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Abstract— Ludwigia octovalvis (Jacq.) P.H. Raven is a terrestrial 

tropical plant in Malaysia having the ability to uptake and accumulate 

arsenic in their tissue. The effectiveness of arsenic phytoremediation 

by L. octovalvis in pilot reed bed system using arsenic spiked sand 

was conducted to determine the feasibility using this plant in a large 

scale of phytoremediation. The depth of arsenic spiked sand in a reed 

bed system was 10 cm with another two fine and medium gravels 

layer below, each at 10 cm depth. All treatments were carried out 

without addition of fertilizer, bacteria or aeration. The higher arsenic 

uptake and accumulation reached 528.5 ± 68.3 mg/kg in leaves of L. 

octovalvis after 42 days of exposure at arsenic concentration of 39 

mg/kg. Based on the translocation factor (TF) and bioaccumulation 

factor (BF) values, indicating phytoextraction has role process in 

arsenic phytoremediation using L. octovalvis in a pilot reed bed 

system using spiked sand. The effectiveness of arsenic 

phytoremediation increased with time exposure. The effectiveness 

uptake percentages of total arsenic mass at concentrations of 5, 22 

and 39 mg/kg on Day 42 were 100, 43.8 and 18.5% respectively. It 

was concluded that L. octovalvis has the potential to be used in pilot 

arsenic phytoremediation. 
Keywords— arsenic, uptake, accumulation, performance, pilot 

reed bed, effectiveness. 

I.  Introduction  
Arsenic (As) is listed as the first hazardous substance 

according to the United State Agency for Toxic Substances 
and Disease Registry (ATSDR) [1]. Commonly sources of As 
contamination were mine waste (primarily sulfide, iron and 
tin), tanneries, metal smelters and geothermal activity. As also 
has been used in the following were embalming fluids, paint 
pigments, insecticides, herbicides, defoliants and metal alloys 
[2]. The toxicity and redistribution of arsenic in the 
environment make it evoke public concern [3].  
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One of green technologies to remediate arsenic is 
phyoremediation. Phytoremediation takes advantage of the 
unique, selective and naturally occurring uptake capabilities of 
plant root systems, together with the translocation, 
bioaccumulation and pollutant storage/degradation abilities of 
the entire plant tissue [4]. Phytoremediation includes several 
processes namely, phytoextraction, phytodegradation, 
rhizofiltration, phytostabilization (phytosequestration), 
phytovolatilization and phytohydraulics [5]. Phyoremediation 
can be conducted in situ or ex situ method [6]. Based on ex 
situ method, the phyoremediation can be carried using a reed 
bed. Reed bed system is designed to simulate the 
microbiological, chemical and physical processes that occur 
naturally. A reed bed system works through cleansing power 
of three elements involving soil dwelling microbe, the 
physical and chemical properties (soil, sand or gravel) and 
finally the plant themselves [7]. The effectiveness of 
phytoremediation is, however, inconsistent and depends on 
several factors associated with soil and plant characteristics as 
well as the chemistry of arsenic in the environment [8]. 
Several soil amendments like lime, phosphate (P), compost are 
used to enhance the effectiveness of phytoremediation [9]. 
According to Memon [10], some systems can be used to 
enhance the effectiveness of phytoremediation, such as 
selection plant species as varieties with high potential of metal 
accumulation, using different agricultural method such as 
adjusting pH and adding chelates agent to increase the 
bioavailable of heavy metal, and employing biotechnological 
methods to increase the ability of the plants to enhance the 
remediation rate of the polluted areas. 

Ludwigia octovalvis has been described as a plant that can 
survive on a contaminated site in Malaysia [11]. In Malaysia, 
it is known as ―buyang samalam‖, “lakom ayer‖ and “pujang 
malam‖. L. octovalvis is a cosmopolitan plant with a mainly 
tropical distribution. Based on a previous study, L. octovalvis 
could uptake and accumulation of arsenic in their tissue [12]. 

The objective of this study was to determinate the 

effectiveness of arsenic phytoremdiation by L. octovalvis 

using arsenic spiked sand in a pilot reed bed system. 

 

II. Materials and Methods 

A. Design of  pilot reed bed 
The pilot reed beds were constructed of fiberglass tanks, 

the walls of which were 5 cm in thickness and black in color 

with dimensions of 92 x 92 x 60 cm (Figure 1). A layer of 

medium gravel (Ф in 20 mm) was placed at the bottom of the 
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reed bed, and another layer of fine gravel (Ф in 10 mm) was 

placed at the top. The depth of both the medium and fine 

gravel layers were 10 cm. Based on our previous study [13], 

the depth of arsenic spiked sand as the top layer in the similar 

size of pilot reed bed was 30 cm indicating could cause toxic 

effect on L. octovalvis so that the arsenic spiked sand in this 

study was reduced to only 10 cm.  
 

 

Figure 1.  Design of the pilot reed bed. 

 

B. Propagation of the plant species 
L. octovalvis species were propagated from seeds in a 

greenhouse using garden soil. The seeds were planted in 

plastic crates (37 x 27 x 10 cm). After 3 weeks, individual 

seedlings were transferred into polybags. All of the plants used 

in the experiment were 8 weeks old.   

C. Spiked sand preparation and 
sampling 
The sand used for study, first analyzed to determine the 

content of macro nutrient, micro nutrient and trace element. 
Based on the analysis, the sand contained macro nutrients 
of29.2 mg/kg N (nitrate) and 1.2 mg/kg K, 13.0 mg/kg SO4

2-
, 

86.5 mg/kg Ca, 7.4 mg/kg Mg and micro nutrient of 6.4 mg/kg 
Cl

-
, 5.5 mg/kg Fe, 0.04 mg/kg Zn and 1.62 mg/kg Mn. The 

trace elements were not detected. 

The sand was spiked with an arsenic salt, sodium arsenate 
dibasic heptahydrate (AsHNa2O4.7H20) (Sigma Aldrich, 
USA). The following four different concentrations of arsenic 
were prepared: 5, 22, and 39 mg/kg including one tank acting 
as control. The arsenic concentrations were selected based on 
a range finding test as reported by Titah et al. [14]. After sand 
being spiked with arsenic, each reed bed was planted with 100 
healthy L. octovalvis plants. All treatments were carried out 
without additional fertilizer, rhizobacteria or aeration.  

The reed beds were watered every two days. The moisture 
content of the spiked sand was monitored using a moisture 
meter (Decagon, USA). Three plants from each concentration 
(i.e., each pilot reed bed) were harvested after 14, 28, and 42 
days of exposure. The fresh and dry weights were measured 
for each part of the sampled plants (roots, stems, and leaves). 

All of the plant parts were dried in an oven at 80 °C for two 
days for the dry weight measurement [15].  

Sampling of the spiked sand was conducted after 0, 14, 28, 
and 42 days of exposure and monitored for pH, temperature 
and Oxidation-Reduction Potential (ORP) using a pH meter 
(Cyberscan pH 300, Singapore). All samplings were 
conducted in three replicates. 

D. Analysis of arsenic in sand and plant 
The total extractable arsenic concentration in spiked sand 

was determined using wet digestion method [16]. All of the 
samples were placed in hot block tubes, and the hot blocks 
were placed in a block digester (AIM 600 Digestion System, 
Australia). Sand extraction to determine arsenic bioavailable 
was carried out using a method described by Quevauviller 
[17].  The supernatant was collected in polyethylene bottles 
and stored at 4 °C for further arsenic analysis.  

The plant materials (roots, stems and leaves) were dried 
prior to the extraction procedure. In this experiment, the 
arsenic extraction from the plants was performed using a 
modified wet digestion method [18, 19, 20]. The arsenic 
content in sand and plant was analysed with an Inductively 
Coupled Plasma-Optical Emission Spectrometer (ICP-OES), 
Optima 7300DV Perkin Elmer (USA). 

E. Statistical analysis  
 

All of the experimental data were subjected to an analysis 

of variance (ANOVA) using SPSS, version 17.0 (IBM, USA). 

All the experiments were performed in triplicate to 

compensate for experimental errors and are reported as mean ± 

standard deviation (SD). Statistical significance was defined as 

p<0.05.  

 

III. Results and Discussions 
Figure 2 shows that profile of L. octovalvis dry weight 

increased till the end of experiment (Day 42) at arsenic 
concentration of 5 mg/kg. However, the fresh weight increased 
till Day 28. At arsenic concentrations of 22 and 39 mg/kg, the 
dry weight gradually increased, and then, it shows stable trend 
till the end of experiment. According to Rattanawat et al. [21], 
the decreasing of dry weight of biomass is one of the symptom 
of toxic effect of heavy metal on plant. Based on Figure 2, the 
increasing and stable condition of dry weight indicating that 
plant could grow during phyoremediation. Based on ANOVA 
analysis, the fresh weight shows a significant difference 
(p<0.05) for arsenic concentration of 39 mg/kg, however, the 
dry weight shows no significant difference (p>0.05) for all 
arsenic concentrations. 

Figure 3 illustrates the arsenic uptake and accumulation of 

L. octovalvis. Among all of the concentrations, the higher 

arsenic uptake and bioaccumulation during the exposure was 

528.5 ± 68.3 mg/kg
 
in leaves of L. octovalvis after 42 days of 

exposure in the highest arsenic concentration of 39 mg/kg. The 

high arsenic uptake and bioaccumulation at 5 and 22 mg/kg 

also occurred in leaves with 205.6 ± 72.4 and 413.4 ± 84.6 

mg/kg respectively. Based on ANOVA analysis, the arsenic 
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uptake and accumulation by the whole plant of L. octovalvis 

shows a significant difference (p<0.05). 
 

 

Figure 2.  Fresh and dry weight of L. octovalvis biomass. 

 

 

The accumulation of heavy metals in a plant can be 

quantified by two factors of translocation factor (TF) and the 

bioaccumulation factor (BF). The TF and BF values are 

respectively calculated as shown in Equations (1) and (2): 

    
                        

                
                                                    (1) 

    
                

                                   
                                    (2) 

 

Phytoremediation, mainly through the mechanisms of 

phytoextraction and phytostabilization, is a promising and 

practical technology to remove heavy metals from polluted 

environments [22]. Figure 4 shows the TF and BF value on 

arsenic phyoremediation in a pilot reed bed system using 

arsenic spiked sand. TF values are higher than 1, however, 

some values on 28 days of exposure are below than 1. All BF 

values are higher than 1. Based on the TF and BF value, it 

indicaties that phytoextraction has the role main on arsenic 

phyoremediation by L. octovalvis in a pilot reed system. The 

relatively high BF and TF values of L. octovalvis  for arsenic 

gave evidencethat it a potentialplant candidate for arsenic 

phytoremediation in sand.  
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Figure 3.Arsenic uptake and accumulation in part of L. octovalvis. 

Figure 4. TF and BF value during arsenic phytoremediation. 
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Based on our previous findings [23], in order to give a true 

assessment of phytoremediation performance, with the uptake 

concentration by L. octovalvis was converted to the total 

arsenic uptake to indicate the effectiveness of the 

phytoremediation through the following equation: 

 

x100
  x  WC

  N x DW x C
(%) uptake arsenic Total

sandsandin  As lebioavailab

plantplantplantin  As
        (3)                

Where, 

C As in plant = concentration of arsenic uptake per plant (mg/kg) 

at the end of exposure 

DW plant = dry weight of plant (kg) at the end of exposure 

N plant = number of plants 

C bioavailable As in sand = concentration of arsenic bioavailable in 

sand (mg/kg) at the initial exposure 

W sand = total weight of sand (kg) used 
 

Based on Figure 5, the effectiveness of arsenic 
phytoremediation increased with time. The effectiveness at 
arsenic concentration of 5 mg/kg on Day 42 is higher (100%) 
compare that effectiveness at 22 and 39 mg/kg. The 
effectiveness at arsenic concentrations of 22 and 39 mg/kg on 
Day 42 were only 43.8 and 18.5% respectively. The study was 
conducted using arsenic spiked sand without additional 
fertilizer. However, based on our study [23], the effectiveness 
of arsenic phytoremediation using L. octovalvis at arsenic 
concentration of 39 mg/kg in spiked sand could increase to 
49.6% after applying NPK fertilizer on Day 42. 

 

 

 

Figure 5. Effectiveness of arsenic phytoremediation. 

 

IV. Conclusions 
The dry weight of L. octovalvis increased and then stable, 

indicating that plant could grow during phytoremediation. The 

higher arsenic uptake and accumulation reached 528.5 ± 68.3 

mg/kg
 
in leaves of L. octovalvis after 42 days of exposure at 

the arsenic concentration of 39 mg/kg. Based on the TF and 

BF values, the phytoremediation mechanism through  

phytoextraction has played the main role in the arsenic 

phyoremediation by L. octovalvis in a pilot reed bed system, 

giving evidence that L. octovalvis has the potential as a good 

bioaccumulator for arsenic. The higher effectiveness of arsenic 

phytoremediation occurred at arsenic concentration at 5 

mg/kg. The effectiveness of arsenic phytoremediation 

increased with time at all arsenic concentrations (5, 22 and 39 

mg/kg). 
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