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Abstract 

   
Acid mine drainage (AMD) is a wastewater from coal mining activities. The constructed wetland (CW) is one of 

the passive treatment technologies used in treating the AMD. This study used Vertical Subsurface Constructed 

Wetland (VSSF-CW) with Puruntikus (Eleocharis dulcis). E. dulcis is one of the natural plants in the sulphate 

acid swamp in South Kalimantan. E.dulcisis the potential bio filter, because it can grow and adapt well to the 

acidic growth media. The VSSF-CW is the engineered system designed using subsurface flow and is made by 

utilizing the natural processes; include wetland plant, soil, and a population of wetland microbe in treating 

wastewater. This study is intended to determine the ability Purun tikus planted in the Constructed Wetland in 

concentrateIron (Fe) from the coal acid mine water in its tissues. This research was carried out with two (2) 

kinds of media, the first VSSF-CW using mixed media of acid sulfate soil and manure; the second VSSF -CW 

using mixed media of acid sulfate soil and compost. The results showed that VSSF-CW with two kinds of media 

is capable of lowering the concentration of Fe effluent, respectively amounted to 98.26% and 91.17%. Bio 

concentration factor values (BCF) of Fe in Purun tikus (Eleocharis dulcis) that planted on VSSF-CW showed that 

E. dulcis is a Fe accumulator plant. 
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Introduction 

Coal mining activities could adversely affect the 

environment. Results of research on coal mining 

impact study on the socio-economic and 

environmental development in Kutai regency showed 

that coal mining activities left holes that potentially 

gave long-term impact (Raden et al., 2010). These 

impacts include a decrease in the quantity and quality 

of water, in addition to the potential for acid mine 

drainage pollution of surface and ground water. Acid 

mine drainage is a byproduct of coal mining. AMD 

has the characteristics of low pH, contain high 

concentrations of dissolved Fe, can cause corrosion 

and toxic to aquatic organisms. The major the caused 

AMD is the accelerated oxidation of iron pyrite (FeS2) 

and other sulphidic minerals the resulting from the 

exposure of these minerals to both oxygen and water, 

as a consequence of the mining and processing of 

metal ores and coals (Johnson and Hallberg, 2005). 

The handling of the AMD treatment can be done with 

active and passive treatment. Active treatment can 

produce changes in the quality of AMD in a relatively 

short time but costly, while passive treatment takes a 

relatively longer with lower costs. Passive treatment is 

recommended to be applied as it is considered more 

environmentally friendly. Researchers continue to 

improve the efficiency and effectiveness of the passive 

treatment. One passive treatment technology that is 

undergoing research developments namely 

Constructed wetland system. 

 

Constructed wetland system is a system that is 

modeled on the natural wetland processes. In this 

system performed the engineering of the components 

of the System are: design, media, and the plants were 

grown. Constructed wetland System build custom-

made to their intended use. In general there are two 

types of wetland which is based on the differences in 

rule of water flow, to allow adaptation with the 

objectives, the availability of soil and climate, namely: 

(1) surface flow (SF) or surface flow and (2) 

subsurface flow (SSF) or subsurface flow (Farooqi et 

al., 2008; Herniwanti et al., 2014; Hoffmann et al., 

2011; Prihatini et al., 2016a; Prihatini et al., 2016b; 

USEPA, 1993). There are two types subsurface flow 

constructed wetland (SSFCW), namely vertical 

SSFCW (VSSF-CW) and horizontal SSFCW (HSSF-

CW). SSFCW use certain plants that are tolerant and 

can absorb contaminants. Purun tikus (Eleocharis 

dulcis) is a water plant which is the natural vegetation 

in the swamp areas with acid sulphate soil.  Because 

of this characteristics E. dulcis are used in SSFCW in 

this study. 

 

Previous research shows the model of the Horizontal 

Subsurface Flow Constructed Wetlands (HSSF-CW) 

with the Purun tikus capable of removing iron and 

raising the pH of the acid mine drainage. That models 

can remove 103.61 mg Fe.day-1 from AMD(Prihatini et 

al., 2015). The HSSF-CW were planted with Purun 

tikus (Eleocharis dulcis). This study indicated Purun 

tikus can accumulate iron in its tissue. Therefore 

research on bio-concentration metal in Purun tikus is 

needed. The AMD contain iron is with a large 

concentration. Therefore it is necessary to know the 

ability of Purun tikus to concentrate Fe in its tissues.  

 

Materials and methods  

Materials 

This research used a model of vertical flow 

constructed wetland. The constructed wetland model 

is made of wood with dimensions of 0.65 mx 0.35 mx 

0.35 m.Acid mine drainage (AMD) derived from 

waste coal mining PT Arutmin Indonesia, South 

Kalimantan. Wetland vegetation used are Purun tikus 

(Eleocharis dulcis) with an average height of 15 cm 

with a spacing of 15 cm. Media use is an acid sulphate 

soils, according to the original habitat of plants Purun 

tikus with a height of 30 cm on each model. Purun 

tikus and acid sulphate soils originating from Central 

Puntik Village, District Mandastana, Barito Kuala, 

South Kalimantan. 

 

Methods 

This research was carried out with the system SSFCW 

vertical flow with the operating system in batches. 

The research was conducted for 5 days with a 

sampling interval in the 1st, 3rd day, and day-to-5. 

Media on this model varied by two kinds of media, 

using the media of acid sulfate soil mixed with 
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manure and media acid sulphate soils mixed with 

compost. Effluent water samples will be tested by 

testing the parameters of iron (Fe) in the laboratory 

using flame AAS (Atomic Absorption 

Spectrophotometer with flame) in accordance with 

the standards for Fe namely ISO 6989.4: 2009.Bio 

concentration is ratio between metal in the Plant and 

metal concentration inthe surrounding environment.  

Bio-concentration factor (BCF) was calculated as 

follow:   

��� �  
�� �� 	ℎ� ���	

�� �� 	ℎ� �����
 

 

Results and discussion  

Effluent Iron (Fe) concentration 

Results showed that the concentration of Fe in the  

effluent VSSFCW decreased quite significantly over 

time (Fig. 2). Fe concentration in the effluent 

decreased by 98.26% in VSSF-CW with mixed media 

Acid sulphate soil with manure and while in VSSF-

CW with mixed media Acid sulphate soil with 

compost Fe concentration in the effluent decreased by 

91.17% within 5 day. This suggests that differences in 

the design of the media and the CW will produce 

different efficiency and performance of CW. Fe 

removal due to the complex processes that occur in 

VSSFCW, interaction processes involving physical-

chemical and biological. These processes involving 

plants, media and microorganisms that exist in 

VSSFCW (Munawar, 2007; Vymazal, 2010; Vymazal 

and Kropfelova, 2008; Younger et al., 2002).

 

Fig. 1. Design Reaktor VSSF- Contructed Wetland. 

Iron (Fe) concentration on the media of the Vertical 

Sub Surface Flow Constructed Wetland 

In this study was used two different kinds of growth-

media with a mixture of different combinations, the 

first VSSF-CW with mixed media Acid sulphate soil 

and manure, second VSSFCW with mixed media af 

sulphate-acid soil and compost. Fe concentration 

measurements at different VSSF-CW media showed 

that the VSSF-CW with sulphate acid soil + manure 

are higher than the VSSF-CW with sulphate acid soil 

+ compost (Fig. 3). This shows that the manure can 

help Acid sulphate soil in adsorb Fe more than  

compost. 

 

Iron (Fe) concentration of the E.dulcis 

Fe concentration in Puruntikus grown in VSSF-CW 

with Acid sulphate soil + manure is lower than the 

concentration of Fe in Puruntikus grown in VSSF-CW 

with Acid sulphate soil + compost (Fig. 4). This shows 

that Purun tikus in model of VSSF-CW with acid 

sulphate soil + compost do more uptake Fe than 

Purun tikus in model VSSF Fe-CW with acid sulphate 

soil + manure. Plants provide a large surface area for 

the attachment and growth of microbes(Hua, 2003). 
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Fig. 2. Fe Concentration of AMD effluents in the VSSF-CW. 

 

Fig. 4. Fe Concentration of media in the VSSF-CW. 

The complex interaction of plants with 

microorganisms claimed to be the main process to 

eliminate metals from wastewater (Kosolapov et al., 

2004).   

 

Purun tikus contain many phenolic compounds in the 

cell wall that makes the roots and stems of this plant 

has a high tolerance for Fe. Metal will accumulate in 

plants after forming complexes with other elements 

or compounds, one of which phytochelatin composed 

of several amino acids such as cysteine and glycine. 

Function of phytochelatin is to form complexes with 

heavy metals in plants and serves as detoxification of 

heavy metals to plants, if the plants cannot synthesize 

phytochelatin lead to impaired growth and lead to 

death. Phytochelatin  highest levels found in plants 

that are tolerant to heavy metals (Anjum et al., 2012; 

Cobbett, 2000; Hirata et al., 2005; Hirata et al., 

2001; Liu et al., 2006; Yadav, 2010; Yang et al., 

2005). 

 

Bioconcentration Factor (BCF) of Fe in E. Dulcis 

Iron as a micro nutrients it takes only less than 0.1% 

or ± 1000 ppm for plant growth. In general, the plant 

requires only Fe as much as 50-250 mg.kg-1 of 

biomass in the network. If the Fe content in the 

network exceeds 300 mg.kg-1 plant is said to be 

poisoned. The high concentration of Fe in Purun tikus 

organs (Fig. 4) makes this plant's potential as a plant 

Fe hyper-accumulator, because it is able to absorb 
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and localize these elements more than 0.1% on the 

organ. Bio concentration Factor (BCF) is a parameter 

used to determine the potential of plants do 

accumulate metals (Rezvani and Zaefarian, 2011; 

Tommy, 2009).Results of BCF calculation in Purun 

tikus (Fig. 5) shows that Purun tikus is a plant which 

can accumulate Fe.  From the point of view of 

phytoremediation, a good accumulator has been 

defined as having the ability to concentrate the heavy 

metal in its tissues. In general, a plant with a BCF of 

more than 1000 is considered a hyper-accumulator. A 

plant with a BCF of 1 to less than 1000 is considered 

an accumulator, and with a BCF of less than 1 as an 

excluder (Islam et al., 2013; Zayed et al., 1998).  

 

Fig. 4. Fe Concentration on Purun tikus in the VSSF-CW. 

 

Fig. 5. Bioconcentration Factor of Fe in the Purun-tikus. 

Conclusion  

Model of the Vertical Subsurface Flow Constructed 

Wetlands (VSSF-CW) with the Purun tikus plant 

capable of removing iron from the acid mine 

drainage. The best performance is shown by the 

VSSF-CW with the mixture media of sulphate-acid 

soil and manure. The high BCF (Bio concentration 

factor) of Fe in Puruntikus (Eleocharis dulcis) 

planted on the VSSF-CW suggested that Puruntikus 

asthe accumulator plant. 
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