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Resumen

El objetivo de la investigacion fue determinar la adsorcion de plomo y hierro en aguas
provenientes del Rio Santa, jurisdiccibn de Recuay, Ancash. Luego se realizé la sintesis de
nanoparticulas de didxido de titanio (TiO2) por medio de ultrasonido, y por Gltimo la adsorcion de
los iones metélicos presentes en estas aguas mediante las nanoparticulas de didxido de titanio.
Los resultados indican que el hierro fue adsorbido en 92.69% (de 31.86mg/L a 2.33mg/L) y el
plomo fue adsorbido en 79.58% (de 2.361mg/L a 0.482mg/L) utilizando 600mg de nanoparticulas
de diéxido de titanio (TiO2) y un tiempo de tratamiento de 60 minutos de tratamiento.
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Abstract

The objective of the investigation was to determine adsorption of lead and iron in waters coming
from the Santa River, Recuay jurisdiction, Ancash. Then the synthesis of titanium dioxide
nanoparticles (TiO2) was carried out by means of ultrasound, and finally the adsorption of the
metal ions present in these waters by means of the titanium dioxide nanoparticles. The results
indicate that the iron was adsorbed by 92.69% (from 31.86 mg/L to 2.33 mg/L) and the lead was
adsorbed by 79.58% (from 2.361 mg/L to 0.482 mg/L) using 600mg of titanium dioxide
nanoparticles (TiO2) and a treatment time of 60 minutes of treatment.
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1. Introduction

Water is a fundamental natural resource for the development of life on the planet, since it
constitutes an indispensable factor for the development of biological processes (ANA, 2016).
Mining is one of the most important sectors for the Peruvian economy. However, as it is a purely
extractive activity, it has negative impacts on man and the environment, mainly affecting bodies
of water, soll, air, flora and fauna.

In Peru, rivers are polluted by solid waste, sewage, mining environmental liabilities (in Spanish,
PAM), industrial and population liabilities; Until 2015, 8,616 PAMs have been identified throughout
Peru; The Santa River basin concentrates 10% of the total with 859 mining environmental
liabilities (Ministry of Energy and Mines, 2015).
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The waters of the Santa River that are located at the height of the mining environmental liability
Ticapampa, are contaminated by heavy metals; After conducting the water analysis, it was
determined that the concentration of heavy metals exceeds the Environmental Quality Standards
for water, the main source of contamination is the discharges of mining waste located in the
Ticapampa - Recuay section (Graza and Quispe, 2015).

The main metallic ion that pollutes the waters of the Santa River, in the section adjacent to the
mining environmental liability Ticapampa is lead (Pb), this metal can accumulate in living
organisms in a way that achieves higher concentrations, being this dangerous for the health by
presenting a high level of toxicity; manganese (Mn) and iron (Fe) exceed the environmental quality
standards for water in the Santa River, the presence of iron in the water causes precipitation and
unwanted coloration, while manganese can cause poisoning in mammals at high concentrations
(Vera and Rosas, 2017).

Nanotechnology is presented as a technological alternative for the treatment of contaminated
water and soils, the use of nanoparticles is applied to eliminate various pollutants from water,
such as potentially toxic elements (Pb2 +, Cd2 +, Ag +, Cu2 + and Ni2 +) and anions (As3 + and
As5 +), achieving efficient adsorption (Brown, 2013; Martinez et al., 2017).

Below is research related to the study: Metallic lead was removed by 80% (from 18 to values
below 0.05 ppm) using a filter of bentonite, kaolinite and dolomite (Guerra and Hiyagon, 2012).
Using TiO2 nanoparticles under the influence of UV light, it removed 97% of arsenic in 20 minutes;
the TiO2 nanoparticles modified with Fe and under the influence of UV light removed more than
98% in the first 20 minutes (Oscco, 2014). The adsorption of 100% of the lead in the effluents
from the tannery activity was achieved using cobalt ferrite nanoparticles (Chuquisengo, 2018).
Titanium dioxide (TiO2) nanoparticles have improved and even different properties than those of
macro size; such as the hardness, elasticity, conductivity, thermal, magnetic and electrical
improve when being in nanometric scale; They have alarge specific surface area and high surface
activity, making them excellent antibacterial agents, sensors, and catalysts. Titanium dioxide
nanoparticles have specific properties, which make their use possible in many fields of science
and technology; being a stable and non-toxic oxide. Titanium dioxide nanopatrticles are also used
in photocatalysis, electrochemistry, optics, microelectronics, in the production of colorants,
ceramics, cosmetics, gas sensors, inorganic membranes, catalysis cleaning processes, among
others (Mosquera et al., 2015).

The present investigation applied nanoparticles of titanium dioxide (TiO2) to achieve the
adsorption of metallic ions; with the purpose of decontaminating the waters of the Santa River
and thus meeting the environmental quality standards for water required by the Ministry of the
Environment.

2. Materials and Methods

The research was applied. The research design was experimental. The population was made up
of the waters of the Santa River, located in parallel to the mining environmental liability
Ticapampa, Recuay province, Ancash region, see figure 1.
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Figure 1. Location of the study area, Ticapampa, Recuay province, Ancash.
Source: Google Earth, 2019.

The sample is 15 liters of water contaminated with heavy metals.

The stages of the investigation were:
e Stage 1. Analysis of the initial sample

The first sampling was carried out adjacent to the Recuay municipal stadium in the waters of the
Santa River, for subsequent individual analysis. 5 samples were taken; 2 samples for the analysis
of Total Metals, 1 sample for the analysis of Oils and Fats, 1 sample for the analysis of BOD and
1 sample for the analysis of Total Suspended Solids. The second sampling point was adjacent to
the Ticapampa mining environmental liability, 3 samples of water from the Santa River were taken
for the analysis of total metals.

e Stage 2. Synthesis of TiO2 nanoparticles

69 of TiIO2 (99% purity) were dissolved in 80ml of ethanol (99.9% purity). Using ultrasound was
applied 5 minutes of the DEGAS process in the solution at a temperature of 50 °C. Sonication
was applied at times of 60, 90, 120, 150 and 180 minutes at an ultrasonic frequency of 40KHz to
reduce the size of the particles. Subsequently, centrifugation was carried out with 30 mL of
distilled water at 5000rpm for 10 minutes. Two phases were obtained, the solid phase was dried
at 100 °C for 30 minutes. Then it was calcined at 500 °C for 60 minutes obtaining the nanopatrticles
of titanium dioxide (TiO2).

After carrying out the synthesis of nanoparticles applying different ultrasound times, an average
nanoparticle size of 1500, 1100 and 500nm was obtained in 60, 120 and 180 minutes of
ultrasound respectively.
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e Stage 3. Application of treatment with titanium dioxide nanoparticles.
e Stage 4. Analysis of the final water sample from the Santa River after treatment

3. Results and discussions

Results of the analysis of the water samples before and after applying the treatment with titanium
dioxide nanoparticles

Table 1. Lead adsorption efficiency (Pb)

Initial Final . Adsorption
Analyzed . : Nanoparticles Treatment
metal concentration concentration weight (mg) time (min) percentage
(mg/L) (mgl/L) (%)
0.726 200 20 69.25
Lead (Pb) 2.361 0.666 200 40 71.79
0.581 200 60 75.39
0.687 400 20 70.90
Lead (Pb) 2.361 0.596 400 40 74.75
0.592 400 60 74.93
0.552 600 20 76.62
Lead (Pb) 2.361 0.527 600 40 77.68
0.482 600 60 79.58

Using 200mg of TiO2 nanopatrticles, an efficiency of 69.25%, 71.79% and 75.39% was achieved
in the adsorption of lead in 20, 40 and 60 minutes of treatment respectively.

Using 400mg of TiO2 nanoparticles, an efficiency of 70.90%, 74.75% and 74.93% was achieved
in the adsorption of lead in 20, 40 and 60 minutes of treatment respectively.

Using 600mg of TiO2 nanoparticles, an efficiency of 76.62%, 77.68% and 79.58% was achieved
in lead adsorption in 20, 40 and 60 minutes of treatment respectively.

Table 2. Iron (Fe) adsorption efficiency

Initial Final . Adsorption
Analyzed concentration concentration Nan_opar'ucles Treatment percentage
metal (mg/L) (mg/L) weight (mg) time (min) (%)

4.43 200 20 86.09
Iron (Fe) 31.86 4.09 200 40 87.16
3.99 200 60 87.48
3.89 400 20 87.79
Iron (Fe) 31.86 3.64 400 40 88.58
3.54 400 60 88.89
3.25 600 20 89.80
Iron (Fe) 31.86 2.57 600 40 91.93
2.33 600 60 92.69

Using 200mg of TiO2 nanopatrticles, an efficiency of 86.09%, 87.16% and 87.48% was achieved
in the adsorption of iron in 20, 40 and 60 minutes of treatment respectively.

Using 400mg of TiO2 nanoparticles, an efficiency of 87.79%, 88.58% and 88.89% in iron
adsorption was achieved in 20, 40 and 60 minutes of treatment respectively.
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Using 600mg of TiO2 nanoparticles, an efficiency of 89.80%, 91.93% and 92.69% was achieved
in iron adsorption in 20, 40 and 60 minutes of treatment respectively.

4. Conclusions

e Lead and iron were adsorbed in waters coming from the Santa River by applying titanium
dioxide nanoparticles. It was established that the necessary concentration of titanium dioxide
nanoparticles for the adsorption of lead and iron in waters coming from the Santa River was
200mg, 400mg and 600mg; the latter being the one that obtained the best adsorption results.
It was determined that the treatment time for the adsorption of lead and iron in waters coming
from the Santa River was 20, 40 and 60 minutes; the latter being the one that obtained the
best adsorption results. Up to 1,879mg/L lead was adsorbed, which is equivalent to a
maximum adsorption efficiency of 79.58%. It was possible to adsorb up to 29.53mg/L of iron,
which is equivalent to a maximum adsorption efficiency of 92.69%
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