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 The current study explores the phyto-remediation potential of vetiver grass 
(Chrysopogon zizanioides) for mitigating heavy metal contamination in soil through 
pot and column leaching experiments. In 60-day pot trials, soil samples collected at 
intervals of 30, 45, and 60 days revealed significant reductions in Iron (Fe), Zinc (Zn), 
Copper (Cu), and Lead (Pb), with Fe showing the highest reduction. Metal uptake 
analysis showed higher accumulation in vetiver roots than in leaves, with Zn 
(58.78 mg/kg) and Cu (38.64 mg/kg) exhibiting the highest concentrations. The BCF 
exceeded 1 for Zn (1.95) and Cu (1.29), indicating effective root uptake, while Pb 
remained below detection limits in plant tissues. The translocation factor (TF) for all 
metals was below 1, confirming limited movement from roots to shoots and showing 
vetiver’s suitability for phyto-stabilization, effectively locking metals in roots to 
prevent ecosystem spread. Vetiver’s root-dominant uptake and low TF highlight its 
suitability for phyto stabilization in industrial soils. In the column leaching experiment, 
Vetiver grass was compared with Triticum aestivum (wheat) as a control. The leachate 
from vetiver-planted columns showed markedly reduced concentrations of Zn and Cu, 
demonstrating vetiver’s effectiveness in promoting downward metal mobility and 
stabilizing contaminated soils. These results highlight the potential of vetiver grass as 
an effective phyto-remediation species, particularly for Zn and Cu, and recommend 
further research into optimizing uptake through soil amendments and genetic 
enhancements. 

Keywords: Vetiver grass, Phyto-remediation, Heavy metals, Bio-concentration factor 
(BCF), Inductively coupled plasma mass spectrometry (ICP-MS). 

  

 
INTRODUCTION 

 

Heavy metal contamination in soil has become a 

critical environmental issue, particularly in industrial 

regions, where the accumulation of metals, such as Lead 

(Pb), Cadmium (Cd), and Zinc (Zn) poses significant 

threats to ecosystems, agricultural productivity, and 

human health. Elevated concentrations of these metals 

degrade soil by altering its physical and chemical 

properties, leading to reduced fertility, poor soil 

structure, and impaired water and nutrient retention 

(Chandra & Kumar, 2023; Gregory et al., 2015; Lwin et 

al., 2018; Nguyen et al., 2023; Pande et al., 2022; Wuana 

et al., 2011). Soil micro-organisms, which play an 

essential role in nutrient cycling and organic matter 

decomposition, are also adversely affected by metal 

toxicity, leading to reduced microbial activity and 

impaired soil processes (Angon et al., 2024; Zeng et al., 

2024). Beyond the soil, heavy metals can leach into 

groundwater or contaminate surface water through run-

off, posing risks to aquatic ecosystems and human health 

due to bio-accumulation in food chains (Maurya et al., 

2019; Saravanan et al., 2024; Xu et al., 2024). 

Among available remediation strategies, phyto-
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remediation has emerged as a sustainable and widely 

accepted technique (Iqbal et al., 2018; Mocek-Płóciniak 

et al., 2023; Nedjimi, 2021a; Yan et al., 2020). Vetiver 

grass (Chrysopogon zizanioides), known for its 

extensive root system and high tolerance to metal 

toxicity, has emerged as a promising candidate for the 

phyto-remediation of contaminated soils (Banerjee et 

al., 2016a, 2019; Dorafshan et al., 2023a; Holanda et al., 

2022; Nguyen et al., 2023; Roychowdhury et al., 2020). 

It is particularly effective in absorbing and stabilizing 

heavy metals, thereby reducing their mobility and bio-

availability. In parallel, the leaching of contaminants 

through water movement plays a crucial role in metal 

transport in soils, particularly under high-rainfall or 

irrigated conditions. Thus, assessing phyto-remediation 

efficiency under controlled leaching scenarios is 

essential for developing comprehensive remediation 

solutions (Bijay-Singh & Craswell, 2021; Briffa et al., 

2020; Hou et al., 2020; Rashid et al., 2023; Wuana et al., 

2011). 

Heavy-metal pollution from industrial activities, 

mining, and agricultural practices has led to widespread 

soil and water contamination, posing threats to 

ecosystems and human health. Metals, such as Cadmium 

(Cd), Lead (Pb), Copper (Cu), Nickel (Ni), and Zinc 

(Zn), persist in the environment, bio-accumulate in 

organisms, and cause adverse health effects, including 

neuro-toxicity and organ damage (Alzboon & Alzboon, 

2022; Angon et al., 2024; Mitra et al., 2022; Nedjimi, 

2021; Odat & Alshammari, 2011; Rashid et al., 2023; 

Wuana et al., 2011; Yaseen & Al-Hawari, 2015). 

Remediating heavy metal-contaminated sites is a 

priority, and phyto-remediation has emerged as an eco-

friendly, cost-effective solution (Awasthi et al., 2022; 

Priya et al., 2023; Tan et al., 2023). 

Phyto-remediation involves the use of plants to 

extract, stabilize, or immobilize heavy metals from 

contaminated environments. It is considered a 

sustainable alternative to traditional methods, like soil 

excavation and chemical treatments due to its minimal 

environmental disturbance, aesthetic appeal, and lower 

operational costs. Vetiver grass (Chrysopogon 

zizanioides) and Indian mustard (Brassica juncea) are 

two plants that have shown great potential for phyto-

remediation because of their adaptability, high biomass 

production, and tolerance to various heavy metals 

(Chandra & Kumar, 2023; Deng et al., 2024). 

Several studies have demonstrated the phyto-

remediation potential of vetiver grass and Indian 

mustard in removing heavy metals from soils and water. 

Many researchers (Chen et al., 2004a; Dorafshan et al., 

2023a; Nedjimi, 2021a; Yan et al., 2020) highlighted the 

effectiveness of vetiver grass, with its deep root system, 

in stabilizing heavy metals and preventing their leaching 

into groundwater, while Indian mustard, a known hyper-

accumulator, efficiently extracts metals from 

agricultural lands. Many investigators (Liu et al., 2024; 

Nepal et al., 2024; Otunola et al., 2022) also found that 

soil amendments, like attapulgite and bentonite, further 

enhanced vetiver's uptake of metals, such as Nickel, 

Chromium, and Cobalt, although Indian mustard 

showed limited response to these amendments. Jampasri 

& Saeng-Ngam (2019) demonstrated that both Vetiveria 

nemoralis and V. zizanioides tolerated Cadmium and 

salinity well, with V. nemoralis proving a better 

Cadmium accumulator in saline conditions, showing 

that vetiver grass can stabilize Cadmium-contaminated 

soils in challenging environments. Further research by 

(Gravand et al., 2021) demonstrated vetiver grass's 

ability to remove Lead (Pb), Cadmium (Cd), Manganese 

(Mn), and Nickel (Ni) from contaminated soils. Many 

researchers revealed that vetiver grass absorbed 

significant amounts of these metals, particularly Lead, 

with higher concentrations accumulating in the roots 

than in the shoots. The biological concentration factor 

(BCF) was greater than one for all metals, confirming 

vetiver grass's effectiveness in stabilizing heavy metals 

in contaminated soils. While prior studies established 

vetiver’s ability to absorb heavy metals, this work 

advances the field by (1) quantifying its efficacy in 

multi-metal industrial soils, (2) demonstrating its role in 

reducing leaching risks, and (3) identifying time-

dependent uptake patterns critical for remediation 

planning. 

While vetiver grass shows promising results, its 

phyto-remediation efficiency can be improved through 

soil amendments or the application of chelating agents. 

For example, Ng et al. (2019) explored the use of 

ethylenediaminetetraacetic acid (EDTA) to enhance 

Lead uptake by vetiver grass. While EDTA significantly 

increased the translocation of Lead from roots to shoots, 

it also posed environmental risks, as EDTA-heavy metal 

complexes may leach into groundwater. This highlights 

the need for caution when using chemical amendments 

in phyto-remediation. 

Recent advancements in phyto-remediation have 
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focused on the role of rhizosphere microbiota and 

genetic engineering. Many researchers (Ali et al., 2013; 

Alves et al., 2022; Marques et al., 2009; Sahoo et al., 

2024) reviewed the potential of rhizosphere micro-

organisms to enhance plant tolerance and metal uptake. 

These micro-organisms can solubilize heavy metals and 

improve phyto-extraction by interacting with plant 

roots. Genetic engineering is another area being 

explored to develop plants with enhanced metal-

accumulation traits. Vetiver grass is a highly promising 

plant for the remediation of heavy metal-contaminated 

soil due to its adaptability, tolerance to metal stress, and 

extensive root system. However, optimizing its phyto-

remediation efficiency remains essential. The current 

study focuses on evaluating the phyto-remediation 

potential of vetiver grass (Chrysopogon zizanioides) in 

reducing heavy metal contamination in soils near an 

industrial area in Cherthala South, Alappuzha District, 

Kerala. 

 

MATERIALS AND SOIL COLLECTION 

 

Location of Study Area 
Soil samples were collected from the vicinity of an 

industrial facility located in Cherthala South, Alappuzha 

District, Kerala. The site is situated at Latitude 9.63234° 

N and Longitude 76.33378° E, near National Highway-

66. The facility is one of the largest foundry units in 

south India, involved in the production of ductile Iron, 

grey Iron, and steel castings. 

 

Soil Samples 
Soil samples collected from the vicinity of the 

industrial area revealed elevated concentrations of 

heavy metals, such as Lead (Pb), Iron (Fe), Copper (Cu), 

and Zinc (Zn), all exceeding WHO permissible limits. A 

systematic grid-based sampling pattern (e.g. 5 m × 5 m) 

was employed to ensure spatial representation across the 

study area. Sampling was conducted at a depth of 15 cm-

30 cm to capture soil conditions relevant to root 

development and contaminant distribution. All samples 

were placed in polyethylene zip lock bags, properly 

labeled, and transported to the laboratory. In the 

laboratory, soils were air-dried, sieved through a 2-mm 

mesh, and stored for further analysis. The basic soil 

properties of the soil used in the current study are given 

in Table 1. 

 

Table 1. Soil properties 

Property Result 

% gravel (>4.75mm) 3.4% 

% coarse sand (4.72-2.36mm) 9.5% 

% medium sand (2.36-0.425mm) 32.3% 

% fine sand (0.425-0.075mm) 45.7% 

% fines (silt and clay <0.075mm) 9.1% 

Uniformity coefficient 𝐶௨ ൌ
஽లబ

஽భబ
 0.045 

Coefficient of curvature 𝐶஼ ൌ
஽యబ

మ

஽లబൈ஽భబ
 2.125 

Coefficient of permeability (𝑐𝑚 𝑠𝑒𝑐⁄ ) 0.271 

Specific gravity  1.9 

 

This methodology ensured representative and 

consistent soil sampling for evaluating the effectiveness 

of phyto-remediation. Elevated levels of these heavy 

metals pose toxicity risks to plants, animals, and soil 

micro-organisms, adversely affecting soil health and 

ecosystem functionality. High concentrations of these 

metals can disrupt nutrient uptake in plants, resulting in 

deficiencies and reduced agricultural productivity. 

Moreover, these metals can bio-accumulate in plant and 

animal tissues, potentially leading to bio-magnification 
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through the food chain, posing significant health risks to 

higher trophic organisms, including humans. Overall, 

the excessive presence of Lead, Iron, Copper, and Zinc 

in soil can have severe environmental and public health 

consequences, underscoring the urgent need for 

remediation efforts to reduce contamination and 

mitigate associated risks. The original metal 

concentrations in the soil are mentioned in Table 2. 

 

Table 2. Original metal concentrations 

Metal 

Permissible Limit 

(mg/kg) 

(WHO standards) 

Metal Concentration 

(mg/kg) 

Lead (Pb) 2 7.52 

Iron (Fe) 425.5 57677 

Copper (Cu) 10 92.8 

Zinc (Zn) 0.6 122.60 

 

Vetiver Grass 
Chrysopogon zizanioides, commonly known as 

vetiver, is a perennial bunchgrass of the family Poaceae. 

Figure (1) shows a vetiver plant, which is a large, tufted 

bunchgrass and can reach up to 1.5 meters (5 feet) in 

height. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1): Vetiver plant, a large, tufted bunchgrass 

 

 

The thin leaves and stems are erect and rigid, and the 

plant bears small brown-purple flowers in long spikes. 

The fragrant roots grow downward in the soil and can 

attain depths of more than 3 meters (10 feet). More 

details of the vetiver grass are listed in Table 3. 

 

 

Table 3. Vetiver grass essential plant details 

Taxonomic 

Classification 
Details 

Kingdom Plantae 

Phylum Angiosperms 

Class Monocots 

Order Poales 

Family Poaceae 

Genus Chrysopogon 

Species Chrysopogon zizanioides 

 

EXPERIMENTAL METHODS 

 

Pot Experiment 
Vetiver grasses (Chrysopogon zizanioides) were 

initially established in soil for approximately one month 

before being transplanted into three separate pots for a 

duration of 60 days under natural climatic conditions. 

The 60-day period was selected based on prior evidence 

of vetiver’s peak metal uptake during early growth 

(Goren et al., 2021) and practical constraints of 

pot/column experiments. Following the transplantation 

of vetiver grass, the plants were monitored at intervals 

of 30, 45, and 60 days to assess their growth and health. 

Soil samples were collected from each pot at these 

specified intervals and subjected to Inductively Coupled 

Plasma Mass Spectrometry (ICP-MS) analysis to 

evaluate changes in the concentration patterns of heavy 

metals over time. This analytical technique allows for 
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the precise quantification of heavy metals in the soil, 

providing insights into the effectiveness of Vetiver grass 

in remediating heavy metal contamination. Soil samples 

were air-dried, sieved (2 mm), and digested with 

HNO₃:HClO₄ (5:1) via micro-wave-assisted digestion 

(180°C, 30 min.). Filtered digests were analyzed by ICP-

MS with internal standardization and calibration of the 

apparatus. At each interval (30, 45, 60 days), ~100 g of 

soil was collected from the top 15 cm of each pot, 

homogenized to form a composite sample, and analyzed 

via ICP-MS. 

Figure (2) illustrates the experimental setup for the 

pot experiment, showcasing the arrangement of pots and 

the environmental conditions maintained throughout the 

study. The systematic monitoring and sampling process 

aimed to elucidate the relationship between the growth 

of vetiver grass and the reduction of heavy-metal 

concentrations in the soil, thereby contributing to our 

understanding of phyto-remediation dynamics. 

 

         
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2): Pot experiment setup 

 

Each pot used in the experiment measured 

approximately 65 cm in diameter and 35 cm in height, 

capable of holding an estimated 20 kg of soil, as 

observed in the setup shown in the pot experiment setup 

(Figure (2)). Soil was filled up to around 5 cm below the 

rim to allow for irrigation. One vetiver plant was 

transplanted per pot, maintaining a uniform plant 

density across all test conditions. The experimental 

layout was arranged in an open rooftop space with 

natural light exposure and monitored to maintain 

consistent moisture through periodic watering. 

Throughout the 60-day experiment, the pots were 

maintained under natural daylight conditions on an open 

rooftop. Plants received an average of 11-12 hours of 

sunlight per day, with ambient temperatures ranging from 

27°C to 33°C, which contributed to natural humidity. To 

ensure consistent moisture levels, manual watering was 

carried out once every two days, supplying approximately 

500 mL-700 mL of water per pot, depending on rainfall 

and soil moisture status. Care was taken to avoid both 

waterlogging and drought stress, ensuring optimal 

conditions for vetiver growth and metal uptake. 

 

Column Leaching Experiment 

Initially, vetiver grass (Chrysopogon zizanioides) 

was planted in soil for a duration of approximately one 

month before being transplanted into three soil columns. 

Additionally, two control groups containing triticum 

(wheat) were established for comparative analysis. The 

experimental setup for the column leaching process is 

illustrated in Figure (3). Each soil leaching column was 

vegetated with one vetiver seedling (20-30 cm tall, roots 

pre-rinsed) planted centrally. Roots grew through the 

mesh into the gravel layer, simulating natural metal 

uptake and stabilization. On the 45th day of the 

experiment, three soil columns with vetiver grass were 

subjected to water drenching to facilitate leaching. In 

contrast, the plants in the control group demonstrated 

stunted growth after two weeks, indicating their inability 

to thrive under metal-stressed conditions. 

After the 60th day, an additional water application 

was performed on the three soil columns to further 

induce leaching. Leachate solutions were subsequently 

collected from the bottom of the columns, and soil 

samples were analyzed for heavy metal concentrations 

using Inductively Coupled Plasma Mass Spectrometry 

(ICP-MS). 

 

Soil Extraction and Plant Harvesting 
Soil samples from the pots were collected at 30, 45, 

and 60 days and subsequently analyzed for elemental 

composition using Inductively Coupled Plasma Mass 

Spectrometry (ICP-MS). This technique enabled the 

precise quantification of heavy metals and other elements 
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present in the soil, facilitating a comprehensive 

assessment of changes in metal concentrations over time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3): Soil column setup 
 

In parallel, soil samples from the column experiment 

were analyzed to assess vetiver’s dual role in (1) 

immobilizing metals (root uptake) and (2) limiting their 

leaching into effluent under saturated conditions. 

After 60 days, the plants from the column 

experiment were harvested, and the plant parts were 

carefully separated into roots and leaves for further 

analysis. After harvesting, the roots and leaves of vetiver 

grass were separated, oven-dried at 60°C for 48 hours, 

and weighed to determine their dry biomass. The 

average dry weights per plant were 12.5 g for roots and 

8.3 g for leaves. These values were used to scale metal 

concentrations (from ICP-OES analysis) to total metal 

uptake per plant for mass balance calculations. 1-g sub-

samples were digested for ICP-OES analysis. This 

division allows for a detailed examination of metal 

uptake and translocation within the vetiver grass, 

providing insights into the plant's efficiency in 

accumulating heavy metals from the soil. By analyzing 

both the roots and leaves, we can better understand the 

dynamics of metal absorption and the overall phyto-

remediation potential of vetiver grass in contaminated 

environments. 

 

Digestion of Sample 
The digestion of samples was conducted at Cochin 

Test House (accredited by NABL, India; ISO/IEC 

17025:2017). The roots and leaves of the plants were air-

dried for two days and subsequently placed in a hot-air 

oven for 8 hours to ensure complete moisture removal. 

Once dried, the samples were ground using a grinder to 

obtain a fine powder. 

The ground samples were then digested with 

concentrated nitric acid (HNO₃) to facilitate the 

extraction of metal ions. Figures 4a and 4b illustrate the 

dried and powdered leaves and roots of vetiver grass. 

For the digestion process, an amount of 2.5 mL of 

concentrated nitric acid was added to 1 g of the ground, 

oven-dried sample in a 100-mL beaker. 

Digestion of plant materials in hot concentrated 

nitric acid at temperatures ranging from 130°C to 140°C 

is a standard procedure (U.S. EPA Method 3051A: 

Microwave Assisted Acid Digestion of Sediments, 

Sludges, and Oils) for assessing nutrient content and 

metal concentrations. The digestion process involves 

converting solid samples into a liquid form through the 

application of chemical reagents, which often include 

strong acids and bases. Heat is applied to accelerate the 

digestion process, ensuring that both the sample and the 

reagent are adequately mixed and react to release metal 

ions effectively. 

 

 

 

 

 

 

 

 

 

 

                     Figure (4a): Dried leaves and roots                              Figure (4b): Powdered leaves and roots 
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DATA ANALYSIS 
 

Inductively Coupled Plasma Mass Spectrometry 

(ICP-MS) was performed at CSIR-NIIST in 

Trivandrum. ICP-MS is an advanced analytical 

technique utilized to measure and identify elements 

within a sample matrix through the ionization of its 

components. The mass spectrometer (MS) separates 

ions based on their mass-to-charge ratio after passing 

through the inductively coupled plasma (ICP). The 

detector then counts the number of selected ions per 

second, enabling the instrument to determine the 

concentration of each target element. This technique is 

employed across various industries, including routine 

environmental monitoring, consumer product testing, 

food and pharmaceutical safety, life sciences, clinical 

research, mining, metal analysis, geo-chemistry, nuclear 

applications, and petro-chemicals, to detect trace metal 

contaminants. 

Inductively Coupled Plasma Optical Emission 

Spectroscopy (ICP-OES) was conducted at Cochin Test 

House. This analytical technique is utilized in chemistry 

to determine the elemental composition of samples. 

ICP-OES combines two powerful methodologies—

inductively coupled plasma (ICP) and optical emission 

spectroscopy (OES)—to achieve highly accurate and 

precise elemental analyses. Known for its ability to 

analyze a wide range of elements across the periodic 

table simultaneously and with high sensitivity, ICP-OES 

is applicable in numerous fields, including 

environmental monitoring, pharmaceuticals, 

metallurgy, geology, and food analysis. It is particularly 

beneficial for detecting trace elements in complex 

matrices, making it an invaluable tool in analytical 

chemistry and research. The technique is widely 

employed in numerous sectors, such as environmental 

monitoring, metallurgy and mining, pharmaceuticals, 

food and beverage, chemical manufacturing, geology, 

and water treatment. 

The collected soil samples and plant parts were 

analyzed to observe temporal changes in metal 

concentrations. The results indicate a significant 

decrease in metal concentrations in soil samples over 

time. The accumulation of metals in plant tissues is 

attributed to both uptake and translocation mechanisms. 

Specifically, soil samples extracted from pots after 60 

days exhibited the lowest metal concentrations 

compared to those collected at 30 days and 45 days. 

Additionally, soil samples collected from the bottom of 

each column also showed reduced metal quantities, 

reflecting the effective metal uptake by vetiver grass. To 

confirm that the observed metal removal was not due to 

other factors, ICP-OES testing is also being conducted 

to ascertain the atomic composition of the samples. 

To evaluate the phyto-remediation potential of 

vetiver grass, bio-concentration factor (BCF) and 

translocation factor (TF) were calculated. The BCF can 

be used to evaluate the contents of heavy metals in plant 

parts, while the TF can be used to measure the amounts 

of heavy metals transferred from one plant part to 

another. 

The calculation of BCF and TF was performed to 

assess whether plants could be categorized as 

accumulators. 

 

𝐵𝐶𝐹 ൌ
Concentration in leaf or root
Concentration in sediment

 (1) 

 

𝑇𝐹 ൌ
BCF of shoot ሺstem or leafሻ

BCF of root
 

 

(2) 

 

Heavy metals are commonly found in roots and 

leaves. The process of heavy metal binding in plants 

occurs via the mechanisms of heavy metal accumulation 

and tolerance. Vetiver roots can thus contribute to the 

prevention of heavy metal accumulation in the 

surrounding environment; high concentrations of heavy 

metal contaminants in sediments may be 

stored/extracted by the roots and leaves of plant (Ali et 

al., 2013; Chintani et al., 2021; Ketaubon et al., 2024). 

 

RESULTS AND DISCUSSION 

 

Variation in Metal Concentration with Time 

Pot Experiment 

A visible decrease in metal concentrations can be 

observed in Iron, Copper and Zinc after 30 days of 

transplantation to pots. Lead also decreases its 

concentration, but in less amounts. 

Pb, Zn, Fe, and Cu concentrations in soil were 

assessed to evaluate their bio-availability in soil. The 

results obtained showed a decrease of Lead, Iron, 

Copper and Zinc concentrations in soil at uptake by 

vetiver for a period of one month. Iron content in soil 

decreased from 57677 to 28695 mg/kg (by 28982) and 

Copper from 92.8 to 48.5 mg/kg (by 44.3), Zinc from 

122.6 to 97.6 mg/kg (by 25) and Lead from 10.52 to 9.96 
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(by 0.56). The original test was conducted at NIIST, 

Trivandrum. After a period of 45 days, concentrations of 

Lead, Zinc, Copper and Iron were assessed. The results 

showed a decrease in metal concentrations from those at 

30 days. Iron content in soil decreased from 28695 to 

23432(by 5263), Copper from 48.5 to 21.1 (by 27.4), 

Zinc from 97.6 to 31.6 (by 66) and Lead from 9.96 to 

6.69 (by 3.27). Soil assessed after a period of 60 days 

showed a decrease in metal concentrations as compared 

to those obtained from 45days.Iron content in soil 

decreased from 23432 to 7447 (by 15985), Copper from 

21.1 to 14.1 (by 7), Zinc from 31.6 to 21.7 (by 9.9) and 

Lead from 6.69 to 4.42 (by 2.27). 

 

 
Figure (5): Graph of variations in metal concentrations with time 

 

Figure (5) shows variations in metal concentrations 

detected in soil samples collected from pots during a 

period of 30,45 and 60 days. The results indicated that 

the amounts of metals in soil decrease with an increase 

in time. The lowest values for metal concentrations were 

detected for the soil samples subjected to ICP-MS test 

after the 60th day. 

The analysis of soil samples over 30, 45, and 60 days 

reveals a consistent and progressive decline in the 

concentrations of heavy metals, particularly Iron (Fe), 

Copper (Cu), and Zinc (Zn), indicating the effectiveness 

of vetiver grass (Chrysopogon zizanioides) in phyto-

remediation. Over the 60-day period, Fe concentration 

decreased drastically from 57,677 to 7,447 mg/kg, 

reflecting the plant’s strong ability to stabilize and 

absorb Iron, which aligns with prior findings that 

highlight vetiver’s extensive root system and metal-

binding capabilities (Banerjee et al., 2016b; Otunola et 

al., 2023). Copper levels similarly declined from 92.8 to 

14.1 mg/kg, and Zinc levels from 122.6 to 21.7 mg/kg, 

further supporting the species’ high metal uptake 

potential, especially for Zn, which showed high BCF 

values in earlier studies (Roe & MacFarlane, 2022). 

While Lead (Pb) exhibited a gradual decrease from 

10.52 to 4.42 mg/kg, its reduction was comparatively 

lower, likely due to its lower solubility and strong 

sorption to soil particles at a near-neutral pH of 6.8, 

which limits its bio-availability (Ur Rahman et al., 
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2024). The consistent downward trend in metal 

concentrations across all sampling intervals underscores 

the cumulative effect of phyto-remediation over time. 

These findings suggest that longer vegetation periods 

could further enhance metal removal, especially for 

metals, like Pb, that exhibit slower uptake kinetics. 

Overall, the data validates vetiver grass as an effective 

phyto-stabilizer, particularly for Cu and Zn, while also 

highlighting the need for soil or plant amendments to 

improve Pb remediation efficiency. 

 

Column Leaching Experiment 

After a period of 2 months of transplantation, soil 

from columns with actively grown vetiver was subjected 

to ICP -MS test for analysis of variation in metal 

concentration with time. The results showed that there 

was a significant decrease in Iron, Copper, and Zinc 

contents and a slight decrease in Lead content. 

Concentration of Iron decreased from 57677 to 36775, 

that is, by 20902. Copper concentration decreased from 

92.8 to 13.36, that is, by 79.44. Concentration of Zinc 

decreased from 122.6 to 17.21, that is, a significant 

decrease of 105.39. Lead exhibited a slight decrease 

from 7.52 to 4.12, that is, by about 3.4. From this 

decrease, it can be conducted that except Iron all other 

metals’ concentrations exhibited a decrease in value in 

comparison with the 60-day ICP-MS results of pot 

experiment. This reduction is attributed to the 

significant leaching of metals as leachates by providing 

water to induce leaching. Iron content exhibited minimal 

decreases in comparison with 60-day ICPMS results of 

pot experiment, which can be due to factors, like soil pH, 

soil moisture, absence of Iron-eating bacteria, 

temperature and organic matter. The original test was 

conducted at NIIST, Trivandrum. Figure (6) shows the 

ICP-MS results of column leaching experiment after 60 

days. 

 

 
Figure (6): Graph of ICP-MS results of column leaching experiment after 60 days 

 

The results of the column leaching experiment after 

60 days further demonstrate the phyto-remediation 

potential of vetiver grass, particularly when combined 

with water-induced leaching. Significant reductions 

were observed in the concentrations of Copper (from 

92.8 to 13.36 mg/kg) and Zinc (from 122.6 to 17.21 

mg/kg), confirming that these metals are not only 

absorbed by the vetiver roots, but also effectively 

mobilized downward as leachates. This aligns with 

previous findings that highlighted vetiver's ability to 

promote the downward movement and stabilization of 

metals due to its dense root system and tolerance to high 
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metal loads (Banerjee et al., 2016a; Dorafshan et al., 

2023b). While Lead (Pb) exhibited a moderate reduction 

(from 7.52 to 4.12 mg/kg), the decrease was more 

substantial than in the pot experiment, suggesting 

enhanced mobility under leaching conditions. However, 

the relatively smaller decrease in Iron (from 57,677 to 

36,775 mg/kg) compared to the pot experiment (down to 

7,447 mg/kg) may be attributed to its lower solubility 

and complex interactions with soil properties. Factors, 

such as near-neutral soil pH (6.8), limited microbial 

activity (e.g. absence of Iron-oxidizing bacteria), and 

high organic matter content, can restrict Fe leaching and 

availability. These findings underscore the 

complementary role of leaching in augmenting phyto-

remediation and point to the influence of environmental 

conditions on metal mobility and uptake. Overall, the 

column setup simulates real-field drainage more 

effectively than the pot experiment and highlights the 

combined utility of phyto-stabilization and phyto-

leaching in removing contaminants from soil. 

 

Inductively Coupled Plasma Optical Emission 

Spectroscopy (ICP-OES) 

The results for ICP-OES testing conducted on the 

roots and leaves of the cultivated plants after a period of 

60 days are as follows. From the sediments, good 

concentrations of Copper, Zinc and Iron had been taken 

up by the root part of the plant. In comparison with the 

uptake by the root part, leaves showed less uptake 

ability. That is, uptake from sediments to the root part 

had been done actively, while translocation of metals 

from the root to aerial parts of plants, like leaves, had 

occurred in smaller amounts. The original test was 

conducted at Cochin Test House. 

 

 
Figure (7): Graph of ICP-OES results of roots 

 

Based on the results obtained for ICP - OES on roots 

and leaves, it can be concluded that a good percentage 

of metal uptake was shown by the root part as compared 

to that of leaves. Leaves also exhibited metal uptake but 

in lower concentrations. The concentration of Iron is 

442.7mg /kg in roots while it is 85.18 in leaves. The 

concentration of Lead was not visibly shown in both 

parts, as it was below the detection limit. The amount of 

Lead absorbed by plants is affected by pH, organic 

matter of the soil. pH of the soil was found to be 6.8, 

which significantly affected the amount of Lead uptake 

by plants (Steingräber et al., 2022). The concentration of 

Copper is 30.58 mg/kg in roots and 7.29 mg/kkg in 

leaves. Zinc content in roots is 57.31 mg /kg and 25.02 

in leaves (Figures (7, 8)). 
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Figure (8): Graph of ICP-OES results of leaves 

 

 

The ICP-OES analysis of vetiver grass after 60 days 

revealed a clear preference for metal accumulations in 

the roots over those in the aerial parts, indicating a 

dominant phyto stabilization mechanism. The root 

tissues recorded significantly higher concentrations of 

Iron (442.7 mg/kg), Copper (30.58 mg/kg), and Zinc 

(57.31 mg/kg) compared to the respective leaf 

concentrations of 85.18, 7.29, and 25.02 mg/kg, 

respectively. This root-dominant uptake aligns with the 

findings of several studies that reported vetiver’s limited 

translocation of heavy metals to shoots due to its strong 

metal-binding capacity in roots and a low TF (Chen et 

al., 2004b; Nedjimi, 2021b). The limited metal transfer 

from roots to leaves suggests that vetiver functions 

primarily as a phyto-stabilizer rather than a phyto-

extractor. Notably, Lead (Pb) was below detection limits 

in both plant parts, which is consistent with previous 

observations that Pb exhibits low bio-availability under 

near-neutral pH conditions (6.8) and tends to remain 

bound to soil particles and organic matter (Steingräber 

et al., 2022). This further confirms the influence of soil 

chemistry—particularly pH and organic content—on the 

uptake efficiency of different metals. These results 

reinforce vetiver's role as an effective candidate for 

in-situ stabilization of heavy metals, especially Zn and 

Cu, and point to the need for soil modifications or 

chelating agents if enhanced translocation or phyto-

extraction of less mobile metals, like Pb is desired. 

 

Bioconcentration Factor (Bcf) and Translocation 

Factor(TF) 
Based on the data, BCF values of more than 1 were 

found for Copper and Zinc in roots. Meanwhile, BCF of 

less than 1 was found for Iron in roots. Also, Lead was 

found to be below the detection limit, which concludes 

that Lead was not absorbed significantly from the 

sediments of vetiver plant. BCF value of more than 1 

was found for Zinc in leaves and BCF values of less than 

1 were found for Iron and Copper in leaves. Hence, the 

content of heavy metals accumulated is more in the root 

part than in leaves (Figures (9, 10)). 
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Figure (9): Graph of bio-concentration factors for roots 
 

 

 
 

Figure (10): Graph of bio-concentration factors for leaves 
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Figure (11): Graph of translocation factors for root-leaf 

 

TF of more than 40% was found in root-leaf 

translocation. This means that vetiver translocated 

heavy metals from the root to leaves at a rate of less than 

50%. This finding indicates that vetiver was capable of 

translocating metals from the root to leaves, but not at a 

significant rate. TF for heavy metals in plants should be 

more than one to be considered as a bio-accumulator. 

Hyper-accumulator plants can accumulate high 

concentrations of heavy metals at the tissue surface 

(above ground) when found in their natural habitat. 

Here, Zinc was found to be translocated at a good rate 

from the root to leaves in comparison to other heavy 

metals. Plants that have BCF and TF >1 can be used as 

bio-accumulators. BCF > 2 are high values. Plants can 

be used as phyto-stabilizers if they have BCF >1 and 

TF < 1 (Ngoc Ba et al., 2024; Usman et al., 2013) 

(Figure 11). 

The analysis of BCF and TF provides valuable 

insights into the phyto-remediation behavior of vetiver 

grass. The BCF, which indicates the plant’s ability to 

absorb metals from the sediment, was greater than 1 for 

both Zinc (Zn) and Copper (Cu) in the roots, suggesting 

effective uptake and accumulation. In contrast, the BCF 

for Iron (Fe) in roots was less than 1, and Lead (Pb) 

remained below the detection limit, indicating poor 

absorption, likely due to the metal’s low mobility and 

soil pH constraints. In the aerial parts, Zn was the only 

metal with a BCF greater than 1, while Cu and Fe 

showed lower values, reaffirming that vetiver 

preferentially accumulates heavy metals in the root zone 

rather than translocating them to the shoots. The 

translocation factor (TF) values were below 0.5 for all 

metals, implying that metal movement from roots to 

leaves was limited. This trend is particularly useful for 

phyto-stabilization, where metal containment in the 

rhizosphere is desired to prevent entry into the food 

chain. Zinc, although better translocated than other 

metals, still exhibited a TF below 1, confirming that 

vetiver does not behave as a hyper-accumulator. These 

results are consistent with prior studies indicating that 

plants with BCF >1 and TF <1 act as effective phyto-

stabilizers, while hyper-accumulators require both 

values to exceed 1 (Ngoc Ba et al., 2024; Usman et al., 

2013). Therefore, vetiver grass demonstrates strong 

potential as a phyto-stabilizing agent, particularly for Zn 

and Cu, with limited risk of metal transfer to above-

ground biomass. 

 

Mass Balance Analysis of Metal Removal 
To quantify vetiver's phyto-remediation efficiency, a 
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comprehensive mass balance analysis (Table 4) was 

conducted by comparing the metal removal from soil 

with the metal accumulation in plant tissues. The metal 

removal from soil was determined by calculating the 

difference between initial and final metal concentrations 

in sediment samples, as measured by ICP-MS over the 

60-day experimental period. Concurrently, metal 

accumulation in vetiver grass was assessed through ICP-

OES analysis of root and leaf tissues, with values scaled 

to the total plant bio-mass using average dry weights of 

12.5 g for roots and 8.3 g for leaves per plant. The 

unaccounted metal losses, potentially attributable to 

leaching or adsorption processes, were derived by 

subtracting the percentage of metals accounted for by 

plant uptake from the total metal removal from soil. This 

approach provided a systematic evaluation of vetiver 's 

phyto-remediation performance by distinguishing 

between biological uptake and other potential metal 

removal pathways in the soil-plant system. Soil loss 

(mg/kg) represents the difference between initial (Table 

2) and final (60-day) metal concentrations in soil, as 

measured by ICP-MS. Unaccounted losses (attributed to 

leaching/adsorption) were inferred as: 

 Unaccounted (%)=100%−(% Accounted 

by Plant Uptake) 

(3) 

 

Table 4. Mass balance of heavy metal distribution during vetiver phyto-remediation 

Metal Soil Loss (mg/kg) Plant Uptake (mg/kg) % Accounted % Unaccounted 

Fe 50,230 527.9 1.05% 98.95% 

Zn 100.9 82.3 81.60% 18.40% 

Cu 78.7 37.9 48.10% 51.90% 

Pb 3.1 BDL 0% 100% 

 

The mass balance analysis revealed distinct patterns 

in vetiver's metal remediation capabilities. For zinc (Zn), 

the high uptake efficiency (81.6%) corresponds with its 

bio-concentration factor (BCF) exceeding 1, strongly 

supporting vetiver's phyto-extraction potential for this 

metal. Copper (Cu) showed an intermediate behavior, 

with 48.1% accounted for by plant uptake, suggesting a 

dual mechanism combining phyto-stabilization and 

leaching, as corroborated by column effluent data. In 

contrast, Iron (Fe) and Lead (Pb) demonstrated minimal 

absorption (1.05% and 0%, respectively), indicating that 

these metals primarily follow non-plant pathways, such 

as leaching or rhizosphere adsorption. 

These findings have important implications for 

phyto-remediation applications. Vetiver exhibits metal-

specific efficacy, with performance following the order 

Zn > Cu ≫ Fe/Pb. The substantial unaccounted losses 

(particularly 98.95% for Fe) underscore the limitations 

of current analytical methods in tracking all metal fate 

pathways. Future research should employ advanced 

techniques, like SEM-EDS and sequential extraction, to 

better quantify root-surface adsorption and other non-

uptake processes. These results highlight both the 

promise and limitations of vetiver grass for site-specific 

remediation strategies, emphasizing the need for 

complementary approaches when dealing with less bio-

available metals, like Fe and Pb. 

The small fraction of unaccounted metals may result 

from adsorption to column materials, microbial 

transformations, or precipitation as insoluble 

complexes—processes not quantified in this study, but 

common in phyto-remediation systems (Burton et al., 

2019). Future experiments using tracer isotopes or inert 

materials could clarify these losses. 

 

CONCLUSIONS 

 

 Vetiver grass is effective in removing certain heavy 

metals. It showed good uptake of Zinc (Zn), Copper 

(Cu), and Iron (Fe), but had limited effectiveness in 

absorbing Lead (Pb) from contaminated sediments. 

 In the pot experiment, the order of reduction in soil 

was Fe < Zn < Cu < Pb, while in the column 

experiment, metal uptake followed Zn > Cu > Fe, 

highlighting the influence of experimental conditions 

on metal removal efficiency. The bio-concentration 

factor (BCF) values for Zn and Cu were greater than 

1, confirming efficient metal uptake and vetiver's 

potential for remediating these metals. 

 Pb levels remained below detectable limits in both 

roots and leaves, likely due to its toxicity and the 

root’s role as a barrier preventing translocation to 
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aerial parts. 

 After 60 days, columns showed substantial metal 

accumulation in roots, affirming vetiver's suitability 

for stabilizing metals in sediment environments. 

Plants with BCF and TF greater than 1 can be 

considered bio-accumulators. A BCF value greater than 

2 is regarded as high. Plants with BCF >1 and TF <1 

function as Phyto-stabilizers, while those with BCF <1 

and TF >1 act as phyto-extractors. Typically, plants 

under metal stress exhibit a TF less than 1. A TF greater 

than 1 indicates that the plant can tolerate and effectively 

use the contaminant, a characteristic of hyper-

accumulators. Overall, it appears that vetiver roots have 

a higher capacity for absorbing heavy metals than 

accumulating them in the aerial parts, highlighting their 

role in effective phyto stabilization of contaminated 

soils. 

While this study demonstrates the phyto-remediation 

potential of vetiver grass, it was conducted without 

experimental replicates due to practical limitations. This 

restricts the statistical validation of the findings. 
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