
 

 

 

Abstract— Plants that can absorb greater than 10,000 µg Ni/g dry 

mass in their stems and leaves are termed as ‘hypernickelophores’. 

Chelators are chemicals that make the metals in the soil more soluble, 

making them a potential enhancer for phytoextraction. This study 

aims to observe the effect of different concentrations of the chelating 

agent ethylene diamine tetraacetate (EDTA) on the metal uptake (or 

rate of phytoextraction) of Nickel by Phyllanthus sp. nov.. The plant 

is found to be a hyperickelophore in normal conditions. The addition 

of EDTA increased the metal uptake of the plant. The increasing 

amount of the chelating agent causes a decrease in the 

phytoextraction of the plant but moves the onset of its peak of 

maximum nickel content in its tissue to an earlier time. The chelator-

assisted phytoextraction of nickel by Phyllanthus sp. nov. is proven to 

be an efficient auxiliary mining operation for nickel laterite mines. 

 

Keywords—phytomining, Phyllanthus sp. nov.,EDTA, nickel, 

laterite  

I. INTRODUCTION 

ining, as defined, is the “extraction of minerals and 

elements of economic interest from the earth's surface”. 

[1] As such, the products of this practice can be divided into 2 

general categories: metal and non-metal (and sometimes a 3rd 

category, energy, which includes coal and gas). There are 2 

types of mining namely Surface, and Underground mining. 

Under each type are a number of methods such as Strip or 

Open-pit for Surface Mining, and Shrinkage Stoping or Room-

and-Pillar for Underground Mining. The selection of which 

mining method to be used for a certain project will depend on 

factors such as the kind and depth of the deposit, its efficiency 

and the cost of implementing it. 

 

Nickel mining falls under the metal product category. Most 

of the nickel mined comes from either magmatic sulphide 

deposits or lateritic deposits. [2] At present, around 27% of the 

world nickel resources are sulphide deposits. These are larger 

in scale, higher in grade, and are easier and cheaper to mine 

and process than lateritic ore; but these deposits are already 
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depleting. Therefore the production of nickel is leaning 

towards the 73% composed of lateritic deposits. Lateritic 

deposits occur near the surface (as a product of weathering) 

and are usually around 15 to 20 meters deep, making open-pit 

mining the most viable method used.  

 

In the Philippines most, if not all, nickel deposits are of 

lateritic in nature. This is due to the underlying ultramafic 

bedrock that is mainly comprised of harzburgite and dunite 

which are rich in nickel-bearing minerals such as olivine and 

forsterite. However, due to their complex structure, the 

minerals cannot easily free the nickel ions and are therefore 

not yet considered ore for extracting. Once weathering and 

supergene mineralization occurs, the parent rock is altered and 

the resulting minerals in the form of serpentine or garnierite 

liberate the nickel, also causing enrichment by depletion of the 

top layers. These processes result in the formation of lateritic 

profiles with an iron-rich limonite layer on top of nickel-rich 

saprolite underlain by ultramafic bedrock. 

 

Unfortunately, mining is an unaesthetically-pleasing, 

destructive in some aspects although duly-needed as there is a 

large demand for nickel for industrial and commercial 

products such as stainless steel. Efforts have been put into 

researching alternatives for mining and ways to rehabilitate 

the mined-out areas to make them look more appealing. A 

solution for these problems has actually been discovered: 

Phytomining, the use of plants to extract precious metal from 

the soil. Researchers are going into this topic with the hopes of 

developing it as a means of extracting the precious metals in 

the soils. The discovery of the abilities of plants to accumulate 

notable amounts of metal in their tissues without exhibiting 

physiological stress paved the way into researching not only 

implementing this technology into rehabilitating but also 

utilizing this in terms of actually developing it into a feasible 

mining method. 

 

Phytomining started out as a consequence of a greater 

concept called Phytoremediation. As defined, it is the “direct 

use of living green plants for in situ, or in place, removal, 

degradation, or containment of contaminants in soils, sludges, 

sediments, surface water and groundwater”[3].  
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Phytoextraction 

 

With the increasing demand to decontaminate soils that are 

produced by industrial operations including mining and 

mineral processing, efforts have been made to find better ways 

to do this with the least possible compromise. One of the most 

promising solutions is the use of bioremediation. 

Bioremediation is based on the potentials of living organisms 

to decontaminate the environment. These organisms are 

mainly microorganisms and plants. [4] Those bioremediation 

technologies that are plant based are termed as 

phytoremediation: the use of green plants and their associated 

micro biota for the in-situ treatment of contaminated soil and 

ground water. [5] The concept of phytoremediation emerged 

as a new technology that uses plants for cleaning or 

detoxifying soil, surface water and waste waters contaminated 

by metals, organic xenobiotics, explosives or radionuclides. 

[6] Phytoremediation is viewed more favourably by the public 

due to its low process environmental impact and the overall 

aesthetic improvement of the contaminated site. [7a, 7b, 7c]  

 

The mechanism of phytoremediation are based on five 

different processes namely, phytoextraction, 

phytovolatilization, rhizofiltration, phytostabilization and 

phytotransformation. [8] (Madrid et al, 2003) Phytoextraction 

is the uptake of contaminants, usually heavy metals into the 

shoot (aerial portion) of the plant, while rhizofiltration 

involves the absorption or adsorption of these metals into the 

roots of the plant. [9a, 9b] Phytovolatilization is a 

decontamination process that involves the evaporation of 

metal ions or volatile organics. In phytostabilization, roots 

release materials to cause metals to precipitate, reducing metal 

mobility. Phytotransformation is the uptake of organic 

contaminants for consumption within the plant. 

Phytodegradation is a microbial assisted process where 

microorganisms degrade contaminants (usually organic) 

within the enhanced environment provided in the rhizosphere 

[11] (Itanna and Coulman, 2003). In general, these 

phytoremediation processes involves either the uptake of 

contaminants, metals and organic alike, by the plant or the 

stabilization of these contaminants into their less reactive form 

to effectively reduce mobility. The process given prime focus 

in this study is phytoextraction. 

 

Phytoextraction is a natural phenomenon that all plants need 

to survive. Some metals serve as important micronutrients for 

the plants. [12, 13] This natural phenomenon of metal uptake 

from the soil and its storage into the aerial parts of the plants 

makes way for the possibility of phytomining. Phytomining is 

defined as the growing of a crop of plant to harvest the metals 

to commercially mine metals from relatively low-grade ore 

bodies. [14, 15] With the accumulation of metals in the plant 

parts, these plants can be harvested and from which metals can 

be extracted. The factor that needs to be considered is the 

amount of metal a certain plant can efficiently absorb into its 

aerial parts without causing harm to its cells. Metals that are 

essential to plant function can become toxic at high levels. 

[16] 

 

Hyperaccumulator plants are best suited for this. 

Hyperaccumulators are plants containing >10 000 mg/kg 

(ppm) Ni in their dry biomass. The term “hyperaccumulation” 

was first used in the late 1970s in a study by Brooks et al. 

However, the first quantitative record of the ability of certain 

plant species to accumulate high levels of metals was made by 

Minguzzi and Vergnano (1948) using Alyssum bertolinii. The 

reported nickel content accumulated by the plant in its leaves 

was 0.79% (7900 mg/kg) with only 0.42% metal in the soil. 

[18] In 2000, there has already been an estimated 418 taxa of 

hyperaccumulators that have been discovered. [19]  Out of this 

400, some are specific to the metal ion of nickel.  The 

University of the Philippines Los Banos have been able to 

identify 20 new hyperaccumulator species in the Philippines, 

with one termed as an ‘extreme hyperaccumulator’: the newly 

discovered Rinorea niccolifera[20]. Extreme 

hyperaccumulators are plants that can accumulate more than 

10,000 µg Ni/g dry mass in their leaves and stems and are 

more specifically termed as ‘hypernickelophores’. One of 

these nickelophores has been recently discovered in the areas 

of Masinloc, Candelaria and Santa Cruz, Zambales. This plant, 

Phyllanthus erythrotrichus, has been discovered by a group 

composed of Marilyn Quimado, Edwino Fernando, Lorele 

Trinidad and Augustine Doronila while doing their botanical 

exploration of ultramafic areas in Luzon and Mindanao. [20] 

This plant is the Phyllanthus erythrotrichus, which exhibits the 

ability to accumulate more than 17,000 µg Ni/g dry mass in 

their leaves alone. It was identified as a hypernickelophore in 

2013 in a study examining 33 plant species natively growing 

on ultramafic soil being subject to mining in Zambales. The 

following are some of the other hyperaccumulator plants 

found in the same area: Dichapetalum gelanoidess, 

Tuberculatum (Dichapetalaceae), Licania splendens, 

Xylosmalu zonense, Planchonella obovata and Phyllanthus 

balgooyi. After inspection of an area under the mineral 

agreement of Eramen Minerals Inc., the researchers found a 

plant of the same genus, which is the plant of interest in this 

study.  

 

Some plants that are not hyperaccumulators are known to 

have induced hyperaccumulator properties through the use of 

certain chemicals that aid in the absorption of metals from the 

soil. In order to enhance the effects of phytoextraction, 

chelators are being used. Chelators are chemicals that aid in 

the mobilization of the metals in the soil to make it more 

accessible to plants for extraction. Chelators enhance 

desorption of heavy metals from the soil matrix to the soil 

solution, facilitate metal transport into the xylem and increase 

metal translocation from roots to shoots.[27] One of the most 

commonly used chelators is Ethylenediamine tetraacetic acid 

(EDTA). EDTA enhances the accumulation of metals in the 

above ground parts of plants by increasing its transport from 

roots to aerial parts. This is achieved by developing metal-

chelate complex, the main property of chelators, which 

enhances its mobility within the plant [20,21]. Considering 



 

 

this proposition, the ability of EDTA to enhance the 

phytoextraction property of certain plants attracts attention in 

different fields in environmental, soil and mining science. 

Ethylenediamintetraacetate (EDTA) 

 

EDTA is a synthetic, colorless and water-soluble ligand, 

classified as a member of the aminopolycarboxylic acid 

family. Its conjugate base occurs as ethylenediamine 

tetraacetate, [EDTA]-4. Its uses are mainly based on its role as 

a hexadentate ligand and chelating agent with two amine and 

four carboxylates acting as binding sites. It forms complex 

coordinates with metal ions. After the sequestration of the 

metal ions, they exhibit diminished reactivity, due to its stable 

complex form. EDTA produces strong complexes with Mn(II), 

Cu(II), Fe(III), Pb(II) and Co(III) [23], but no accounts 

regarding Ni ions. The complexes formed by EDTA usually 

involves six-coordinate complex, that adopt the octahedral 

geometry. [24] Sometimes the products exhibit more complex 

structures due to the additional bond to water or displacement 

of one carboxylate arm by water. 

 

Two main properties of EDTA need highlighting in this 

study. First is its high denticity. High denticity entails a higher 

affinity for metal cations. A chemical equation below shows 

the formation of an EDTA coordinate complex in a ferric 

solution. 

 
 

[Fe(H2O)6]3+ + H4EDTA   [Fe(EDTA)]− + 6 H2O + 4 H+    (1) 

(Keq= 1025.1) 

 

The value of the equilibrium constant, it being more than 1, 

is indicative that the ligand, EDTA, favours the formation of 

metal-EDTA complex rather than forming it with protons 

(H+). Since the metal ions are extensively enveloped by 

EDTA and other protons, the catalytic property of the metal 

ions are greatly reduced. Second, since the complexes of 

[EDTA]-4 are anionic, they dissolve easily in water. This 

same mechanism gives it the ability to dissolve deposits of 

metal oxides and carbonates. 

 

EDTA is synthetically produced, at present time, from 

ethylenediamine (1,2-diaminoethane), formaldehyde, and 

sodium cyanide. [25] It is usually present in the market as 

salts, more commonly, as sodium salts. Using this kind of 

process, 50 million of EDTA is being produced each year 

around the world. [26] 

 

EDTA or ethylene diamine tetraacetate, although generally 

recognized as the most efficient chelate to increase metal 

uptake by plants, it poses threats of contamination due to its 

toxicity (particularly in its free form) and its poor photo-, 

chemo- and biodegradation properties.[27] 

EDTA is being used as an additive for micronutrient 

fertilizers and as a supplement to soil washing techniques. Its 

usage is not limited in agriculture and soil science but also 

applies in different industries like textile, medicine, dentistry 

and cosmetics. It also has wide applications in the laboratory 

setting as well. EDTA, highlighting its chelating property, is 

being used in medicine to treat lead poisoning and heavy 

metal toxicity. It is injected intravenously into the 

bloodstream. The EDTA in the blood creates a complex 

compound that binds with the metals present and is expelled 

through urination. This is more commonly known as the 

chelation therapy. [27, 28] This therapy is accompanied by the 

patient’s intake of essential vitamins and minerals as EDTA 

raises concerns that it may deplete important nutrients 

(calcium, B vitamins, Vitamin C and magnesium) from the 

body. The coordination of EDTA with the heavy metals 

(mercury, arsenic, aluminum, chromium, cobalt, manganese, 

nickel, selenium, zinc, tin, and thallium) and the vitamins and 

minerals is the same concept that is applied to the increase in 

mobility of Nickel for phytoextraction. 

 

Aside from the mentioned wide usage of EDTA, EDTA is 

also becoming a chemical of great interest in the field of 

remediation and soil science. An increasing number of studies 

have emerged regarding the effect of chelating agents, such as 

EDTA in the phytoextraction of several heavy metals like Ni, 

Cu, Fe, As, Cd, Cr, by certain plants, and reported positive 

results for most of them especially for Pb.[7,8,9] 

Ethylenediamine tetraacetic acid (EDTA), is used in this study 

to determine its effect in the mobilization of Nickel in a 

lateritic soil. It is chosen because of its abundance, low price 

and effectivity. Although, it is the most effective chelating 

agent to enhance the metal uptake of certain plants [29, 30], its 

efficiency is selective to the species of the plant and nature of 

the metal to be extracted. 

 

The effect of the addition of chelating agent, especially 

EDTA has different effects on different plants, considering 

both pot experiments and hydroponic experiments. There are 

studies that conclude that the presence of EDTA has increased 

the metal uptake of the plant.[32, 33, 34, 35, 36] The 

experiment of Barminas et al (2012) showed a rather complex 

effect of EDTA in phytoextraction. The metal extraction of 

crowfoot grass increased significantly, yet the metal 

translocation to aerial parts of the plants was significantly 

suppressed.[32] On the other hand, there are some 

experiments that concluded that the presence of EDTA in soil 

decreases the ability of certain plants to extract metals, 

specifically nickel.[37, 38, 39] Brooks et al (1999) studied the 

effect of the addition of certain soil amendments, including the 

addition of chelating agents, to the nickel and cobalt uptake of 

a nickel hyperaccumulator plant, B. coddii, using pot 

experiment set up. Chelating agents caused a decrease in metal 

uptake despite the increase in solubility (plant availability) of 

metal in the soil.[37] A similar experiment was done by 

Robinsons et al (1997) prior to this experiment which rendered 

the same result. Such phenomenon was attributed to the 

competition with the plant’s own nickel binding agents, 

causing the nickel to diffuse downwards to the plant’s root 

system.[40] January (2006) concluded, based from her 

experiments, that the effect of EDTA in the hydroponic 



 

 

environment hindered metal uptake and that nickel 

hyperaccumulator was achieved without the presence of 

EDTA.[38] The experiment of Sun et al, showed that the 

cadmium uptake of a cadmium hyperaccumulator Rorippa 

globossa was depressed upon the application of EDTA. Aside 

from the metal uptake, the biomass production, Cd 

concentration and consequently, total metal accumulation was 

significantly reduced as well as studied during the pre-

flowering stage of the plant.[39] The reverse of the results was 

obtained for the study using the same plant but during its 

mature stage thus giving emphasis on the effect of application 

time to the general effect of chelating agents in the 

improvement of phytoextraction. 

 

Philippine Nickel Production 

 

The Philippines is among the top 8 countries with the 

largest Nickel reserves which is around 3.1 million metric 

tons. Among the top of the list is Australia leading as the first 

with 19 million metric tons and Indonesia as top 6th with 4.5 

million metric tons. [41] In 2013, Indonesia and Philippines 

are leading the charts for nickel mine production with totals of 

440,000 and 446,000 metric tons respectively. in 2014 

Philippines takes the lead with 440,000 metric tons while 

Indonesia lowers to only 240,000 metric tons. [42] 

 

As of the 3rd quarter of 2014, there are 27 registered and 

operating Nickel mines in the country, comprising about 

58.7% of the Philippines operating metallic mines. [43] As of 

December 2014, a total of 62,742 dry metric tons of Nickel 

concentrate were produced from January to September 2014 

which values at Php 14,661,762,941. The Nickel content of 

concentrate equals to 36,505 metric tons. 23,158,500 dry 

metric tons are accounted for Nickel direct shipping ore that 

values at Php 46,781,521,436 and the nickel content of this 

equates to 278,779 metric tons. [44] 

 

A number of these reported nickel mines are operating in the 

general area of Zambales, whose deposits are part of the 

Zambales ophiolitic complex. At present there is only a 

number of mining companies that do not directly ship there 

ore because they own infrastructures to process it into 

concentrates. These processing plants are Coral Bay Nickel 

Corporation (CBNC) that processes ores coming from the Rio 

Tuba Nickel Mining Corporation (RTNMC) in Palawan  and 

Taganito HPAL Nickel Corporation (Taganito HPAL) in 

Surigao del Sur that processes ore coming from the Taganito 

Nickel Mine. More than usual, the limonite layer due to its 

low nickel content is considered waste by the companies who 

cannot process it. The mines in Zambales do not have 

processing plants therefore the companies directly ship the ore 

to their buyers which entail them to only about 10-15% of the 

Nickel price. Also because of the continuous operations of 

mining, the residents of the area have been complaining about 

the dust and pollution the companies have brought to their 

location and are asking for the authorities to ban mining. 

Aside from the dust and pollution brought about by the mining 

operations, the physical conditions of their mountains are a big 

concern for the residents. In this case, phytoextraction may be 

utilized for extracting available nickel ions in the otherwise 

considered waste layer of limonite while providing a more 

environmentally-sound solution to the problems of the 

company and the residents of Zambales. 

II. RESEARCH OBJECTIVES 

The overall objective of this study is to determine the 

efficiency of chelator-assisted phytoextraction of Phyllanthus 

sp. nov. in phytomining low grade nickeliferous lateritic soil. 

In achieving this goal, the study identifies the total 

accumulated metal in dry weight basis (%metal per dry 

weight) of the plant in growing in nickeliferous lateritic soil 

environment. Considering the significance of the plant as a 

potential tool in phytomining, this project specifically aims to: 

1. Identify the hyperaccumulator ability of the plant 

Phyllanthus sp. nov.; 

2. Determine quantitatively the effect of the chelating agent 

ethylenediaminetetracetate (EDTA) in the phytoextraction of 

nickel by the plant in nickel laterite; 

3. Characterize the best set of conditions in terms of time 

and concentration of EDTA to achieve maximum nickel 

phytoextraction by the plant; and 

4. Determine its feasibility in large scale phytomining 

operations. 

 

To determine the hyperaccumulator ability of the plant 

Phyllathus sp. nov. it is necessary to identify the men nickel 

concentration in its plant tissues and if it reaches the 

requirement to be identified as a hyperaccumulator. Aside 

from the mean nickel concentration in the tissues, the health of 

the plant as it stores the metal in its aerial parts must also be 

observed, and thus are parts of the objectives of this study. 

This study also targets to determine of the plant may be 

classified as a hypernickelophore if proven to be a 

hyperaccumulator. 

 

The objectives of this study also entail the determination of 

the effect of EDTA concentration to the metal uptake of the 

plant, as manifested in the phytoextraction rate in % Ni, or 

other variables that may be deemed interesting. It aims to 

answer the question, by how much does the change in 

concentration of the chelating agent EDTA affect the 

concentration of the metals in plant tissues. Does the amount 

of EDTA in the specified range of concentrations improve the 

metal yield of the plant? The study also answers qualitatively 

the question: does it also pose threat in the health of the plant 

by showing signs of plant toxicity with increasing EDTA 

concentrations? 

 

Considering factors time and EDTA concentrations, the 

determination of their effect in the metal accumulation and 

phytoextraction rate is crucial in this study. The study aims to 

determine through descriptive analysis the effect of time in the 

concentration of metal in the plant tissue and qualitatively the 

effect of EDTA concentrations in the same parameter, thus, 



 

 

identifying an optimum condition in terms of time and EDTA 

concentration in which the phytoextraction is at maximum. 

 

To ultimately determine the viability of chelator-assisted 

phytoextraction of Phyllanthus sp. nov. in phytomining low 

grade limonite soil, a feasibility study is necessary. This 

feasibility study aims to identify the feasibility of a 

phytomining operation as applied in the field. This study aims 

to fulfil these objectives by determining the cost, revenue and 

the profit of phytomining operations and compare it to usual 

nickel mining operations. It intends to identify possible 

applications and restrictions of phytomining in the large scale 

operations. MATH 
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III. SCOPE AND LIMITATIONS 

The study is conducted in the premises of the Department of 

Mining, Metallurgical and Materials Engineering building 

from November 2014 to January 2015. The plant and soil 

samples are obtained from the area of Eramen Minerals Inc. 

located in Sta. Cruz, Zambales and are planted into pots that 

are housed within the vicinity of the said building. The 

temperature and pressure condition are not artificially altered. 

 

The scope of the study takes into consideration several 

factors that are held constant or assumed to be true during the 

methodology of the study. The temperature-pressure 

condition, though cannot be held constant every day, are the 

same for all of the plant samples. The pots were limited to a 

1.5 sqm area to prevent significant differences in positioning 

that may produce favourable conditions for some of the plants. 

The same amount of water is being supplied to each of the 

plants in order to make sure that the growth for all plant 

samples are more or less the same. During their acquisition, 

the plants are obtained in the same area limited to 10 sqm. The 

plants selected are approximately of the same height and 

number of stalks that are direct assumptions of their age. Thus, 

in this study, the age of the plant samples are assumed to be 

the same. The soil in which that plant samples are planted are 

obtained in the same stockpile as well, with a classification of 

a low grade red limonite. 

During the plant cultivation, the study is conducted as a pot 

culture experiment. The same dimensions and materials of pot 

are used in the methodology. The same amount of soil is 

present in each pot. Also, the study takes into account the 

metal availability issue as nickel is present in no single ionic 

form. 

 

The study is limited by some of the factors that are not 

considered as covered by the general objectives of the study. 

The cultivation of the plant is not set in an environment that 

simulates that of a nickel mine. The temperature and pressure 

condition is not set to be similar to that of a typical open pit 

mine. Also since the study is conducted in a pot culture 

experiment, the actual application of the plant in large scale 

phytomining operations is not part of the scope of the study. 

Variations in results that may arise due to the increased root 

contact area and maximum root depth reach is not taken into 

consideration in this study. Another limitation resulting from 

the type of culture employed in the experiment is the lack of 

knowledge regarding the mechanism of the phytoextraction 

process in the molecular level. The study does not identify the 

form of metal at which it is extracted. The presence of nickel 

in the soil is not identified whether it is in ionic, silicate, oxide 

or any other form. Enzyme analysis is a helpful tool in the 

analysis of the mechanism of the extraction. The explanation 

of the mechanism involved in the sequestration of the metals 

in the soil by the chelator, or the formation of metal-chelator 

complexes are not covered in this study. 

 

The use of EDTA as an enhancer in the metal 

phytoextraction activity of Phyllanthus sp. nov. does not 

involve the analysis of its environmental impacts. Possible 

contamination of the soil and the groundwater was not taken 

into consideration in the pot experiment study. The effect of 

EDTA in the health of the plant has not been a concern in this 

study since the concentration of the chelator introduced in the 

system is relatively low to induce significant effect in the plant 

toxicity. 

 

The feasibility study involves the comparison of the 

projected profit and cost involved in a large scale phytomining 

operation with the literature values that are stated by 

companies in their production reports. The projected profit and 

cost are based in literature values of biomass production, 

equipment costs and methods while assumptions are made 

regarding the life span and maturity cycle of the plant. 

IV. METHODOLOGY 

A. Materials and Sample Acquisition and Preparation 

Saplings of Phyllanthus sp. nov. were obtained from the 

vicinity of the Eramen Minerals Inc. A total of 24 saplings of 

approximately same height and number of leaves were 

acquired. The plants were transferred into pots, around 8 cm in 

diameter, filled with approximately 1 kg of soil. The soils in 

the pots were obtained from where the plants originally 

thrived. The plants were found on a nickeliferous laterite type 

of soil.  The plants were pre-cultured in their original soils for 

three days with regular supply of water. The soil acquired is 

red limonite, considered low grade and waste for the company. 

Soil sample of approximately 100 grams was obtained for 

preliminary soil analysis. 

A chelating agent, ethylenediaminetetraacetate (EDTA), in 

the form of a 50% solution of a sodium EDTA salt was 

carefully diluted to a 5% solution. The 5% EDTA solution was 

added into the soil by pouring it on top of the soil in a 

distributed manner. All of the storage in the process was done 

using an amber bottle. 

 



 

 

A. Pot Experiment and Phytoextraction Kinetics Study 
 

Four treatments, T0, T1, T2, T3, with six replicates each, were 

arranged in a repeated measures two-factor randomized 

experimental design. The treatments were added with 

increasing amounts of chelating agent. T0 was assigned as the 

control group receiving no chelating agent. T1 received 2 

mmol EDTA/kg of soil where EDTA is a 5% solution, T2 

with 4 mmol/kg and T3 with 6 mmol/kg concentration of 

EDTA. Watering of plants with tap water is done only twice 

during the experiment. 

The plants were housed inside the premises of the Department 

of Mining, Metallurgical and Materials Engineering building 

in the duration of the experiment. Atmospheric pressure and 

daily ambient temperature were observed. The environment 

was not a simulation of that of a mine which was established 

as one of the limitations of this study. 

 

 
Figure 1. Layout of the pots grouped according to treatments 

 

Plant samples were harvested every 6 days for 30 days. Six 

replicate samples were collected for each treatment for every 

harvest. Each plant replicate sample was composed of the two 

lowermost (oldest) stalks of leaves present in a plant. This was 

done to standardize the sampling and to make the assumption 

that the maximum nickel concentration among the leaves are 

those that are the oldest. Samples are stored in plastic bags and 

were prepared for analysis. 

 

Figure 2. Repeated measures experimental design of the study 

 

B. Analysis of Metal Accumulation 
 

Samples were analysed using a single element analysis 

method, specifically, the Flame Atomic Absorption 

Spectroscopy (Flame AAS). The sample was initially dried at 

100±5˚C. The dried samples were manually pulverized to 100 

mesh size. After achieving the proper size, the pulverized 

sample was manually mixed. The sample was dried again for 

three hours, at 100±5˚C. Thirty (30) minutes of cooling was 

allotted for each sample. Using an analytical balance, 0.1 gram 

of sample was digested in 20 ml HNO3. The pregnant solution 

was then diluted to 250 ml with deionized water. The plant 

sample particles were filtered out of the solution. The pregnant 

solution was then fed into the Flame AAS. The Nickel cathode 

lamp used has a wavelength peak at 232.0 nm. The AAS uses 

an Air-C2H2 flame. For accuracy testing, a standard pre-

determined solution was analysed every after five unknown 

samples. 

The metal accumulation of the plant was monitored to 

determine the rate of extraction from the soil. The metal 

accumulation is recorded in percent basis as %Ni per gram of 

dry mass of plant. 

 

C. Statistical Analysis 
 

Statistical data were analysed using Microsoft Excel 

complemented by XLStat®. The plant was subjected to 

descriptive analysis for the determination of its 

hyperaccumulator abilities and phytoextraction behaviour. The 

set of values obtained from the experiment were subjected to 

four normality tests namely Shapiro-Wilk test, Anderson-

Darling test, Lilliefors test and the Jarque-Bera test. These 

tests determined the validity of the assumptions necessary for 

the two-way ANOVA. After the normality tests, the 

hypotheses were tested using two-way analysis of variance 

(ANOVA) to examine the variability for the factors affecting 

the phytoextraction of the plants. To determine the differences 

between individual means, Student’s t-test shall be used, at the 

0.05 level of significance. This was supported by using 

nonparametric test for sample comparison like Wilcoxon rank-

signed test and the Mann-Whitney test both employed with 

asymptotic p-value, Hollander and Wolfe was used for the 

management of ties with application of continuity corrections. 

All other analyses were done using descriptive analysis. 

 

For the feasibility study on the potential for phytomining, 

the estimated concentrate production in terms of tonnes was 

compared for operations using phytoextraction using 

Phyllanthus sp. nov., induced phytoextraction using EDTA 

and for the usual nickeliferous laterite mining operation. The 

cost of usual mining operations was estimated by averaging 

the data from two mining companies for the past two years. 

V. RESULTS AND DISCUSSION 

 

At the start of the experiment, the soil samples at which the 

Phyllanthus sp. nov. saplings were planted were subjected to 

standard Atomic Absorption Spectroscopy analysis procedures 

at the Eramen Minerals Inc. Assay Laboratory to confirm and 

assess its initial nickel content before the start of the 

experiment. The result of the assay is shown in Table 1. 
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Table 1. Results of initial soil sample analysis using Flame 

Atomic Absorption Spectroscopy 

Specimen ID Nickel Content (%) 

Soil 1 0.98 

Soil 2 1.10 

Soil 3 1.02 

Average 1.03 

 

There are three types of soil that was obtained from the mine 

and used in the pot experiment performed. The three types of 

soils were mixed in equal amounts, resulting to a mixture with 

mean nickel content of 1.03%. Each pot contains a plant that 

was planted in approximately 1.0 kg of 1.03% nickeliferous 

laterite. 

  

The two-factor completely randomized (with replicates) 

experimental design employed in this experiment produced a 

table of results as shown in Table 2. For thirty days with six 

days interval for each, plant samples from six replicates for 

each treatment were analysed using Flame Atomic Absorption 

Spectroscopy (Flame AAS). The nickel content of each 

sample was analysed. The recorded nickel concentrations in 

the plant tissues that are shown in Table 2 are mean nickel 

concentrations of the six replicates that represent each 

treatment and day of sampling. 

 

Table 2. Mean nickel content in the Phyllanthus sp. nov. 

leaves using Flame AAS 

EDTA 

Concentration 

(mmol 

EDTA/kg soil) 

Time (days) 

0 6 12 18 24 30 

0.00 1.45 1.86 2.17 2.60 2.40 1.00 

2.50 1.53 2.07 2.49 2.63 2.73 1.74 

5.00 1.70 2.11 2.53 2.73 2.41 1.71 

7.50 1.43 2.10 2.54 2.49 2.14 1.13 

Average 1.52 2.03 2.43 2.61 2.42 1.39 

 

Each data point in terms of nickel concentration corresponds 

to two factors that control it, time, in terms of days, and 

treatment identified by the concentration of EDTA in the soil 

where the saplings are planted. Shown in the rows are the 

concentrations of the chelator added into the soil and the 

column show the time at which the plant sample was taken. 

 

It can be seen from Table 2 that the value for the nickel 

concentration of the plant tissues are greater than or equal to 

10,000 µg Ni/g dry mass or 1.0% Ni per dry mass of leaves in 

all instances. Considering only the first column of data, day 0, 

where the nickel concentrations correspond to the initial nickel 

concentration in the plant tissues prior to the addition of the 

chelating agent, a surfeit of 0.52% can be observed at the 

mean as compared to the required nickel content to be 

classified as a an extreme nickel hyperaccumulator. Thus, it 

can be concluded that the plant Phyllanthus sp. nov. exhibits 

properties of a hypernickelophore as defined by Reeves and 

Baker (2000). Accroding to definition, a hypernickelophore is 

a plant with the ability to accumulate greater than or equal to 

10,000 µg Ni/g dry mass without any evidence of 

physiological stress.[19] 

 

In the duration of the experiment, the plant from day 0 until 

the end did not show any physiological sign of poisoning due 

to the accumulation of nickel into its aerial parts. This 

conclusion is based on the average number of leaves and stalls 

present and height of each plant. This is also supported by the 

occurrence of new leaves growing at the top of the plant and 

the presence of flowers in the stalls of some of the plants. It 

can be concluded that despite the deposition of nickel into its 

plant tissues, the plant showed no signs of physiological stress. 

Thus, the plant Phyllanthus sp. nov. is a hypernickelophore. 

 

Table 3. Comparison of means of initial nickel content on 

plants among treatments 

 

Nickel Concentration in Plant Tissues, Day 0 (%) 

Replicates T0 T1 T2 T3 

1 1.67 1.12 1.68 1.62 

2 1.60 1.17 1.92 1.60 

3 1.77 2.20 1.98 1.71 

4 1.22 2.16 1.09 0.73 

5 1.45 1.44 1.70 1.81 

6 0.96 1.06 1.84 1.08 

Mean 1.445 1.525 1.702 1.425 

 

To determine the effect of all the factors as reflected in the 

phytoextraction rate (%), it should be established that at Day 0 

the mean nickel content of the plant tissues regardless of 

treatment are the same. This can be achieved by comparing all 

the means using one-factor analysis of variance (ANOVA). 

Results of ANOVA showed that at 5% level of significance, 

the variation between groups is more significant than the 

variation with groups. The P-value obtained at 5% level of 

significance is 63.21%. Since the P-value is greater than the 

level of significance, there is enough proof to accept the null 

hypothesis, which states that the means of all the treatments 

are statistically equal. Therefore, at Day 0, the nickel content 



 

 

of all the plants in the population has no significant difference 

among each other. 

 

Figure 3 shows the plots of the data presented in Table 2, 

grouped according to treatments. In this plot, the dependent 

variable, nickel concentration in plant tissues, is plotted along 

the y-axis to determine its behaviour as observed through 

time, the variable in the x-axis. 

Figure 3. Nickel phytoextraction rate of Phyllanthus sp. nov. 

as subjected to increasing concentrations of EDTA in the soil 

 

Figure 3 shows the trend of the nickel phytoextraction by the 

plant as subjected to different treatments of chelating agent 

concentration. All of the treatments follow a general trend; 

they have a curvilinear behaviour with a downward convex 

nature. At the start of the experiment, Day 0, all of the plants 

are statistically equal in terms of nickel concentration in their 

tissues, as shown in table 3, thus, assuming the same state at 

the starting point. As time goes by, the nickel stored in their 

leaves increases at an indefinite rate until such time that the 

maximum nickel concentration stored in their tissue is 

reached. After which, the nickel uptake starts to go down, also 

at an indefinite rate. This trend is similar to all samples 

subjected to all treatments, except that of Treatment 1 which 

has two peaks, which may be caused by an error in chemical 

analysis. This behaviour is very different from the expected 

behaviour of the phytoextraction rate of the plants which is 

linear. 

 

With this curvilinear behaviour of the plants, there is a set of 

factors that are identifiable to produce optimum nickel uptake 

by the plant, expressed in time and concentration of EDTA. 

This can be obtained by simple visual inspection. All of the 

treatments show similar trends, thus we can expect that 

statistical analysis will reject the hypothesis that the nickel 

phytoextraction is affected by the concentration of EDTA in 

the soil. Although, it is expected to follow an additive model 

of 2-way ANOVA (interaction parameter deemed acceptable), 

the range of value following a downward curve will range 

variably, producing a high variance within a group of data. 

Thus, this is not a reliable analysis for this kind of behaviour.  

 

The experimental design used in the study involves two 

factors, or independent variables: time and the concentration 

of the chelating agent EDTA in the soil. Thus, the relationship 

of these two factors to the dependent variable, nickel 

concentration in the plant tissues, is of interest in this study. 

Two-factor analysis of variance (ANOVA) can be used to 

determine if there is a significant difference between groups of 

data as identified by the two independent variables or factors. 

Simply stated, it aims to determine if the nickel concentrations 

in the plant tissues vary between days regardless of treatment 

and if they also vary between treatments regardless of the 

time. The mechanism of this statistical analysis relies on the 

comparison of the variance between and within the group of 

data. It can determine if the difference between the groups of 

data is more significant than the difference within the group of 

data.  

 

This certain statistical analysis works on the assumption that 

the population of Phyllathus sp. nov. plants follow a normal 

distribution curve, whether they embrace individuality or not. 

It also assumes that all populations set by each group of 

treatments have the same variances. Lastly, the plants are 

assumed to be randomly selected and independent of one 

another, which they are. Only the third assumption is 

controlled by the researchers to be true in this experiment. 

Thus, the test for normality is required to test the validity of 

this analysis. 

 

The analysis of the normality of the data or the adherence of 

the population of the plants to a normally distributed curve can 

be done using several tests like the Shapiro-Wilk test, 

Anderson-Darling test, Lilliefors test and the Jarque-Bera test. 

All of them were applied to the set of data obtained from the 

experiment, grouped according to treatments. And all of them 

show that the set of data of the phytoextraction of Phyllanthus 

sp. nov. does not follow a normal distribution. Table 4 shows 

the summary of the four tests performed among the four 

treatments. 

 

Table 4. Test for normality using four different tests showing 

their corresponding P-value with a level of significance of 

5.0% 

Variable\

Test 

Shapiro-

Wilk 

Anderson-

Darling 

Lillief

ors 

Jarque-

Bera 

Treatment 

0 
0.963 0.929 0.965 0.847 

Treatment 

1 
0.488 0.524 0.618 0.779 

Treatment  

2 
0.269 0.340 0.684 0.719 

Treatment 

3 
0.835 0.822 0.907 0.788 

 

Table 4 simply states that the use of parametric statistical 

analysis is not applicable for the data at hand. In this regard, a 

nonparametric statistical analysis is necessary for the 

investigation of this set of data. Nonparametric analysis 
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involves the examination of the data without considering the 

type of distribution that the data assumes. Nonparametric 

analysis offers this advantage over parametric analysis but is 

generally less powerful than their parametric counterpart. 

 There are a limited number of nonparametric statistical 

analyses for two-factor cases and none of them fits this 

specific experimental design. Only those with factorial design 

and completely randomized block design have two-factor 

nonparametric statistical analysis available. Thus, to analyse 

this set of data, 2-way ANOVA will be used with the risk of 

error, arising a need for another statistical analysis to back up 

the result. 

 

The null hypothesis established at the start of the study is that 

the means of the nickel concentration in the tissues do not vary 

from each other considering both independent variables. The 

alternative hypothesis states that there is a significant 

difference in the means of nickel concentration in the plant 

tissues considering both sources of variation: time and EDTA 

concentration. The hypothesis is confirmed based from the P-

value as compared to the set level of significance, which at 

standard scientific studies, are set at 5.0%. 

 

Table 5. Result of two-factor analysis of variance with 

replicates 

Source of Variation SS df MS F P-value 
F 

crit 

Concentration of 

EDTA 
2.423 3 

0.80

8 

0.99

4 
0.398 

2.68

0 

Time 
31.27

5 
5 

6.25

5 

7.69

9 

2.62E-

06 

2.29

0 

Interaction 2.567 15 
0.17

1 

0.21

1 
0.999 

1.75

0 

Error 
97.49

1 

12

0 

0.81

2    

       

Total 
133.7

6 

14

3     

 

There are two factors that are being analysed in this study: 

time and the concentration of EDTA. Both are being observed 

as to how these parameters affect the concentration of nickel 

in the plant tissues. 

 

The statistical analysis employed as shown in Table 5 is used 

to assess the significance of time in the phytoextraction of 

nickel by the plant. Time has a P-value of 0.00262, which is 

much less than the level of significance, 0.05. Its F with a 

value of 7.699 is greater than the F critical which is 2.290. 

This implies that there is enough basis to reject the null 

hypothesis. Therefore, time significantly affects the 

phytoextraction of nickel by the plant. The result of this 

analysis only implies that at least one of the grouped means is 

not equal to the other group. The certain day that has a mean 

nickel concentration that is not equal the other means is not 

identifiable by ANOVA and is also not significant in this 

specific study. 

 

Table 5 shows that considering the data grouped according to 

concentration of EDTA and using two-way ANOVA, the P-

value of 0.398 is greater than the set level of significance. This 

implies that there is not enough proof to reject the null 

hypothesis. Or in other words, there is no significant 

difference in the means of the nickel concentration in the plant 

due to the increasing amount of EDTA in the soil. It is an 

indication that the EDTA does not affect the phytoextraction 

of nickel by Phyllanthus sp. nov. This is true for considering 

all of the data in the table without considering the effect of the 

trend of each phytoextraction curve. Since the phytoextraction 

of a plant under the influence of a certain treatment (certain 

concentration of EDTA in the soil) has been identified to have 

a peak, it would be more reasonable to compare the nickel 

concentration of the plant under treatment X to that of 

Treatment 0 of the same time as well. The two-way ANOVA 

does not take into consideration the variation that time causes 

in the means of the grouped data determined by the 

concentration of EDTA and the logistic type distribution that 

the data assumes. 

 

In order to further analyse this, student’s t-test is used to 

compare means of samples. This will enable the researchers to 

analyse a certain result of the dependent variable, determined 

by the concentration of EDTA without including the error that 

time may cause in the mean nickel concentration. Although 

classified as a parametric statistical analysis, the use of 

student’s t-test reduces the error of this assumption by 

reducing the data being analysed, limiting them to two 

samples only. 

 

Multiple student’s t-test are performed to compare a certain set 

of conditions (x, y) in terms of time as x and concentration of 

EDTA as y, to the corresponding sample with the same time 

but at Treatment 0. In this way, we may verify the effect of the 

EDTA only without blindly considering the effect of time. 

Table 5 shows one of the result of the multiple t-tests 

performed for all pairs of the time x, Treatment 0. 

 

Table 6. Result of student’s t-test for Treatment 0 and 

Treatment 1 at day 12 

 

Variable 

1 

Variable 

2 

Mean 2.71 2 

Variance 0.46596 0.30508 

Observations 6 6 

Pearson Correlation 0.16041 
 

Hypothesized Mean 

Difference 
0 

 

df 5 
 

t Stat 2.157002 
 



 

 

P(T<=t) one-tail 0.041751 
 

t Critical one-tail 2.015048 
 

P(T<=t) two-tail 0.083503 
 

t Critical two-tail 2.570582 
 

 

One-tailed and two-tailed tests are shown in Table 6 for 

comparison. Assuming a 5% level of significance, the null 

hypothesis is only rejected in a one-tailed hypothesis testing, 

which is the case for this specific test. Therefore, it safe to say 

that there is significant difference between the mean of 

Treatment 0 and Treatment 1 for the same day, day 12. 

Among the 18 data points that are tested against the 

corresponding data point at Treatment 0, only three have a 

positive result. These three show a statistically significant 

difference with their corresponding data point of the same day 

at Treatment 0. Shown in Table 7 are the three data points. 

 

Table 7. Result of the multiple t-test in 18 possible 

combinations with treatment 0 of the same parameter of time 

Statisti

c 

Day 12, 

Treatment 1 

Day 12, 

Treatment 3 

Day 30, 

Treatment 2 

T0 T1 T0 T3 T0 T3 

Mean 2.00 2.71 2.00 2.54 1.00 1.705 

Varian

ce 

0.305

08 

0.465

96 

0.305

08 

0.308

96 

0.022

68 

0.645

91 

t stat 2.157002 4.659098 -2.02887 

P-

value  
0.041751 0.002768 0.049126 

t 

critical  
2.015048 2.015048 2.015048 

 
|t stat| > t 

critical 

|t stat| > t 

critical 

|t stat| > t 

critical 

Result Reject Ho Reject Ho Reject Ho 

 

This is a proof that the result of two-way ANOVA is not 

sufficient in analysing the effect of a parameter to the 

dependent variable, the nickel phytoextraction. Therefore, it is 

a valid conclusion that the concentration of EDTA affects the 

phytoextraction of nickel significantly. 

Another statistical analysis that may support this result is the 

Wilcoxon signed-rank test. This test is the counterpart of t-test 

as a nonparametric statistical analysis, except that, this is used 

for paired samples. This analysis has a null hypothesis that the 

two samples analysed follow the same distribution. The 

alternative hypothesis states that the distributions of the two 

samples are different. Shown in table 8 are the values obtained 

in Wilcoxon signed-rank test. 

 

As mentioned, the behaviour of the phytoextraction of nickel 

for all possible treatments in this experiment can be described 

as a downward curve and thus can have a local maximum or 

peak. These maxima can be analysed further to determine the 

behaviour of the onset of the peak as influenced by the 

concentration of the chelating agent. Tabulated in table 9 are 

the peak of the four treatments with their corresponding nickel 

concentration and time of onset. 

 

Table 8. Results of Wilcoxon signed-rank test for three pairs 

of samples 

Statisti

c 

Day 12, 

Treatment 1 

Day 12, 

Treatment 3 

Day 30, 

Treatment 2 

T0 T1 T0 T3 T0 T3 

Mean 2.00 2.71 2.00 2.54 1.00 1.705 

Varian

ce 

0.305

08 

0.465

96 

0.305

08 

0.308

96 

0.022

68 

0.645

91 

Expect

ed 

value 

10.500 10.500 10.500 

p-value 

(one-

tailed) 

0.0465 0.071 0.018 

p-value 

(two-

tailed) 

0.093 0.036 0.142 

 
|p stat| < p 

critical 

|p stat| < p 

critical 

|p stat| > p 

critical 

Result Reject Ho Reject Ho Accept Ho 

 

Upon examination, it is observable that an increase in the 

EDTA concentration moves the onset of the peak to an earlier 

time. Alternatively, an increase in the concentration of EDTA 

decreases the average nickel concentration in the plant tissues. 

Thus, we can infer from this that the effect of the addition of 

the chelating agent in the soil has two converse effect on the 

plant, it leaves makes the onset of the peak earlier but at the 

same time decreases the effective phytoextraction rate of the 

plant expressed in %Ni in plant dry mass. 

 

Table 9. Mean nickel concentration and time of onset of 

characteristic curve peaks 

Treatments 

EDTA 

Concentration 

(mmol/kg) 

Average 

Nickel 

Concentration 

(%) 

Time of Onset 

(Day) 

T1 2.50 2.732 24.00 

T2 5.00 2.613 18.00 

T3 7.50 2.540 12.00 

 



 

 

VI. FEASIBILTY 

Plant 

Phyllanthus sp. nov. is a small, perennial, herbaceous plant 

that propagates through stolons. It is a part of the plant that 

grows horizontally along the ground and is the site of new 

growth of the plant. Its root system is fibrous and the plant 

itself is usually found in clusters. For simplicity, a single plant 

in this study will be considered a group of stems sharing a 

single root system. A cluster will be made up of numerous 

single plants. 

 

Seeds 

A single plant is said to bear on average, 5 fruits. A fruit 

carries 6 seeds.  In total, a single plant will produce 30 seeds 

in its lifetime that can be cultivated for the next planting once 

it reaches its mature stage after 30 days. 

 

Spacing 

Proper spacing must be considered to reduce spread of 

possible disease and competition. Small plants usually require 

around 5 to 8 inches (12.7 to 20.32 centimeters) of space 

between plants. To maximize space, 5 inches of space in 

between plants will be considered for this study. This entails a 

land area of 161.29 cm
2
 per plant. For one hectare of land 

(100,000,000 cm
2
), around 620,000 plants may be planted. 

As of the moment, the seeds of this plant are not readily 

available in the market and therefore seeds must be cultivated 

for the first batch. In order to collect seeds to grow 62,000 

plants, at least 20,667 plants that will bear 30 seeds each must 

be cultivated. 

 

Computation 

A single hectare of land will be considered in the computation. 

The plant spacing is chosen to be 5 inches to maximize the 

number of plants in a hectare. The dry weight of the plant is 

assumed to be 1 gram (as per minimum weight used in fire 

assaying, composed of plant leaves) and therefore 620,000 

grams of plant dry weight will be collected per hectare. 

 

Table 10. Calculation of revenue for different Ni 

concentrations 

Ni 

concentr

ate 

Dry 

weight to 

be 

collected 

(lbs) 

Nickel 

weight 

(lbs) 

Reven

ue ($) 

Revenu

e (Php) 

2.732 
1366.4827

33 

37.332308

26 
238.93 

10751.

70 

2.613 
1366.4827

33 

35.706193

81 
228.52 

10283.

38 

2.54 
1366.4827

33 

34.708661

42 
222.13 

9996.0

9 

*Nickel price from infomine.com as of May 14, 2015 

 

The row for Treatment 1 where the plants received 2 mmol 

EDTA (5% solution)/kg of soil or 17mL of the solution per 

plant and has the highest Nickel concentration absorbed at 

2.732%. Following this, it shows that there will be a total of 

37.33 lbs of Nickel per hectare to be accumulated by the 

plants through phytoextraction. This will result in a revenue of 

$238.93 or Php 10751.70 if the assumed dollar-to-peso 

exchange rate is at 45. 

 

The following will show the results of previous field trials on 

the nickel hyperaccumulator Streptanthus polygaloides that 

were conducted to determine the amounts of accumulated 

metal in its tissue under optimal conditions. A model was 

designed with certain assumptions using the results of the 

study to show a profitable case.
[18] 

This model will be used to 

compare the results of Phyllanthus sp. nov. and its profitability 

to assess its feasibility as the primary phytomining tool. 

Nicks and Chambers (1998) 

Proposed net return of $513/ha, assuming ff: 

1. Selective breeding of genotypes to yield nickel conc. 

Of 1% in dry plant material; 

2. Biomass of 10 t/ha (dry) fro crop resulting from 

selective breeding; 

3. World nickel price of $7.65/kg (price at time of 

experiment); 

4. Harnessing of 25% of energy produced from 

combustion of biomass to produce electricity to be 

used; and 

5. Return to grower of 50% of gross metal yield plus 

value of energy yield. 

 

If these assumptions are followed, according to the study the 

possible metal recovery from a 10 t/ha crop with a nickel 

content of 1% is 100 kg, and the incineration of the plants 

would yield approximately 500 kg/ha of bio-ore containing 

20% nickel. In the same paper, a set of similar field trials 

conducted on another nickel hyperaccumulator Berkheya codii 

was cited. The reported sustainable biomass for this plant is 

22t/ha/yr and a mean nickel concentration of 0.5% dry weight. 

Using the nickel price of $5.00/kg during the time of writing 

of the paper and a 110 kg nickel per hectare mass to be 

extracted, the total extracted metal would equate to $550. 

Considering all the other given assumptions, the paper 

concluded that phytomining using B. codii would be around 

$419 per hectare, a $100 below that of the computed net return 

for S. polygaloides. 

 

In the study regarding Phyllanthus sp. nov., the following 

costs were yet to be considered: the price to look for the 

saplings and seed cultivation, farming cost as in plant 

maintenance and watering, and the energy for smelting among 

other things. The projected $239 per hectare revenue is way 

below the net return of the “successful” model. Subtracting the 

costs from $239 would significantly lower the revenue and 

produce a low profit that is not comparable to model. This 

difference can be greatly attributed to the lack of great 

amounts of biomass of the Phyllanthus sp. nov. 

 

 



 

 

VII. CONCLUSION 

 

The plant of interest was able to reach its highest nickel 

accumulation of 2.692% Ni per dry biomass in its leaves, 

without the EDTA. The assay results considered were those 

from Day 18 of Treatment 0. The treatment 0 group was 

chosen as it was the control group and was meant to represent 

how the plant species naturally takes up the metal without the 

aid of a chelating agent, and day 18 as it is the peak of the 

treatment’s phytoextraction curve that defines its optimum 

time for phytoextraction. This amount of metal accumulated 

on average by the Phyllanthus sp. nov. confirms it as a 

hypernickelophore.  

 

The phytoextraction of a plant, as described by the 

phytoextraction curve has a concave down curvilinear 

behavior. This denotes an optimum point in time where the 

accumulation of metal in the plant tissue reaches its maximum 

amount. This trend is similar to both control and treated 

groups. However, the addition of the chelating agent to the 

plants has affected the phytoextraction mechanism of the plant 

in other aspects. The amount of Ethylenediamintetraacetate 

(EDTA) in the soil causes statistically significant increase in 

the nickel concentration accumulated by the plant. Maximum 

nickel concentration in the plant tissues is achieved with 2.50 

mmol EDTA per kg of soil. Any additional increase in the 

concentration of EDTA lowers the peak of the phytoextraction 

curve. The increase in the concentration of EDTA in the soil 

also moves the onset of the peak to an earlier time. 

 

As a whole though, the general trend of the effect of the 

increase in the concentration of EDTA in the soil moves the 

onset of the peak earlier in time but lowers the maximum 

nickel concentration in the Phyllanthus sp. nov. leaves. 

 

Taking into consideration the results of the treatment and the 

feasibility computations, it shows that phytomining using 

Phyllanthus sp. nov. is not significant enough to produce at 

par with the rate of production of established mining methods 

nor be as successful as the previously studied species 

employed for phytomining. However, it can be considered as 

an auxiliary mining method to utilize the large amount of 

limonite that are considered waste by many mining companies 

in the Philippines. However, the feasibility of Phyllanthus sp. 

nov. as a tool for phytomining low-grade limonite can only go 

as far as the amount of plant-available nickel in the soil. 

 

VIII. RECOMMENDATIONS 

 

The study was limited to only four variations in treatment in 

which increasing the number of treatments in terms of the 

EDTA concentration in the soil may provide a wider view of 

the effect of the concentration of the chelating agent on the 

peak of the phytoextraction curve. Increase the number of data 

points of the time factor may also give more insight to the 

optimum day for accumulation. 

 

Use more precise analytical methods to determine the nickel 

concentration in the plant tissues as it was a great limitation 

for this study that the plants were not of uniform 

characteristics (in terms of leaf count, etc). Use established 

standards. 

 

A study using other types of chelating agents, especially 

organic compounds, would be more useful for possible 

implementation of the study. A specific example would be the 

biodegradable isomer of EDTA which is 

ethylenediaminedisuccinic acid, which would be a less 

harmful treatment and a more environmentally safe alternative 

to the previously named chelating agent. Also, proper costing 

of phytomining as an auxiliary operation is needed to further 

assess its feasibility. 

 

This shows that phytomining using Phyllanthus sp. nov. is not 

significant enough to level of production of established mining 

methods nor be as successful as the previously studied species 

employed for phytomining. However, it can be considered an 

auxiliary mining method to utilize the large amount of 

limonite areas under the MPSAs of mining companies in the 

country as it otherwise considered waste. However, the 

feasibility of Phyllanthus sp. nov. as a tool for phytomining 

low-grade limonite can only go as far as the amount of plant-

available nickel in the soil. 
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