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RESUMEN

El rio Tumbes es uno de los principales recursos hidricos para la produccion de agua
potable y el riego de extensas areas agricolas; sin embargo, el vertimiento constante
de aguas residuales sin tratamiento, procedente de diferentes actividades antropicas
puntuales, ha generado un aumento en la concentracion de metales pesados, entre
ellos el plomo ( Pb*?). El objetivo de este estudio fue mejorar el biocarbén, elaborado
a partir de biomasa residual agricola, mediante su biomodificacion con bacterias
tolerantes al plomo ( Pb*?), para la remocion de dicho metal en soluciones acuosas.
La biomasa utilizada es Cascara de cacao, Raquis de banano y Coronta de maiz. Se
aislaron e identificaron bacterias de muestras de aguas residuales en diferentes
intervalos de tiempos. Se prepararon soluciones acuosas a concentraciones de 30
mgPb/l. Se realizaron pruebas de tolerancias y ensayos cinéticos. Para la
caracterizacion de los materiales adsorbentes se emplearon técnicas, métodos y

equipos AAS, SEM, BET, FTIR, asi como analisis proximos, quimicos y morfologicos.

La identificacién y las pruebas de tolerancia demostraron que la bacteria klebsiella
p. toleré concentraciones de hasta 70 mgPb*?2/I. Asimismo, la biomodificacién de los
tres materiales con klebsiella p. evidencié mejoras en la remocién de Plomo ( Pb*?)
destacando el biocarb6on de Coronta de maiz. El Biocarbdon de Coronta de maiz con
una dosis de 0,2 g inicialmente presentd una capacidad de remocidén despreciable
de 11,45 mgPb*?/g, tras la biomodificacion obtuvo valores de remocién significativos
de 24,40 mgPb*2/g. Por su parte los biocarbon de Raquis de banano y Cascara de
cacao biomodificados, mostraron una remocion total al final del experimento de
30mgPb*?/g. La biomodificacion del biocarbon no solo redujo la concentracién de
plomo (Pb*2), sino que permiti6 que el material que inicialmente tuvo una baja
remocion se convierta en un material mas competitivos con otros materiales
adsorbentes

Palabras Clave: Biocarbodn, bacterias, klebsiella, cinética, adsorcion, metales
pesados.
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ABSTRACT

The Tumbes River is one of the main water resources for drinking water production and
irrigation of extensive agricultural areas. However, the constant discharge of untreated
wastewater from various specific human activities has led to an increase in the
concentration of heavy metals, including lead (Pb?*). The objective of this study was to
improve biochar, produced from agricultural waste biomass, by biomodifying it with lead-
tolerant bacteria (Pb?*) to remove this metal from aqueous solutions. The biomass used
consisted of cocoa husks, banana rachis, and corn cobs. Bacteria were isolated and
identified from wastewater samples collected at different time intervals. Aqueous
solutions were prepared at concentrations of 30 mgPb?*/L. Tolerance tests and kinetic
assays were performed. For the characterization of the adsorbent materials, AAS, SEM,
BET, and FTIR techniques, methods, and equipment were used, along with subsequent

chemical and morphological analyses.

Identification and compatibility tests demonstrated that the bacterium Klebsiella p.
tolerated concentrations of up to 70 mgPb?*/L. Furthermore, the biomodification of the
three materials with Klebsiella p. showed improvements in lead (Pb2*) removal, with corn
cob biochar being particularly noteworthy. Corn cob biochar, initially at a dose of 0.2 g,
exhibited a negligible removal capacity of 11.45 mgPb2*/g; after biomodification, it
achieved significant removal values of 24.40 mgPb2*/g. Meanwhile, the bio-modified
banana rachis and cocoa husk biochar showed a total removal of 30 mgPb?*/g at the end
of the experiment. The bio-modification of the biochar not only reduced the lead (Pb?*)
concentration, but also allowed the material, which initially had low removal, to become

more competitive with other adsorbent materials.

Keywords: Biochar, bacteria, klebsiella, kinetics, adsortion, heavy metal
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