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ABSTRACT

One of the critical success factors in the performance of Constructed Wetlands (CW) is drain-operation of
wastewater into the CW. The purpose of this study was to determine the performance of horizontal subsurface-
flow constructed wetland (HSSF-CW) in Fe removal and raise pH of AMD with the difference operations of the
wastewater flow. Two kinds of the HSSF-CW were planted with the Purun tikus (Eleocharis dulcis). Purun tikus
is potentially as a biofilter due to its fast grow and adapt well to the flooded acid soils. The Model-A of HSSF-
CW is operated in batch-flow while the Model-B is operated with continuous-flow. Dimensions of the HSSF-CW
is 100 cm x 30 cm x 35 cm. Results showed that Fe-removal in the Model-B is greater (103.61 mg / day)
compared to Model-A (37.69 mg / day) and the HSSF-CW Model-A is only able to raise pH as much as 0.92
units, while the HSSF-CW Model-B increases pH as much as 1.97 units. It can be concluded that the HSSF-CW
Model-B has better performance as compared to the Model-A.

KEYWORDS: Horizontal subsurface flow-constructed wetland, Purun tikus (Eleocharis dulcis), iron, acid
mine drainage (AMD)

I. INTRODUCTION

Constructed wetland (CW) is one alternative method of wastewater treatment that mimics natural
processes to clean the water. Various types of aquatic plants can be integrated with this method [1, 2,
3]. Communities of microorganisms naturally live in water, rocks, soil, and plants that live in these
wetlands. These microorganism communities can supply nutrients for aquatic plants, and can help the
processes of elimination of pollutants from contaminated waters [4]. When compared with a
conventional method of wastewater treatment using chemicals, the constructed wetland technology is
simple, inexpensive, and environmental-friendly [5, 6, 7].

In general there are two types of constructed wetland based on differences in wastewater flow
settings, namely: (1) surface flow (SF), and (2) subsurface flow (SSF) [8, 9, 10]. There are two types
of subsurface flow constructed wetland (SSFCW) , namely vertical (VSSF) and horizontal (HSSF).
Compared with the other constructed wetlands (CW), the horizontal subsurface flow (HSSF) can be
applied widely and it is a suitable system to treat the acid wastewaters [11, 12].

Wastewater flows horizontally through an artificial filter layer (substrate), it is typically composed of
sand or gravel, roots and rhizome of aquatic plants. On these substrates are colonies of
microorganisms that form a kind of biofilms. Purification of wastewater is done through a variety of
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biological processes, physics, chemistry and microbiology, including sedimentation, filtration,
precipitation, adsorption, nutrient uptake by plants, decomposition of organic matter by microbes and
nitrogen transformations [13, 14, 15, 16].

The CW technology is widely used to treat acid mine drainage [17, 18, 19, 20, 21, 22, 23, 24, 25]. The
CW is a complex system with many components that work together, so that differences in these
components affect the performance of CW. The main component determining the performance of CW
is the aquatic plant species suitable to the characteristics of wastewater [26].

The CW using certain aquatic plants that are tolerant of waste water and can absorb contaminants.
Purun tikus (Eleocharis dulcis) is one type of marsh plants with acid sulphate soils. Purun tikus can
grow well in low pH environments[27, 28], so it is used in SSF-CW for treating AMD in this study.
Research conducted by Krisdianto et al. showed that the Purun tikus can reduce the content of
dissolved Fe in the wetland plots were planted with rice were given AMD coal. In this condition the
Purun tikus can treat water to produce water with an average Fe content of 1.1766 mg.L-1 and Total
Dissolved Solid (TDS) by an average of 0.4505 mg.L-1. In addition, Purun tikus including aquatic
plants that have a very broad spectrum of habitats, and relatively rapid growth [29].

South Kalimantan is a province in Indonesia, which has the high potential for very large coal mines.
Coal mining method employed by the mining companies usually is the open pit mining. This open pit
mining method removes the surface layer of soil (topsoil) rich in organic matter. This activity resulted
in the exposure of rock layers rich in sulfur, sulfur minerals react with water and oxygen to make
sulphate released into the environment. This reaction produces a acidic wastewater, known as the acid
mine drainage (AMD). This AMD is rich in Fe-soluble, low pH, can cause corrosion and dissolve
other heavy metals, so it is toxic to aquatic organisms. Therefore, we need an effective AMD
processing technology, easier and cheaper, so that AMD does not pollute aquatic environment. The
technology of CW planted with the Purun tikus is expected feasible to treat AMD sufficiently.

The most important operational factor of CW is the flow of wastewater, hydraulic loads, and detention
time [30]. ). Based on the wastewater flows, it can be divided into the batch flow and continuous flow.
In the batch flow system, CW is supplied with wastewater over a period of time and after that no
additional wastewater [31]. In the continuous flow system, the wastewater flows continuously into the
CW [30, 31].

This study was conducted to determine the performance of horizontal subsurface constructed wetland
(HSSF-CW) with Purun tikus aquatic plant in removing soluble-Fe and raising pH of AMD, involving
the batch flow system and the continuous flow system.

In this paper, we begin with description of constructed wetland and its used for treating acid mine
drainage, and then the importance of flow-operation of wastewater in performance of CW. We
compare the result measured parameters between models and finally, conclute the best model.

Il. RESEARCH METHODS

Constructed Wetland (CW) used in this study is the CW-type of Horizontal Subsurface Flow (HSSF)
with two kinds of wastewater flowing ways, namely: batch-flow and continuous-flow. The reactor is
made of wood and covered with plastic-film with a size of 100 cm x 30 cm x 35 cm (Figure 1). The
media used are acid sulfate soils from the Central Puntik Village, South Kalimantan, which is a
natural habitat for Purun tikus. Thickness of soil for plant growth media in each reactor is 30 cm.

In this study, the HSSF-CW are planted with Purun tikus (Eleocharis dulcis) (Figure 1). Seedlings
planted are tillers with an average height of 15 cm, the seedlings were planted at a distance of 10 cm.
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Figure 1. Purun tikus tillers (Eleocharis dulcis)

The Model-A reactor is operated with the batch flow system. Wastewater inffluent as much as 22
liters flowed into the reactor at the beginning of the process without adding more in the span of 15
days. In the Model-B reactor, inffluent flowed continuously with the flow rate (5 L / day) within a
period of four days.

o
)

A = influent reservoir
B = inlet pipe

C = gravel

D = growth media

E = purun tikus

F = gravel

G = outlet pipe

H = effluent reservoir

Figure 2.

Design Reaktor HSSF- Contructed Wetland
Inffluent of AMD comes from coal mining areas in South Kalimantan. Parameters measured in this
study are pH and concentration of soluble-Fe (dissolved Fe). Measurement of pH using a pH meter.
Concentration of dissolved-Fe in the wastewater is analyzed using the Atomic Absorption
Spectrophotometer (AAS). HSSF-CW performance is measured by the amount of soluble-Fe were
removed (Fe-rem.) per day by the SSF-CW system [19, 32]. It is formulated:
Fe (mg/day)rem = Fe(mg/day)in — Fe (mg/day)out

I1l. RESULTS AND DISCUSSION

3.1.The role of aquatic plant in removing soluble Fe in the HSSF-CW system

Results showed differences between the HSSF-CW without Purun tikus and the HSSF-CW planted
with Purun tikus (Figure 3). The concentration of dissolved-Fe in effluents of the HSSF-CW Model-A
and Model-B is lower than the HSSF-CW Control. This suggests that Purun tikus aquatic plant played
a significant role in the process of removal dissolved-Fe from acid mine drainage. Purun tikus
supplied oxygen necessaried in oxidizing and precipitating iron substances, and Purun tikus are also
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able to absorb the amount of iron for their metabolism [3] Both of these processes is estimated to be
the cause of lower concentrations of dissolved-Fe in the effluent of the HSSF-CW with Purun tikus
compared to the HSSF-CW without plants. The importance of plants in the HSSF-CW systems have
been shown by research results of Wiessner et al. [33].
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Figure 3. Fe Concentration Fe of AMD effluents in the HSSF-CW control (without vegetation), Model-A
(vegetated with batch flow), Model-B (vegetated with continuous flow)

3.2.Fe concentration of AMD in the Horizontal Subsurface Constructed Wetland

The HHSF-CW Model-A is operated with the batch flow system. The entire wastewater is supplied
into the reactor at the beginning of the process, no additional wastewater else into the reactor [31],
The concentration of pollutants (dissolved-Fe) decreased following the function of time [26].
Increasing concentration of the dissolved Fe in effluents during the first ten days (Figure 4) due to
acid mine water that has a low pH resulted in increased desorption of Fe and enhanced solubility of Fe
substances. While the declining concentrations of the dissolved Fe occurs in the next five days, the
Purun tikus plants have started to absorb dissolved Fe in AMD. Fe++ ions can be absorbed directly by
the root system together with water absorption. A number of Fe++ reacted with the organic substances
(chelating agents) excreted by plant roots into Fe-chelate compounds that can be absorbed by plants.
Along with the growth of plants, processes of Fe absorption from AMD would be continued [34].
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Figure 4. Fe concentration of AMD in the HSSF-CW Model-A

Much of the research on constructed wetlands focused on the input-output (I/O) data, so that the
regression equation becomes a useful tool in the interpretation of the I/O data [13]. Data were
analyzed using regression methods to predict the quality of effluents.
Results of the regression analysis between the x (time) and y (Fe concentration) showed the regression
equation (1):

Y =-0,8088x+15,761x+28,909...(R2=0,9721**)
Result of analysis showed a significant relationship between the variables x and y, and the regression
equation can be used to predict Fe-concentration in AMD effluents by time.
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Figure 5. Prediction of Fe concentration of AMD in the HSSF-CW Model-A.

Figure 5 shows the change of Fe concentration in effluents from the HSSF-CW Model-A, which is
estimated based on the regression equation. Fe concentration in effluents is lower than the Fe
concentration in inffluents (28.909 mg/L). On day of 20 and 21, Fe-concentration in effluents have
met the quality standard of mining wastewater (Standard of Fe is 7 mg/L) [35].

Changes of Fe concentrations in effluents from the HSSF-CW Model-B is shown in Figure 6. The Fe
concentrations decreased very significantly by the fourth day (8.86 mg/L), but still not meet yet the
quality standard of Fe. Based on these values, the regression equation (2) can be derived:

Y =-4,1442x +2544........... (R? = 0.999**)
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Figure 6. Fe consentration of AMD in the HSSF-CW Model-B

This regression equation can be used to predict Fe concentration in effluents from the HSSF-CW
Model-B, as shown in Figure 7. On the fifth day 5, Fe concentration is predicted at 4.719 mg/L, it has
met the water quality standard of wastewater.
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Figure 7. Prediction of Fe consentration of AMD in the HSSF-CW Model-B.
3.3.pH change of AMD in the Horizontal Subsurface Constructed Wetland

pH is one of the quality parameters of coal mining wastewater. Acid mine drainage (AMD)
discharged into a body of water should be the pH of 6 - 9. In this study, pH is used to measure
performance of the Horizontal Subsurface Flow Constructed Wetland (HSSF-CW). Change of pH of
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the AMD during the study of HSSF-CW with Purun tikus were shown in Figure 8 (HSSF-CW Model-
A) and in Figure 9 (HSSF-CW Model-B).
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Figure 8. pH values of AMD in the HSSF- CW Model-A
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Figure 9. pH values of AMD in the HSSF-CW Model-B.

Results of pH measurements are regressed to detention time (days), it is suggested the regression
equations:

y = 0,0006x3 - 0,0195x2 + 0,2218x + 2,5 .....(3)

Y=04917X + 3. i, 4)
The equation (3) is a regression equation of detention time with a pH of effluents in the HSSF-CW
Model-A, and the equation (4) in the HSSF-CW Model-B. The correlation coefficient in equation (3)
and (4) are Rz = 0.9999 ** | which means that the relationship of pH with detention time in the two
models are very significant and the regression equations can be used to predict the pH of effluents.
Based on these equations can predict the time required by the HSSF-CW with Purun tikus to treat
AMD in meeting the wastewater quality standard (pH = 6-9) [35].
The prediction results by using equation (3) and (4) show that the HSSF-CW ModelA takes 27 days
(Figure 10) in meeting the quality standards. While the HSSF-CW Model-B only takes seven days
(Figure 11). This suggests that performance of the HSSF-CW Model-B is better than the HSSF-CW
Model-A.
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Figure 10. Prediction of pH values of AMD in the HSSF- CW Model-A
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Figure 11. Prediction of pH values of AMD in the HSSF-CW Model-B.
3.4.The CW Performance

The CW performance can be evaluated based on its ability in reducing levels of pollutants or in
improving quality parameters [36]. The CW performance is usually expressed in the efficiency rate or
the efficiency percentage (%). However, value of this efficiency can not explain how much iron or
other pollutants removed per unit or time or per unit or surface area of the constructed wetland.
Therefore, in this study , performance of the CW is determined based on the amount of iron removed
per unit of time (days) [19].

Table 1. Performance of the HSSF-CW in removing Fe from AMD

Fe (mg/hari)
Model
Fe In Fe Out Fe rem
A 42,40 471 37,69
B 127,20 23,60 103,61

Performance of the Horizontal Subsurface Flow Constracted-Wetland (HSSF-CW) planted with
Purun tikus in removing soluble-Fe is summarized in Table 1. Performancve of the Model-B is better
in comparison to the Model-A. This is indicated by the amount of Fe-removal in the Model-B is
greater (103.61 mg / day) compared to Model-A (37.69 mg / day); and the time required in removing
soluble Fe in the HSSF-CW Model-B is only five days (Figure 7), while the Model-A requires 21
days (Figure 5).

In addition to the concentration of soluble-Fe, the Indonesian government regulations also required
pH as the quality parameter of coal mine wastewater (AMD). Results of pH measurements (Table 2)
show that the performance of HSSF-CW Model-B is better in raising pH compared to HSSF-CW
Model-A. During periode of 15 days the HSSF-CW Model-A is only able to raise pH as much as 0.92
units, while the HSSF-CW Model-B increases pH as much as 1.97 units within four days. However,
pH value of effluents on the HSSF-CW Model-B is still unable to meet the water quality standards set
by the Indonesian government [35].

Table 2. Performance of the HSSF-CW in raising Fe of the AMD

Model HSSF pH
Ccw Influent | Effluent Increment
A 2,50 3,42 0,92
B 3,00 4,97 1,97

Some researchers have argued that the CW-operated with the batch flow system can improve the
pollutant removal capacity [37, 38], especially for the CW that treated domestic wastewater [39].
However, research of Burgoon et al. (1995), suggested that the batch flow system is as good as the
continuous flow system [40]. Results of research in South Kalimantan showed that batch flow system
of HSSF-CW suggested similar performance to the continuous flow system of HSSF-CW. This is
caused by the removal of metals (including iron) from the wastewater in the wetland system is
determined by interaction of the deposition process, sedimentation, sorption, co-precipitation, cation-
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exchange, photodegradation, phytoaccumula-tion, biodegradation, and uptake by plants [21]. In the
batch flow system, the water-saturated media suggested no space to free oxygen. Free oxygen is
required to oxidixe ferrous compounds into the ferric compounds and it is precipitated. In contrast to
the continuous flow system, the wastewater is not put into the reactor at the same time, thus providing
the opportunity for oxidation to take place better. Soil as a growing medium of plants and microbes
influence the processes of hydraulic and affect the performance of the system CW. This soil is the
main support material for the growth of plants and microbes. Interaction among plants, microbes and
soil substrate produce the complex processes that occur in the rhizosphere, it is roled in the pollutant
removal from AMD [3].

IV. CONCLUSION

Model of the Horizontal Subsurface Flow Constructed Wetlands-(HSSF-CW) with the Purun tikus
plant capable of removing iron and raising pH of the acid mine drainage. Performance of the HSSF-
CW Model-A in Fe removal and raising pH is smaller than the HSSF-CW Model-B. It can be
concluded that the HSSF-CW Model-B with a continuous wastewater flow has better performance as
compared to the HSSF-CW Model-A with batch flow.

V. FUTURE WORK

Based on the result from this study, in the future it’s needed to examine performance of HSSF-CW
with a continuous wastewater flow on pilot project and field project.
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