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Inorganic pollutants, like heavy metals found in soil with high levels of concentration, 

post a serious threat to the environment. However, heavy metals such as Cu and Pb  

produced by waste treated with a phytoremediation technique project a positive input. An 

experimental-descriptive analysis was used to quantify the phytoremediation potential of 

vetiver grass (Chrysopogon zizanioides L.) and maize (Zea mays L.) in accumulating Cu 

and Pb in a former El Salvador City dumpsite, located in Misamis Oriental Philippines. 

The study found that the initial amounts of Cu and Pb (1,368 and 38.1 mg/kg) decreased 

significantly to (850 and 20.5 mg/kg) respectively. The results also showed vetiver grass 

exhibited concentrations of lead (of 15.12±1.20 µg/g) and copper (506.36±8.44 µg/g) in 

its roots. In comparison, maize concentrations were found to be: lead (10.22±5.92 µg/g) 

and copper (486.85±3.12 µg/g) respectively. The Translocation Factor (TF) of vetiver 

grass had a 0.40 value, while maize showed 0.16 and 0.17 values (for Cu and Pb). The 

Bioaccumulation Factor (BAF) of vetiver grass was 47.55, and for maize 32.14. The 

results rendered significant over the three-month study period at a 0.95 confidence level. 

This study concludes that vetiver grass generally accumulates higher concentrations of 

both lead and copper in roots and shoots compared to maize, with roots consistently 

showing higher metal accumulation than shoots. For future research, these results provide 

a foundational scientific framework for soil evaluation of dumpsite areas, and give further 

support to policy implementations. 
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HIGHLIGHTS 

The study utilized phytoremediation technique with applied complete randomized block design of pot experiment using vetiver grass 

and maize on the contaminated soil. High concentration of heavy metals accumulated on plant system in three months was also 

investigated. 

1. INTRODUCTION

Environmental pollution in air, water and soil as 

a result of human activities marked a tremendous 

threat to the current era (Chirilă Băbău et al., 2024). 

Waste materials that brought adverse effect to the 

environment, has been carelessly managed causing 

serious environmental dilemma. These unproperly 

manage wastes contribute high content of organic 

pollutants and heavy metals on soil (Khalid et al., 

2017). Soil pollutants is one of the foremost 

environmental issues worldwide (Abriha-Molnár et 

al., 2023). This issue projects a serious threat for this 

leads to the altered physical, chemical and biological 

environmental composition.  

In the Philippines, R.A. 9003, also known as the 

Ecological Solid Waste Management Act of 2000, 

have been put in place to address the underlying 

issues. The goal is to manage solid waste efficiently 
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by reducing waste volume and promoting eco-friendly 

disposal methods. However, the Act’s provisions on 

waste dumping have led to the accumulation of heavy 

metals, which has negatively impacted soil quality. 

This may lead to the increase of toxicity level in the 

soil ecosystem exceeding beyond the threshold limit if 

not properly monitored (Obasi et al., 2021). To 

address this environmental problem, strategies like 

phytoremediation have been introduced to mitigate the 

high concentrations of heavy metals in the soil 

resulting from increased waste dumping activities. 

El Salvador City with its growing population, has 

opened its landfill on 2000 and started its operation on 

the year 2001. The area is specifically situated in the 

upland location of barangay Himaya. The area can hold 

wide range of wastes, that as it started its operation, it 

can accommodate approximately 108,000 kilos of 

waste per month. Wastes generated are combination of 

wastes coming from establishments, infrastructures, 

industries and household wastes. Through the years the 

landfill becomes an open-dumpsite due to the 

uncontrolled bulk of mixed-waste being dumped in the 

area. Such dumped wastes can have significant heavy 

metal contamination to soil (Bisht et al., 2024). 

Heavy metals in contaminated soil which cannot 

be degraded are toxic elements that naturally occur in 

the environment and have an atomic density greater 

than 4×106 mg/kg. Such metals influence plant growth 

and development through biological and non-biological 

means. Exceeding the threshold limit beyond (20-100 

mg/kg) Cu and (30-50 mg/kg) Pb may post an 

ecological and nutritional toxicity disrupting balance in 

soil ecosystem (Obasi et al., 2021).  Increased level of 

heavy metals results to oxidative stress in plants leading 

to production of free radicals and reactive oxygen 

species, resulting in cellular damage, reduced growth, 

and lower biomass production (Goyal and Kahlon, 

2022). These metal concentration that exceeds the 

WHO organization standards for plants and soil caused 

serious harm to the environment (Chibuike and Obiora, 

2014). Hence, phytoremediation is vital. 

Phytoremediation is a remediation technique that 

utilizes plants to absorb, sequester, and detoxify a range 

of pollutants from soil, water, and air (Zhang et al., 

2020; Tiwari et al., 2019). It is environment friendly, 

cost effective and sustainable approach since it utilize 

plants to remove metals and organic contaminants in the 

soil. Common plant species that is being used for 

phytoremediation is the vetiver grass Chyrsopogon 

zizanioides (L.), a hyper accumulator plant belonging to 

the Poaceae family (Suelee et al., 2017). Maize Zea 

Mays (L.) belonging to the Poaceae family which is also 

globally known to being one of the most important 

cereal crops worldwide also renowned for its ability to 

tolerate heavy metals and grow rapidly with high 

biomass yield (Atta et al., 2023). Both plant species are 

tolerant to heavy metals specifically copper (Cu) and 

Lead (Pb), and is use as an alternative method to 

eliminate the presence of heavy metals on soil. Both 

plants are native species found in south and South-East 

Asia (Phusantisampan et al., 2016; Oshunsanya et al., 

2023).  

Numerous plant species that naturally inhabit 

contaminated areas have been investigated for their 

potential ability in phytoremediation. This includes 

dumpsites, landfills, mining, and quarrying sites. 

Certain plants are capable of thriving and surviving in 

metal-rich soils and are categorized as metal-tolerant 

species or bioindicators (Borymski et al., 2018). Such 

plants can effectively phytoremediate soil through 

exclusion from the plasma membrane, immobilization, 

ligand sequestration and chelation (Zhang et al., 2023). 

In this light, the researcher utilized plant species, 

specifically vetiver grass and maize to determine the 

translocation and bioaccumulation factor of identified 

heavy metals to mitigate soil pollutants and improve 

soil quality. The utilized growth of plant species was 

observed in the study area. 

2. METHODOLOGY

2.1 The study site

The study was conducted in Himaya El 

Salvador City, Misamis Oriental, Philippines. Situated 

approximately 8.5247, 124.5183, in the island of 

Mindanao. It geographically lies between the 

coordinates of 8⁰ 28” to 8⁰ 33” North Latitude and 

between 124⁰ 27” to 124⁰ 34” East Longitude. It is 

bordered by the Municipality of Alubijid to the west, 

Opol to the east and Manticao and Naawan to the 

south. On the north, lies Macajalar Bay of the Bohol 

Sea. The site presented in Figure 1 has an approximate 

elevation of 136.9 meters or 449.1 feet above mean sea 

level. The general land uses of the of the City’s total 

land area of 14,265 hectares comprising of forestland 

with 8,271.20 hectares having the highest percent 

(57.98) stipulated in the existing general land use map. 

The area falls under climatic type III, which is 

relatively dry seasons from November to April and 

wet during the rest of the year with no pronounced 

maximum rain period. November to April is the 

relatively dry months, while May to October is often 

the period of heavy rainfall. 

437



Boter-Uayan L and Lacang GC / Environment and Natural Resources Journal 2025; 23(5): 436-447

Figure 1. Location Map of the Philippines, Mindanao and Himaya El Salvador City, Misamis Oriental 

2.2 Soil physicochemical analysis 

2.2.1 Soil texture 

To measure the relative proportion of sand, silt, 

and clay particles in a soil sample the research utilized 

the hydrometer or sedimentation method based on 

Stokes’ Law to measure the settling rates of soil 

particles (University of Illinois, 2023).  

In determining the soil texture, the amount of 

sand, silt and clay was determined using the 

hydrometer method or sedimentation test. One half 

(0.5) cup of soil sample was placed in 100ml 

graduated cylinder and added 3.5 cups of water. Using 

digital pH meter, the pH of soil water was set to ≤4.0 

by adding hydrochloric acid (HCl), the graduated 

cylinder was covered, wobbled for five minutes, and 

allow to settle for 24 hours, the total depth including 

the depth of each layer of the soil was separated, 

measured and recorded. The soil separated (particle) 

was at the bottom, followed by the silt in the middle 

and the clay at the top.  

The total depth, and the depth of the three 

separates, was calculated using the percentage of each 

soil separates using the formula below. 

% Sand =  
sand depth

total depth
× 100  (1) 

% Silt =  
silt depth

total depth
× 100    (2) 

% Clay =  
clay depth

total depth
× 100    (3) 

After determining the proportion of the soil 

separates, the texture was determined using the soil 

triangle method to classify soil types based on relative 

proportions (Groenendyk et al., 2015). 

2.2.2 Soil pH 

To measure the hydrogen ion concentration in 

the soil solution, the research determines the soil pH a 

critical factor influencing nutrient availability, 

microbial activity, and overall soil quality (Jean-

Philippe et al., 2012). 

The pH meter probe was dipped into a solution-

a mixture of soil and deionized water in a 1:1 ratio 

volume by weight. The solution was prepared by 

placing twenty (20 g) soil and deionized water in a 50 

mL beaker. The samples were brought to a final volume 

of 40 mL and was shaken for one minute and allowed 

to settle for one (1) hour before pH was determined.  

2.2.3 Soil organic matter 

To be able to determine the key indicator of soil 

fertility, structure, and biological activity and traced 

the amount of decomposed plant and animal residues, 

cells and tissues of soil organisms, and 

substances, loss on ignition (LOI) method was utilized 

in the research. A technique used to estimate the 

amount of soil organic matter (Miller et al., 2013). 

In soil organic matter analysis, samples that was 

collected dried overnight on the drying oven and set to 

8° 28'–33' N, 124° 27'–34' E (a) (b) 

(c) 

N 

E 

S 

W 
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150°C, this process in to remove the undesirable water 

content in the soil. After drying, the soil was placed in 

a huge ceramic mortar and crushed thoroughly using 

mortar and pestle. The crushed soil was filtered in a 

5mm soil sieved to ensure that only fine-earth fraction 

of the soil was analyzed. A 10 mL crucible was placed 

in electronic scale into zero (0) with the crucible on 

top. Using a soil scoop, exactly 5 grams of sieved soil 

was placed on the crucible and the weight was 

recorded. Same procedure was applied for the 

remaining soil samples. The samples were weighed 

again and the weight of the organic matter combusted 

was calculated.  

The percent of organic matter was calculated 

using the formula below: 

% OM =
weight of soil before combustion−weight of soil after combustion

weight of soil before combustion
 × 100     (4) 

2.3 Sampling procedure 

Random Composite sampling was employed in 

the collection of soil samples within the dumpsite area. 

Multiple subsamples points were randomly identified 

across the area and mix into one composite sample.  

Pre-soil analysis was conducted. Subsurface soil 

samples were collected in the site using a shovel. Soil 

samples in triplicates was taken at a depth of 30-35 cm. 

Seven hundred fifty grams (750 g) of soil sample was 

subjected to lead (Pb) and copper (Cu) analysis. Two 

hundred fifty grams (250 g) of same soil sample was 

subjected to physicochemical analysis (Chafik et al., 

2025). Unwanted debris like leaves, rocks, roots and 

alike was removed, and each soil sample was placed 

separately in a secured zip locked polyethylene bags 

and labelled using a waterproof marking pen. The soil 

samples were oven dried at 35°C to remove moisture 

prior to pot experiments. Background physiochemical 

properties of the tested soil before contamination was 

measured.  

2.4 Plant preparation 

Disease free, healthy vetiver and maize plants 

was grown on dumpsite soil in earthen pots (size-

diameter 20 cm; height 17 cm) for a period of three 

months January to March 2024. Plants roots and 

shoots was pre-analyzed.  Plastic vessels were placed 

below the earthen pots to collect the water that seeped 

out from the pots. Pot experiment of the plants was 

employed in the plant nursery area at home. Plants 

grown on the garden soil served as a control set. Two 

plants were planted per pot and three sets was prepared 

for each treatment. Plants was allowed to grow under 

normal environmental conditions. 

2.5 Pot experiment 

Pot experiments was employed for assessing 

the application of plants on contaminated soils. 

Eighteen (18) polyethylene pots were used in the 

conduct of the study, nine (9) experimental pots and 

(9) controlled pots. The pots were placed onto 240 mm

plastic plant saucers. Pots were rinsed with 10%

alcohol solution to sterilize the surface and eliminate

microbial contaminants such as bacteria, fungi, or

spores that may interfere with experimental results

(Chauhan et al., 2020). In the plant nursery garden,

polyethylene pots with identified plant samples were

laid out completely in randomize block design with

replicates. Enough space between the pots were

ensured to keep plants from shading each other. Plants

were planted in each pot with the same depth and

amount of exposure to sunlight.

2.6 Soil preparation 

Soil samples were collected from the designated 

subsurface sampling sites at a depth of 30-35 cm, air-

dried at room temperature, and sieved through a 2 mm 

mesh to remove debris and coarse particles. 

Approximately 1.0 gram of each prepared soil sample 

was subjected to acid digestion to extract heavy 

metals. Digestion process followed adding 10 mL of 

concentrated nitric acid (HNO₃) to the soil sample in a 

digestion flask, followed by gentle heating until the 

reaction subsided. Subsequently, 5 mL of concentrated 

hydrochloric acid (HCl) was added, and the mixture 

was heated further until a clear solution was obtained. 

Standard solutions of the target Cu and Pb heavy 

metals were prepared to calibrate the Atomic 

Absorption Spectrophotometer. Flame Atomic 

Absorption Spectrophotometry (FAAS) was 

employed to determine the concentration of specific 

metal present. Calibration was performed using 

standard solutions of known concentrations, and the 

instrument was set to the appropriate wavelengths for 

Cu (324.8 nm) and Pb (283.3 nm). The method 

detection limits for copper and lead in soil were 

approximately 0.5 to 2 mg/kg and 1 to 2 mg/kg, 
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respectively, based on standard EPA and NIST 

analytical procedures. 

In three-month experimental period, plant roots 

and shoots were systematically monitored at monthly 

intervals. At the end of each month, representative 

samples were harvested from both garden and 

dumpsite soil treatments. Plant tissue samples were 

collected for heavy metal analysis to determine the 

concentrations of Cu and Pb accumulated over 

time. Plant root and shoot samples were thoroughly 

washed with deionized water to remove soil particles, 

oven-dried at 70°C until constant weight, and ground 

to a fine powder using a stainless-steel mill. 

Approximately 0.5 grams of each powdered sample 

was digested using a mixture of concentrated nitric 

acid (HNO₃) and perchloric acid (HClO₄) in a 

digestion block under controlled heating until a clear 

solution was obtained. The digested samples were 

filtered and diluted to a known volume with deionized 

water. The concentrations of Cu and Pb were 

determined using Direct Air-Acetylene Flame Atomic 

Absorption Spectrophotometry (FAAS). The 

instrument was calibrated using standard solutions of 

Cu and Pb, and measurements were taken at 

wavelengths of 324.8 nm for Cu and 283.3 nm for Pb. 

The method detection limits for Cu and Pb in plant 

tissues using this technique were approximately 0.5 to 

2 mg/kg and 1 to 2 mg/kg, respectively, based on 

standard EPA and NIST analytical protocols. 

2.7 Statistical analysis 

Gathered data were subjected to statistical 

analysis to ensure the reliability and significance of the 

results. To assess differences between dumpsite and 

garden soil plants samples, one-way analysis of 

variance (ANOVA) was performed. The level of 

significance was established at 0.95 confidence level. 

3. RESULTS AND DISCUSSION

3.1 Soil physicochemical properties

Soil physical and chemical analysis results 

showed that the subsurface soil in the former dumpsite 

area has a clay texture with high water-holding 

capacity. It is slightly alkaline and is more likely to be 

suitable for most crops (Table 1).

Table 1. Pre-analysis of physicochemical and heavy metals analysis of the experimental subsurface soil 

Soil characteristics Value/Characterization WHO/DUTCH Standards (mg/kg) Method 

Soil texture (%) ASTM D 422-63 (2007) E2 

 Sand 44.60 40-50 

 Silt 7.24 30-40 

 Clay 48.16 20-30 

OM (%) 7.48 Walkley-Black (Colorimetric) 

pH 7.8 

Pb (mg/kg) 38.1 85/55 Direct Air-Acetylene 

Cu (mg/kg) 1,368 36/3.5 Flame AAS 

Standard Method of Analysis for Soil, Plant, Tissue, water and fertilizer 1980 

Table 1 shows the result obtained for the 

concentration of physicochemical and heavy metals on 

subsurface in the former dumpsite area. Soil texture 

identified as clay with the greatest value of 48.16 on 

its composition, indicating high water-holding 

capacity but poor drainage ability (Bradley et al., 

2025). The level of pH with the value 7.8 indicates the 

subsurface soil to be slightly alkaline and is more 

likely to be suitable for most crops (Tian et al., 2024). 

Numerical value of the data gathered is being 

compared to the World Health Organization (WHO) 

and Dutch Standards for soil.   

The lead (Pb) level of 38.1 mg/kg is below both 

WHO (85 mg/kg) and Dutch (55 mg/kg) standards, 

indicating that the lead concentration is within safe 

limits for soil health and plant growth. Content 

concentration on the subsurface soil did not exceed on 

the set standards. However, for copper (Cu) content 

level of 1,368 mg/kg is significantly higher than both 

WHO (36 mg/kg) and Dutch (3.5 mg/kg) standards. 

The high concentration of copper reveals alarming 

toxicity to plants and soil microorganisms, potentially 

leading to reduced plant growth and soil health 

concentration, numerical value exceeded far more 

beyond the tolerable amount on soil (Poggere et al., 

2023).  

The ratios of sand (44.60), silt (7.24), and clay 

(48.16) are indicated by the texture, with factors that 
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have impacts on nutrient availability and water 

retention (Wei et al., 2023). Lead and copper 

concentrations identified in the soil samples reveals 

possible contamination, while the pH level shows 

slightly alkaline composition. 

3.2 Estimated concentration of heavy metals of 

plant roots and shoots 

The data provided in Table 3 highlights the 

estimated concentrations of heavy metals, specifically 

lead (Pb) and copper (Cu), in the roots and shoots of 

vetiver grass (Chrysopogon zizanoides L.) and maize 

(Zea mays L.). The samples were taken from two 

different soil types: former dumpsite soil and garden 

soil (Table 2).  

The concentration of lead in the roots of vetiver 

is significantly higher (15.12±1.20 µg/g) compared 

to maize (10.22±5.92 µg/g). This indicates 

that vetiver has a higher capacity to accumulate lead 

in its roots from contaminated soil (Gravand et al., 

2021). Similarly, the lead concentration in the shoots 

of vetiver (6.21±2.23 µg/g) is higher than in maize 

(4.10±4.11 µg/g) with 0.95 level of significance. This 

suggests that vetiver is more efficient in translocating 

lead from roots to shoots, and a heavy metal tolerant 

species. This result is consistent to claims that vetiver 

not only accumulates lead effectively in its roots but 

also translocate a significant portion to its shoots 

(Singh et al., 2024). 

Table 2. Estimated concentration (µg/g) of heavy metal concentration of plant roots and shoots 

Values are mean of 3 samples±SD 

The copper concentration in the roots of vetiver 

(506.36±8.44 µg/g) is slightly higher than 

in maize (486.85±3.12 µg/g). Both plants show a high 

capacity for copper accumulation in their roots, 

but vetiver is marginally more effective. The copper 

concentration in the shoots of vetiver (90.28±12.60 

µg/g) is also higher than in maize (80.24±5.11 µg/g). 

This indicates that vetiver is more efficient in 

translocating copper from roots to shoots (Kumar et 

al., 2018). 

For both plant samples, the concentrations of 

lead and copper in roots and shoots are below 

detectable levels (<0.01 µg/g) in garden soil. This 

suggests that the garden soil is not contaminated with 

these heavy metals, and both plants do not accumulate 

significant amounts of lead or copper in garden soil 

sample. 

3.3 Translocation and bioaccumulation of heavy 

metals in plant roots and shoots 

The data gathered provides insights into the 

relative translocation and bioaccumulation of heavy 

metals in the roots and shoots of vetiver and maize.  

Translocation factor (TF) of plant utilized in the 

research study was used to measure the plant’s ability 

to transfer heavy metals from its roots to its shoots 

(Table 3). 

Data gathered revealed that. vetiver, for both 

lead (Pb) and copper (Cu) has a TF of 0.40 value. This 

indicates that 40% of the heavy metals absorbed by the 

roots are translocated to the shoots. This relatively 

high TF suggests that vetiver is efficient in moving 

heavy metals from roots to shoots.  Maize has a TF 

value for lead 0.17, and copper 0.16 value. The lower 

values indicate that maize is less efficient in 

translocating heavy metals from roots to shoots 

compared to vetiver (Dorafshan et al., 2023). 

The bioaccumulation factor (BAF) was used in 

the research study to measure the ability of a plant to 

accumulate heavy metals from the soil into plant 

tissues (Sabir et al., 2022). For the BAF value in 

shoots, values indicate that vetiver has a higher 

capacity to accumulate lead and copper in its shoots 

compared to maize (Dorafshan et al., 2023). 

Lead (Pb) Copper (Cu) 

Chrysopogon zizanoides (L.) Zea mays (L.) Chrysopogon zizanoides (L.) Zea mays (L.) 

Former dumpsite soil 

     Roots 15.12±1.20 10.22±5.92 506.36±8.44 486.85±3.12 

     Shoots 6.21±2.23 4.10±4.11 90.28±12.60 80.24±5.11 

Garden soil 

 Roots <0.01 <0.01 <0.01 <0.01 

 Shoots <0.01 <0.01 <0.01 <0.01 
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Table 3. Relative translocation and bioaccumulation of heavy metals in plant roots and shoots 

Lead Copper 

Chrysopogon zizanoides (L.) Zea mays (L.) Chrysopogon zizanoides (L.) Zea mays (L.) 

Translocation factor 0.40 0.40 0.17 0.16 

Bioaccumulation factor shoot 19.53 12.89 6.60 5. 87

Bioaccumulation factor root 47.55 32.14 37. 01 35.59 

The BAF values in roots show that both plants 

have a high capacity to accumulate heavy metals in 

their roots. However, vetiver has a slightly higher BAF 

for lead with the value of 47.55, indicating it is more 

efficient in accumulating lead in its roots compared to 

maize with of 32.14 value. For copper, the BAF values 

are relatively similar, suggesting both plants are 

effective in accumulating copper in their roots 

(Darajeh et al., 2019; Parihar et al., 2021).   

The data suggests that vetiver has a higher 

capacity for both bioaccumulation shoots and roots of 

lead 19.53 and 47.55, copper 6.60 and 37.01 and 

translocation lead 0.40 and copper 0.17 value of heavy 

metals compared to maize. This makes vetiver a more 

suitable candidate for phytoremediation strategies 

aimed at both phytoextraction and phytostabilization 

(Singh et al., 2024). 

3.4 Plant lead (Pb) and copper (Cu) concentration 

analysis 

3.4.1 Bioaccumulation factor analysis (BFA) 

Biological accumulation factor is the ability of 

plants to accumulate metals into their tissues. It was 

calculated as ratio of heavy metal in shoots to that in 

the soil (Balabanova et al., 2016). In order to 

determine the bioaccumulation of lead and copper on 

plant tissues, the ratio of the contaminant in plant and 

the concentration in the environment at a steady state 

was calculated using the formula: 

Bioaccumulation Factor =
metal concentration in shoots

metal concentration in soil

3.4.2 Translocation factor analysis (TFA) 

After the determination of bioaccumulation 

factor of pant species, translocation factor was 

calculated to determine the ability of the plant to 

accumulate metals from the roots to the aerial parts of 

the plants. The translocation factor is defined as the 

ratio of metal concentration in the shoots to the roots 

(Yoon et al., 2006). Translocation may also move the 

absorb substances throughout the plant parts. To 

obtain the translocation factor of lead and copper in 

plants the formula was used: 

Translocation Factor =
metal concentration in shoots

metal concentration in roots

Translocation factor with value greater than 1 

mg/kg, indicates that the plant translocates metals 

effectively from root to the shoot (Bu-Olayan and 

Thomas, 2014). 

Phytoremediation performance was evaluated 

using the removal efficiency factor. The equation 

below was applied: 

Removal Efficiency (%) =
C0−C

𝐶0
× 100  

Where; Co the primary metal concentration in 

the soil and C referred to the final concentration. The 

higher the amount of removal efficiency factor means 

the phytoremediation process was more effective. 

3.5 Heavy metal concentration of plants in three 

months span 

The table provides insights into the 

concentration of heavy metals, specifically lead and 

copper in the roots and shoots of vetiver and maize 

grown in soil from a former dumpsite over a three-

month period (Table 4-5). 

Data gathered showed that the concentration of 

lead in both shoots and roots revealed a decreasing 

trend over the three-month period. This suggests that 

vetiver is capable of initially accumulating lead from 

the soil, but the rate of accumulation decreases over 

time. The concentration of lead is consistently higher 

in the roots compared to the shoots. This indicates that 

vetiver tends to sequester lead in its root system, which 

is beneficial for phytostabilization as it prevents the 

translocation of lead to the above-ground parts of the 

plant. 

The concentration of copper in the shoots 

decreases significantly over the three-month period. 

This suggests that the initial uptake of copper is high, 

but the plant’s ability to translocate copper to the 

shoots diminishes over time. The concentration of 

copper in the roots shows a slight decrease from first 

to second month but then increases slightly in third 

month. This fluctuation could be due to various factors 
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such as changes in soil chemistry, root growth 

dynamics, or microbial activity in the rhizosphere. 

Similar to lead, the concentration of copper is 

significantly higher in the roots compared to the 

shoots. This indicates that vetiver is effective in 

accumulating copper in its root system, making it 

suitable for phytostabilization. 

Table 4. Heavy metal concentration (µg/g) of roots and shoots of 

vetiver grown using former dumpsite soil in three months span 

Months Lead Copper 

Shoot Root Shoot Root 

1 3.02 7.89 40.45 187.03 

2 1.76 4.07 30.65 156.14 

3 1.43 3.16 19.18 163.19 

Vetiver accumulates higher concentrations of 

copper compared to lead in both roots and shoots. 

Plant possesses a dense and deep fibrous root system 

significantly increasing the root-soil interface, 

enhancing its ability to absorb soluble metal ions such 

as copper. This suggests that the plant has a higher 

affinity for copper uptake from the soil. The higher 

accumulation of copper in the roots indicates that grass 

utilized in the research study can be particularly 

effective in stabilizing copper-contaminated soils. 

The data in Table 5 provides insights into the 

concentration of heavy metals, specifically lead and 

copper in the roots and shoots of maize grown in soil 

from a former dumpsite over a three-month period. 

Table 5. Heavy metal concentration (µg/g) of roots and shoots of 

maize grown using former dumpsite soil in three months span 

Months Lead Copper 

Shoot Root Shoot Root 

1 2.87 4.03 30.46 168.28 

2 1.03 3.46 26.74 161.55 

3 0.2 2.73 23.04 157.02 

The concentration of lead in both shoots and 

roots decreases over the three-month period from 2.87 

to 0.2 value in shoots and 4.03 to 2.73 value in roots. 

This suggests that maize initially accumulates lead 

from the soil, but the rate of accumulation decreases 

over time from 30.46 to 23.04 value in shoots and 

168.28 to 157.02 value in roots. The concentration of 

lead is consistently higher in the roots compared to the 

shoots. This indicates that maize tends to sequester 

lead in its root system, which is beneficial for 

phytostabilization as it prevents the translocation of 

lead to the above-ground parts of the plant. 

The concentration of copper in the shoots 

decreases over the three-month period. This suggests 

that the initial uptake of copper is high, but the plant's 

ability to translocate copper to the shoots diminishes 

over time. The concentration of copper in the roots 

shows a slight decrease over the three months. This 

indicates that while maize continues to accumulate 

copper in its roots, the rate of accumulation slows 

down over time. Similar to lead, the concentration of 

copper is significantly higher in the roots compared to 

the shoots. This indicates that maize is effective in 

accumulating copper in its root system, making it 

suitable for phytostabilization. 

Maize has a well-developed fibrous root system 

with large surface area that enhances plant ability to 

absorb nutrients and trace elements from the soil. Plant 

root epidermis and cortex are structured to facilitate 

the movement of water and solutes, including copper 

ions, into the vascular system. Results showed that it 

accumulates higher concentrations of copper 

compared to lead in both roots and shoots. This 

suggests that the plant has a higher affinity for copper 

uptake from the soil. The higher accumulation of 

copper in the roots indicates that maize can be 

particularly effective in stabilizing copper-

contaminated soils. 

The observed trend in Figure 2(a-b), where lead 

concentration in vetiver shoots decreases from 3.02 

µg/g in the first month to 1.43 µg/g in the third month, 

and in roots from 7.89 µg/g to 3.16 µg/g, suggests a 

declining uptake and translocation of lead over time. 

Pattern may be attributed to several physiological and 

environmental factors, including the plant’s saturation 

threshold for lead, changes in bioavailability of lead in 

the soil, or the plant’s adaptive detoxification 

mechanisms that limit further uptake to avoid toxicity. 

Maintained higher value concentrations of lead 

in roots compared to shoots indicate that plant primarily 

functions as a phytostabilizer, sequestering lead in the 

root zone and minimizing movement to aerial parts. 

Result is consistent with findings that vetiver grass 

accumulated 107-911 mg/kg of lead in roots and only 

8.3-180 mg/kg in shoots, even under high soil lead 

concentrations (Rotkittikhun et al., 2006).
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Figure 2. Heavy metal concentration in three months of vetiver and maize 

Figure 2(c-d) presents Pb accumulation in 

maize over a three-month period. The concentration of 

lead in the shoots decreased markedly from 2.87 µg/g 

in the first month to 0.20 µg/g by the third month. 

Similar but less pronounced decline was observed in 

the roots, Pb levels dropped from 4.03 µg/g to 2.73 

µg/g. Findings suggest that maize initially absorbs and 

translocate Pb efficiently, but its capacity to do so 

reduced over time, potentially it may due to 

physiological regulation or a reduction in the 

bioavailable fraction of Pb in the soil. 

The consistently higher concentrations of lead 

in the roots compared to the shoots indicate that maize, 

like other cereal crops, tends to retain heavy metals in 

the root zone. Similar patterns have been reported that 

maize roots accumulated significantly more lead than 

shoots, with translocation factors typically below one 

(Sharma and Dubey, 2005).  

3.6 Post analysis of the experimental soil 

Soil post analysis was employed to assess how 

soil quality and contamination levels change over 

time, specifically in response to the utilization of 

hyperaccumulator species like maize and vetiver 

grass. 

In the gathered data on post-analysis of the 

experimental soil, result revealed significant changes 

in heavy metal concentrations, particularly for Cu and 

Pb with the three-month phytoremediation period 

using maize and vetiver grass. The initial 

concentrations of Cu and Pb were 1,368 mg/kg and 

38.1 mg/kg, respectively. After the experimental 

period, values decreased to 850 mg/kg for Cu and 20.5 

mg/kg for Pb (Table 6). Reduction suggests effective 

uptake and accumulation of heavy metals by the 

experimental plants, supporting potential use in 

phytoremediation strategies. 

Observable decrease in heavy metal 

concentrations was significant when compared to 

international safety thresholds. According to the 

World Health Organization (WHO), the acceptable 

limits for Cu and Pb in soil are 36 mg/kg and 85 

mg/kg, respectively, for Dutch standards 3.5 mg/kg for 

Cu and 55 mg/kg for Pb. Although the post-analysis 
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values remain above thresholds, the downward trend 

indicates progress toward safer soil conditions and 

highlights the potential of continued phytoremediation 

for long-term remediation (Du et al., 2022).

Table 6. Post Analysis of Physicochemical and Heavy metals Analysis of the Experimental Soil 

Soil Characteristics Value/Characterization WHO/DUTCH Standards (mg/kg) Method 

Soil texture (%) ASTM D 422-63 (2007) E2 

 Sand 44.60 40-50 

 Silt 7.24 30-40 

 Clay 48.16 20-30 

OM (%) 7.48 Walkley-Black (Colorimetric) 

pH 7.8 

Pb (mg/kg) 20.5 85/55 Direct Air-Acetylene 

Cu (mg/kg) 850 36/3.5 Flame AAS 

Physicochemical properties namely soil texture 

and pH remained stable throughout the experiment, 

with a consistent pH of 7.48 and a soil texture 

dominated by clay (48.16%), followed by sand 

(44.6%) and silt (7.24%). Characteristics were 

favorable for heavy metal retention and plant growth, 

as clay-rich soils with neutral pH tend to immobilize 

metals and reduce their leaching potential. The 

stability of these parameters suggests that the 

remediation process did not adversely affect the soil’s 

structural integrity or fertility. 

3.7 Comparative removal efficiency of plants 

Removal efficiency of plant species was 

determined to assess plants’ ability to extract, 

accumulate, and reduce heavy metal concentrations on 

soil (Table 7). 

Over a three-month phytoremediation period, a 

comparative analysis of vetiver and maize grown in 

dumpsite soil revealed notable differences in heavy 

metal removal efficiencies, particularly for Pb and Cu. 

Vetiver demonstrated a higher initial uptake of both 

metals, especially in root tissues. In the first month, 

vetiver roots accumulated 7.89 mg/kg of Pb and 

187.03 mg/kg of Cu, while maize roots absorbed only 

4.03 mg/kg of Pb and 168.28 mg/kg of Cu (Table 8).  

However, maize exhibited a more pronounced 

reduction in metal concentrations over time, 

particularly for Pb. By the third month, Pb levels in 

maize shoots dropped from 2.87 mg/kg to just 0.2 

mg/kg, indicating a removal efficiency of 

approximately 93%. In contrast, vetiver shoots 

showed a reduction from 3.02 mg/kg to 1.43 mg/kg, 

reflecting a lower efficiency of about 53%. For copper, 

vetiver still maintained higher uptake levels, but maize 

showed a steadier decline, suggesting a more 

consistent removal pattern. 

Table 7. Removal efficiency of plants 

Plant species Shoots (mg/kg) Roots (mg/kg) 

Lead Copper Lead Copper 

Initial Final Initial Final Initial Final Initial Final 

Vetiver 3.02 1.43 40.45 19.18 7.89 3.16 187.03 163.19 

Maize 2.87 0.2 30.46 23.04 4.03 2.73 168.28 157.02 

Table 8. Lead and copper removal efficiency 

Plant species Pb removal efficiency (%) Cu removal efficiency (%) Remarks 

Vetiver 

   Shoots 52.65 52.28 Highly efficient 

   Roots 52.58 52.58 Highly efficient 

Maize 

   Shoots 93.03 24.36 Highly efficient for Pb; less efficient for Cu 

   Roots 24.36 24.36 Highly efficient for Pb; less efficient for Cu 

 Philippine National Standard (PNS/BAFS 40:2014) 
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The findings were consistent with the work of 

(Otunola et al., 2023), emphasizing vetiver’s strong 

phytoremediation potential due to its high biomass and 

tolerance to heavy metal stress. More so, maize was 

also recognized for its gradual and sustained metal 

uptake, making it suitable for long-term remediation 

strategies (Ali et al., 2013; Otunola et al., 2023). The 

complementary use of both species could enhance the 

overall efficiency of phytoremediation efforts in 

contaminated sites. 

4. CONCLUSION

Vetiver grass was effective in absorbing and 

storing heavy metals from the soil with the roots acting 

as the primary site of accumulation. The initial 

concentration of Pb in the soil was 38.1 mg/kg, which 

decreased to 20.5 mg/kg by the end of the study, 

corresponding to a 46.19% reduction. Similarly, Cu 

levels declined from 1,368 mg/kg to 850 mg/kg, 

indicating a 37.87% reduction. These results highlight 

vetiver’s strong phytoremediation potential, attributed 

to its extensive root system, high biomass production, 

and tolerance to heavy metal stress. The substantial 

accumulation of Pb and Cu in vetiver roots, 

particularly during the initial month, further supports 

its capacity for stabilizing and extracting contaminants 

from polluted soils. Pb and Cu concentrations in plant 

shoots and roots generally decrease over the three-

month period of the study. Plant roots consistently 

show higher concentrations of lead and copper 

compared to plant shoots, indicating that the roots 

were more effective in absorbing and storing heavy 

metals. Vetiver grass in research study shows strong 

potential for phytoremediation, particularly for soils 

contaminated with Pb and Cu. Plant ability to 

accumulate higher concentrations of heavy metals 

makes the plant suitable candidate for soil remediation 

like areas of El Salvador City dumpsite area. 

ACKNOWLEDGEMENTS 

The authors would like to extend its deep gratitude 

to the faculty of the Department of Environmental Science 

and Technology, College of Science and Mathematics, 

University of Science and Technology, Southern 

Philippines, Cagayan de Oro City, Philippines for offering 

laboratory assistance on the conduct of the experimental 

work. 

AUTHOR CONTRIBUTIONS 

Boter-Uayan, L.B.U.: Supervision, 

Conceptualization, Investigation, Methodology, 

Experiment, Validation, Formal Analysis, Visualization, 

Writing-Original and Revised Editing. Lacang, G.L.: 

Supervision, Visualization. 

DECLARATION OF COMPETING INTEREST 

The authors declare that they have no known 

competing financial interests or personal relationships that 

could have appeared to influence the work reported in this 

paper. 

REFERENCES 

Abriha-Molnár VÉ, Szabó S, Magura T, Tóthmérész B, Abriha D, 

Sipos B, et al. Assessment of environmental impacts based on 

particulate matter, and chlorophyll content of urban trees. 

Scientific Reports 2024;14:Article No. 19911.  

Ali H, Khan E, Sajad MA. Phytoremediation of heavy metals: 

Concepts and applications. Chemosphere 2013;91(7):869-81. 

Atta MI, Zehra SS, Ali H, Ali B, Abbas SN, Aimen S, et al. 

Assessing the effect of heavy metals on maize (Zea mays L.) 

growth and soil characteristics: Plants-implications for 

phytoremediation. PeerJ 2023;11:e16067. 

Balabanova B, Stafilov T, Baceva K. Bioaccumulation of heavy 

metals in Salix alba and Acer negundo from polluted soils in 

the vicinity of a lead and zinc smelter. Environmental Science 

and Pollution Research 2016;23(6):5479-88. 

Bisht A, Kamboj V, Kamboj N, Bharti M, Bahukahndi  KD, Saini 

H. Impact of solid waste dumping on soil quality and its

potential risk on human health and environment.

Environmental Monitoring and Assessment 2024;196:Article

No. 763.

Borymski S, Cycoń M, Beckmann M, Mur LAJ, Piotrowska-Seget 

Z. Plant species and heavy metals affect biodiversity of

microbial communities associated with metal-tolerant plants in

metalliferous soils. Frontiers in Microbiology 2018;9:Article

No. 1425.

Bradley O, Keßler D, Gadermaier J, Mayer M, Leitgeb E. Soil: 

The foundation for ecological connectivity of forest 

ecosystems. In: Kraus D, editor. Ecological Connectivity of 

Forest Ecosystems. Cham: Springer; 2025. 

Bu-Olayan AH, Thomas BV. Assessment of the ultra-trace 

mercury levels in selected desert plants. International Journal 

of Environmental Science and Technology 2014;11:1413-20. 

Chafik Y, Sena-Velez M, Henaut H, Missbah El Idrissi M, Carpin 

S, Bourgerie S, et al. Synergistic effects of compost and 

biochar on soil health and heavy metal stabilization in 

contaminated mine soils. Agronomy 2025;15(6):Article No. 

1295. 

Chauhan A, Jindal T. Methods of sterilization and disinfection. In: 

Chauhan A, Jindal T, editors. Microbiological Methods for 

Environment, Food and Pharmaceutical Analysis. Cham: 

Springer; 2020. p. 67-72. 

Chibuike GU, Obiora SC. Heavy metal polluted soils: Effect on 

plants and bioremediation methods. Applied and 

Environmental Soil Science 2014;2014(1):Article No. 

752708. 

Chirilă Băbău AM, Micle V, Damian GE, Sur IM. Lead and copper 

removal from sterile dumps by phytoremediation with Robinia 

pseudoacacia. Scientific Reports 2024;14(1):Article No. 

9842. 

Darajeh N, Truong P, Rezania S, Alizadeh H, Leung DW. 

Effectiveness of vetiver grass versus other plants for 

446



Boter-Uayan L and Lacang GC / Environment and Natural Resources Journal 2025; 23(5): 436-447

phytoremediation of contaminated water. Environmental 

Science and Pollution Research 2019;26(25):25736-52. 

Dorafshan MM, Abedi-Koupai J, Eslamian S, Amiri MJ. Vetiver 

grass (Chrysopogon zizanoides L.): A hyper-accumulator crop 

for bioremediation of unconventional water. Sustainability 

2023;15(4):Article No. 3529. 

Du Z, Lin D, Li H, Li Y, Chen H, Dou W, et al. Bibliometric 

analysis of the influencing factors, derivation, and application 

of heavy metal thresholds in soil. International Journal of 

Environmental Research and Public Health 

2022;19(11):Article No. 6561. 

Goyal R, Kahlon MS. Soil physico-chemical properties and water 

productivity of maize as affected by biochar application under 

different irrigation regimes in northwest India. 

Communications in Soil Science and Plant Analysis 

2022;53(9):1068-84. 

Gravand F, Rahnavard A, Pour GM. Investigation of vetiver grass 

capability in phytoremediation of contaminated soils with 

heavy metals (Pb, Cd, Mn, and Ni). Soil and Sediment 

Contamination: An International Journal 2021:30(2):163-86 

Groenendyk DG, Ferré TPA, Thorp KR, Rice AK. Hydrologic-

process-based soil texture classifications for improved 

visualization of landscape function. PLoS One 

2015;10(6):e0131299. 

Jean-Philippe D, Deguine JP, Goebel FR, Lamichhane JR. Soil and 

plant health in relation to dynamic sustainment of Eh and pH 

homeostasis: A review. Agronomy for Sustainable 

Development 2012;32(2):401-9. 

Khalid S, Shahid M, Niazi NK, Murtaza B, Bibi I, Dumat C. A 

comparison of technologies for remediation of heavy metal 

contaminated soils. Journal of Geochemical Exploration 

2017;182:247-68. 

Kumar D, Bharti SK, Anand S, Kumar N. Bioaccumulation and 

biochemical responses of Vetiveria zizanioides grown under 

cadmium and copper stresses. Environmental Sustainability 

2018;1:133-9. 

Miller RO, Gavlak R, Horneck D. Soil, Plant and Water Reference 

Methods for the Western Region. 4th ed. WREP 125. Western 

Coordinating Committee on Nutrient Management (WERA-

103); 2013. p. 77-8. 

Obasi SE, Obasi NA, Nwankwo EO, Enemchukwu BN, 

Igbolekwu RI, Nkama JO. Effects of organic manures 

bioremediation on growth performance of maize (Zea mays L.) 

in crude oil polluted soil. International Journal of Recycling of 

Organic Waste in Agriculture 2021;10(4):415-26. 

Oshunsanya SO, Yu H, Opara CC, Odebode AM, Oluwatuyi TS, 

Babalola O. Integration effect of vetiver grass strips with 

maize population density on soil erosion under two contrasting 

slopes of rainforest agroecology. Catena 2023;221:Article No. 

106768. 

Otunola BO, Aghoghovwia MP, Thwala M, Gómez-Arias A, 

Jordaan R, Hernandez JC, et al. Improving capacity for 

phytoremediation of Vetiver grass and Indian mustard in 

heavy metal (Al and Mn) contaminated water through the 

application of clay minerals. Environmental Science and 

Pollution Research 2023;30:53577-88. 

Parihar JK, Parihar PK, Pakade YB, Katnoria JK. 

Bioaccumulation potential of indigenous plants for heavy 

metal phytoremediation in rural areas of Shaheed Bhagat 

Singh Nagar, Punjab (India). Environmental 

Science and Pollution Research 2021;28:2426-42. 

Phusantisampan T, Meeinkuirt W, Saengwilai P, Pichtel J, 

Chaiyarat R. Phytostabilization potential of two ecotypes of 

Vetiveria zizanioides in cadmium-contaminated soils: 

Greenhouse and field experiments. Environmental Science 

and Pollution Research 2016;23:20027-38. 

Poggere G, Gasparin A, Barbosa JZ, Melo GW, Corrêa RS, Motta 

ACV. Soil contamination by copper: Sources, ecological risks, 

and mitigation strategies in Brazil. Journal of Trace Elements 

and Minerals 2023;4:Article No. 100059. 

Rotkittikhun P, Chaiyarat R, Kruatrachue M, Pokethitiyook P, 

Baker AJM. Effects of soil amendment on growth and lead 

accumulation in Vetiveria zizanioides and Thysanolaena 

maxima grown in lead-contaminated soil. Chemosphere 

2006;65(1):42-9. 

Sabir M, Baltrėnaitė-Gedienė E, Ditta A, Ullah H, Kanwal A, 

Ullah S, et al. Bioaccumulation of heavy metals in a soil–plant 

system from an open dumpsite and the associated health risks 

through multiple routes. Sustainability 2022;14(20):Article 

No. 13223. 

Sharma P, Dubey RS. Lead toxicity in plants. Brazilian Journal of 

Plant Physiology 2005;17(1):35-52. 

Singh L, Malik M, Babu R. Phytoremediation of heavy metals by 

vetiver grass near riverbeds. In: Madhav S, Gupta GP, Yadav 

RK, Mishra R, van Hullebusch E, editors. Phytoremediation: 

Biological Treatment of Environmental Pollution. Cham: 

Springer Nature Switzerland; 2024. 

Suelee AL, Hasan SNMS, Kusin FM, Yusuff FM, Ibrahim ZZ. 

Phytoremediation potential of vetiver grass (Vetiveria 

zizanioides) for treatment of metal-contaminated water. Water, 

Air, and Soil Pollution 2017;228:Article No. 158. 

Tian Y, Jiang W, Chen G, Wang X, Li T. Gypsum and organic 

materials improved soil quality and crop production in saline-

alkali on the loess plateau of China. Frontiers in 

Environmental Science 2024;12:Article No. 1434147. 

Tiwari J, Kumar S, Korstad J, Bauddh K. Ecorestoration of 

polluted aquatic ecosystems through rhizofiltration. In: 

Pandey VC, Bauddh K, editors. Phytomanagement of Polluted 

Sites. Amsterdam: Elsevier; 2019. 

University of Illinois. Standard operating procedure: Particle size 

analysis for soil texture (hydrometer method). Urbana-

Champaign (IL): Department of Crop Sciences, University of 

Illinois at Urbana-Champaign; 2023 [cited 2025 May 30]. 

Available from: https://margenot.cropsciences.illinois.edu/ 

wp-content/uploads/2023/06/Particle-size-analysis-for-soil-

texture-determination-hydrometer-method-UIUC-Soils-

Lab.pdf 

Wei B, Peng Y, Lin L, Zhang D, Ma L, Jiang L, et al. Drivers of 

biochar-mediated improvement of soil water retention 

capacity based on soil texture: A meta-analysis. Geoderma 

2023;437:Article No. 116591.  

Yoon J, Cao X, Zhou Q, Ma LQ. Accumulation of Pb, Cu, and Zn 

in native plants growing on a contaminated Florida site. 

Science of the Total Environment 2006;368(2-3):456-64. 

Zhang F, Sun S, Rong Y, Mao L, Yang S, Qian L, et al. Enhanced 

phytoremediation of atrazine-contaminated soil by vetiver 

(Chrysopogon zizanioides L.) and associated bacteria. 

Environmental Science and Pollution Research 

2023;30(15):44415-29. 

Zhang L, Zhang P, Yoza B, Liu W, Liang H. Phytoremediation of 

metal-contaminated rare-earth mining sites using Paspalum 

conjugatum. Chemosphere 2020;259:Article No. 127280.  

447




