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The article discusses the possibility of integrating multiple methods of 
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biosorption of heavy metals, obtaining of microbial nanoparticles, technology of 
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The definition “microbial biotechnology” assumes use of microbial cultures for 

the production of the final product or their use at different stages of the industrial 

process. 

Modern biotechnology is used in the manufacture of pharmaceuticals, food, fuel, 

materials, but more often it is about complex organic compounds and raw materials 

of plant or animal origin.  

The aim of this article is estimation of possible integration of some methods and 

approaches of microorganisms application for treatment of inorganic minerals and 

raw materials, as well as environmental technologies. 

The problem of energy supply is especially actual today. The microbial fuel cells 

technology becomes widespread in use. This is a progressive and perspective way of 

generating electricity, the essence of which lies in the fact that microorganisms are 

used as catalysts for the oxidation of organic and inorganic substances to produce an 

electrical current. 



Separately should be mentioned the achievements of microbial biotechnology in 

the biodegradation of oil spills arising from accidents at mining installations or 

during transportation of liquid hydrocarbons. Today such problems are tasks of 

ecology that still not fully solved. Many authors have referred to the successful use of 

microorganisms [1–4]. 

Biodegradation of petroleum products whenever requires individual solutions 

related to the nature of pollution and the environment. Respectively, different 

approaches can be used to solving problems related to oil spills: adding to the soil or 

water cultures of microorganism [1, 2] or adding minerals simultaneously with 

cultures of microorganisms: nitrogen, phosphorus, potassium [3] and others; 

application of microbial fuel cell technology to the oil pollution or the use of special 

biosorbent agents [4]. 

The use of microorganisms biomass to solve serious environmental problems 

such as oil spills partly results in damaging of ecosystem as introduction of 

significant amounts of organisms biomass not typical for the treated area.  

Microorganisms and biosorbents used for the biodegradation of oil and 

petroleum products can also be used for cleaning or pretreatment of certain materials 

during their production. 

However, it is known, that the use of considerable amounts of microbial biomass 

or biomass of algae and fungi capable to affect the ecological balance.  

On the other hand, the unwanted growth of bacteria in the fuel, oil and lubricants 

(Fig. 1) can lead to machine and mechanisms failure. In some cases, to solve this 

problem different biocides are used. In comparison with biocides biological methods 

for the regulation of ecosystem recovery are more safe. 

Biosorption of heavy metals and other harmful industrial waste using 

biomass of bacteria, fungi and algae are widely used and studied by many 

scientific schools [5–8, 15]. For example, it is known that the population of algae 

with a high efficiency capable of binding a wide range of metals of 100 mg of 

metal per 1 g of dry biomass [21]. 

 



 

In particular, biosorption of metal is used in the development of methods of 

extraction and beneficiation of ores and metals for solving problems related to the 

removal and cleaning of wastes containing heavy metals. Biosorption and bioleaching 

are well established as industrial methods for enrichment of ores, purification and 

recycling of industrial wastewater.  

The interaction of microorganisms with metals (Fig. 2) and microbial reduction 

of metals from solutions were considered in [6, 7, 10].  

 
Figure 1 Bacterial growth in kerosene 

Figure 2 Bacterial growth on metal surface 



Accumulation and immobilization of heavy metals by microorganisms or their 

associations and microbial extraction of heavy metals from the wastewater are 

considered by the authors almost as versatile tools for working with many chemical 

elements [13–15].  

Use of bacteria in materials science can be attributed to more exotic fields of 

application. In this area, as a rule, the use of broad-spectrum biocides allows to avoid 

the destruction associated with biological corrosion. Microbiological methods are 

used to improve the properties of building materials [16, 17] and in other fields of 

material science.  

Immobilization of microorganisms and their metal salts in the form of 

nanoparticles is also of great researchers interest today [9, 10]. It is known, that 

aerobic bacteria of the genus Bacillus widely used in medicine and agriculture are 

capable of reducing Ag + ions to Ag0 and accumulate metal nanoparticles of 5-15 nm 

size [22]. Lactic acid bacteria of the genus Lactobacillus promote the formation of 

nanoparticles of titanium, gold and silver from the precursor ions [23, 24]. 

Nowadays cultures of microorganisms are used to manufacture the materials 

and their components, while data on successes embedded in production are less 

common than the works devoted to biosorption and biodegradation of hazardous 

industrial waste. For example, attempts to treat the surface of materials by culturing 

bacteria directly on the surface had only limited success [11, 12]. Immobilization of 

the desired substances may, however, be accompanied by unwanted mineralization of 

other compounds in exceeding desired volume. 

Each type of bioprocess we have mentioned, may have its work cycle duration 

different from others. For example, the process of biosorption of heavy metals or 

nanoprecipitates formation can only take a few minutes [5, 9, 10]. Biodegradation of 

oil can last for days and weeks. Microbial fuel cells need to be more long-lasting and 

research in this area [4, 18–20] usually require tens or even hundreds of days of 

exposure. Such differences require different technological approaches for 

bioprocesses implementation, the different inoculation modes, reagent and nutrients 

supply.  



If we consider several types of parallel bioprocesses, sometimes they can be 

complementary. 

Some wastes and by-products – the biomass of microorganisms and 

biosorbents also require utilization. An example is the yeast biomass which is a 

byproduct of alcohol production. It is possible to use yeast biomass for biosorption of 

heavy metals from solutions or as part of the biosorbent. Disposal of microbial 

biomass simultaneously – the organization of constant replacement of biosorbent 

with fresh. Thus, the efficiency of uranium sorption biomass by dead yeast 

Saccharomyces cerevisiae cells is 0,58 mmol/g and zinc – 0,56 mmol/g. It was found, 

that 60 % of the uranium adsorbed in the first 15 minutes of microorganisms contact 

with a solution of metal [25]. 

Issues of control and regulation of microorganism species diversity and 

biomass at work in the open soil can be resolved not only by the use of biocides, but 

also the introduction of microbial cultures. 

Outlined above data about the features of the integration of different methods 

of microbial biotechnology certainly have concise character. The authors only have 

attempted to analyze accumulated over the past decades extensive factual material in 

order to select and group the most promising methods of applied microbiology with a 

view to their possible technological integration. 

 

CONCLUSIONS 

Summarizing the data about the features of the integration of several methods 

of microbial biotechnology, we can conclude about the prospect of engineering and 

applied research in this field. These works are already carried out at the department of 

biotechnology of the National Aviation University. Positive results have been 

obtained on the isolation of bacteria-destructors of fuel, formation of microbial 

nanoparticles of heavy metals, utilization of yeast biomass – waste of the some food 

industries. 

Integration of several methods within a single production can help to improve 

the concept of sewage treatment of industrial enterprises with increasing of their 



environmental safety. Also, the combined use of techniques such as biosorption and 

biodegradation, microbial fuel cells, bioleaching can generate a more universal 

solutions to contemporary environmental problems.  
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АНАЛІЗ ДЕЯКИХ АСПЕКТІВ ЗАСТОСУВАННЯ МІКРООРГАНІЗМІВ ДЛЯ 

ОБРОБКИ НЕОРГАНІЧНИХ РЕЧОВИН І МІНЕРАЛІВ 

 

В. Г. ЛАЗАРЄВ, А. В. ДРАЖНІКОВА, В. І. КАРПЕНКО 

Національний авіаційний університет, м. Київ 

 

У статті обговорюється можливість інтеграції декількох методів 

біотехнології, а саме: ліквідація нафтових забруднень за допомогою 

біодеструкторів, біосорбція важких металів, отримання мікробних 



наночастинок, технологія мікробних паливних елементів та ін. Визначено 

умови та особливості їх можливого сумісного використання. 

Ключові слова: біосорбція, паливний елемент, важкі метали, 

наночастинки, утилізація, інтеграція методів. 

 

АНАЛИЗ НЕКОТОРЫХ АСПЕКТОВ ПРИМЕНЕНИЯ 

МИКРООРГАНИЗМОВ ДЛЯ ПЕРЕРАБОТКИ НЕОРГАНИЧЕСКИХ 

ВЕЩЕСТВ И МИНЕРАЛОВ 

 

В. Г. ЛАЗАРЕВ, А. В. ДРАЖНИКОВА, В. И. КАРПЕНКО 
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В статье обсуждается возможность интеграции нескольких методов 

биотехнологии, а именно: ликвидация нефтяных загрязнений при помощи 

биодеструкторов, биосорбция тяжелых металлов, получение микробных 

наночастиц, технология микробных топливных элементов и др. Определены 

условия и особенности их возможного совместного использования. 

Ключевые слова: биосорбция, топливный элемент, тяжелые металлы, 

наночастицы, утилизация, интеграция методов. 

 

 


