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Can Microbially Induced Calcite Precipitation (MICP)
through a Ureolytic Pathway Be Successfully Applied
for Removing Heavy Metals from Wastewaters?
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Abstract: Microbially induced calcite precipitation (MICP) through a ureolytic pathway is a
process that promotes calcite precipitation as a result of the urease enzymatic activity of several
microorganisms. It has been studied for different technological applications, such as soil
bio-consolidation, bio-cementation, CO2 sequestration, among others. Recently, this process
has been proposed as a possible process for removing heavy metals from contaminated soils.
However, no research has been reported dealing with the MICP process for heavy metal removal
from wastewater/waters. This (re)view proposes to consider to such possibility. The main
characteristics of MICP are presented and discussed. The precipitation of heavy metals contained in
wastewaters/waters via MICP is exanimated based on process characteristics. Moreover, challenges
for its successful implementation are discussed, such as the heavy metal tolerance of inoculum,
ammonium release as product of urea hydrolysis, and so on. A semi-continuous operation in two
steps (cell growth and bio-precipitation) is proposed. Finally, the wastewater from some typical
industries releasing heavy metals are examined, discussing the technical barriers and feasibility.
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1. Heavy Metals and Environmental Problems

The contamination of watercourses by heavy metals is a serious environmental problem that has
increased because of rapid industrial development. Indeed, several economic activities, such as metal
plating, galvanization, the extraction and processing of minerals, tanning, battery production, paper
manufacture, and pesticide synthesis, generate wastewaters that can contain pollutants [1]. Many
of these metals are micronutrients, that is, they are essential for cell growth [2]. However, at high
concentrations, they may turn toxic or carcinogenic, causing serious health problems. Moreover, when
entering the food chain, these can accumulate in the human body [3]. In this sense, special attention has
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been paid to the most hazardous pollutants, such as zinc, copper, nickel, mercury, cadmium, lead, and
chromium [4]. Their adverse effect on natural and human environments demands the development
of efficient and cost-effective technologies in order to ensure the removal of these heavy metals from
the environment.

2. Conventional Treatment of Wastewaters Containing Heavy Metals

Nowadays, several processes such as flotation, chemical precipitation, adsorption, ion exchange,
membrane filtration, coagulation, and electrochemical deposition are available to treat metal-containing
water [1,3]. Although these processes can remove metals efficiently (metal removal exceeding 90%) [1],
their main constraints are associated with high energy requirements, the use of chemicals, and the
production of toxic metal sludge. All of these characteristics contribute to increase overall costs [5,6].
In recent years, biological processes have been proposed and developed for metal removal from waters
and wastewaters, for example bio-sorption, bio-accumulation, phytoremediation, bio-coagulation,
bio-leaching, and application of sulfate-reducing bacteria (SRB) [6,7]. These biological processes have
relevant advantages when compared with their conventional counterparts, such as reduced energy and
material consumption, possibilities for metal recycling or recovery, and lower sludge production [8].
These characteristics transform them into potentially more eco-friendly alternatives. However, there are
disadvantages mainly related to the final waste disposal, which is often a metal-containing biomass [9].
Moreover, the bacterial immobilization of metals may not constitute a long-term solution, when it is
the result of changes in the redox state, as conditions in the environment may re-mobilize them [10].

3. Microbially Induced Calcite Precipitation (MICP) Process

3.1. Precipitation by Ureolytic MICP Process

MICP is a biological process in which calcite (CaCO3) formation is achieved as a result of the
active metabolism of bacteria, which generates a favorable micro-environment for precipitation [11,12].
In calcite formation in the MICP through ureolytic pathway, bacteria catalyze urea hydrolysis into
carbonate and ammonium. The latter produces an alkalization of the micro-environment, favoring the
binding of calcium and carbonate, and furthermore, calcite precipitation [13,14]. Moreover, bacteria
also provide nucleation sites in which the calcite precipitation takes place. Four steps can be identified
for biological calcite precipitation, as illustrated in Figure 1.

(a) Urea hydrolysis: The urease enzyme hydrolyzes urea into carbamic acid and ammonia
(Equation (1)). Furthermore, a spontaneous chemical equilibrium takes place and carbamic
acid is converted into carbonic acid and ammonia (Equation (2)) [10,15].

CO(NH2)2 + H2O Urease→ NH2COOH + NH3 (1)

NH2COOH + H2O
Spontaneous→ H2CO3 + NH3 (2)

(b) Chemical equilibrium: Ammonia from the urea hydrolysis turns into ammonium, releasing
hydroxide ions and increasing the micro-environmental pH, which generates favorable conditions
for further precipitation [11] (Equation (3)). Hydroxide ions induce carbonate formation from
carbonic acid (Equations (4) and (5)).

2NH3 + 2H2O↔ 2NH+
4 + 2OH− (3)

H2CO3 ↔ HCO−3 + H+ (4)

HCO−3 + H+ + 2OH− ↔ CO2−
3 + 2H2O (5)
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