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ABSTRACT 

This paper reports the ability of vetiver to reduce the concentration of mercury in soil and the influence
of the addition of compost in phytoremediation efficiency. The experiment was conducted in a greenhouse
where the growth medium using 100% soil and 90% soil + 10% compost. Each growth medium has several
variations of mercury concentration, the largest being 8 mg Hg2+/kg. During exposure 28days, the results
showed a decrease in mercury in the growth media in the range of 30-65%. Phytoremediation in compost
amended soil has a higher efficiency than the soil. The decline of mercury in the growth media was caused
by the association of microbial processes and absorption of plant. The maximum mercury concentration in
growth media gave significant effects on plant height, dry weight and leaf necrosis. 
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Introduction 

Leachate containing mercury came from municipal solid waste sources that were buried in landfills. The
spread of leachate caused surrounding land contaminated with mercury. The event was obvious to landfills that
were still actively operating. Nevertheless, the presence of mercury in the soil could still be detected in the
former land disposal, because the persistence of mercury in nature. In the face of land contaminated by
mercury, it was necessary to prevent and remediate the contaminated land. Physico-chemical and bioremediation
processes could be applied, however, the success of phytoremediation of mercury contaminated soil was well
recognized by researchers (Sharma, 2000; Wang, 2004; Danh, 2009). 

Very few plants can tolerate a variety of climatic conditions and growth media and one of them was
vetiver (Vetiveria zizanioides).  Vetiver has been known as perennial plants that have long roots up to 5m into
the ground. Vetiver grows easily in tropical regions, especially Southeast Asia, and able to grow in less fertile
soil and was used as erosion control (Moore, 2006; Truong, 2004). Vetiver has been proven to reduce the
concentration of the metals such as Al, Mn, As, Cd, Cr, Cu, Hg, Ni, Pb, Se, and Zn (Antiochia, 2007).
Meanwhile, phytoremediation of metals in the soil have been successful with the addition of compost in the
soil (Farrell, 2010). This was also demonstrated by the corresponding author with his team in previous reports
(Mangkoedihardjo, 2009; Margareth, 2010). 

In this current research, the ability of vetiver was investigated to reduce the concentration of mercury in
the soil. In addition, mixing soil with compost was also carried out to utilize compost from the landfill. 

Materials and methods 

Characteristics of the Growth Medium:

In this study, soil samples used consisted of two kinds. The first test soil was soil contaminated with
mercury from the former landfill at Keputih, Surabaya. The test soil contained mercury at the level of 0.76
mgHg2+/ kg soil. 
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The second test was the first test soil of 90% and 10% compost. Unstable compost of high organic matter
content was used as a stimulant in the process of phytoremediation. Content of mercury in the compost was
at the level 0.03 mg Hg2+/kg compost. Each test soil saturated with a solution of HgCl2 with various
concentrations up to 20 mgHg2+/ kg for 24 hours. 

Acclimatization of Plants:

This acclimatization was an early stage in the preliminary study. Acclimatization aimed for the test plants
could adapt to environmental conditions where the greenhouse experiment and the media were placed so it can
live up to the end of the experiment. The reactor used polybag with a diameter of 25cm and height 25cm each.
Acclimatization for vetiver plants on soil media performed during one week in hopes of vegetation condition
has stabilized. Plants were stable if the plants could flourish and no death as well as new shoots appeared.
After one week, the stable and healthy vetiver plants of 40-45cm height were selected for the range finding
test. 

Range Finding and Definitive Tests:

Determination of the concentration of mercury test was based on the range finding test, which aimed to
determine the maximum concentration of mercury that could be tolerated by the vetiver. Each of the two kinds
of tests have a variety of soil mercury concentration of 0.87, 2.36, 4.79, 8.07 mg Hg2+/kg and a maximum
of 20 mg Hg2+/kg. Figure 1 showed the condition of vetiver plants on soil testing, after exposure during 7
days after plantation (dap) with 5 replicates. Based on the results of range finding test, the definitive tests were
carried out to growth media containing the maximum mercury concentration of 8.07 mg Hg2+/kg. 

Analysis Parameters:

Parameters growth media analyzed include pH, total microbial colonies and the concentration of mercury
(Hg2+). Standard Methods (Standard Methods., 1995.) was used as the basis for testing these parameters, and
especially mercury used AAS. Plant parameters consisted of measuring plant height, visual observation on leaf
conditions, and plant dry weight after drying in an oven of 105oC for 24hours.

Fig. 1: Condition of vetiver plants in acclimatization stage of 7dap. 

Results and discussion 

Growth Media Parameters:

Average level of pH of growth media was in the range of 6.3 at 7days after plantation (dap). pH in all
reactors continued to increase up to 7.0 until the end of the exposure time of 28dap. During the exposure, the
increase in pH was probably caused by the capture of H+ by the plant while undergoing the process of
photosynthesis in addition to the presence of compost that caused to raise pH (Kuo, 1985). The pH levels were
supporting the growth of vetiver in mercury contaminated media which was applied in this study.

Result of the number of microbial colonies on nutrient agar medium in a 24h incubation period for
different observation time and growth media was presented in Figure 2. The number of microbial colonies was
smaller in the planting medium polluted with high concentrations of mercury than in the planting medium with
low mercury concentrations. However, the microbes remain in the growth medium, which indicated they could
survive in contaminated media for concentrations of mercury up to 8 mg Hg2+/kg. 
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The observation also showed, the number of colonies of microorganisms on the growth medium of 90%
soil + 10% compost was more than the media of 100% contaminated soil. It was obvious that the addition of
compost could increase the number of colonies of microorganisms, which may be due to the addition of
organic materials as a source of food. The presence of these microbes taken into account in carrying out the
process of remediation.

Removal efficiency of mercury was expressed as percentage decrease in mercury concentration in growth
media. Removal efficiency increased with increasing exposure time on the process of phytoremediation by
plants to absorb heavy metals in soil (Figure 3). One reason was the decrease in mercury concentration in soil
due to microbial processes, which reinforced the fact in Figure 2. Again, compost amended soil resulted in
higher removal efficiency of mercury than in soil medium. The fact was supported by the previous researchers
(Williamson, 1981; Jadia, 2008)in their phytoremediation work with compost for immobilizing heavy metals.
In addition, the decrease in mercury concentration of the growth medium was absorption by the plant with the
results evidence of mercury accumulation in plants.

Plant Parameters:

The results of the accumulation of mercury in plants to various concentrations of mercury and exposure
time were presented in Figure 4. These results strengthen the explanation of decreased concentrations of
mercury in the growth medium was due to plant absorption. 

Fig. 2: Colonies forming unit of microbes in growth media.

Fig. 3: Removal efficiency of mercury in growth media.

Observations during 28dap showed significant differences for some parameters of plants between plants
exposed to mercury and were not exposed to mercury. Higher plants in mercury-contaminated media with the
largest concentration of 15-20% have a shorter height than the plants in uncontaminated media. Dry weight
of plants in mercury-contaminated media was 30-40% less than the dry weight of plants in uncontaminated
media. Leaf necrosis occurred at the maximum concentration of mercury. The effects were obvious and
significant, which was probably due to the vetiver did not experienced to grow in metalliferous soils.

At the end of exposure of 28dap, the distribution of mercury concentration in soil and plants was presented
in Figure 4. The proportion of mercury concentrations in soil and plants show a greater concentration of
mercury in the soil than plants. Thus bioconcentration factor (BCF) of mercury in vetiver was smaller than
1. Thus, vetiver could not be compared with the sunflower, which was known as a hyperaccumulator plant for
many metals (Jadia, 2008).
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Fig. 4: Absorbed mercury in plants.

Fig. 5: Distribution of mercury in soil and plants and bioconcentration factor.

Conclusion:

It was found that vetiver was not a plant accumulator for mercury, but the plant could be used to
phytoremediation mercury polluted soil. For the time of phytoremediation of 28 days, the maximum
concentration of mercury that could be processed was a maximum of 8 mg Hg2+/kg. The addition of compost
in mercury polluted soil could improve the phytoremediation efficiency.
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