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Abstract: Coal fly ash (CFA) generated from coal-fired power plants (C-FPPs) is continuing to be an 

environmental health concern due to its potential to contaminate groundwater, surface water, air, 

and soil, leading to the degradation of land. This study investigated the effectiveness of Helichrysum 

splendidum Less. for phytoremediation of CFA-polluted sites by conducting pot trials experiments 

in 14 weeks. Plants of the same age were transplanted into CFA collected from Hendrina Power 

station to assess their potential in assimilating metallic pollutants (As, Cd, Co, Cu, Mn, Ni, Pb, and 

Zn) into their tissues and untreated plants were used as controls. Inductively coupled plasma-mass 

spectrometry was used to quantify the amount of trace elements in samples and the translocation 

factor (TF) and bioconcentration factor (BCF) were determined to evaluate the phytoremediation 

potential of Helichrysum splendidum. The results revealed that higher concentrations of As, Ni and 

Zn were accumulated in the aerial parts as indicated by the TF values greater than 1. In contrast, 

higher amounts of Cu, As and Zn were found in the roots for CFA grown plants, as demonstrated 

by their BCF values 1.22, 1.19 and 1.03, respectively. Although CFA medium had restricted growth 

of some plants as compared to the controls, the results showed an interesting removal efficiency 

ranging between 18.0 to 56.7% with highest reported for Cu and Zn. Gas exchange analysis revealed 

that photosynthetic parameters were almost similar in the CFA and control soil pots. The study can 

confirm that Helichrysum splendidum has phytoextraction and phytostabilization potentials and can 

be effectively employed for restoration of CFA dams. 

Keywords: Phytoremediation; Helichrysum splendidum; Translocation factor; Bioconcentration 

factor; Trace metals; Gas exchange analysis 

 

1. Introduction 

Thermoelectric power plants that use coal combustion process to generate electricity produce 

solid by-products including boiler slag, bottom ash, flue gas desulphurization material and coal fly 

ash (CFA) (Heidrich, Feuerborn, & Weir, 2013). Amongst them, CFA is the one generated in large 

quantities and is disposed of in ash dams constructed in the vicinity of the power stations. Due to the 

much reliance in coal for power generation, the production of CFA is anticipated to reach more than 

1 billion tons by 2030 as utilization rate does not counterbalance its production rate (Yadav et al., 

2022). The utilization rate differs for countries, with highest reported in Denmark (100%), Italy 

(100%), Netherlands (100%), Japan (96.4%), France, Australia and Germany (85%), Canada (75%), and 

USA (65%) (Dwivedi, & Jain, 2014; Bhatt et al., 2019; Kelechi et al., 2022). The annual production of 

CFA in South Africa is around 26 million tons of which less than 10% is recycled and the remaining 

is stored in disposal sites converting large pieces of land to unusable sites (Van der Merwe et al., 

2014). Two processes including the dry and wet method are used for CFA disposal, but they both 

have drawbacks. The dry disposal method involves the use of landfills and basins and this results to 

air pollution by fine CFA particles (Yu et al., 2013). In the wet disposal technique, CFA is dumped 
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into ponds where it settles to the bottom and this method is linked to groundwater contamination 

due to leaching of pollutants (Qadir et al., 2019). These disposal methods are not environmentally-

friendly and they are highly expensive to maintain. It is therefore imperative that other sustainable 

methods of managing CFA can be developed (Vilakazi et al., 2022). 

CFA is largely characterized by metal oxides including SiO2, Al2O3, CaO, Fe2O3, MgO, Na2O, 

K2O, and these greatly influence its pH. The pH values of CFA can be categorized into three ranges; 

slightly alkaline (pH 6.5-7.5), moderately alkaline (pH 7.5-8.5) and highly alkaline (pH > 8) (Ivanova 

et al., 2011; Rashidi, & Yusup, 2016). The high concentration of soluble salts and pH values are 

unfavorable conditions for plant growth and as such CFA disposal sites are barren lands with no 

vegetation. Although some nutrients are available in CFA, it lacks phosphorus and nitrogen which 

are highly needed for plant growth. Furthermore, the toxicity of CFA has led to reduced number of 

microorganisms required to fix nitrogen and improve the fertility of the substrate (Gajić et al., 2018; 

Jambhulkar et al., 2018). Many reports have highlighted the presence of organic and inorganic 

pollutants in CFA. Trace metals and organic pollutants such as polychlorinated biphenyls (PCBs) and 

polycyclic aromatic hydrocarbons (PAHs) have been reported in the CFA indicating its contribution 

to environmental pollution (Burgess et al., 2009). The particles of CFA are easily dispersed into the 

environment during windy seasons and as such can travel far distances resulting to air pollution. 

Toxic elements can leach into groundwaters and pollute waters resulting to soil, surface and 

groundwater pollution (Qadir et al., 2018). There are some conventional remediation methods to 

clean contaminated sites, specifically land contaminated with trace metals. In spite of being efficient, 

these methods are time consuming, environmentally devastating and expensive (Ahmadpour et al., 

2012). Phytoremediation techniques are cost-effective, have long-term applicability and aesthetic 

advantages, hence they have been approved as suitable methods of cleaning up polluted areas and 

reducing pollutants from the soil (Jadia et al., 2009; Banda et al., 2021). Referring to Zgorelec et al. 

(2020), these techniques do not upset or damage the surrounding environment, nor do they require 

any additional energy input. The technology can provide a long-term plant cover which may reduce 

surface runoff and erosion, as well as minimizing the availability and mobility of trace metals in the 

environment therefore preventing their transfer to subsequent links of the food web and the 

migration of toxic ions to groundwater (Li, & Huang, 2015; Gajić et al., 2018; Zgorelec et al., 2020). 

Phytostabilization and phytoextraction are the two most used phytoremediation techniques and their 

difference in the mechanism is that phytostabilization method is able to immobilize the pollutants in 

the root system, while in phytoextraction process pollutants are translocated into the shoot systems 

(Ghosh et al., 2005; Nwoko, 2010; Eltaher et al., 2019; Zgorelec et al., 2020). When treating soil 

contaminated with trace metals such as Zn, and Cd using Zea mays L., phytostabilization has proven 

to be more effective than other techniques (Bakshe, & Jugade, 2023). Plants with a rapid growth rate, 

high biomass and high tolerance to toxic metals are the ideal candidates for phytoextraction, as they 

can transfer metals to the harvestable plant parts (Ali et al., 2013; Chen et al., 2020). The 

phytoremediation potential of plants species can be evaluated by determining their translocation 

factor (TF) and bioconcentration factor (BCF) (Maiti, Ghosh, & Raj, 2022). The BCF is an index of the 

capacity of the plant to accumulate metals into its roots with respect to its concentration in 

environmental matrix (Zhang et al., 2002; Ghosh, & Singh, 2005; Jambhulkar, & Juwarkar, 2009; 

Ahmadpour et al., 2012). A plant with a BCF value greater than 1 is considered as a good candidate 

for phytostabilization (Zhang et al., 2002; Yoon et al., 2006). TF indicates the ability of the plant to 

translocate metals from the roots to its aerial parts, and values above 1 indicates potential for 

phytoextraction (Ahmadpour et al., 2012; Hosman et al., 2017; Gajić et al., 2018; Banda et al., 2021). 

The practical application of phytoremediation process considers the use of plant species that do not 

require high maintenance and can grow and survive for longer periods. Despite the potential of the 

Helichrysum genus for phytoremediation processes, only a few plants from this family have received 

attention (Brunetti et al., 2017; Fernández et al., 2017; Banda et al., 2021). Species including 

Helichrysum italicum, Helichrysum candolleanum, Helichrysum decumbens, and Helichrysum splendidum 

have demonstrated potential for phytoremediation of contaminated soils, but no work has been 

reported for restoration of CFA deposits using Helichrysum splendidum. Helichrysum splendidum is a 
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perennial plant that can grow effortlessly in adverse conditions such as hot weather conditions, 

wetlands, and in soils polluted with toxic metals, and therefore is an ideal candidate to remediate 

South African sites polluted with CFA. 

2. Methodology 

2.1. Sampling Site and Physicochemical Analysis 

CFA sample was collected from Eskom, Hendrina power station located in Mpumalanga 

Province (26°2′S 29°36′E). Soil sample was also collected from a distant non-contaminated site in the 

same area to be used as control. Portions of the samples were air-dried and stored in glass bottles for 

further analysis. The pH and electrical conductivity (EC) of the samples were determined by 

weighing 5 g of each sample, transferred to a 50 mL centrifuge vial and 10 mL of deionized water 

was accurately measured and added to the sample. The mixture was placed on Labcon platform 

shaker (Laboratory Marketing Services CC, Maraisburg, South Africa) at 200 rpm for 12 hours and 

then centrifuged for 10 minutes at 5000 rpm. A pH/conductivity combimeter (Orion Star Series Meter 

Thermo Fischer Scientific Inc., Beverly, USA) was used to measure the pH and EC of samples. The 

Walkley and Black method (chromic acid titration) was used to determine the total organic carbon 

(TOC) content of samples, where 0.16 M of potassium dichromate (K2Cr2O7) standard, 0.50 M ferrous 

sulphate heptahydrate (FeSO4.7H2O) solution and 0.025 M of ortho-phenanthroline indicator were 

prepared (Schumacher, 2002). 0.50 g of the soil or CFA were weighed and transferred to a 250 mL in 

a canonical flask and 10 mL of the K2Cr2O7 was added to the samples, followed by the addition of 20 

mL of concentrated sulfuric acid and the mixture was left to stand for 30 minutes in the fume hood. 

200 mL of deionized water was added to the mixture after 30 minutes and 10 drops of ortho-

phenanthroline indicator was added and the solution was titrated using the FeSO4.7H2O solution. 

2.2. Monitoring of Plant Growth 

Helichrysum splendidum plants of almost same age purchased from Random Harvest Nursery 

(South Africa) were transplanted into 15 CFA and 3 control soil pots and these were used for metal 

uptake and translocation studies. The plants were watered thrice a week using tap water during the 

experiment. Using a measuring tape, the lengths of the longest stem from the root-stem junction to 

the leaf apex were measured every three weeks for a period of fourteen weeks to track the plant 

growth. 

2.2.1. Harvesting 

Following a fourteen-week period during which the pot trials were conducted, each entire plant 

was uprooted from the pot and thoroughly cleaned up with tap water to eliminate any remaining 

soil or CFA then rinsed with 2% HNO3 and finally with distilled water. Plants were separated into 

roots and shoots, and allowed to air dry. Once dried, the plants were milled using a ball miller 

(BM500, Anton Paar) at 15 Hz for 15 minutes and sieved (< 2 mm) to a homogenous sample and 

stored at room temperature until further use. The soil and CFA samples from the pots after harvest 

were also collected in plastic centrifuge vials and allowed to air dry for further analysis. 

2.2.2. Sample Preparation Prior to Metal Analysis 

Acid digestion was performed on control soil and CFA samples (before and after experiment), 

certified reference materials (CRMs) and plant parts in order to conduct a full elemental analysis on 

an inductively coupled plasma-mass spectrometry (ICP-MS). Method validation was conducted 

using the CRM (SRM 1944, New York Waterway Sediments, NIST, New York, USA). CRM, control 

soil, shoots, roots, and CFA samples were accurately weighed (0. 25 g) and transferred into a conical 

flask and 5 mL of 65% HNO3 w/w was measured and poured in the conical flask. The mixture was 

placed on a hot plate at 110o C for 30 minutes and the resulting digests were diluted with 25 mL of 

deionized water. The mixture was then filtered using a micro-filter and stored in centrifuge vials. The 

samples were further diluted to 10 mL by measuring 100 µL and 9.9 mL of deionized water. ICP-MS 
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was used for the analysis and determination of metal concentrations in the CFA and soil before and 

after experiment as well as in CRMs and plant materials. The calibration of the instrument was done 

using standards prepared from a 1000 mg. L-1 multi-elemental standard stock solution (Fluka A.G., 

Switzerland). The 1 mg. L-1 stock solution was prepared by measuring 0.05 mL of the multi-elemental 

stock solution, transferring it into a 250 mL volumetric flask and filling up to the mark using 

deionized water. From the stock solution (1 mg. L-1), 200, 400, 600, 800, and 1000 �g. L-1 standard 

solutions were prepared. The instrument operating parameters were set as follows: nebulizer flow 

rate (0.88 L. min-1), ICP RF power (1500 W), auxiliary gas flow rate (1.2 L. min-1), plasma gas flow (18 

L. min-1), and sample uptake rate (1.6 ml. min-1). 

3. Results and Discussions 

3.1. CFA and Control Soil Characterizations before and After Experiment 

The physical and chemical parameters of control soil and CFA collected from Hendrina power 

station (namely Dam 3B) before and after pot trials are presented in Table 1. The parameters including 

EC, pH, and TOC were measured and they were significant in all media. The pH of control soil 

increased from 5.77 to 6.51 while for CFA decreased after 14 weeks of treatment. The pH of CFA 

decreased from 7.92 to 7.47, which indicate improved properties, as plants thrive in pH range that 

are slightly acidic to neutral. The reduced pH may be attributed to the organic acids produced by 

root exudates releasing the H+ ion and therefore improving the CFA physicochemical properties. The 

recorded values suggest improved properties, supports microbial activity and results to nutrient 

availability. 

Table 1. Chemical and physical properties of CFA and soil sampled before and after pot trials. 

Treatment pH EC (µS/cm) TOC (%) 

Before treatment     

Control soil 5.77b 86.0b 3.3b 

CFA 7.94a 152.0a 3.92a 

After 14 weeks    

Control soil 6.51±0.06b 171.1±18.2b 2.58±0.05b 

CFA 7.47±0.07a 380.3±42.1a 3.47±0.08a 

F-statistics 114.88*** 20.789* 78.93*** 

Note: ns: non-significant, ***: very highly significant (p<0.001), *: significant (p<0.05). 

The EC values of all the samples were increased, with control soils increasing from m 86.0 to 

171.1±18.2 µS. cm-1, while the EC values of CFA increased from 152.0 to 380.3±42.1 µS. cm-1. This can 

be explained by the increased dissolution of minerals due to lower pH values suggesting improved 

bioavailability of these ions. The CFA is highly characterised by minerals and as such higher EC 

values were reported in CFA in comparison to soil samples. The EC of the substrate affects the 

transport of nutrients, as well as the uptake of water to the plants. The TOC of all the samples ranged 

between 2.58-3.92% which is an optimum amount supporting microorganisms, contributing to 

nutrient retention and improved structure of the substrate. The most desired TOC is in the range of 

2-5% (Cheng et al., 2020), because high TOC percentages can restrict the mobility of metals. The 

values of pH and EC are related to plant growth and therefore, suggesting improved CFA conditions 

that are beneficial to plant development. 

3.2. Plant Growth in the Control Soil and CFA during Pot Trials 

After 14 weeks of the experiment, plant growth was measured and recorded, and a significant 

difference was observed for the control and CFA plants as depicted in Table 2. The control plant 

growth was increased by 18.9%, while the CFA plants reported 10.0% growth. These indicated 

phytotoxicity which can be attributed to the presence of pollutants such as toxic metals in CFA and 
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lower microbial activity that supports plant growth (Chen et al., 2024). As it is seen in Table 2, the 

plants in the CFA were stunted as compared to those in the control soil. 

Table 2. Plant growth measurements recorded in 14 weeks. 

Treatment 

Plant 

height 

(cm)-Week 

1 

Plant 

height 

(cm)-Week 

2 

Plant 

height 

(cm)-Week 

6 

Plant 

height 

(cm)-Week 

8 

Plant 

height 

(cm)-Week 

11 

Plant 

height 

(cm)-Week 

14 

Control 

soil 
21.2±1.2a 22.1±0.9a 23.0±1.1a 23.9±1.2a 24.5±1.4a 25.2±1.6a 

CFA 22.2±0.9a 22.6±0.8a 23.1±1.0a 23.4±1.0a 23.7±1.0a 24.4±1.2a 

F-statistics 0.540ns 0.723ns 0.001ns 0.119ns 0.171ns 0.158ns 

Note: ns: non-significant. 

3.3. Gas Exchange Analysis 

Gas exchange measurements are conducted to evaluate physiological properties of the plant, 

including CO2 assimilation or photosynthetic rate (A), transpiration efficiency (E), stomatal 

conductance to water vapor (Gs) and intercellular CO2 (Ci) on a leaf. From the data obtained for Gs 

and Ci, the water use efficiency of the plant can be determined. The gas exchange measurement was 

done on plants grown in five treatments assigned soil-S1, soil-S2, which were the controls and three 

CFA samples, assigned CFA-C1, CFA-C2 and CFA-C3, which were CFAs. The values of A which 

indicate the CO2 assimilation were higher for the controls, and slightly lower values were observed 

for the CFA plants, with lowest values found in CFA-C3 plants. This is in correlation with the plant 

growth which was slightly lower for the CFA plants. The results revealed that there were no 

significant differences in the values of Gs, Ci and E for both the controls and the CFA plants. The 

WUE was calculated by dividing A with Gs and the results revealed no significant difference for both 

the controls and the CFA plants. Intercellular CO2 which determines the flux of carbon dioxide into 

the leaf if the stomata opening remain constant, as the closure of the stomata can lead to uncertainties. 

The results reveled no significant differences which suggest that, plants grown in CFA had 

accumulated significant biomass under harsh conditions of the CFA. the concentration in the controls 

were found to be 259.1±6.3 µmol (CO2) mol-1air-1 for the CAF and 258.20±6.57µmol (CO2) mol-1air-1 

was reported for the controls (Table 3). Plant grown in soil had higher WUE values than CFA plants, 

indicating that more water is necessary for the CFA plants, hence the watering schedule for the CFA 

plants was slightly altered. The variation in photosynthetic characteristics can be due to the restricted 

movement of water, therefore restricting the supply of nutrients availability of nutrients (Makoi et 

al., 2010; Hatfield, & Dold, 2019). 

Table 3. Measured photosynthetic parameters of Helichrysum splendidum. 

Treatment 

A Gs Ci E WUE 

µmol (CO2) m-2. 

s-1 

mol (H2O) m-2. 

s-1 

µmol (CO2) mol-

1air-1 

mol (H2O) m-2. 

s-1 

µmol (CO2) m-

1.H2O 

Soil-S1 23.94±1.17a 0.08±0.02a 258.20±6.57a 1.96±0.24a 455.10±56.11a 

Soil-S2 23.73±0.94a 0.06±0.01a 240.10±7.25a 2.44±0.29a 410.90±31.36a 

CFA-C1 21.02±0.80b 0.07±0.01a 259.10±6.34a 2.25±0.30a 349.60±24.33a 

CFA-C2 21.45±0.90b 0.07±0.01a 243.10±14.85a 2.11±0.29a 379.70±31.63a 

CFA-C3 20.92±0.81c 0.07±0.01a 245.50±6.80a 2.27±0.30a 337.70±45.85a 

F-statistics 2.572* 0.32ns 0.97ns 0.397ns 1.452ns 

Note: Intercellular CO2 concentration (Ci), Photosynthetic rate (A), Transpiration efficiency (E), Stomatal 

conductance (Gs), and Water-use efficiency (WUE) planted on five different soil. ns: non-significant, *: significant 

(p<0.05). 
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3.3. Metal Analysis 

ICP-MS was used to measure the concentrations of As, Cd, Co, Cr, Cu, Mn, Ni, Pb and Zn in 

CFA and control soil (before and after treatment), roots and shoots of H. splendidum in order to assess 

their uptake, accumulation and translocation (Table 4 and Table 5). The baseline concentration of 

CFA and soil samples were determined in order to evaluate the removal efficiency of the elements 

from the substrates. The method validation was conducted by determining these elements in the 

CRM (SRM 1944, New York Waterway Sediments, National Institute of Standards and Technology, 

New York, USA) and the results were within the certified values as presented in Table 4. 

Table 4. Baseline measurements of CFA and soil samples before treatment. 

Metal 
Soil baseline 

(mg.kg-1) 

CFA baseline 

(mg.kg-1) 

CRM-CFA 

(mg.kg-1) 

Certified values 

(mg.kg-1) 

As 63.00±5.55 91.10±7.71 232±27.10 200 

Cd 4.40±0.81 6.50±2.22 5.90±0.14 - 

Co 36.40±4.44 18.60±3.92 29.70±0.40 48 

Cr 309.00±28.33 185.00±17.01 184.00±10.90 170 

Cu 59.20±4.27 23.50±2.23 102.12±18.05 - 

Mn 1065.00±60.01 456.00±36.22 327.00±17.65 300 

Ni 96.50±7.81 87.20±7.45 139.32±14.54 122 

Pb 21.70±1.33 12.40±1.01 54.70±0.30 52 

Zn 224.10±19.25 177.01±15.33 262.45±21.32 240 

Table 5. Analysis of heavy metal in CFA, soil and plant samples (mg. kg-1±RSD) after 14 weeks pot 

trials. 

Metal 
Control Soil 

medium 

Control 

Shoots 

Control 

Roots 

CFA 

medium 
CFA shoots CFA roots 

%removal 

(CFA) 

As 28.6±1.5 52.3±3.1 49.2±2.2 47.2±4.1 62.7±2.7 57.9±6.2 48.20 

Cd 2.4±0.0 1.5±0.1 1.9±0.1 4.5±0.3 2.2±0.8 2.7±0.1 30.80 

Co 28.8±1.5 7.6±0.1 16.3±1.87 10.6±0.6 3.2±0.4 5.9±0.1 18.00 

Cr 178.0±15.2 132.0±1.1 110.7±5.1 131.0±14.9 69.8±3.7 100.0±7.7 29.10 

Cu 50.6±4.3 39.0±2.1 40.2±3.1 30.8±4.0 30.8±1.2 36.5±2.1 56.70 

Mn 910.0±35.1 374.9±27.3 697.0±35.0 384.0±23.1 178.0±14.0 259.0±14.0 15.80 

Ni 81.1±7.7 36.0±3.1 44.1±5.1 52.6±6.9 45.9±5.8 42.4±3.0 39.70 

Pb 16.1±2.1 5.0±0.2 7.1±0.3 9.7±1.2 4.2±0.0 5.6±0.3 21.80 

Zn 130.0±6.5 150.0±13.4 131.0±11.1 76.4±6.3 86.4±7.3 78.6±8.2 55.60 

The results revealed that CFA and the control soil media contained all the tested elements and 

their pattern was Mn > Cr > Zn> Ni > As > Cu > Co > Pb > Cd in CFA and Mn > Cr > Zn> Ni > Cu > Co 

> As > Pb > Cd in Control soil as shown in Figure 1 and Table 5. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 June 2024                   doi:10.20944/preprints202406.1921.v1

https://doi.org/10.20944/preprints202406.1921.v1


 7 

 

 

Figure 1. Concentrations of metals (mg. kg-1) after treatment. 

The control soil medium has higher concentrations of these elements as compared to the CFA 

except As and Cd (Figure 1). The amount of As and Cr in CFA were found to be 47.2±4.1 and 

131.0±14.9 mg.kg-1, which exceeded the permissible limit of Earth’s crust average concentrations (1.7 

and 83 mg.kg-1 for As and Cr, respectively), indicating that CFA is polluted with these toxic metals 

(Altıkulaç, et al., 2022). The concentration of Mn (384.0±23.1 mg. kg-1) was the highest amongst the 

measured elements in CFA and Cd was the lowest (4.5±0.3 mg.kg-1). As illustrated in Figure 1 and 

Table 5, a significant reduction of metal concentrations was recorded for all elements with highest 

removal efficiency found for As, Cu, Ni and Zn. The removal efficiency of metals from CFA ranged 

between 15.80 and 56.70%, indicating that H. splendidum ability to assimilate toxic elements into its 

tissues differ from one element to the other. The highest removal efficiency was observed for As 

(48%), Cu (56.7%) and Zn (55.6%) suggesting that the plant is more effective in removing these 

elements and this is not linked to the amount of the element in the original substrate. Although Mn 

was initially high in CFA (456.00±36.2 mg.kg-1), the removal efficiency of this element was 15.8%, 

indicating a restricted movement of this metal. The concentrations of Pb was found to be moderate 

in CFA (9.70±1.3 mg.kg-1), and the highest amount was found in the roots (5.60±0.3 mg.kg-1) as 

compared to the shoots (4.20±0.06 mg.kg-1. Similarly, lower amount was found in the roots of H. 

splendidum for the controls and this can suggest that mobility is restricted in the substrates with lower 

Pb amounts. The removal efficiency for Pb was 21.8% indicating that, Pb can be removed from CFA 

with the use of H. splendidum. 

The study revealed that H. splendidum can take up metals and assimilate them into its tissues 

(roots and shoots) as presented in Table 5 and Figure 2 (A and B). Most of the elements were 

accumulated in the roots as compared to the shoots for both the control soil and the CFA grown 

plants. Higher concentrations of Cd, Co, Cd, Cu, Mn and Pb were found in the roots, while the shoots 

had higher amount of As, Cr and Zn for the control soil grown plants as shown in Figure 2 (A and 

B). In contrast, Cr was mostly accumulated in the roots of CFA grown plants, while As and Zn were 

mostly accumulated in the shoots of CFA grown plants. The concentration of Cr was found to be 

69.8±3.8 mg.kg-1 in the shoots and 100±7.7 mg.kg-1 in the roots. The concentration of Ni was not 

significantly different between the shoots and the roots, reporting 45.9±5.81 mg.kg-1 in the shoots, 

while 42.4±3.04 mg.kg-1 found in the roots. 
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Figure 2. Concentrations of metals (mg. kg-1) in (A) the CFA-roots and -shoots and (B) control soil-

roots and -shoots of the plants. 

Another observation was that plant tissues in the control soil medium highly accumulated and 

translocated these metals than the ones in the CFA medium. This can be explained by enough plant 

biomass in the control soil medium enhancing the accumulation and translocation of these metals in 

the roots and shoots, respectively. 

3.4. Assessing the Potential of Helichrsyum Splendidum for Phytoremediation of CFA-Polluted Sites 

In this study, phytoextraction and phytostabilization processes were performed on Helichrsyum 

splendidum species planted in both control soil and CFA media. To estimate a phytoremediation 

potential of a plant, translocation factors (TFs) and bioconcentration factors (BCFs) are widely applied 

(Yoon et al., 2006; Maiti, Ghosh, & Raj, 2022). Metal uptake and bioaccumulation in plant species can 

vary from metal to metal and species to species. Translocation of elements from the roots to the shoots 

is the measure used to evaluate phytoextraction, whereas in the phytostabilzation process, the metals 

are accumulated in the roots of the plant (Chowdhury, & Maiti, 2016). BCF values of As, Cu and Zn 

in CFA and As and Zn in the control soil media were greater than 1 as depicted in Table 5. The rest 

BCFs of Pb, Mn, Co, Ni, Cd, and Cr in CFA medium and BCFs of Pb, Mn, Ni, Co, Cu, and Cd in 

control soil medium were less than 1. TFs Pb, Mn, Co, Cu, Cd, and Cr in control soil medium and TFs 

of Pb, Mn, Co, Cu, Cd, and Cr in CFA grown plants were also less than 1. TFs of Ni, Zn and As in 

CFA and As, Cr and Zn in control soil grown plants were greater than 1 while TFs of Pb, Mn, Co, Cu, 

Cd, and Cr in CFA grown plants and TFs of Cd, Co, Cu, Mn, Ni, and Pb in the control soil grown 
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plants were less than 1. However, all these metals with TFs<1 were accumulated in the roots and not 

translocated to the leaves except Ni, As and Zn in the CFA grown plants. 

Table 6. Bioconcentration factors and translocation factors of metals in all media. 

Metals  BCF-soil  TF-soil  BCF-CFA TF-CFA 

As 1.70 1.06 1.22 1.08 

Cd 0.79 0.79 0.50 0.81 

Co 0.56 0.46 0.55 0.54 

Cr 0.62 1.19 0.76 0.76 

Cu 0.79 0.97 1.19 0.84 

Mn 0.76 0.53 0.67 0.68 

Ni 0.54 0.81 0.80 1.08 

Pb 0.44 0.70 0.57 0.75 

Zn 1.02 1.14 1.03 1.12 

In summary, the metal concentrations in the CFA grown plants were almost comparable with 

those in the control soil grown plants, importantly the Cr, Zn and Mn concentrations were greater in 

the shoots for control soil grown plants compared to the CFA grown plants. Mn presented a high 

concertation in the roots in both medium grown plants. Banda et al. (2021) reported that Helichrysum 

splendidum was able to grow, uptake and translocate metals in artificially Cu- and Pb-contaminated 

soil even at high concentration, this agrees with the results obtained in this study, which showed that 

Helichrysum splendidum was able to extract all metals from the substrates to its tissues rendering it to 

be good phytostabilizer and phytoextractor candidate for trace metals. 

4. Conclusion 

For many years, South Africa has relied on coal for power generation and a significant amount 

of CFA is stored in various open ash disposal sites, which represents serious environmental pollution 

issues. The study was able to highlight the potential of Helichrysum splendidum for phytoremediation 

of CFA-polluted sites in South Africa. The plants did not show high BCF and TFs values, but some 

were greater than 1 in CFA grown plants which make the plant species to be a good phytoextractor. 

The study showed an even distribution of metal contents in the soils and plant tissues and it also 

showed low TFs, which also makes the plant species an attractive potential for the phytostabilization 

of metal contents. Although CFA medium had restricted growth of some plants as compared to the 

controls, the results showed an interesting removal efficiency ranging between 18.0 to 56.7% with 

highest reported for Cu and Zn. From the obtained results, it can be concluded that Helichrysum 

splendidum has the potential to be used for plant-based remediation of CFA-polluted site. The 

technique can be used to reduce the concentrations of trace metals from the CFA and it can become 

less toxic and suitable for plantation. The performed gas exchange parameters were very similar in 

both control soil and in CFA media. Further studies of Helichrysum splendidum for different CFA 

treatments need to be conducted to enhance the plant phytoremediation capabilities. 
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