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Abstract: In Chile, most tailings impoundments are in Northern and Central Chile, 20% of them are abandoned. 

Municipal budgets to manage these environmental liabilities are very limited and the use of native and endemic 

plant species to remove heavy metals from tailings is a low-cost alternative. Ex-situ phytoremediation 

experiments were conducted over seven months to evaluate the potential of Lycium chilense and Haplopappus 

foliosus to remove copper and lead from mine tailings. The results indicate that both species can concentrate 

high levels of both elements and they present removal efficiencies for Cu close to 50%. The best performance 

was presented by Haplopappus foliosus, accumulating higher concentrations of both metals than Lycium chilense. 

Also, it presents a bioconcentration over 1.  

Keywords: heavy metals; tailings; stabilization 

 

1. Introduction 

Chile is number three worldwide in tailings impoundments, with a total of 757 in 2022, 112 of 

which are active, 467 inactive, 173 abandoned, and 5 under construction [1]. The management of 

abandoned tailings, which in some cases are close to towns, is completely necessary to mitigate the 

risks associated with heavy metals pollution. In the case of Chile, this task oversees Municipalities 

which have a limited budget to handle this problem. Emblematic examples of problematic mine 

tailings impoundments are Andacollo, Illapel, and La Higuera where the population suffers from 

irreversible pollution [2]. 

Copper mine tailings are the residual waste material produced during the extraction and 

processing of copper ore and often contain significant amounts of copper, as well as other potentially 

harmful substances such as heavy metals (Ni, Hg, Zn, Pb, Cr), metalloids (As) and chemicals used in 

the mining process [3,4]. Every year is discharged more than 10 billion tons of tailings from mining 

activities [5]. 

Among the biological treatment, one with low cost is phytoremediation. It is a process that uses 

plants to remove, transfer, stabilize, or destroy pollutants in the soil and/or water. In Chile, where 

copper mining is a significant industry, native or endemic flora can be used for phytoremediation to 

address pollution. Several studies have shown the usefulness of this technique to achieve successful 

results [6,7]. Some studies related to the ability of certain Chilean species to phytoremediate tailings 

and proposals for the management of abandoned mine tailings in Chile have been carried out by [8–

11]. 

Mining tailings contain several heavy metals, among other contaminants, which pose significant 

environmental and health risks, as they can contaminate surrounding soil, water, and air, and 

eventually make their way into the food chain. Pollutants can travel long distances in the 
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environment, and they persist for many years. In the case of copper and lead, the primary and big 

concern is their leaching into nearby soil, groundwater, and surface water sources [12] when they are 

improperly stored or managed. Lead can enter the human body through dust ingestion and wildlife 

via dust and food chain transfer [13], it is a neurotoxic metal and can produce several harmful effects, 

especially in children. The Canadian soil quality guidelines for lead establish a concentration of 140 

mg·kg-1 for residential lands, and the Dutch standard establishes 85 mg·kg-1 as the target value and 

530 mg·kg-1 as the intervention value [14,15]. Copper is a metal that can be toxic in high concentrations 

to aquatic life and in humans, exposure to high levels of copper can cause a range of health problems, 

including gastrointestinal distress, liver, and kidney damage. Long-term exposure to low levels of 

copper may also contribute to the development of chronic diseases, such as Alzheimer's and 

Parkinson's [16]. Dutch Soil Standards established 36 mg·kg-1 as the target value and 190 mg·kg-1 as 

the intervention value for copper [14].  

Efforts to remediate contaminated sites, such as re-vegetating tailings storage areas to reduce 

erosion and the leaching of contaminants, can help to mitigate the risks associated with heavy metals’ 

contamination from mine tailings [17,18].  Some species as Schinus polygamus and Atriplex deserticola 

have been studied to determine their ability to accumulate copper, both species can accumulate over 

1.2 g·kg-1 in leaves [19]. Studies in Chilean soil related to lead phytoremediation have used the species 

Atriplex halinus reaching concentrations around 360 mg·kg-1 in roots and between 32 and 42 mg·kg-1 

in aerial parts [20]. Other native plants studied for phytoremediation of an industrial area in 

Valparaíso were Oenothera picensis, Sphaeralcea velutina, and Argemone subfusiformis, all of them 

present phytoremediation factors which suggest their potential for removal Pb [21]. 

This work studies the stabilization of copper and lead from copper mine tailings through ex-situ 

experiments using two species Lycium chilense and Haplopappus foliosus and it complements previous 

research with the same species and Ni, Zn and Cr. The experiments with a duration of seven months 

are focused on the determination of phytoremediation factors as bioconcentration and translocation 

factors with removal efficiency, in tailings enriched with liquid organic fertilizer.  

2. Materials and Methods 

2.1. Plants 

The experiments will be carried out with two species: Haplopappus foliosus and Lycium chilense; 

which can be found in the central zone of Chile. Both species have ornamental value and no frost 

resistance. Haplopappus foliosus is an endemic shrub distributed between Atacama and O’Higgins 

Regions. Lycium chilense Miers ex Bertero is a native shrub that can be found between Valparaíso and 

Maule Regions [22]. 

2.2. Tailings samples preparation 

The tailings samples were provided by Minera Las Cenizas (32°28′16.1″ S, 71°05′00.2″ W). Their 

characterization is presented in Table 1. They were ground and homogenized using a ball mill and 

ASTM N°18 mesh. The pH was determined according to 9045D EPA Method [23]. 

Table 1. Characterization of tailings samples provided by Minera Las Cenizas. 

Title 1 Title 3 

Specific gravity 2.78 ± 0.25  

pH 7.30 ± 0.10 

Solid % (weight) 82.00 ± 1.00 % 

Granulometry d50 0.046 ± 0.001 µm 

As 90.00 ± 4.53 kg·mg-1 dry tailing 

Hg Under detection limit 

Cu 1582.22 ± 78.31 kg·mg-1 dry tailing 

Pb 228.15 ± 2.79 kg·mg-1 dry tailing 
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Zn 869.80 ± 31.54 kg·mg-1 dry tailing 

Ni 94.64 ± 2.57 kg·mg-1 dry tailing 

Mo 3.86 ± 0.17 kg·mg-1 dry tailing 

Cd Under detection limit 

Cr 154.63 ± 5.41 kg·mg-1 dry tailing 

2.3. Process parameters 

The translocation and bioconcentration factors were obtained to evaluate the process. The 

translocation factor (TF) indicates the ability to mobilize the target element from the roots to the 

shoots. The bioconcentration factor (BCF)roots indicate the ability to accumulate the target element in 

the roots, and (BCF)shoots indicate the ability to accumulate it in shoots. 𝑇𝐹 = ெ௘௧௔௟ ௜௡ ௔௘௥௜௔௟ ௣௔௥௧௦ ௢௙ ௧௛௘ ௣௟௔௡௧ெ௘௧௔௟ ௜௡ ௣௟௔௡௧ ௥௢௢௧௦  (1) 𝐵𝐶𝐹௥௢௢௧௦ = ெ௘௧௔௟ ௜௡ ௥௢௢௧௦ெ௘௧௔௟ ௜௡ ௧௔௜௟௜௡௚௦ (2) 

A TF<1 indicates an excluder character of the plant for the target metal and a TF>1 corresponds 

to a plant with the ability to translocate the target metal from roots to shoots. In the case of BCF, a 

value higher than 1 corresponds to a plant with the ability to accumulate the target metal in a 

determined part of the plant [24,25]. The removal efficiency will also be calculated to obtain the total 

mass of the target metal removed from tailings according to Equation (3). 𝑅𝐸% = ஼೔ି஼೑஼೔ 100% (3) 

where Ci and Cf are the initial and final concentrations of the element in the tailings. 

2.4. Phytoremediation tests 

Ex-situ experiments were carried out at the Universidad Técnica Federico Santa María (33°02′05” 

S, 71°35′43″ W). The plants were planted in 3,100 g of dry tailings contained in pots and liquid 

commercial organic stimulant from the algae Ascophyllum nodosum and water was supplied weekly. 

After seven months, the plants were analyzed for copper, lead, arsenic, and molybdenum following 

the same procedure described by Lazo et al., 2023 [26]. 

2.5. Statistical treatment of the data 

Five specimens of each species were analyzed for copper and lead content. Three samples of 

roots, aerial parts, and tailings from each pot were taken for each specimen. The mean value and 

standard deviation were calculated and the comparison between species was made using an analysis 

of variance (p < 005). Tukey’s test was carried out to compare different species. 

3. Results 

The concentration of copper in tailings is higher than the intervention value of 190 mg·kg-1 

indicated in the Dutch list, the concentration detected in the sample is eight times higher. In the case 

of lead, its concentration in the tailings sample doubles the value in the Dutch list [14]. 

The final concentration of copper, lead, arsenic, and molybdenum was determined in both 

species as can be seen from Table 1. Blank samples were used in all cases, they correspond to the 

species planted in natural ground with the addition of water and organic fertilizer. The initial and 

final concentrations of lead and copper do not show significant differences. 

Kumar et al., 2021 [27] indicate as “satisfactory” a maximum concentration of copper in plant 

tissues of 30 mg·kg-1 dry matter. For its part, Oorts, 2013 [28] indicates the onset of Cu toxicity in aerial 

parts between 4 and 15 mg·kg-1 dry matter. In roots, the critical concentrations are between 100 and 

400 mgCu·kg-1 dry mater [29,30]. Moreover, Kumar et al., 2019 [31] suggest a permissible limit in soil 

a value of 20 mg·kg-1, and the Dutch List [14] indicates a target value for copper in soils of 36 mg·kg-1 

and an intervention value of 190 mg·kg-1. All these values are surpassed in the aerial parts and roots 

of both species, as can be seen in Table 1. Haplopappus foliosus exhibits a concentration of Cu in roots 

(847 mg·kg-1 dry matter) and aerial parts (262 mg·kg-1 dry matter) higher than the concentrations 
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measured in Lycium chilense. The same trend was observed for Pb and Mo. However, the 

concentration of lead in roots is almost ten times its concentration in aerial parts. The concentration 

of lead in the sample exceeds the levels established for the Dutch list [14] and Canadian standards 

[15]. Arsenic concentrations were under the detection limit of the instrument in all cases. The value 

of molybdenum concentration is within the normal range. 

Table 2. Concentrations of heavy metals in plants after seven months of growth. 

Final concentration 
Cu mg·kg-1 dry 

tailings 

Pb mg·kg-1 dry 

tailings 

As mg·kg-1 dry 

tailings 

Mo mg·kg-1 dry 

tailings 

Haplopappus foliosus aerial 261.53 ± 3.03 12.80 ± 0.20 Under detection 

limit 

1.00 ± 0.02 

Haplopappus foliosus roots 847.11 ± 15.20 93.10 ± 3.08 Under detection 

limit 

4.11 ± 0.16 

Lycium chilense aerial 91.63 ± 5.05 3.718 ± 0.19 Under detection 

limit 

0.7 ± 0.02 

Lycium chilense roots 598.07 ± 11.82 33.94 ± 0.98 Under detection 

limit 

5.10 ± 0.16 

4. Discussion 

After seven months of plant growth, the concentration of metals in roots is higher than in aerial 

parts in both species, but higher ratios of roots/aerial concentrations were obtained with Lycium 

chilense compared to Haplopappus foliosus. 

Figure 1a and b presents the phytoremediation factors which allow the evaluation of the 

usefulness of both species for remediation. Figure 1 shows a BCF higher than 1 in the case of Cu and 

Halopappus foliosus and Cu and Mo, and for Mo with Lycium chilense. Neither of the two shows 

significant values for TF. 

(a) (b) 

Figure 1. (a) Translocation factor for species and heavy metals. (b) Bioconcentration factor of species 

and heavy metals. 

Removal efficiencies for Mo are 14.5% in the case of Haplopappus foliosus and 31.8% for Lycium 

chilense, in the same order the values for Pb are 18.1% and 14.7%, and for Cu 55.5% and 53.19%, 

respectively. In the case of Cu, the results have no significative difference, however, Lycium chilense 

doubles the removal efficiency for Mo and it presents a lower value (four percentage points) in 

comparison to Haplopappus foliosus. 

In general, Haplopappus foliosus presents better performance, with the ability to concentrate the 

Cu and Pb in higher concentrations than Lycium chilense. Moreover, this species presents a 

bioconcentration factor higher than 1 for Cu.  
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It is necessary to look for how to improve these results by considering the species Haplopappus 

foliosus as an alternative for phytoremediation. The main advantage is to achieve a better chance of 

adaptation to the environmental conditions of north and central Chile because it is an endemic 

Chilean species. 

5. Conclusions 

Phytoremediation with native and endemic flora can be a low-cost alternative to the 

management of abandoned tailings in Chile. In this work two species Haplopappus foliosus and Lycium 

chilense were evaluated to determine their ability to remediate copper mine tailings, specifically, to 

stabilize or translocate lead and copper. The first of them presents a better performance because it 

can accumulate higher concentrations of Pb and Cu than the second one. The concentration of both 

metals exceeds the concentration established in the Dutch standard as the target value, however, has 

not the character of a hyperaccumulator species. A bioconcentration factor higher than 1 for Cu is 

obtained only with Haplopappus foliosus. 
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