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Development of technology for biological treatment of oily wastewater
with a consortium of microorganisms, microalgae and aquatic plants

The article describes the diversity of oil products that are the main sources of wastewater pollution. The dis-
solved or liquefied oil forms a floating layer on the water surface. The large emissions of different crude oil
sources and household waste into the environment cause great damage to wildlife. It is evident that many types
of oil sources are carcinogens. The article provides information on emissions of toxic compounds of industrial
enterprises into the atmosphere and their adverse effects, including on human health because toxic compounds
can cause many diseases. The methods of biotechnological treatment by mechanical, physicochemical and bi-
ological purification of water sources contaminated with oil waste are discussed. In particular, the importance
of biological purification, petroleum technology, and microbiological purification and nanotechnological meth-
ods of water purification has been widely examined. The article contains information on water purification
method using microalgae, biological filters, and wastewater treatment through aerotanks. Methods to purify
phenolic compounds from wastewater such as adsorption, ion exchange, liquid-liquid extraction, chemical ox-
idation, electrochemical methods, solvent extraction, precipitation and biodegradation are considered. The role
of some economically efficient and promising methods of bioremediation to eliminate and neutralize petroleum
hydrocarbons and some pollutants in removing phenolic compounds is analysed.

Keywords: biological purification, microorganisms, microalgae, pollution, environment, biotechnology, phe-
nol.

Introduction

Oil products are the most polluting substances in wastewater. It is very important to determine the content
of pollutants in water sources. According to UNESCO data, unknown groups of hydrocarbons in oil, heating
oil, kerosene, lube oils and their mixtures are among the top ten most dangerous pollutants in the world. Oil
products can emulsify in solutions, dissolve and form a floating layer on the surface of water [1].

In the world the different technologies for widespread production, transportation and use of crude oil
waste as clean energy source. Each stage of oil processing leads to oil spilling resulting in environment pollu-
tion. The introduction of crude oil, industrial pollutants and household waste into the ecosystem have a nega-
tive impact on the health of people, plants and animals, as most pollutants are carcinogenic. This is more than
0.005 billion deaths annually. Environmentally friendly and inexpensive treatment methods are needed to re-
duce, decompose or eliminate toxic contamination crude oil and industrial waste that affect the environment
from wastewater [2].

Mainly contaminants enter the ecosystem through industrial wastewater and include pesticides, metabo-
lites, pharmaceuticals, personal care products (PPCP), environmentally hazardous food additives and industrial
waste such as nanometals. The resulting pollutants are usually not controlled, but may adversely affect the
recipient's ecosystem [2].

Methods of collection and treatment of waste water from chemical impurities are systematically intro-
duced at oil transport enterprises. Wastewater of oil transportation companies contains oil products, which can
be used in the national economy after separation from water. However, water sources are contaminated with
toxic compounds, including heavy metals [3].

Due to various industrial and household wastes, some heavy metals, such as cadmium (Cd) and lead (Pb),
enter the water and contaminate the entire water system. Biomagnification in aquatic flora and fauna products
is even more toxic due to the excessive flow of heavy metals into water sources in the form of non-ferrous
plastics and electronic waste. These toxins cause many disorders in the human organism, for example, chro-
mium 1V is carcinogenic and very toxic in nature, and it causes many diseases, such as lung sensitization, nasal
sinus cancer and skin ulcers [3].
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Renal failure is caused by cadmium poisoning, as well as nervous disorders and mental retardation are
associated with lead poisoning. The public is concerned about the negative impact on human health, which is
directly related to the use of biota (seafood) contaminated with high concentrations of heavy metals [3].

Various acid-base reactions are important in water because their ions affect the chemical composition and
pH. Hydrogen ions are sufficient in an acidic medium, most of which consists of negatively charged ions, so
there is little space left to bind heavy metals. Therefore, most heavy metals are soluble. The soluble forms of
heavy metals are harmful because they are available to aquatic organisms and easy to transport. High levels of
Biological Oxygen Demand (BOD) and Chemicals Oxygen Demand (COD) were caused by contamination of
industrial facilities in northern Kashipur. The level of heavy metals Cr > Cd > Pb is recorded in river water
samples. This is due to the fact that such pollution can be caused by the incineration of a large amount of
industrial waste, agricultural waste, plastics and electronic waste. When examining river water samples it was
found that water contains high concentrations of cadmium along with other toxic metals. Heavy metals are
found in the kidneys of Channa punctatus fish. Fish kidneys are a good indicator of pollution as an object of
study. During the cleaning phase the level of metal in the kidneys is high or may increase for some time,
depending on the excretory function of the kidneys. This study showed high levels of Cd, Pb and Cr in seafood.
Lead poisoning can cause many diseases in children and adults, depending on the dose. It causes many prob-
lems, such as seizures, coma, kidney failure and high mortality rates, which do not significantly affect metab-
olism. Adults are more exposed to lead than children. The health effects of cadmium are exacerbated by human
failure to release cadmium. High doses can cause severe irritation due to effects on the respiratory system. In
addition, cadmium leads to chronic lung disease and testicular inflammation. One of the most toxic compounds
in water sources is cadmium, because it is released into the environment due to high fuel consumption [3].

In addition, pollution of the environment of the Kazakhstan part of the Caspian Sea by heavy metals poses
a threat not only to millions of inhabitants, but also to the flora and fauna of the Caspian Sea. Pb and Cd in soil
samples in Atyrau and Mangistau regions were within the normal limits, but samples from Aktau region ex-
ceeded the MAC (Maximum Permissible Concentration) for lead gleaned from these studies [4].

Biotechnological methods are very efficient and not hazardous in cleaning the environment and water
sources from oil spills. The main biotechnological methods of oil waste control are bio sorption, microbiolog-
ical and natural self-purification. Currently a large number of bio sorbents are produced, which differ in the
variety of cultures and vectors of microorganism cultures immobilized on them. Various organic and mineral
sorbents are used as carriers of microorganisms, such as activated carbon, zeolite minerals, etc. [5].

There are usually various types of mechanical, physicochemical and biological purification. Mechanical
purification devices include sand traps, oil interceptors, sumps, flotation and filtration devices, etc. In these
installations large dispersed impurities are removed. Physicochemical purification refers to flotation devices
using chemical reagents and coagulants for colloidal impurities. Biological purification facilities include aer-
ation tanks, bio filters, biological ponds and many others [2].

Biological method is universal for organic wastewater treatment. Microorganisms use various substances
contained in wastewater as a source of nutrients in the metabolic process. The task of biological purification
is the transformation of organic pollutants into harmless oxidation products H,O, CO,, NOs, etc. The process
of biochemical destruction of organic pollutants in waste treatment facilities is carried out under the influence
of many simple microorganisms and bacteria. For the proper use of microorganisms in biological purification
it is necessary to know the physiology of microorganisms, processes of nutrition, respiration, growth and re-
production [2].

Recovery and purification methods have proved their efficiency in decomposing certain contaminants.
Although many microorganisms can decompose various pollutants, industrial wastewater purification schemes
typically involve aerobic biological processes that have proved ineffectiveness due to poor biological degra-
dation when used in combination with some pollutants. The current global challenge is to develop the most
appropriate methods of waste control and disposal without compromising the environment. One way to remove
oil waste from water sources is to use nanoparticles to reduce the amount of toxic compounds [2].

Nanotechnological methods used in water purification include coagulation and precipitation, adsorption,
membrane filtration, photocatalysis and biological degradation (biodegradation of cenobiotics by microorgan-
isms) and the processing of persistent pollutants. The risks of some pollutants to the environment and health
have not yet been studied, so research is underway to find an effective way to combat health risks. The only
option is to remove pollutants by physical, chemical and biological methods or toxic compounds from the
environment [2].
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The potential of nanoparticles from bulk solids has revolutionized recovery technology. Nanotechnolo-
gies are characterized by the use of small industrial particles in nanoscale (< 100 nm) in the structure of nano-
particles. Nanoparticles are widely used to restore contaminated soil and contaminated water. They can appear
naturally or in the form of special materials and random byproducts in production processes [2].

Biosynthetic nanoparticles are used as effective sorbents for contaminants. Environmental additives in-
clude indoor and outdoor air purification, water and wastewater treatment, soil and groundwater treatment.
Land, air and water treatment with nanomaterials provide efficient and inexpensive methods of cleaning the
environment due to the rapid reaction of nanoparticles and their treatment. Thermally activated persulfate can
effectively break down tricsolan (TCS) in the soil. TCS is used to determine the amount of toxic compounds
and microbial activity in the soil. For example, nitrogen cycling in soil is disturbed by exposure to a TCS
concentration of 10 mg/kg. Nanoparticles in soil repair often use nanometer length scale zero-valent iron in
decomposition of halogenated organic compounds. Nanoscale calcium peroxide is used to remove organic
matter from the soil, while crude oil, including gasoline and nanoscale metal oxides, is also useful for absorbing
metals from the environment [2].

Each living organism differs from the non-living organism by the presence of metabolism, which includes
the absorption of nutrients and excretions. The main metabolic processes are nutrition and breathing. Biochem-
ical treatment of industrial wastewater containing oil products is carried out in air filters (biofilters), aerotanks
and biological ponds [6].

Green chemistry is an entirely new branch of environmental chemistry that is designed to help researchers
find green alternatives to existing chemicals through solvents, energy use, toxicity, etc. Paul T. Anastas and
John K. Warner developed this method, and then 12 principles of green chemistry were created. Water sources
contaminated with some heavy metals (for example, chromium) can be purified by microalgae and aquatic
plants [6-8].

Purification of water with microalgae is a method based on biocatalysis. Many studies have shown that
urban wastewater, as well as industrial wastewater and agricultural wastewater, can be treated with microalgae
because microalgae reduce COD and BOD, Kkill E. coli bacteria, and use phosphorus and nitrogen as energy
sources. In addition, the unique methodology of the study includes environmental assessment. Evaluation is a
systematic study of the method in accordance with 12 principles of green chemistry, and an assessment of
stability shows compliance with these principles. It is recommended to clean water and soil from oil residues
by microbiological methods. It is distinguished by the genetic stability of microorganisms, storage viability,
and the ability to quickly remove many toxic compounds [6, 9].

Biofilters are tanks made of reinforced concrete or brick, the bottom of which is filled with filtering
materials and irrigated with waste water. Slag, gravel, plastic etc. used to load biofilters. Treatment of
wastewater in biofilters is carried out under the influence of microorganisms that fill the water surface and
form a biological film. Microorganisms separate organic substances from water upon contact of wastewater
with this film [1].

Treatment of wastewater through aerotanks is carried out under the influence of clusters of microorgan-
isms (active sludge). Aerotanks are reinforced concrete tanks 30—100 m or more in length, 3-10 m wide and
3-5 m deep. Air and nutrients are delivered to aerotanks for normal life. Advantages of biological treatment
for removal of various organic compounds from waste water, including toxic ones, are simplicity of equipment
design and relatively low cost of operation. The disadvantages of using aerotanks include high capital costs,
strict compliance with the treatment process, the toxic effect of some organic compounds on microorganisms,
and the need to dilute wastewater in the presence of high concentrations of impurities. In the production of oil
products some reagents cause corrosion damage; solutions of alkali, phenolic acid, ketones, furfurol, sulfur are
used in the processing of crude oil. However, these oil wastes also contain a small amount of phenolic com-
pounds. Phenol content in oil reaches 0.1 %. Water sources are often contaminated with phenolic compounds
during the extraction of important compounds from oil products. Therefore it is important for water sources to
be purified from phenolic compounds [1].

The main pollutant in the world is phenol, which is absorbed differently into aquatic and terrestrial eco-
systems. Due to its high toxicity at low concentrations and water-soluble properties, it easily accumulates in
the food chain and has adverse effects on flora, fauna and humans. Phenol and its derivatives are often found
in wastewater of some industries such as coal tar, pharmaceuticals, pesticides, fertilizers, antiseptic lotions,
leather plants, paper and cellulose. Phenol can be harmful when inhaled, touched or swallowed; for example,
it causes severe eye irritation, respiratory diseases, and muscle spasms in animals. After a long period high
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levels of phenol can cause serious damage to the heart, kidneys, liver and lungs. Treatment of wastewater and
water uses different disposal methods (biological, chemical and physical) due to negative effects of phenol [7].

Methods such as adsorption, ion exchange, liquid extraction, chemical oxidation, electrochemical meth-
ods, solvent extraction, precipitation and biodegradation are used to remove phenol from aqueous solutions.
In recent years biological processes (bio sorption and bio degradation) have attracted a lot of attention as an
inexpensive but effective, flexible and environmentally friendly alternative. In particular, the biodegradation
method is usually used in the treatment of organic pollutants, since it allows the decomposition of compounds
into inorganic mineral components. A large number of natural microorganisms, including bacteria, fungi and
algae, are capable of bio sorption and decomposing phenol. There are many studies on the degradation of
phenol by bacteria and fungi [7].

Many strains of bacteria decomposing phenol have been genetically identified and isolated. The Pseudo-
monas and Bacillus families of bacteria are widely used in the study of phenol biodegradation. Bayramoglu
and colleagues showed that F. trogii (fungi species) are able to degrade and bio sorb phenol and 2-chlorophe-
nol. Stoilova and others noted that a strain of Aspergillus awamori NRRL 3112 fungi could decompose large
amounts of phenol. Several additional studies have been conducted on the degradation of phenolic compounds
by algae, which have proved that algae also decomposes phenols. Kelknar and Kosarnik tested that Chlorella
sp., Scenedesmus obliquus and Spirulina maxima can cleave phenol as a carbon source in a carbon-free envi-
ronment. Sargassum muticum (brown algae) was used to effectively purify phenol, 2-chlorophenol and 4-chlo-
rophenol [7].

This study aims to investigate the effectiveness of phenol removal by viable Scenedesmus regularis. After
incubation of phenol with S. regularis, High Pressure Liquid Chromatography (HPLC) determined the residual
phenol concentration with a retention time 4.0 minutes. Calibration curve is obtained from basic standard so-
lutions of phenol (5, 10, 25, 50 and 100 ppm). The ratio of linear to reproductive correlations exceeded 99 %.
The dependence was linear and exceeded 99 % of the correlation coefficients, which indicates the purity of the
analytical results. The calculated limits of detection (LOD) and quantification (LOQ) values were 91.3 and
30.1 ppb. For the accuracy of sample analysis the measurement of the known phenolic standard concentration
(30 ppm) is accompanied by standard measurements. Standard deviation and relative standard deviation of the
phenol sample were 30.19 ppm, 0.55 ppm and 1.83 %. After the biodegradation process the phenol peak is
completely lost or its intensity decreased. This result showed that Scenedesmus regularis completely removes
all phenols. It is known that purification of contaminants by biological materials can occur through three pro-
cesses: biodegradation, biosorption and bioaccumulation. When the main absorption peak of the molecule
disappears or a new peak appears, the removal process usually occurs due to biodegradation [7].

Bioremediation is a process of decomposition of organic substances based on the natural ability of soil
microorganisms to eliminate environmental pollutants. Bioremediation is a cost-effective and promising bio-
technological approach that eliminates or neutralizes various pollutants, including petroleum hydrocarbons,
and raises concerns about natural biological activity. It has advantages over methods of detoxification or de-
composition of pollutants in the environment [2].

Bioremediation as cleaning technology

There are several ways to clean the contaminated environment but biological treatment is the most relia-
ble, affordable and economical strategy. Bioremediation is the ecologically safe and effective method of res-
toration based on science about biodegradation, which uses ability of bacteria completely to delete pollutants
from environment or to reduce their quantity to safe amounts at the expense of mineralization. Bioremediation
provides complete conversion or removal of organic compounds and is the best way to clean the environment
even at low concentrations and crude oil contamination. According to Wolejko et al., microbiological disin-
fection of contaminated media is an effective alternative to physicochemical treatment. The use of improved
bioremediation technology adds nutrients to eliminate certain contaminants that are rapidly decomposed by
bacteria, or to facilitate the rate of decomposition [2, 10].

Bioremediation is a process involving a number of technologies that destroy organic compounds of nat-
ural or established microorganisms. Although the science of bioremediation is simple, the design and imple-
mentation of a rehabilitation programme requires considerable experience and knowledge [2].

Therefore, advances in science and technology such as manipulation, design, and application of various
input parameters are very important for increasing the rate of biodegradation. Efficiency of bioremediation
treatment is reduced depending on environmental factors, properties of contaminants and soil matrix [2].
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Bio stimulation involves manipulating abiotic factors to increase the rate of nutrient uptake to eliminate
local contaminants or to stimulate the destructive capacity of microorganisms. Bio stimulation is carried out
only in the presence of local microorganisms capable of degradation, but its speed is slow and needs to be
increased. Studies have shown that the addition of nutrients to the contaminated environment stimulates bio-
degradation by increasing microbial biomass, which dramatically increases the rate of removal of crude oil.
However, the optimum concentration and types of nutrients required for active decomposition of pollutants
vary considerably depending on soil conditions. Excessive concentrations of nutrients in the ecosystem can
also cause toxic reactions [2].

Conclusions

The study showed that various seafood organizations found that the level of metals in some seafood ex-
ceeded the permissible level for human consumption. The results showed that the kidneys of common edible
fish Channa punctatus showed contamination of the aquatic environment with heavy metals, as well as, ac-
cording to the World Health Organization, exceeded the established limit in water.

During cultivation in model microalgae and some aquatic plants, the absorption of chromium increases
with increasing metal concentration. During the cultivation microalgae and some aquatic plants in the model
run, chromium sorption increased with increasing metal concentrations. These experimental results show the
further use of water crops for the treatment of wastewater contaminated with various pollutants, including
heavy metals and oil waste.

In the future it is planned to carry out experimental work designed to purify wastewater from oil and oil
products using some aquatic plants and algae.
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I".U. Epnazaposa, K.M. byxap6aeBa, b.K. 3asnan, C.K. Typamesa, I'. K. OmapoBa

MyHaiiMeH J1acTAHFAH aFbIHABI CYyJ1apAbl MUKPOOPTaHU3M/Iep,
MHMKPOOAJABIPJIAP KIHE CY 6CIMAIKTepPiHiH KOHCOPUUYMBbIHAH
OMOJIOTHSIJIBIK TA3aPTY TEXHOJIOTHSICHIH Kacay

Makanazia MyHail eHIMAEPiHIH allyaH TYPJIUIIr Typajibl aiThUIFaH, aFbIH CyJIapsl €H Kell JaCTAaHThIH MyHai
Ke31epi Oonbin TaObUTambl. MyHaHABIH Tapalysl epireH Hemece 0oc Kyhze, cy OeTiHAe KaJKpIMasbl Kabat
Ty3eni. MyHail mmki3ar ke3AepiHiH adyaH TYPJIUIT] >KOHE TYPMBICTHIK KaJIABIKTApPIBIH CHIPTKBI OpTaFa Kell
MeJmiep/e OemiHyi HOTIDKEeCIH e Tipi TAOUFaTKa YIIKeH HyKcaH KenTipyae. COHABIKTaH, MyHail Ke3epiHiH KoI
TYpJIepi KaHIeporeH i OOMNbI TaObIanbl. ABTOpIJIap MaKanaia eHAIPICTIK KOHIBIPFbUIApAaH IIBIKKAH YBITTHI
KOCBUIBICTAP/IbIH ayara Tapajybl )KOHE OJIApABIH JKaFBIMCBI3 9Cep €Tyl Typasbl MATIMETTep KeNTipreH. YBITTH
KOCBUIBICTAP/IBIH SCEPIHEH KONTEreH Ke3JeHCOK aypy Iap IbIH Iaia 00Ty BIKTHMAaJIBIFEI ©T€ KOFaphl eKeHIIT1
TypaJibl alThUIFaH. MyHail KaJaAbIKTapMeH JIACTaHFaH Cy Ke3JepiH OMOTEXHOJIOTHIBIK dAicTepAl naliaanana
OTBIPBII, TA3apTy TocLuAepi KenTipinreH. MyHIarbl, MEXaHHKAIBIK, (PU3UKa-XUMHSIIBIK KOHE OHOTOTHSIIBIK
Ta3zapTyJapAblH TYpJepi KapacThIpbUIFaH. ©cipece, OHMOJOTHAIBIK Ta3apTyIblH MaHBI3BI, KalTa eHICY
TEXHOJIOTHACHI, MHMKPOOPTaHM3MJIED KOMEriMeH Ta3apTy oOfiCi JKoHEe CyIbl Ta3apTyla KOJJAaHbLUIATHIH
HAHOTEXHOJIOTMSUIBIK oJlicTepre KeHiHeH ToKTanraH. Cynsl MHKpOOAIABIpiap apKbUIBI Ta3zapTy Tacili,
Ouocysriiep KeMeriMeH Ta3apTy JKOHE aFblH CyJapAbl a’poOTEHKTEp apKbUIBl Ta3apTy YIepici Typaisl
MOJIIMETTep JKUHAKTaIFaH. AFBIH Cy KypaMBIHIAFb! (GeHOJIIBI KOCBUIBICTAapiaH Ta3apTy YIIiH aJcopOuus, HOH
IMacy, CYMBIK CYHBIKTBIKTBI 3KCTPAKIUSCHL, XUMHSUIBIK TOTBIFY, SIEKTPOXUMMSUIBIK QIICTEp, epiTKIITepI
aly, TYHJBIPY %oHE OHOIerpaalns CUSKTHI 9icTep TajkplianraH. JKoHe e heHoIbI KOCUIBICTApAbI KO/Ia
Kei0ip MHKpOOaIIBIpIapAblH MaHBI3Bl KapacThIpbUIFaH. MyHail KeMipcyTeKTepi MeH KeiOip JacTayIusl
3aTTapAbl JKOI0 JKOHE ONlapAbl OelTapanTaHIAbIpy YIOIH SKOHOMHUKAIBIK THIMAI JKOHE OoJamarsl 30D
OmopemMenuanus TCUT Typasibl MOJTIMETTEp KeATipiJireH.

Kinm ce30ep: OMONOTHSIIBIK Ta3apTy, MHKPOOPTaHM3MJEP, MHUKPOOAIIbIpIIap, JIACTaHy, KOpIIaFaH OpTa,
OHOTEXHOJIOTHS, CHOII.

I'.1. Epnazapoga, XK.M. byxap6aesa, b.K. 3asnan, C.K. Typamesa, I'.K. Omaposa

Pa3pa0boTka TexHO0J0ruu 0MOJIOrHYEeCKOH OYUCTKH
HedTecoaepKAMX CTOYHBIX BO/I C MOMOIIbI0 KOHCOPIIHYMA
MHUKPOOPTraHU3MOB, MUKPOBO/0POCJ/ieil U BOAHBIX pacTeHU M

B cratee paccmoTpeHo pa3HOOOpasme HedTempoxyKTOB, KOTOPHIE SBISIOTCS OCHOBHBIMH HCTOYHHKAMU
3arpsi3HEHHs1 CTOYHBIX BOJ. PacnpocTtpaHeHue He(TH B pacTBOPEHHOM WM Pa3KM)KEHHOM Buie oOpasyer
TUTABAIOIIUH CJIOH Ha MOBEPXHOCTH BOJBL. B pesyibrare 60ybIIMX BHIOPOCOB pa3HOOOPa3HBIX HCTOYHUKOB ChI-
poii He(TH 1 OBITOBBIX OTXOJIOB B OKPYIKAIOIIYIO Cpely HAHOCUTCSI OTPOMHBIH yIiep0 qukoii npupoae. [loromy
YTO MHOTHE BU/Ibl HICTOYHHKOB He()TH SIBJIAIOTCS KaHIeporeHaMH. B cratbe npezcrasieHa HHGOpMAaIus O Bbl-
Opocax B aTMoc(epy TOKCHYHBIX COSIUHEHUI NMPOMBINIIEHHBIX MPEANPUSITHA U X HEeOIArONpHATHBIX I10-
CIIEJICTBUSIX. A TaK)Ke TOKCHYHbBIE COSANHEHHS MOTYT BBI3BIBATh MHOXKECTBO CIydaiHBIX 3a0oneBanuit. Cymie-
CTBYIOT METO/IbI OUHCTKH 3arPSI3HEHHBIX HE(TEOTXOJAMH BOJHBIX HCTOYHHKOB C HCTIOIb30BaHUEM OHOTEXHO-
JIOTHYECKAX METOIOB. ABTOpAMH W3y4YCHBI BHIBl MEXAHUYECKOW, (PUIUKO-XUMHUYECKON M OHOIOTHUECKOH
OYHCTKH. B yacTHOCTH, IIMPOKO 00CYXaanach BaXKHOCTb OMOJIOTNYECKOH OUUCTKH, TEXHOJIOTHH TIepepaboTKHy,
MHKPOOHOJIOTHYECKOH U HAHOTEXHOJIOTHYECKOI MeTo/10B 04uCTKH Boabl. CoOpana uH(poOpMarus o crocobe
OYHCTKH BOJBI C TIOMOIIBI0O MHKPOBOJOPOCHEH, OMOGUIBTPaMH M OYHCTKE CTOYHBIX BOJ Yepe3 a’dpOTEHKH.
OOCyXIeHbI TaKKe METOIbI, KaK aJcopOIHs, HOHHBIH 00MEH, )KHAKOCTHO-KHIKOCTHASI SKCTPAKIUS, XUMHYe-
CKO€ OKHCJIEHHE, IEeKTPOXUMHIECKHE METOMBI, SKCTPAKIUS PAaCTBOPUTENEM, OCaKACHHE M OHOJerpagaris
JUISL OYUCTKU (DEHOTBHBIX COSTMHEHUH U3 CTOYHBIX BOA. PaccMoTpeHa posik HEKOTOPBIX MHKPOBOAOPOCIEH B
yaaneHn# (HeHONBHBIX coequHeHuid. [IpuBenena nadopmarms 00 IKOHOMUIECKHX 3(PPEKTUBHBIX U TIEPCIIeK-
THUBHBIX METOJ[aX OHOpeMeIHaIliHN I yCTPAaHSHUs! 1 00e3BPEKNBAHUS HEPTIHBIX YTIEBOAOPOIOB H HEKOTO-
PBIX 3arps3HSIONINX BEIIECTB.

Kuioueswle cnosa: GUONOrnyeckas 04ucTKa, MUKPOOPTaHU3MbI, MUKPOBOIOPOCIH, 3arPsI3HEHHE, OKPYKaroIIast
cpena, OMOTEXHOIOTHs, (PEHOIT.
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