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ABSTRACT  

In the Ecuadorian Amazon, the challenges for identifying, phytoremediation species that 

reduce heavy metal contamination resulting from mining activity are increasing every day. 

The objective of this work was to evaluate the bioaccumulator potential of heavy metals of 

three fast-growing forest species (Ochroma pyramidale, Piptocoma discolor and Bambusa 

vulgaris) in a mining extraction area, in the Yutzupino community, Napo for restoration. 

Leaf and soil samples were collected to determine the concentration of heavy metals (Cd, 

Pb, Fe and Ni) using atomic absorption spectrometry and the bioconcentration factor (BCF) 

was calculated. Leaf analyzes showed that B. vulgaris presented a higher concentration of 

Ni (6.89 mg kg-1 ) and Fe (156.33 mg kg-1 ) and P. discolor contained Cd (0.35 mg kg-1 ) and Pb 

(55.67 mg kg -1 ). Soil analyzes showed a pattern of variation in B. vulgaris superior in Cd, Ni 

and Pb and in O. pyramidale for Fe. The bioconcentration factor allowed identifying the 

accumulating capacity of the species, which suggests that P. discolor may be used as a 

phytoremediation species for sites contaminated by Cd and Pb, O. pyramidale for Ni and B. 

vulgaris for Fe.  

Keywords: soil contamination, foliar analysis, fast-growing species, mining, Ecuadorian 

Amazon. 

 

RESUMEN  

En la Amazonía ecuatoriana, cada día son mayores los desafíos para la identificación de 

especies fitorremediadoras que disminuyan la contaminación por metales pesados producto 

de la actividad minera. El objetivo de este trabajo fue evaluar el potencial bioacumulador de 

metales pesados de tres especies forestales de rápido crecimiento (Ochroma pyramidale, 

Piptocoma discolor y Bambusa vulgaris) en un área de extracción minera, en la comunidad 

Yutzupino, Napo para la restauración. Se recolectaron muestras de hoja y suelo para 

determinar la concentración de metales pesados (Cd, Pb, Fe y Ni), mediante espectrometría 

de absorción atómica y se calculó el factor de bioconcentración (FBC). Los análisis foliares 

mostraron que B. vulgaris presentó mayor concentración de Ni (6,89 mg kg-1) y Fe (156,33 



ISSN: 2310-3469 RNPS: 2347                                                                                  
CFORES Journal, January-April 2024; 12(1): e836    

                                                                                                     

 

  

https://cfores.upr.edu.cu/index.php/cfores/article/view/836 

mg kg-1) y P. discolor contenía Cd (0,35 mg kg-1) y Pb (55,67 mg kg -1). Los análisis de suelos 

mostraron un patrón de variación en B. vulgaris superior en Cd, Ni y Pb y en O. pyramidale 

para Fe. El factor de bioconcentración permitió identificar la capacidad acumuladora de las 

especies, lo que sugiere que P. discolor puede ser utilizada como especie fitorremediadora 

para sitios contaminadas por Cd y Pb, O. pyramidale para Ni y B. vulgaris para Fe.  

Palabras clave: contaminación de suelo, análisis foliar, especies de rápido crecimiento, 

minería, Amazonía ecuatoriana. 

 

RESUMO  

Na Amazônia equatoriana, os desafios para a identificação de espécies de fitorremediação 

para reduzir a contaminação por metais pesados provenientes de atividades de mineração 

aumentam a cada dia. O objetivo deste trabalho foi avaliar o potencial bioacumulativo de 

metais pesados de três espécies florestais de crescimento rápido (Ochroma pyramidale, 

Piptocoma discolor e Bambusa vulgaris) em uma área de extração de mineração na 

comunidade de Yutzupino, Napo, para restauração. Amostras de folhas e de solo foram 

coletadas para determinar a concentração de metais pesados (Cd, Pb, Fe e Ni) por 

espectrometria de absorção atômica e o fator de bioconcentração (BCF) foi calculado. A 

análise das folhas mostrou que a B. vulgaris tinha concentrações mais altas de Ni (6,89 mg 

kg-1) e Fe (156,33 mg kg-1) e a P. discolor continha Cd (0,35 mg kg-1) e Pb (55,67 mg kg -1). 

As análises do solo mostraram um padrão de variação em B. vulgaris maior em Cd, Ni e Pb 

e em O. pyramidale para Fe. O fator de bioconcentração identificou a capacidade de 

acumulação das espécies, sugerindo que P. discolor pode ser usada como uma espécie de 

fitorremediação para locais contaminados com Cd e Pb, O. pyramidale para Ni e B. vulgaris 

para Fe.  

Palavras-chave: contaminação do solo, análise foliar, espécies de crescimento rápido, 

mineração, Amazônia equatoriana. 
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INTRODUCTION 

Heavy metals are naturally present in the environment, in concentrations that generally do 

not harm different forms of life, while those that come from anthropogenic activities such 

as industrial, technological, agricultural, mining pollution and the misuse of soils by 

Various chemical fertilizers can raise concentration levels relative to normal parameters. 

These contaminants enter rivers, vegetables, animals and foods, thus altering the 

sustainability of the food chain, presenting potential risks to nature and society, as they 

cause serious human and animal health problems (Londoño Franco et al., 2016).  

The forest ecosystems of the Ecuadorian Amazon are threatened by poor mining extraction 

practices, recognized as one of the main environmental problems that affect the 

deforestation of extensive forest areas, thus facilitating processes such as landslides, 

landslides, erosion and high levels of contamination in the soil from mineral extraction 

(Delgado et al., 2023).  

Artisanal and small-scale gold mining is among the most important sources of heavy metals 

in ecosystems, causing serious pollution (Jacka, 2018). In the province of Napo, community 

of Yutzupino, there is a gradual modification of the forest landscape, due to open pit 

exploitation carried out for the extraction of metallic minerals (gold), presumably by illegal 

miners within the mining concession. The mining activities carried out in the area lead to 

the accumulation of washed gravel tailings and the generation of sediments, which, by not 

having any type of technical consideration, accelerate soil erosion, change in relief, 

formation of artificial wells (swamps), landslides and production of gravel mounds of 

different sizes. These activities have caused the contamination of heavy metals in the soil 

and in the leaf tissues of the different forest species that inhabit this important forest 

reservoir.  
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Despite heavy metal contamination, some plant species have developed strategies to thrive 

in conditions of high concentrations of heavy metals, making them species with potential 

for application in phytoremediation processes.n. Haga clic o pulse aquí para escribir texto.. 

Las plantas metalófitos son especies que han desarrollado mecanismos fisiológicos para 

resistir, tolerar y sobrevivir en suelos degradados por la minería. Estas plantas pueden 

limitar la absorción de metales o trasladarlos a las hojas o absorberlos activamente y 

acumularlos en su biomasa aérea, las cuales pueden ser utilizadas en procesos de 

fitorrehabilitación y fitorremediación para restaurar sedimentos y aguas contaminadas con 

metales pesados y eliminar contaminantes en el ambiente (Jara-Peña et al., 2014).  

Hence, the objective of this work was to evaluate the bioaccumulator potential of heavy 

metals of three forest species (Ochroma pyramidale, Piptocoma discolor and Bambusa vulgaris) 

in a mining extraction area, in the Yutzupino community, Napo for phytoremediation 

purposes.  

  

MATERIALS AND METHODS 

Study area 

The research was carried out in a mining extraction area, located in the Yutzupino 

community, eastern Ecuadorian region, belonging to the province of Napo, Tena canton, 

Puerto Napo parish. The geographical limits were found to the SE with the parish of Puerto 

Napo and SW with the Napo River. Figure 1 shows the location of the material collection 

points, which corresponds to an Amazonian evergreen forest.  
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Figure 1. - Geographic location of the study area. 

Species selection and sample collection 

O. pyramidale, P. discolor and B. vulgaris) were selected, taking as criteria that they were 

species of ecological and economic importance with predominance in the piemontane 

evergreen forest ecosystems, fast growing and widely distributed in the Amazon region., 

with high abundance in the study area and with the capacity to adapt to environmental 

conditions and changes, which facilitate understanding its response as a bioaccumulator of 

heavy metals.  

Leaf samples were collected from adult individuals, exposed to the sun and in good physical 

condition. The plant material was collected from different sides of the trees, for which the 

branches were cut to avoid contact of the leaves with the metal of the scissors (Hu et al., 

2003).  
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Soil samples were taken at three points, under the canopy of the selected individuals, at a 

depth of 0-30 cm, with the use of an auger (Greksa et al., 2019). The leaf litter and roots 

present were removed from the soil samples, they were labeled and transferred to the 

Environmental Studies Laboratory of the Amazon Experimental Research and Production 

Center (CEIPA).  

Determination of heavy metals and bioconcentration factor 

Heavy metals (Cd, Pb, Fe and Ni) were determined in the leaf and soil samples, respectively. 

The plant material samples were washed with drinking water and then with distilled water; 

They were allowed to dry naturally on filter paper for four days, then dried in a dryer at 40 

°C for 48 h and pulverized without the use of sharp metals (approximately 20 g) (ISO, 1995). 

The digestion of the plant material was carried out with a mixture of nitric acid (HNO3) 65 

% and 37 % hydrogen peroxide (H2 O2) in a 7:1 ratio (wet digestion) in an open container 

(Kalra, 1997)  

A sample of 100 g of soil was taken, which was air dried, at room temperature, for four days 

on filter paper. They were subsequently crushed, passed through a 2 mm mesh sieve and 

dried in an oven at a temperature of 40 °C for 48 h. (Šichorová et al., 2004) The determination 

of the elements in the soil samples was carried out with 0.5 g of soil digestion, air-drying 

with 12 ml of aqua regia and with a 1:2 proportion of HNO3 HCl at boiling for 2 h, followed 

by filtration and volume adjustment in a 100 mL volumetric flask (ISO, 1995).  

The quantification of heavy metals in leaves and soil was carried out in a Perkin-Elmer 2380 

atomic absorption spectrophotometer. A standard of 1000 ppm of each metal was used for 

the equipment calibration curve and the corresponding lamp was placed.  

Bioconcentration factor (BCF) was calculated as a proportion of the concentration of 

elements in plants and soil, which represents the capacity of the plant to absorb heavy 

metals from the growth media (Alahabadi et al., 2017). The BCF was calculated using 

Equation 1:  

𝐹𝐵𝐶 =〖𝐶 〗_𝑓𝑜𝑙𝑙𝑎𝑗𝑒 ⁄ 𝐶_𝑠𝑢𝑒𝑙𝑜 (1) 
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where 𝐶𝑓𝑜𝑙𝑙𝑎𝑗𝑒and 𝐶𝑠𝑢𝑒𝑙𝑜represent the concentration of a specific element in plant material 

(leaves) and soil, respectively.  

To identify if a species can be used for phytoremediation purposes for sites contaminated 

by heavy metals, the value of each element was taken as a criterion based on the 

bioconcentration factor (BCF). To the extent that the value was higher, the use of the species 

as a good accumulator of the heavy metal in question is suggested (Aisien et al., 2010).  

Statistical processing 

An analysis of variance (ANOVA) and Tukey's test at 95% reliability were carried out to 

determine the significant differences between the study species in terms of the 

concentrations of heavy metals (Cd, Pb, Ni and Fe) at the leaf and tree levels. floor. The 

Pearson correlation matrix was obtained to determine the correlations between the 

concentrations of heavy metals analyzed in the plants, the soil and the bioconcentration 

factor. A principal component analysis (PCA) was used to establish the separation of the 

analyzed species depending on the concentrations of the heavy metals analyzed in the soil 

and in the plant. Origin 2021 software was used in all statistical analyses.  

  

RESULTS AND DISCUSSION 

The concentration of heavy metals at the leaf level (Figure 2) showed significant differences 

for Cd, Ni, Pb and Fe in the three study species (O. pyramidale, P. discolor and B. vulgaris). 

Regarding Cd, the species P. discolor presented higher values with averages of 0.35 mg kg-1, 

while B. vulgaris presented lower values (0.04 mg kg-). The foliar Ni concentration indicated 

that B. vulgaris had the highest values (6.89 mg kg-1) and P. discolor had the lowest values 

(4.90 mg kg-1). The Pb concentration resulted in higher means (55.67 mg kg -1 ) for P. discolor 

and lower means (9.65 mg kg -1 ) for B. vulgaris . Regarding Fe, the foliar concentration was 

higher in B. vulgaris (156.33 mg kg-1) and lower for O. pyramidale (32.85 mg kg-1).  
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These results are similar to those reported by Kabata (2010), where he obtained a 

concentration of Cd and Ni of 0.05-0.5 mg kg-1, indicating that it did not exceed the tolerance 

values, while Pb was between 30-300 mg kg-1, which exceeded the permissible toxicity 

values for plants. These results indicated that the concentration of Cd and Ni did not exceed 

the permissible values for any of the three species studied, while the concentration of Pb 

resulted in toxicity for the species P. discolor.  

In the species B. vulgaris, it was found that the concentration of heavy metals at the leaf level 

was lower than that reported by Liu et al., (2015) and Liu et al., (2016) for Pb and Cd.  

 

Figure 2. - Results of the concentration of heavy metals in leaves of three species (O. pyramidale, P. 

discolor, B. vulgaris). (a) Cd-F (Leaf Cadmium), (b) Ni-F (Leaf Nickel), (c) Pb-F (Leaf Leaf) 

and (d) Fe-F (Leaf Iron). Inside the figure unequal letters indicated significant differences 

through analysis of variance (ANOVA) and Tukey test (p ≤ 0.05). 

O. pyramidale, P. discolor and B. vulgaris developed showed significant differences (Figure 

3). It was found that there is a pattern of variation at the species level similar to that reported 

for the foliar analysis. In relation to the behavior of Cd, Ni and Pb, the results indicated that 
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the soil where B. vulgaris develops presented the highest values and O. pyramidale presented 

the lowest values, while for the concentration of Fe the values were higher in O. pyramidale 

and inferior for B. vulgaris. Regarding Cd at ground level, the concentration was found 

between 0.04 and 0.13 mg kg-1, in Ni it ranged from 7.27 to 18.24 mg kg-1 , in Pb it was from 

22.7 to 57.67 mg kg-1 and in Fe it was from 536.21 to 845.28 mg kg-1 .  

In accordance with Ecuadorian regulations (TULSMA, 2012) It was found that the 

concentration of Cd did not exceed the permissible values (0.5 mg kg-1 ), the Ni was found 

close to the critical values considered toxic (19.0 mg kg-1), the Pb exceeded the permissible 

values (19.0 mg kg-1) and Fe is not regulated. This indicated a high level of toxicity in the 

soil for the element Pb, which suggests actions for remediation with species that are capable 

of absorbing this heavy metal.  

 

Figure 3. - Results of the concentration of heavy metals in the soil where the species (- O. 

pyramidale , P. discolor , B. vulgaris ) developed . (a) Cd-S (Cadmium soil), (b) Ni-S (Nickel 

soil), (c) Pb-S (Lead soil) and (d) Fe-S (Iron soil). Inside the figure unequal letters indicated 

significant differences through analysis of variance (ANOVA) and Tukey test (p ≤ 0.05). 
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The results of the bioconcentration factor (Figure 4) indicated that the P. discolor species was 

reported to have greater potential for Cd absorption with values of 5.23, resulting in 

significant differences with the rest of the species studied, which suggests its high 

bioaccumulator capacity in Cd. This same behavior resulted for the element Pb, with values 

greater than 1.3. These results are interesting because it is a pioneer species of the Asteraceae 

family that grows naturally in clearings, with a high degree of coverage in secondary forests. 

(González et al., 2018). This suggests its use as a phytoremediation species in sites where 

mining extraction practices and There is evidence of contamination by heavy metals of Cd 

and Pb.  

However, the species O. pyramidale presented the highest Ni accumulation capacity with 

values greater than 0.8, indicating its potential for sites with high Ni content and B. vulgaris. 

It resulted in a greater Fe accumulation capacity with values greater than 0.29, which 

suggests its potential use for sites contaminated by Fe.  

 

Figure 4. - Results of the - heavy metal bioconcentration factor of the species (O. pyramidale , P. 

discolor and B. vulgaris ). (a) Cdb-CBF (Cadmium bioconcentration factor), (b) Ni-CDF 

(Nickel bioconcentration factor), (c) Pb-Cd (Lead bioconcentration factor) and (d) Fe-Cd 
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(Lead bioconcentration factor) of Iron bioconcentration). Inside the figure, unequal letters 

indicated significant differences by analysis of variance (ANOVA) and Tukey test (p ≤ 0.05). 

The Pearson correlation matrix (Figure 5) for all the species analyzed showed a positive and 

negative correlation, less than 50 %, between the concentration of heavy metals between the 

leaves and the soil. These results indicated that the species in the present study, in a general 

sense, do not absorb everything that is available in the soil. In this sense, Song et al., (2007) 

report that the bioaccumulation capacity of plants does not depend entirely on the 

concentration of heavy metals in the soil, but is related to the physiology of the plant and its 

protective capacity. When plants are stressed by heavy metals, they have the ability to 

actively regulate the concentration of the elements (Fernández et al., 2017; Miao et al., 2011). 

 

Figure 5. - Correlation between the concentration of heavy metals in the leaves, the soil and the 

bioconcentration factor (the numerical value within the matrix corresponds to the Pearson 

correlation coefficient). The scale on the right means the values of the correlation coefficient, positive 

and negative, which ranges between +1 and -1 (the deep blue and red colors correspond to values 

close to +1 and -1 with high correlation and light colors with low correlation). The nomenclature on 



ISSN: 2310-3469 RNPS: 2347                                                                                  
CFORES Journal, January-April 2024; 12(1): e836    

                                                                                                     

 

  

https://cfores.upr.edu.cu/index.php/cfores/article/view/836 

the left means the coded variables (Cd-F (Leaf Cadmium), Ni-F (Leaf Nickel), Pb- F (Leaf foliar), Fe-

F (Leaf Iron), (Cd-S (Soil Cadmium), Ni -S (Nickel soil), Pb- S (Lead soil), Fe-S (Iron soil) 

Principal component analysis (PCA), as an ordination method, indicated the reduction of 

two components that fully explained 100% of the total variability of the data. The coordinate 

system, determined by the principal components, allowed us to identify that the species B. 

vulgaris was separated on the PC1 axis, which is located on the positive side of the axis. The 

species B. vulgaris showed a greater relationship with the concentration of Pb in the soil, Fe 

in the plant, Cd in the soil and Ni in the soil. The species P. discolor was found on the negative 

side of PC1, resulting in higher concentrations of Pb and Cd in the plant. The species O. 

pyramidale was found on the negative side of the PC2 axis, and was characterized by higher 

Fe concentrations in the soil. The analysis of the bioconcentration factor, in the coordinate 

system, resulted in a differentiated pattern between the forest species analyzed, reflecting 

for P. discolor greater retention of Cd and Pb, in O. pyramidale greater retention of Ni and in 

B. vulgaris of Fe. This suggests the bioaccumulator capacity of P. discolor for Cd and Pb, of 

O. pyramidale for Ni and of B. vulgaris for Fe, which could be used as phytoremediation 

species for sites contaminated by heavy metals (Figure 6).  

 



ISSN: 2310-3469 RNPS: 2347                                                                                  
CFORES Journal, January-April 2024; 12(1): e836    

                                                                                                     

 

  

https://cfores.upr.edu.cu/index.php/cfores/article/view/836 

Figure 6. - Results of principal component analysis (PCA) of heavy metal concentrations (Cd, Ni, 

Pb and Fe) in leaves, soil and bioconcentration factor of three species (O. pyramidale, P. discolor 

and B. vulgaris). 

  

CONCLUSIONS 

Bioaccumulator potential of heavy metals (Cd, Ni, Fe and Pb) obtained from the 

bioconcentration factor (BCF) indicated the capacity of the forest species studied to 

accumulate heavy metals in sites contaminated by mining activity. This suggests that P. 

discolor can be used as a phytoremediation species for sites contaminated by Cd and Pb, O. 

pyramidale for Ni and B. vulgaris for Fe. These results may be useful to recommend similar 

studies with other native species, which is an feasible alternative for the recovery of the 

forest landscape.  
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