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ABSTRACT 
Milluni Valley is located at the beginning of the Katari basin, Bolivia, where mining caused heavy metal 
pollution in soil and water bodies, including Milluni reservoir, which is partially destined for human 
consumption throughout two important cities. Moreover, this basin drains towards Titicaca Lake, 
polluting the highest lake in the world. Therefore, this research assesses the use of Fuertesimalva 
Echinata and Lupinus Ballianus, plateau native species, for the phytoremediation technique of the soil. 
Plants were kept in greenhouse conditions and planted in pots with different proportions of polluted soil 
from Milluni Valley and potting soil. We measured pH and conductivity, as parameters to assess the soil 
status, and microscopical observation of the leaves at the end of the study period. Results showed a 
maximum increment of 53,2% in pH and a maximum reduction of 61,14% in conductivity over time. 
Fuertesimalva Echinata demonstrated more resistance against toxicologic effects than Lupinus 
Ballianus.  
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1 INTRODUCTION 
Controlless intense mining activities were carried out along the Milluni Valley, Bolivia, causing unattended 
environmental passives due to the acid mine drainages (Salvarredy et al., 2008). Hence, Milluni Grande and 
Milluni Chico lagoons, which are partially destined for human consumption throughout La Paz and El Alto cities, 
were polluted with high concentrations of heavy metals (Campanini, 2019). These lagoons are significant 
sources of pollution in the Katari basin, which finally drains into Titicaca Lake, an important Bolivian plateau 
water resource. The exchange of heavy metals cations in the interface between the water and soil led to the 
impoverishment of the soil quality (Cunningham, 1997). Phytoremediation is a mitigation measure that could be 
applied in this context, because it bases on the partial or total remotion of contaminants from a medium, reducing 
its concentration and toxic effects (Pivetz, 2001). The aim of the study was to assess the employment of 
Fuertesimalva Echinata (FE) and Lupinus Ballianus (LB) as plateau native species in the soil phytoremediation 
technique for the Milluni Grande area.     
 
2 MATERIALS AND METHODS 
Simple samples were taken from the Milluni Grande area on October 25th of 2018, along the edge of the lagoon, 
where the soil has an orange characteristic color. We followed a zig-zag sequence in order to obtain a composed 
sample, which then was mixed with potting soil and distributed in six pots, according to the proportions: M1 
(0,00%), M2 (58,33%), M3 (67,74%) and L1 (0,00%), L2 (28,57%), L3 (60,00%); where M1, M2, and M3 
correspond to FE, and L1, L2, L3 to LB. We kept them in greenhouse conditions during the study period, from 
October 27th to November 27th of 2018, in order to maintain the soil temperatures in the range of 21ºC to 26ºC.  
 
Control tests were carried out once a week, in which we measured the parameters of pH, temperature and 
conductivity from the soil of each pot. We considered pH as an indicator of the acid conditions of the soil, and 
conductivity to assess the presence of ions in the soil. We took samples of 75 g of soil, which were mixed with 
150 ml of distilled water. A multimeter HANNA HI 9828 was used to take the data of pH and conductivity from 
the mix, and a Mercury Thermometer for the temperature. At the end of the study period, we extracted some 
leaves from FE (M2 and M3) to observe with the microscope the presence or absence of chloroplasts using 
methylene blue. Finally, percentage differences were used to analyse the evolution of soil status over time and 
Analysis of Variance was applied to study three sources of variability: the species of plants with six different 
concentrations, the time and random error, with an alpha value of 5%.  
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3 RESULTS 
Analysis of Variance and percentages differences were performed for pH and conductivity. We detected 
statistical differences among the treatments and a pH increment and a conductivity reduction over time. Results 
are shown on Table 1. During the microscopic observation of the leaves’ chloroplasts of each FE, we did not 
observe any sign of chlorosis effect. On the other hand, LB showed a periodic decay until the end of the study 
period, thus, the microscopic observation was not performed for this species. 
 

Table1. Weekly data and percentage differences between W1 and W3. 

 
 

4 DISCUSSION 
Results suggest that the absorption of metallic ions from the soil by the plant’s roots may have occurred. We 
cannot ensure the process of translocation of these ions within the plant’s system, since we did not perform an 
analysis of the stems. The absence of chlorosis in the FE leaves can be attributed to either one of two 
phenomena: 1) During the study period, the translocation of metals towards the upper parts of the plant did not 
occur. 2) The FE species is resistant to the accumulation of heavy metals. Although FE species demonstrated 
a slower remediation of the contaminated soil, it did not show any visual toxicologic effect. On the other hand, 
even though LB showed the greatest improvement of the soil status, its periodic decay of LB may be assumed 
as a toxicologic effect of the heavy metal ions on the plant, which turns the use of LB unsustainable over time. 
 
5 CONCLUSIONS 

● FE may be considered as a phytoremediator plant due to the absence of toxicologic effects during the 
study period. 

● LB employment can be discarded for this remediation technique since its periodic decay could be 
understood as a toxicologic effect of the heavy metals on its system. 

● The performance of this study in the environmental conditions of Milluni Valley would be necessary for 
a better assessment of the phytoremediation effectiveness. 
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