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Fast-paced global industrialisation due to population growth poses negative environmental implications, 

such as pollution by heavy metals. We assessed the application of vetiver grass assisted by clay minerals 

for the remediation of soil and water contaminated by multiple metals in a mesocosm study. The technique 

was tested previously in a greenhouse study that confirmed the effectiveness of 2.5% (w/w) attapulgite 

and 2.5% (w/v) bentonite to improve vetiver grass remediation of soil and water contaminated by multiple 

metals. At the end of the experiment, the total accumulation of Co, Cr, Cu, Ni and Zn by vetiver grass from 

the soil was 1.8, 38.1, 19.0, 7.2 and 55.4 mg/kg, respectively, while in water, the total metal accumulation 

of Al and Mn by vetiver grass was 4534.5 and 104.5 mg/kg, respectively. The results confirm the 

effectiveness of attapulgite and bentonite as amendments to improve the remediation potential of vetiver 

in soil and water under natural conditions. Metal accumulation was generally higher in the roots than in 

shoots. We found the removal efficiency in the soil to be in the order Zn > Cr > Cu > Ni > Co and Al >  

Mn in water. Results also demonstrated that heavy metal accumulation was even better under natural 

conditions than in the greenhouse study. For example, Zn accumulation increased from 0.4 mg/kg in the 

greenhouse study to 55.4 mg/kg in the outdoor study. This study validates the application of bentonite and 

attapulgite-assisted phytoremediation for heavy metal contaminated soil and water.

Significance:

 • Heavy metal pollution of soil and water is very common in industrialised and mining areas.

 • It is important to find cost-effective, eco-friendly and easy-to-apply methods of removing these heavy 
metals from soil and water, so as to provide a clean and safe environment for living organisms.

 • Phytoremediation is the use of plants to remove pollutants from the environment and is a cost-effective, 
aesthetically pleasing and eco-friendly method.

 • Attapulgite and bentonite (clay minerals) are effective in improving the phytoremediation capacity of a 
phytoremediation plant known as vetiver grass.

Introduction
Rising global industrialisation and urbanisation consequentially increase the release of pollutants into the environment. 
While some pollutants are natural elements, anthropogenic activities can increase their environmental release, for 
instance, heavy metals. Naturally, heavy metals are commonly associated with bedrock, but due to anthropogenic 
activities, they have become a major class of environmental pollutants that adversely affect soil ecology and 
productivity and surface water and groundwater quality, thereby threatening biodiversity.1 Most heavy metals are 
highly toxic to biota even at low concentrations.2 Although some heavy metals are essential nutrients, they can be 
toxic when present at excessive concentrations.3 For instance, Al and Mn can be more easily accumulated by living 
organisms from water than from other sources4, and negatively affect many cell functions such as detoxification, 
brain function and metabolism, and can cause deoxyribonucleic acid (DNA) and tissue damage4,5.

South Africa is rich in natural resources and has some of the world’s largest reserves of gold, coal and platinum.6 As 
a result of the exploitation of these resources, the legacy of mining has caused considerable heavy metal pollution, 
posing a risk to human and animal life. For example, health effects such as chest pain, wheezing, tuberculosis, 
diarrhoea, cough and itchy skin due to people’s proximity to and contact with mine tailings have been reported in 
Gauteng, Mpumalanga, North West and Limpopo Provinces of South Africa.7-9 Furthermore, animals from mining 
communities in the North West and Gauteng Provinces have high levels of heavy metals in their faeces and serum 
due to the mining in these areas.10,11

The KwaZulu-Natal, Mpumalanga, Limpopo and Free State Provinces hold the highest coal reserves in South Africa. 
Yearly, close to 65 Mt of waste is produced from coal processing; this waste contains high levels of sulfur and 
heavy metals which, upon releasee, pose an environmental risk.12 Such risks include the disruption of soil and 
water ecosystems, the release of toxic metals into the food chain, and absorption through the skin.3,13 Al, As, Cd, 
Cr, Cu, Fe, Hg, Mn, Ni, Pb and Zn as environmental pollutants are commonly associated with coal.14,15 In particular, 
heavy metals including Co, Cr, Cu, Ni, and Zn have been detected in the soil, while Al and Mn have been detected 
in water bodies surrounding a former coal mining environment located in Sasolburg in the Free State Province of 
South Africa.14,16,17

Considering the negative effects of heavy metals on the environment, several technologies have been identified for 
managing heavy metal polluted sites. Of these technologies, phytoremediation is a cost-effective and environmentally 
friendly option18, and there is growing interest in the application and optimisation of phytoremediation19,20. Vetiver 
grass (Chrysopogon zizanioides) is a terrestrial plant that has been adapted for soil and water remediation purposes 
because it is easily propagated, with rapid growth and can survive in extreme climatic conditions. It has been 
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applied to wetlands, industrial wastewaters, mine tailings and agricultural 
soils.21-23 A combination of two or three remediation options can result in 
more efficient outcomes24, with combinations of amendments such as 
compost, red mud, clays, and biochar being applied for this purpose19,25. 
In addition, for a practical, real-life application of phytoremediation, 
mesocosm studies are essential to examine efficiency because 
mesocosms hold heightened environmental realism whilst allowing 
control of some environmental parameters.26 Simply put, a mesocosm 
is an experimental setup in which some variables are controlled under 
natural conditions. Clay minerals are hydrous aluminosilicates that 
are naturally occurring, and possess high surface areas and cation 
exchange capacity, thus encouraging their application in many areas 
including adsorption and absorption of pollutants. Major examples of 
clay minerals include attapulgite, bentonite, montmorillonite, zeolite and 
kaolinite.13 Previous studies by Otunola et al.16,17 showed that attapulgite 
administered at 2.5% (w/w) was most effective to improve the 
phytoremediation capacity of vetiver grass in metals polluted soil, while 
bentonite administered at 2.5% (w/v) was best for water remediation.

In this study, we aimed to examine the efficiency of an optimised hybrid 
application of vetiver grass and clay minerals for remediation of soil and 
water contaminated with heavy metals (Al and Mn in water; and Co, Cr, 
Cu, Ni and Zn in soil) in a mesocosm setting as informed by success 
in previous greenhouse studies.16,17 There is little documentation of 
mesocosm studies concerning assisted phytoremediation of soil and 
water27-29; therefore, this study contributes to the repository of available 
studies of phytoremediation in mesocosms, further encouraging its 
application.

Materials and methods

Sample collection

Soil and water samples were collected from a former coal mining area 
(26°50’50.4”S; 27°49’49.7”E) in Sasolburg, Free State Province, South 
Africa. The mining area is at a rehabilitation stage and several post-
mining land uses have been implemented.16,17 The general geology of 
Sasolburg comprises sandstone and shale, which have been intruded 
by dolerites in some localities. With a grazed grassland vegetation type, 
the area experiences summer rainfall and average temperatures of 21 °C 
during the summer season and 9 °C in winter.14 A composite sampling 
method was employed to collect the soil samples from a depth of 20 cm 
using a shovel. The samples were stored in tightly sealed polypropylene 
bags and transported to the experimental site in Bloemfontein, Free 
State, South Africa (29°12’40.3’’S; 26°20’42.4’’E). The water samples 
were specifically collected from the Leeuspruit River, which flows 
through the mine boundaries. Water samples were collected in 25 L 
jerry cans following pre-rinsing with site water. Soil and water pH were 
measured before and after the experiment using a calibrated standard 
multi-parameter probe (YSI Incorporated, Model 85D, I.N058500, SN 
09K 100684, Yellow Springs, Ohio, USA).3031 The pH in the soil and 

water before the experiment was 6.2 and 6.6, respectively. Sampling 
was done in triplicate and samples were sent to the Central Analytical 
Facility, Stellenbosch University, South Africa for the determination of 
total heavy metal concentration using a Flexible Single Quadrupole 
Agilent 7900 Q ICP-MS.

Outdoor experiments

Dead plant material and gravel were removed from the soil at the 
experimental site, then packed into plastic pots of 12 L capacity. Previous 
greenhouse experiments established that treatment AT2.5VT (attapulgite 
mixed with soil at 2.5% (w/w) + vetiver grass) and treatment BT2.5VT 
(bentonite mixed with water at 2.5% (w/w) + vetiver grass) were the 
most efficient of the tested hybrid treatments for metals contaminated 
soil and water16,17; therefore, only these two treatments were considered 
in this study as the aim was to test their performance under natural 
conditions.

Vetiver grass obtained from Hydromulch (Pty) Ltd, Johannesburg, 
South Africa, was used for both treatments. The vetiver grass was 
thoroughly washed using municipal tap water and then distilled water; 
after that, the grasses were trimmed to a shoot length of 30 cm and 
root length of 10 cm before being transplanted into the soil pots and 
watered with 500 mL of municipal tap water every two days in order 
to maintain the soil moisture content. For the water treatment, 8L 
plastic pots were filled with the water samples from the study area, 
and bentonite was added at 2.5% (w/v), after which vetiver grass 
of the same shoot and root lengths was transplanted into the water 
pots. The vetiver grass plants were placed over the water and pots 
which were maintained at the same level throughout the experiment 
i.e. refilled to the initial volume (8L) with water samples whenever 
the water levels became low due to transpiration, evaporation and/or 
plant uptake. Negative controls (no treatment) for soil and water were 
also set up. All the experimental pots were arranged in a randomised 
complete block design and maintained under natural sunlight, air, 
humidity and temperature (average 28 °C day and 10 °C night). Each 
treatment was done in triplicate (Figure 1).

Plant, soil and water sampling

The experiment lasted for 21 days, after which the plants were harvested 
and thoroughly cleaned in deionised water. Fresh biomass, root and shoot 
lengths were measured. The plant parts were oven dried at 75 °C for 
72 h, after which dry biomass was recorded. The dried plant parts were 
then milled and microwave digested following the US EPA procedure 
(Method 3052). Translocation factor (TF) is a plant’s ability to transfer 
heavy metals from its roots (below ground parts) to its shoots (above 
ground parts).17 Bioconcentration factor (BCF) is a plant’s ability to 
remove heavy metals from substrates (soil or water) and accumulate the 
heavy metals within its roots and shoots. TF and BCF were determined 
at the end of the experiment.

Figure 1: Outdoor experimental setup for soil and water remediation.
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Statistical analysis

All data were subjected to statistical analysis and expressed as the  
mean ± standard deviation of three replicates and descriptive statistics 
were obtained. Using R software version 4.0.0 (2020)32, a one-way 
analysis of variance (ANOVA) was carried out separately for metals 
accumulated in the roots and shoots (at p < 0.05) to compare the 
means of the accumulated metals and determine any statistically 
significant differences between the accumulated metals in each plant 
part. Tukey’s post-hoc test was done to determine the treatments with 
significant differences.

results

pH and heavy metal content in soil and water  

before treatment

The pH detected in the soil and water before the experiment was 6.2 and 
6.6, respectively. The initial heavy metals in the soil before treatment 
were 39.4 ± 1.2 mg/kg Cr, 5.8 ± 0.5 mg/kg Co, 13.5 ± 0.1 mg/kg 
Ni, 9.1 ± 0.4 mg/kg Cu and 28.4 ± 4.3 mg/kg Zn. The initial (before 
treatment) heavy metal concentration in water was 0.05 ± 0.2 mg/L and 
0.18 ± 0.3 mg/L for Al and Mn, respectively.

Biomass and heavy metal accumulation of plants

The vetiver grass under the influence of clay amended contaminated soil 
and water was assessed by observing its physical changes and metal 
accumulation. The morphological properties of the plants in soil and 
water treatments are presented in Table 1.

For the treated water, Al uptake was 4177.7 ± 0.47 mg/L and 356.8 ± 
0.22 mg/L in roots and shoots, respectively, while uptake of Mn was 

68.2 ± 38.8  mg/L and 36.3 ± 3.2 mg/L in the roots and shoots of 
vetiver grass, respectively.

For the treated soil, the concentrations of heavy metals in plant parts at 
the end of the outdoor experiment are shown in Figure 2.

Translocation and bioconcentration factors

For vetiver grass in the BT2.5VT water treatment, the translocation 
factor (TF) for Al was very low (0.09), while the TF for Mn was 0.53. 
The bioconcentration factor (BCF) was very high for both Al and Mn 
(Table 2).

In the AT2.5VT treatment for soil, vetiver showed a TF of 0.06–0.36 for 
the various heavy metals (Table 3). The BCF obtained for Cr, Co and Ni 
was <1, whereas BCF values observed for Cu and Zn were >1 (Table 3).

Discussion
Outdoor mesocosm was used to mimic the real-life expected water and 
soil treatment conditions for vetiver grass in contaminated media. The pH 
observed in the soil and water were similar and close to neutral (6.2 and 
6.6 for soil and water, respectively), thus encouraging moderate mobility 
of heavy metals. The final root and shoot lengths observed at the end 
of the experiment indicate that vetiver grass indeed is a fast-growing 
crop. An increase in shoot length of up to 4 cm was observed within  
21 days, giving the plant more surface area for metal accumulation. 
This is because the rate of phytoremediation is proportional to the plant 
growth rate, where high biomass crops like vetiver are a very good 
option for phytoremediation. Vetiver grass uses a C4 photosynthetic 
pathway with higher rates of photosynthesis at high light intensities, 
supporting the better performance of vetiver in the outdoor experiment.21 
The presence of Cu in the soil may also have affected its biomass yield, 

Property / treatment Shoot length (cm) root length (cm)
Fresh shoot  

biomass (g)

Fresh root  

biomass (g)

Dry shoot  

biomass (g)

Dry root  

biomass (g)

BT2.5VT 36.5 ± 2.1 16.5 ± 2.1 33.8 ± 17.3 23.7 ± 2.6 10.9 ± 5.1 8.2 ± 1.1

AT2.5VT 44.0 ± 4.2 15.5 ± 2.1 30.3 ± 5.8 17.8 ± 1.6 11.9 ± 2.6 6.7 ± 0.4

Values are means ± SD, n = 3

table 1: Morphological properties of vetiver grass in water treated with vetiver + bentonite applied at 2.5% (w/v) (BT2.5VT) and soil treated with vetiver + 
attapulgite applied at 2.5% (w/w) (AT2.5VT) 

Figure 2: Concentrations of heavy metals in roots and shoots of vetiver grass in the soil treatment at the end of the 
experiment. Values are means (± SD; n = 3). Error bars represent per cent errors. Uppercase letters on 
top of the bars show statistically significant differences in root accumulation, while the lowercase letters 
show statistically significant differences in shoot accumulation.
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as Liu et al.33 observed that Cu at high concentrations can enhance the 
growth and dry weight of vetiver grass.

The vetiver grass that was grown in the water treated with bentonite 
applied at 2.5% (w/v) (BT2.5VT treatment) showed root Al and Mn 
accumulation that was greater than shoot accumulation, but the higher 
the root uptake, the higher the shoot uptake as well. Al accumulation 
was 4177.7 ± 0.5 mg/L and 356.8 ± 0.2 mg/L in roots and shoots, 
respectively, while Mn was 68.2 ± 38.8 mg/L and 36.3 ± 3.2 mg/L in 
roots and shoots, respectively (Table 2). The higher root accumulation 
of both Al and Mn corresponds to findings of previous studies on the 
application of vetiver grass for metal removal.19,34 The total (combined 
root and shoot) Mn accumulation in this experiment was 104.5 mg/L, 
which is 88% higher than Mn accumulation in a previous greenhouse 
experiment.17 Likewise, the total amount of Al accumulated by vetiver 
in the mesocosm experiment was 4534.1 mg/L, while the total Al 
accumulation in the greenhouse experiment was only 371.8 mg/L.17 It 
is evident that vetiver absorbed much higher amounts of Al and Mn in 
the outdoor mesocosm experiment than in the greenhouse experiment. 
This could be due to the lower initial concentrations of Al and Mn in 
the outdoor experiment. In the outdoor experiments, the Al and Mn 
concentrations were 0.05 mg/L and 0.18 mg/L, respectively, which was 
much lower than the concentrations in the greenhouse study – 5 mg/L 
and 1 mg/L, respectively. The natural conditions (such as temperature, 
sunlight, humidity and air) of the present mesocosm experiment may 
also account for the higher metal accumulation observed.26 Different 
periods of sampling may also be a reason for the higher accumulation 
rates, because wet seasons increase the solubility of nutrients, thus 
increasing accumulation by plants. The rate of water evaporation from 
the plant leaves is also higher in the summer and spring seasons than 
in colder periods, and evaporating water serves as a pump for nutrients 
and heavy metals.35

The heavy metals accumulated by vetiver grass grown in the 
contaminated soil varied with metal type and initial concentration in the 
soil. After treatment, the order of abundance of heavy metals in the soil 
was Cr >Zn > Ni > Cu > Co. A similar order was observed for Zn and 
Cu by Kafil et al.36 and there was a slight reduction of heavy metals in 
the untreated media. The order of accumulation in the roots of vetiver in 
this mesocosm experiment was Zn > Cr > Cu > Ni > Co, while for the 
greenhouse experiment, the order was Zn > Cr > Ni > Cu > Co, and 

the total amount of Zn was ~ 4 mg/kg, while the total Zn in this outdoor 
study was 55.4 mg/kg. Also, there was no shoot accumulation of Co and 
Zn in the greenhouse experiment reported by Otunola et al.16, but these 
were found in concentrations of 0.1 mg/kg and 14.8 mg/kg, respectively, 
in the mesocosm study. A similar trend was observed in the root and 
shoot accumulation for all the heavy metals, whereby root accumulation 
was significantly greater than shoot accumulation (Table 4). It should 
also be noted that the same trend was observed for root and shoot metal 
accumulation in the previous greenhouse studies.16,17

In comparing the results of this outdoor experiment to previous 
greenhouse studies by Otunola et al.16,17, as shown in Table 4, we 
found that in both the greenhouse and outdoor experiments, vetiver 
showed no signs of growth inhibition in the soil and water treatments. 
Also, the outdoor experiment yielded better results for both water and 
soil remediation. A reason for the better performance of vetiver in the 
outdoor experiment could be due to its exposure to natural conditions, 
including sunlight, air, humidity and the right temperatures for vetiver.21 
For soil remediation, the order of metals accumulation in the roots of 
vetiver grass showed a very similar trend to the observation from the 
greenhouse experiment.16

According to Gravand et al.37, vetiver absorbed Ni (69.4 mg/kg), Mn 
(63.3 mg/kg) and Pb (282.5 mg/kg). After adding humic acid, Zn and 
Cu accumulation was promoted, although translocation was reduced 
due to low bioavailability.22 Chelating agents and red mud have also 
been used to promote the growth and remediation capacity of vetiver 
grass.38,39 These studies indicate that there was more root accumulation 
than shoot accumulation of heavy metals in vetiver grass. Vetiver mostly 
stores heavy metals in its roots or cell walls and heavy metals are likely 
to reduce water transport to shoots, thereby limiting the translocation 
of heavy metals. Coupled with the effects of clay minerals, metals 
sequestering in the roots and vacuoles may be responsible for reduced 
translocation. The positive side of metal sequestering and reduced 
translocation is that it limits translocation, so heavy metals will not 
damage photosynthetic organs.

Suelee et al.34 observed that root length and density affected heavy metal 
accumulation by vetiver grass. Higher metal accumulation was achieved 
at higher root length and density and lower initial metal concentration.34 
In an experiment that tested the use of vetiver for industrial wastewater 

heavy metal Initial concentrationa in water (mg/L) Bt2.5VtS (mg/kg) Bt2.5Vtr (mg/kg) tF BCF

Al 0.05 ± 0.2 356.80 ± 0.2 4177.70 ± 0.5 0.09 ± 0.4 90 690.00 ± 3.5

Mn 0.18 ± 0.3 36.31 ± 3.2 68.21 ± 38.8 0.53 ± 0.1 580.60 ± 1.7

BT2.5VTS, metal concentration in shoots of vetiver; BT2.5VTR, metal concentration in roots of vetiver

aBefore treatment

Values are mean ± SD, n = 3

table 2: Root and shoot metals concentration, translocation factor (TF) and bioconcentration factor (BCF) observed for vetiver grass in the water treatment

heavy metal Initial concentrationa in soil (mg/kg) At2.5VtS (mg/kg) At2.5Vtr (mg/kg) tF BCF

Cr 39.4 ± 1.2 4.9 ± 0.4 33.2 ± 12.9 0.15 ± 0.0 0.96 ± 10.8

Co 5.8 ± 0.5 0.1 ± 0.0 1.7 ± 0.2 0.06 ± 0.2 0.31 ± 0.4

Ni 13.5 ± 0.1 0.8 ± 0.0 6.4 ± 0.8 0.13 ± 0.4 0.53 ± 0.8

Cu 9.1 ± 0.4 4.4 ± 0.1 14.6 ± 1.3 0.30 ± 0.1 2.08 ± 3.5

Zn 28.4 ± 4.3 14.8 ± 0.2 40.6 ± 12.4 0.36 ± 0.0 1.95 ± 2.9

AT2.5VTS, metal concentration in shoots of vetiver; AT2.5VTR, metal concentration in roots of vetiver

aBefore treatment

Values are mean ± SD, n = 3

table 3: Root and shoot metals concentration, translocation factor (TF) and bioconcentration factor (BCF) observed for vetiver grass in the soil treatment
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treatment, it was found that vetiver behaved differently depending on 
the industry and wastewater type.40 The study also revealed that Cu 
toxicity resulted in stunted growth, but organic fertiliser increased vetiver 
yield.40 The addition of bentonite also reduced the bioavailable Ni in lime 
and wastewater.20,41 This is typical of clay minerals, which reduce the 
bioavailable properties of heavy metals as they adsorb these metals onto 
their surfaces.13,19

Vetiver is also tolerant to Zn, absorbing up to 10 000 mg/kg within  
30 days with a high translocation factor.42 Ni is an essential trace element 
that improves crop yield, but its behaviour in plants is not yet well 
understood.21 The concentration of Ni in the soil before treatment was 
13.5 mg/kg, and a total of 7.2 mg/kg was accumulated within 21 days in 
the AT2.5VT treatment, which is a promising amount.

In evaluating a plant’s ability for phytoremediation, after determining the 
amount of heavy metals taken up by the plant, the translocation factor 
(TF) and bioconcentration factor (BCF) should be calculated to examine 
the absorption and transfer of the metals. The TF is the ability of a plant 
to translocate metals from its roots to shoot and is calculated as the 
ratio of heavy metal concentration in the shoot to the concentration in 
its roots. TF values <1 indicate a plant is suitable for phytostabilisation 
or root storage of heavy metals, while TF values >1 indicate a plant’s 
suitability for phytoextraction.31 The BCF is the capability of plants to 
remove heavy metals in soil or water and accumulate them within their 
shoots and roots. This is expressed as the ratio of heavy metals in plants 
to that of the substrate.31

The observed TF values in this study correspond to the findings of 
Roongtanakiat40 who observed TF values of 0.07 to 0.67 and indicated 
that the maturity of vetiver affects its ability to translocate heavy metals. 
The older vetiver gets, the less it can translocate heavy metals.31 
According to Roongtanakiat40, vetiver demonstrated higher TF values 
for heavy metals in soil compared to water. The type and nature of the 
amendment applied can also increase or reduce translocation.19 In this 
study, clay minerals were noted to increase root sequestration of heavy 
metals and reduce translocation. In the work of Danh et al.21, a low TF 
was observed for As, Cd, Cr and Hg in vetiver, leading to only 16–30% 
translocation of heavy metals. Similar to the observation of Kafil et al.36, 
BCF was 1.30 for Cu and 1.98 for Zn. Siyar et al.43 found that, within 
21 days, the phytoremediation potential of vetiver can be improved by 
electrokinetic energy. They also observed a BCF >1 in multiple metal 
contaminated sites.

Although the concentrations of Al and Mn at the start of the experiment 
were low (0.05 ± 0.2 and 0.18 ± 0.3 mg/L, respectively), Bokhari et al.44 
also observed that metal removal percentage was high (up to 80%) in 
Lemna minor L. despite a very low initial metal concentration. Aisien et 
al.45 observed metal concentrations as high as 4870 mg/kg, 4150 mg/
kg and 710 mg/kg for Zn, Pb and Cd, respectively, while a BCF of up 
to 1674 was recorded for Zn. Likewise, Rai et al.46 recorded a BCF as 

high as 36 500 for Cd, confirming Spirodella polyrrhiza as an excellent 
hyperaccumulator for heavy metals.

As the observed BCFs are higher than 1 for most of the heavy metals in 
this study, while TF is <1, vetiver is recommended for phytostabilisation/
rhizofiltration of Al, Co, Cu, Cr, Mn, Ni and Zn. Overall, the BCF and TF 
values differed by metal type and the treated media in this study.

Conclusion
In the present study we have shown that vetiver grass has the potential 
to remediate heavy metal contaminated soil and water. There was a high 
BCF in the water experiment and for some metals in the soil experiment. 
BCF was <1 for Co, Cr and Ni but >1 for Cu, Zn, Al and Mn, while the 
translocation factor was <1 for all the heavy metals. The clay minerals 
restricted the translocation of some heavy metals from roots to shoots, 
which is considered an advantage because the adsorptive properties of 
these clays restricts the leaching of heavy metals from soil to water while 
controlling the amount of metals translocated to the shoots, thereby 
reducing metal toxicity in vetiver. Overall, the remediation levels achieved 
were higher than those obtained in greenhouse experiments, meaning 
that vetiver grass shows better performance in soil and water remediation 
in situ (outdoors under natural conditions). This demonstrates that 
attapulgite and bentonite are suitable for improving the phytoremediation 
capacity of vetiver for removing metal contaminants from soil and water. 
The results suggest that vetiver grass survives different concentrations of 
heavy metals in soil and water; and, in combination with clay minerals, it 
could be useful in a real-life scenario for the remediation of heavy metals 
contaminated soil and water.
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heavy metal
Present mesocosm study Greenhouse studies16,17

Shoot (mg/kg) roots (mg/kg) Shoot (mg/kg) roots (mg/kg)

Al 356.80 ± 0.2 4177.70 ± 0.5 41.10 ± 0.3 330.70 ± 0.6

Co 0.10 ± 0.0 1.70 ± 0.2 BDL 1.39 ± 0.7

Cr 4.90 ± 0.4 33.20 ± 12.98 0.15 ± 0.0 2.79 ± 1.1

Cu 4.40 ± 0.1 14.60 ± 1.38 0.02 ± 0.0 1.67 ± 0.9

Mn 36.31 ± 3.2 68.21 ± 38.8 3.49 ± 0.9 14.40 ± 0.7

Ni 0.80 ± 0.0 6.40 ± 0.8 0.22 ± 0.1 1.38 ± 0.6

Zn 14.80 ± 0.2 40.61 ± 12.4 BDL 0.43 ± 0.2

BDL, below detection limit

table 4: Comparison of heavy metals accumulated by the roots and shoots of vetiver grass in the present mesocosm study and previous  
greenhouse studies
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