 
(ICP-OES). The ICP-OES detection limits and 
the wavelengths of As, Cd, Pb, Cr, Mn and Zn 
were followed on Thanomsangad et al. (2019). 

The accuracy of heavy metals analysis 
was evaluated by the certified reference 
material (CRM) with the 311B methods 
(APHA, 2005). The recoveries of the heavy 
metals were 96-100%, which was acceptable 
(USEPA, 1994).

2.4 DNA extraction and ISSR analysis

DNA extraction: The shoots and buds 
from five replicates of fresh aquatic plants 
samples were preserved at -20°C. The 
aquatic plants were extracted by genomic 
DNA extraction kit (RBC Bioscience, 
Taiwan).

A tool for amplifying the DNA amount was 
polymerase chain reaction (PCR) via 40 ISSR 
primers. The base sequences of 40 ISSR primers 
are shown in Table 1. The total volume of the PCR 
mixture (10 µl) consisted of 3.8 µl of deionized 
water, 5 µl of GoTaq Green Master Mix, 0.2 
µl of primers and 1 µl of extracted DNA. The 
ISSR reaction was performed using a thermal 
cycler (FlexCycler2). First, the PCR mixture 
was incubated at 94°C for 3 min, followed by 
35 cycles of 30 s at 94°C for denaturation, 30 
s at 40°C for annealing, and 2 min at 72°C for 
extension, and, finally, 1 cycle of 7 min at 72°C 
for final extension. The final DNA products 
were stored at -20°C (Tanee et al., 2016). 

Detection of the DNA products: The 
electrophoresis of the DNA products was 
performed on 0.8% agarose gel for the 
extracted DNA and 1.2% agarose gel for 
the PCR product, and then visualized with 
RedSafeTM nucleic acid staining solution. 
The DNA bands were imaged under UV 
light (DUT-48 Blue light Transilluminator) 
(Mahfouz and Rayan, 2016).

2.5 Statistical analysis and data calculation
 
The heavy metal concentrations in the 

water, sediment and aquatic plant samples 
were calculated the mean values and standard 
deviations (S.D.) by Microsoft Office Excel 2010 
program. The bioaccumulation factor (BAF), 
calculated as the heavy metal concentrations 
in the plant tissue divided by the heavy metal 
concentrations in the sediment, presented the 
efficiency of the aquatic plants for accumulating 
heavy metals from the sediment (Barron, 2003; 
Abdul and Thomas, 2009) The heavy metal 
concentrations in the water, sediment and 2 
aquatic plant species of the landfill and reference 
areas were analyzed by the Mann-Whitney 
U-test at a 95% confidence level. 

The genetic differentiation of the aquatic 
plants was evaluated by the genetic similarity 
(S) values. The S values were calculated as 
the new band appearances and normal band 
disappearances in the plants from the study area 
compared to those in reference plants that were 
not exposed to landfill leachate contamination. 
NTSYSpc 2.10 program was used to the S 
values and dendrogram construction from the 
data bands (Rohlf, 2000).
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Table 1. The base sequences of 40 ISSR primers

Table 2. Heavy metal concentrations in the water and sediment samples from the landfill and 
reference areas.

3. Results and discussion

3.1 Heavy metal concentrations in the water 
and sediment

The heavy metal (As, Cd, Pb, Cr, Mn and 
Zn) concentrations in the water and sediment 
samples from the landfill and reference areas 
are shown in Table 2. With the exception of 
Mn, the heavy metal concentrations from both 
areas were not higher than the water standards 
of Thailand (TPCD, 1994). The heavy metals 
translocated to the floating and submerged 
plants since the study area is covered by 

plants. Rhizofiltration is the process to remove 
heavy metals from the water by plants absorb, 
precipitate and adsorb heavy metals with roots 
or submerged parts of aquatic plants (Rawat et 
al., 2012; Masarovičová and Kráľová, 2018). 
The study area was not directly exposed to 
leachate. The leachate flows into a small 
drainage stream that is far from the study 
area, at a distance of approximately 100 
meters. The important cause of heavy metal 
contamination in the water around this study 
area is groundwater. In addition, heavy metal 
contamination in the sediment led to decreased 
heavy metal accumulation in the water.
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The heavy metal concentrations in the 
sediment from the landfill and reference 
areas were lower than the soil standards of 
Thailand (TPCD, 2004). The heavy metals 
translocated to plants and rice crops, as the 
study area was located in a rice field with 
other plants. Phytoextraction is the process to 
reduce heavy metals from the soil by plants 
accumulate a high volume of heavy metals 
in their shoots (Masarovičová and Kráľová, 
2018). With the exception of Mn, the heavy 
metal concentrations from the landfill area 
were higher significantly than those from 
the reference area. The main source of heavy 
metal concentrations in the landfill area is 
solid waste, which contained household 
hazardous waste such as lubricators, chemical 
containers, and light bulbs (Keeratitorn, 
2004). Manure, which is used as fertilizer in 
the agricultural areas, was the major source 
of Mn in the reference area (Amanullah et 
al., 2010). Mn has the highest concentration 
in the water and sediment samples existing 
in organic and inorganic forms. Mn is used 
in the chemical manufacturing, in the textile 
and leather production, in the processing 
of glass and batteries production, and as a 
fertilizer (Millaleo et al., 2010). The high 
concentration of Mn could be explained by 
the waste segregation and collection systems. 
The solid waste was not separated, resulting in 
the disposal of hazardous waste and municipal 
waste. In addition, fertilizer is commonly used 
in this area.

3.2 Heavy metal concentrations in L. flava 
and M. crenata

Heavy metal (As, Cd, Pb, Cr, Mn and Zn) 
concentrations in the 2 aquatic plant species 
are shown in Table 3-4. Plants uptake high 
heavy metal concentrations from the water 
and sediment, and accordingly accumulate 
the heavy metals into their tissues (Jiwan 
and Ajay, 2011), leading to high heavy metal 
concentrations in the aquatic plants from the 
landfill area. M. crenata showed the highest 
concentrations of As (4.64 ± 0.95 mg/kg), 
Cd (1.51±0.36 mg/kg), Pb (4.83 ± 0.25 mg/
kg), and Mn (113.49 ± 35.33 mg/kg). The 
concentrations of Cr (5.57 ± 4.19 mg/kg) 
and Zn (68.81 ± 4.68 mg/kg) were highest 

in L. flava. The morphology of M. crenata 
includes many fibrous roots, branching roots 
from nodes and internodes, a large surface 
area that contact the source of the heavy 
metals, and foliar uptake ability (Kulakow et 
al., 2000; Zuengsonthiporn and Jongrakthai, 
2011; Tripathi et al., 2012). These four 
characteristics may lead to M. crenata having 
the highest concentration of heavy metals. 
Only the rhizomes of L. flava are fibrous. In 
M. crenata, the accumulation of heavy metals 
occurs through the whole plant surface, which 
is in contact with the water; therefore, there is 
a higher concentration of heavy metals in M. 
crenata than in L. flava, which accumulates 
heavy metals only through its roots (Mishra 
et al., 2008). These results suggest that 
the plant growth forms (e.g. floating and 
emergent plants) are associated with the level 
of heavy metal concentrations. Moreover, 
low concentrations of heavy metals in water 
samples are due to high concentrations 
of heavy metals in aquatic plants. Plants 
internally distribute heavy metals in different 
ways; localize selected heavy metals mainly 
in stems and roots, store and accumulate 
heavy metals for later distribution in a 
nontoxic form (Memon et al., 2001). Plants 
were classified into three types according to 
metal accumulated organ and growing on soil 
contaminated with metals; metal exclusion, 
metal indication and metal accumulation 
(Baker and Walker, 1990).

The Cd and Pb concentrations in 
L. flava from the landfill area were significantly 
higher than the reference area. The As, Cd and 
Pb concentrations in M. crenata from the 
landfill area were significantly higher than 
the reference area. Most of the nonessential 
heavy metals (As, Cd and Pb) had higher 
concentrations in the 2 aquatic plant species 
from the landfill area than the reference area. 
Mn, which is an essential heavy metal, had 
a significantly lower concentration in the 2 
aquatic plant species from the landfill area 
than the reference area. The concentrations 
of As, Pb and Cr were higher than the food 
standards of FAO/WHO and Thailand in 
the 2 aquatic plant species from the landfill 
and reference areas. The local people who 
consume aquatic plants are considered to get 
health risk. Heavy metals are toxic to health 
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and have impacts such as cancer of the skin, 
lung and bladder (As); neurotoxicity (Pb); 
and cancer of several tissues and organs (Cr) 
(Peralta-Videa et al., 2009).

3.3 Bioaccumulation factor (BAF) of heavy 
metals in L. flava and M. crenata

 
The BAF is used for evaluating the 

potential of aquatic plants to accumulate 
heavy metals or be hyperaccumulator 
plants, i.e., to have BAF values > 1 (Sun 
et al., 2009). The BAF of heavy metals in 
L. flava and M. crenata from the landfill 
area are shown in Figure 2. The BAF value 
of Zn was higher than 1 in both species. 
The highest BAF values of As (3.92 ± 0.80), 
Cd (3.23 ± 0.77), Pb (1.5 ± 0.08), and Mn 
(1.47 ± 0.46) were found in M. crenata.

With the exception of Cr, all the BAF values 
of heavy metals in M. crenata were higher than 
1. The previous study, the hyperaccumulation 
of heavy metals in M. crenata was observed 
(Das et al., 2013). The highest BAF values 
of Cr (0.80 ± 0.60) and Zn (6.97 ± 0.47) were 
found in L. flava. Previous studies of L. flava 
at this study area found BAF values greater 
than 1 for As, Cd, Pb and Cr, specifically, 
131.30 ± 15.35, 7.19 ± 1.69, 26.52 ± 1.26 
and 128.47 ± 18.47, respectively (Intamat 
et al., 2017; Sriuttha et al., 2017). High BAF 
values, or the designation as hyperaccumulator 
plants, demonstrate the capability of a plant to 
remove heavy metals from the sediment and 
to accumulate them in its tissues. The high 
accumulation of heavy metals in aquatic plants 
decrease their growth and cause DNA damage 
or genetic differentiation (Dhakshanamoorthy 
et al., 2011; Morsy et al., 2012).

Table 3. Heavy metal concentrations in L. flava from the landfill and reference areas.
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Table 4. Heavy metal concentrations in M. crenata from the landfill and reference areas.

3.4 DNA analysis of the ISSR profiles of 
L. flava and M. crenata

 
DNA analysis in the 2 aquatic plant 

species with 40 primers from the inter-simple 
sequence repeats (ISSR) found 22 primers 
of L. flava that could detect the 1,175 total 
DNA bands. The DNA bands, containing 
172 characteristics, were divided into 89 
monomorphic bands and 83 polymorphic 
bands. The 19 primers of M. crenata 
detected 1,213 total DNA bands. The DNA 
bands, containing 146 characteristics, were 
divided into 94 monomorphic bands and 52 
polymorphic bands. The ISSR profiles from 
primers P4, P10 and P12 from the L. flava 
and M. crenata samples in the reference and 
landfill areas are shown in Figure 3.

The dendrogram construction from the 
total DNA bands of L. flava and M. crenata 
clearly separated the landfill samples from 
the reference samples, as shown in Figure 
4. The dendrogram of M. crenata separated 

the sample results into 2 main groups. The 
first group comprised individuals 1.1 - 1.5 
from the reference area; the second group 
comprised individuals 2.1 - 2.5 from the 
landfill area. The dendrogram of L. flava 
separated the sample results into 3 main 
groups. The first group comprised individuals 
1.1 - 1.5 from the reference area, the second 
group comprised individuals 2.1, 2.2, 2.4 
and 2.5 from the landfill area. Whereas the 
individual 2.3 was separated into the third 
group. The separation of individual 2.3 was 
related to high heavy metal concentrations, 
especially of Cr (12.98 mg/kg), Pb (3.26 
mg/kg) and As (2.16 mg/kg). This is in 
accordance with previous studies, which 
have found that high Cr concentrations 
increase DNA changes in many plants 
(Rodriguez et al., 2011). Furthermore, the 
mixture of heavy metals has been found 
to be more toxic to living organisms than 
individual heavy metals (Salem et al., 2014).
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Figure 3. ISSR profiles from primers P4, P10 and P12 of the L. flava and M. crenata samples 
from the reference area (1.1 - 1.5) and landfill area (2.1 - 2.5).

Figure 4. The dendrograms of L. flava and M. crenata samples from the reference area
(1.1 - 1.5) and the landfill area (2.1 - 2.5).
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The genetic relationships between the 
reference area and the landfill area are 
described in terms of genetic similarity. The 
values of genetic similarity within species 
should be from 0.85 - 1.00 (Neeratanaphan 
et al., 2016). In this study, the range of 
genetic similarity values in L. flava and 
M. crenata were 0.56 - 0.99 and 0.71 - 0.98, 
respectively, demonstrating their genetic 
differentiation. The genetic similarity 
between the groups of the 2 aquatic plant 
species showed that the genetic similarity 
in the reference area was higher than that 
in the landfill area. In aquatic plants, 
heavy metals are a cause of genotoxic 
effects,  such as DNA damage, DNA 
strand breakage and cause a reduction in 
the DNA repair mechanism (Whiteside 
et al., 2010; Ventura et al., 2013; Tanee 
et al., 2016). The level of DNA damage 
has been shown to depend on heavy metal 
concentrations (Rodriguez et al., 2011). The 
high concentrations of heavy metals led to 
high genetic differentiation or low genetic 
similarity. The genetic similarity between 
groups of L. flava was low. Individual 
2.3 was separated from the other groups. 
The heavy metal concentrations varied in 
individual 2.3. The highest Cr, Pb and As 
concentrations were found in individual 2.3. 
This result suggested that high heavy metal 
concentrations affected the DNA material in 
L. flava. Cr, Pb and As induce many stress 
responses and damage to components in 
cellular level of different plant, such as 
DNA, proteins and membranes (Finnagan 
and Chen, 2012). In M. crenata,  the 
genetic differentiation was lower than 
that in L. flava. However, the heavy metal 
concentrations (As, Cd and Pb) were higher 
than in L. flava. These results show the high 
ability of M. crenata to endure and adapt 
to the conditions of the municipal landfill, 
which was contaminated with high heavy 
metal concentrations, by repairing DNA 
damage (Manova and Gruszka, 2015). The 
complicated results for the 2 aquatic plant 
species suggests that the genetic similarity 
values and the level of DNA damage 
might relate not only to the heavy metal 
concentrations but also to many factors, 
such as the type of heavy metal, reactions 

among different heavy metals and toxic 
substances (chemicals or pesticides), and 
plant species (Beyersmann and Hartwig, 
2008; Oves et al., 2016). This study was 
conducted in the field, and some factors 
could not be controlled. With the results 
of this study, it might be summarized that 
genetic differentiation had occurred in the 2 
aquatic plant species living in the municipal 
landfill. The heavy metal contamination in 
this area might be the main cause of genetic 
differentiation. The two species of aquatic 
plants assessed in this study, but especially 
M. crenata, can endure and adapt to the 
environmental conditions of the municipal 
landfill. M. crenata showed a higher ability 
than L. flava to endure and adapt to the 
environmental conditions and survive in 
the toxic area.

4. Conclusion

Contamination of heavy metals in the 
environment such as water and sediment 
including aquatic plants around the municipal 
landfill area were found in this study. The 
heavy metal concentrations in the water 
and sediment were not higher than the 
standards of Thailand, except for the Mn 
concentration in the water. The As, Pb and 
Cr concentrations in the aquatic plants were 
higher than the food standards of FAO/
WHO and Thailand. The aquatic plants may 
be a source of human health hazards for 
the people who live around the municipal 
landfill. The highest concentration and BAF 
values of the nonessential heavy metals 
(As, Cd and Pb) were found in M. crenata. 
The highest concentrations and BAF values 
of the essential heavy metals (Cr and Zn) 
were found in L. flava. The heavy metal 
contamination from the municipal landfill 
induced genotoxicity in the aquatic plants. 
The genetic similarity in the aquatic plant 
samples was low. The genetic similarity in 
the reference area was higher than that in 
the landfill area in the samples from the 2 
aquatic plant species. M. crenata showed 
a higher ability to endure and adapt to the 
environmental conditions and survive in the 
toxic area. M. crenata is suggested for use in 
phytoremediation.
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