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Purification from Waste of Pharmaceutical Products
and Biogenic Elements

The article analyzes modern methods of wastewater treatment from bioresistant pharma-
ceutical products and biogenic elements. Pharmaceuticals, such as anti-inflammatory
drugs, analgesics, antibiotics, narcotic drugs, hormones, drugs that reduce cholesterol,
etc., are often get into sewage in small quantities. They are hardly biodegradable and,
passing through wastewater treatment plants without any changes, they often end up in
water bodies. They have significant negative impact on aquatic ecosystems and human
health, while being present in open waters even in small quantities. Among the nutrients
that are also present in the wastewater, nitrogen and phosphorus compounds deserve the
greatest attention. While getting into water bodies, they cause eutrophication, which is
also dangerous to ecosystems and human beings. It is shown that among modern variety
of purification methods, the most suitable for removal of pharmaceutical products and
biogenic elements are biochemical methods and photopurification technologies, as well as
using membrane bioreactors. Biosorption-membrane methods open the possibility to use
modern biotechnologies for efficient removal of bioresistant xenobiotics and reducing
their negative impact on natural environment. Using photopurification technologies can
help to reduce amount of nutrients discharged in surface water bodies, thus reducing
their potential for eutrophication, as well as receiving additional renewable energy
sources. Bibl. 30, Fig. 3, Tab. 4.
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Introduction

Technogenic pressure on water objects by in-
dustry and communal enterprises is an urgent is-
sue. According to information published by
UNESCO, 80 % of all diseases relate to quality
of drinking water. Particular attention should be
paid to water pollution with pharmaceutical
products (PhP) and biogenic elements. They
should be identified. Their composition, distribu-
tion, biodegradation, monitoring methods, pre-
vention of contamination and removal of residues
should be studied. Bioresistant compounds as wa-
ter pollution group can be classified as xeno-
biotics. They are hardly biodegradable and can
accumulate in the environment. Even insignifi-
cant concentrations in water (1076109 g /1) ad-
versely affect aquatic flora and fauna, as well as
human health during water use. Biogenic ele-
ments, when they enter water bodies, lead to
their eutrophication. It increases the speed of
phytoplankton development on the water surface.
Cyanobacteria (blue-green algae) that accumulate
on the surface of the water body produce such
secondary metabolites as a wide range of toxins,
known as cyanotoxins. Despite the fact that they
do not develop in a human body, they are consid-
ered as pathogenic organisms. It because they can
potentially negatively affect human health [1].

Analysis of research and publications

Numerous studies [2—12] show very negative
effects of even small amount of drugs on water
objects. There are groups of drugs that are poorly
soluble in water: anti-inflammatory, anesthetics,
antibiotics, hormones, drugs that lower the cho-
lesterol content. They have low biodegradability
and usually pass through sewage water treatment
plants without any changes. Drugstores and hos-
pitals are widely practicing multiple diluting and
discharging of injectable drugs of the 2nd and
the 3rd class of danger, which have passed expire
dates, into a city’s sewage system. Their decom-
position in the treatment facilities is about 68 %.

PhP can get in wastewaters at each phase of
the lifecycle. Analysis allows drawing the conclu-
sion [13—15] that different groups of bioresistant
drugs, which are poorly soluble in water (xeno-
biotics), can be found in sewage. They are anti-in-
flammatory drugs, analgesics, antibiotics, narcotics,
hormones, drugs that lower cholesterol, and so on.
These substances are weakly biodegradable and,
passing through the treatment plants without any
changes, get into natural waters. Even in small

quantities, they have a significant negative impact
on water objects.

Medicines have been detected in sewage wa-
ters entering the urban sewage treatment facilities
in many countries [2—18]. Medicines are removed
usually inefficiently in the process of treatment
and, when getting into natural water sources, they
can negatively affect living organisms.

Studies also show negative effects of biogenic
elements not only on flora and fauna but also on
human health. Biogenic elements include carbon,
nitrogen, phosphorus, potassium and others.
When treating wastewater, attention is mostly
paid to removal of nitrogen and phosphorus,
which are associated with eutrophication of water
bodies. Slowdowns and even reversibility of the
eutrophication process can be achieved by stop-
ping access of biogenic elements to the reservoirs.
CO, is absorbed by water from the air. There-
fore, it is relatively difficult to limit the concen-
tration of carbon in water. The total productivity
of water bodies is affected by the amount and na-
ture of nitrogen and phosphorus compounds. Un-
der favorable conditions, 1 mg of nitrogen pro-
duces 20—25 mg of algae, 1 mg of phosphorus —
40—-250 mg [19]. Competent technological assess-
ment and selection of methods for wastewater
treatment for specific conditions of water man-
agement facilities should be based on knowledge
of cleaning processes kinetics, as well as hydrody-
namics of structures.

Phosphorus is a part of phosphates, which
are used intensively while producing detergents.
Phosphates are widely used in food industry and
in water treatment processes. The composition of
agricultural fertilizers include phosphate miner-
als. Phosphates are also consequences of plant
and animal remains decomposition. Phosphates
can enter waterbodies in a variety of ways, in
particular, with domestic and industrial
wastewater and can be washed out from agricul-
tural fields. Analysis of phosphate content is an
important part of integrated control of natural
and drinking waters composition.

Phosphates are widely used for treating dif-
ferent boilers. Phosphates are added to water
coolant to reduce deposits on the heat exchange
surfaces. That is why an important part of boiler
waters treatment is continuous control of phos-
phate concentration, which ensures compliance
with technological norms of operation [20].

Good solubility of organophosphorus com-
pounds in water causes an undoubted danger to
the environment and human body. This is due to
the ability of organophosphorus compounds to
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chemically bind and inactivate biological cata-
lysts of various reactions in the body. Organo-
phosphorus compounds possess cumulative prop-
erties in living organisms, which further en-
hances their toxic effects on the environment.
Organophosphorus compounds are part of many
so-called systemic insecticides.

Typical forms of phosphorus in municipal
sewage waters are:

— orthophosphates (salts of phosphoric ac-
ids, in particular orthophosphoric acid H3POy,
with one phosphorus atom, for example, sodium
orthophosphate Na3PO,) — simple molecules
which are suitable for use in a biological metabo-
lism without prior dilution;

— polyphosphates (polymers of phosphates
of the general formula M-O-[P(OM)(0O)-O],-M,
in which M — any metal) — complex molecules
with two or more phosphorus atoms, which be-
fore assimilation by organisms require prelimi-
nary hydrolysis with decomposition to ortho-
phosphates (the process takes a lot of time);

— organic  phosphates  (esters  of
orthophosphoric acid of the general formula
(RO),P(O)(OH)3,, where RO is the hydrocar-
bon radical.

According to [21], municipal wastewater can
contain from 5 to 20 mg,/dm3 of total phosphorus
(equivalent of phosphates POy is from 15.7 to
62.7 mg,/dm3). Organic compounds make up from
1 to 5 mg,/dm3 out of it. The rest are inorganic
compounds. Individual contribution of phosphorus
to a sewerage network from one inhabitant is esti-

mated from 0.65 to 4.80 g/day. The average
value is 2.18 g/day. This contribution tends to
increase due to increasing usage of detergents.

Typical forms of nitrogen in municipal
wastewater are:

— nitrites — salts of nitrous acid (HNO»);

— ammonium nitrogen (the general formula
NH4+);

— nitrate — salts of nitric acid (HNO3);

— nitrogen in organic compounds.

The most toxic among these compounds are
nitrites, the least toxic are nitrates. Ammonium
nitrogen occupies an intermediate position.

Concentration of nitrogen compounds in mu-
nicipal wastewaters is not constant and depends
on many factors, including the time of
wastewater transportation to the treatment facili-
ties. While transporting, organic compounds of
nitrogen are mineralized to ammonium nitrogen
and its content in wastewater is increasing. Ni-
trates and nitrites are restored to gaseous nitro-
gen during transportation, which is released into
the atmosphere. Therefore, concentration of ni-
trates and nitrites decreases. During the process
of wastewater treatment in aerotanks, organic ni-
trogen continues to mineralize into ammonia. If
deep biological treatment with nitrification is ap-
plied, ammonium nitrogen is oxidized to nitrites,
and then to nitrates. In this case, the concentra-
tion of ammonium nitrogen is reduced, the con-
centration of nitrites and nitrates increases. If
deep biological treatment with nitrification and
denitrification is applied, nitrates, which was
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Fig. 1. Conventional classification of sewage treatment methods [24].
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Fig. 2. Advanced classification of sewage treatment methods.

formed during nitrification, microbiologically re-
generate (process of denitrification) to gaseous ni-
trogen. Consequently, concentration of nitrates
becomes significantly reduced.

Total nitrogen content in municipal waste-
water is from 50 to 60 mg,/m3 and may vary de-
pending on the origin of the wastewater [22].

Results and discussion

Modern ways to purify wastewater vary a lot.
They can be divided into mechanical, chemical,
physical, biological, and their combinations. Con-
ventional classification is presented at Figure 1.
Analysis shows feasibility of biochemical methods
application for purification of pharmaceutical
effluents. Advanced classification of wastewater
purification methods, based on recent studies, is

Table 1. Comparative characteristic of sewage treatment methods

[13-19]

presented at Figure 2. Comparative characteris-
tic of sewage treatment methods is presented in
Table 1. Effectiveness of biochemical purifica-
tion for the most modern treatment plants is
90 % by organic matter and only 20—40 % by in-
organic. If wastewater contains water contains
more than 1000 mg /1 of phenol, 300—500 mg /1
of alcohol, 25 mg /1 of petroleum products, it
cannot be purified. Creation of effective biologi-
cal treatment facilities and apparatus operating
in such conditions is a promising direction in the
technology of sewage treatment around the
world. Omne of these facilities is membrane
bioreactors (MBR) [23].

Membranes came into use in the early 1990’s.
Membranes are traditionally used for wastewater
treatment in the next cases:

— in membrane bioreactors (which are pres-
surized devices or deepened
membrane modules in vacuum)
for separating purified waste-
water from active sludge and for

. . water after purification from sus-
Purification efficiency (%) ded icles:
hod Biological ox ( ;Iu?ge Vglumte pended particles;

Treatment methods io y - % of wastewater _ 3 ; _
S(E&Speﬁgﬁ?“ gen deman Bacteria volume) . Whll? reusing waste-water
soud p S 7 (BOD) and circulating water supply for

Primary purification removal of suspended particles
Sedimentation _ [ 40-95 | 30-35 [40-75 [ 0,1-0,5 and reduction of total salt con-
Chemical sedimentation | 75-95 6@)780. l80-90 [ 0,5-1.0 tent in biologically purified
Secondary purification wastewater
Dripping filtration 20-80 60-90 70—85 0,1-0,5 Membfane technologies
;lﬁle(;la;lenent with activated 70-97 70-96 95-99 1,0-2,0 g

can be used independently or
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Table 2. Comparative characteristic of wastewater
treatment technologies parameters based on mem-
brane bioreactors and conventional biological
treatment facilities [23]

ot ' Conventional biologi-
Chiracterigic of pred | Membrane G Satient ot
BOD>S <0,4 10—-30
Suspended particles <0,4 10-30
Turbidity <0,1 10-20
NH;-N <05 <5
Total nitrogen <35 <10
[Total phosphorous < 0,2 <1

in combination with traditional technologies. Se-
lection of the technology should be based on the
study of wastewater composition and require-
ments for purified water, as well as on require-
ments to a treatment plant performance and spe-
cific needs of each sewage. Comparative charac-
teristic of wastewater treatment technologies pa-
rameters based on membrane bioreactors and con-
ventional biological treatment facilities is pre-
sented in the Table 2. The table shows that mem-
brane bioreactors provide higher level of purified
wastewater quality then the quality obtained by
using conventional biological treatment facilities.

At the beginning of 1990’s guaranteed life
time of membranes was no more than 3 years.
Modern manufacturers guarantee minimum 5-year
lifetime, and some of them even up to 8—10
years. One of the main characteristics of mem-
brane technologies is the ability of membranes to
remove pathogenic microorganisms from waste-
water, while simultaneously disinfecting it. This
is very important for pharmaceutical wastewa-
ters. If one gram of solid household waste can
contain from 0.1 to 1 billion microorganisms,
pharmaceutical wastewaters can contain up to
200-300 billion of them. There can be pathogenic
and bioresistent types of infections among them
[23]. Table 3 and Table 4 can serve as guides for

selecting a membrane technological process for
different purposes.

Application of highly effective membranes is
critical to effectiveness of membrane filtration
technologies [23—25]. There are two main types
of membrane bioreactor modules in use for water
treatment plants. The first one is based on hollow
fiber and the second — on flat membranes. Be-
cause of applying combined technology, mem-
brane bioreactors combine the processes of
microfiltration and ultrafiltration, as well as the
process of aerobic biological treatment of
wastewater (Figure 3) [11, 25]. The membranes
in these reactors are not used for removing pri-
mary contaminants, but for removing biomass of
activated sludge that is formed in the main ca-
pacity of the bioreactor (aerotank).

Secondary wastewater treatment (biological
treatment) usually reduces phosphate content by
1-2 mg/dm3. Nitrification is the process of oxi-
dation of ammonium nitrogen to nitrites and ni-
trates with air oxygen, which is carrying out by
nitrifying microorganisms. During the first stage
of the nitrification ammonia is oxidized to ni-
trite, during the second stage — nitrites are oxi-
dized to nitrates. The optimal pH value for nitri-
fication process is 7—9, but the process is also
possible at pH 6-7.

Denitrification is the process of reducing ni-
trites and nitrates to free nitrogen, which is re-
leased into the atmosphere. The process can be
realized with the presence of a certain amount of
organic substrate in water, which is oxidized by
saprophytic microorganisms to COy and H5O
with the help of oxygen of nitrogen-containing
compounds. During denitrification, wastewater is
purified simultaneously from biologically oxidiz-
able organic compounds and from 12 nitrogen
compounds.

Denitrification proceeds goes the most effec-
tively at pH value from 7 to 7.5. Any biologically
oxidizable organic compounds (carbohydrates, al-
cohols, organic acids, etc.), as well as wastewater

Table 3. Comparative characteristic of conventional wastewater treatment technologies and the lat-

est Microza-ICBM technology

Wastewater treatment technology Conventional Microza MBP

Evolution Created in 19th century Created at the end of 20th century
Number of stages Big Small
Overall dimensions Big Relatively small
Maintenance Laborious Automatized

Comparatively <15 md/1 <3mg/I1
e BOD
Purification efficiency Suspended particles Turbidity <15 mg/1 Nzthct;c/t?d
- m

Expenses

Almost the same.
Microza MBP _has been getting cheaper.
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Table 4. Comparative characteristic of wastewater treatment technologies for different water

sources

Water source

River

Main characteristics

Suspended particles > 100 mg/I

Recommended conventional
treatment

Clarification + sand filtration

Alternative membrane
treatment

Microfiltration

Suspended particles 50—100 mg /1

Clarification + sand filtration

Microfiltration or ultrafiltra-
tion

Suspended particles < 50 mg/l

Multibed filtration

Lake or big pond

Hard water + total organic carbon

Intensive coagulation + softenin,
with lime + clarification + sand fil-
tration

Intensive coagulation + microfil-
tration

Suspended particles > 100 mg /1

Intensive coagulation + clarification +
sand filtration

Suspended particles 50-100 mg/1

Coagulation + clarification + sand
filtration

Microfiltration or ultrafiltra-
tion

Suspended particles < 50 mg/l

Coagulation + sand filtration

Artesian well

Iron + magnesium

Greensand filtration

Microfiltration

Hardness

Filtration + softening

Microfiltration + nanofiltra-
tion

Suspended particles > 10 mg/l

Grainy filtration

Microfiltration or ultrafiltra-
tion

Suspended particles 5=10 mg /1

Suspended particles <5 mg/l

Double cartridge filtration

Suspended particles > 100 mg/1

Clarification + grainy filtration +
desalinization

Microfiltration + reverse os-
mosis

Suspended particles 50—100 mg /1

Clarification + grainy filtration +
desalinization

Suspended particles < 50 mg/l

Doublebed filtration + desaliniza-
tion

Ultrapurified water
(UPW)

Resistance 18 MOwm

Mixed bed filtration

Electrodeionization

Wastewater

All wastewater characteristics

Biological treatment with activated
sludge

Treatment with membrane biore-
actor

after primary settling tanks, industrial effluent
(preferably nitrogen-free), can be wused in
denitrification process as organic substrate. If this
is the case, it is necessary to maintain correlation
between the values of BOD and nitrates as 4 to 1.
Traditional biological treatment facilities,
such as aerotanks and biofilters, can be used for
the processes of nitrification and denitrification.
Denitrification of nitrate nitrogen with
substrate addition. This technology involves
adding into aerotanks, where processes of nitrifi-
cation and denitrification take place, additional
amount of organic substrate. Ethanol, methanol
and acetic acid are used as the substance. The
result is better efficiency of nitrites removal
when the ratio of BOD to nitrogen in

wastewater is inadequate. The technology can be
MECHANICAL TREATMENT

implemented both at the stage of biological
treatment and aftertreatment. It allows removal
of nitrogen compounds with up to 90 % effi-
ciency. Residual nitrogen is obtained mainly in
the least toxic form — the form of nitrates.
Content of ammonium and nitrite forms is mini-
mized. The technology is expensive because of
its high operating costs. It is also hazardous to
maintenance personnel (methanol and acetic acid
are hazardous substances).

Anaerobic ammonium oxidation
(ANAMMOX). Half of the ammonium, which
is contained in wastewater, is oxidized to nitrite
during the process of biological nitriding in the
first reactor. The second half is oxidized by ni-
trite formed in the second reactor under anaero-
bic conditions. It is also possible to apply simul-

BIOLOGICAL TREATMENT

Fig. 3. Generalized scheme of membrane wastewater purification: 1 — screen; 2 — sand catcher; 3 — aerotank; 4 — membrane

filtration block; 5 — capacity for purified wastewater.
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taneous technology, when both processes take
place in the same reactor. It increases nitrogen re-
moval efficiency and reduces greenhouse gases
emission (CO5 is consumed during the process).
The technology has low energy consumption, pro-
duces little sediment and does not depend on
sources of organic substances for denitrification.
However, technology requires high-quality main-
tenance personnel.

Biosorption aftertreatment. The technol-
ogy is a combination of wastewater purification
with activated sludge and powdered activated car-
bon (PAC). The PAC is added into aerotanks in
amounts that can be extracted from the
wastewater with excess activated sludge. Sorption
of difficult-to-oxidize contaminants take place on
the surface of PAC with their subsequent oxida-
tion. High efficiency of organic and nitrous con-
tamination removal can be achieved. Characteris-
tics of purified wastewater can be: chemical oxy-
gen demand (COD) — less than 10 mg,/dm3;
BOD5 — less than 3 mg,/dm3; total nitrogen —
less than 1 mg,/dm3; ammonia nitrogen — less
than 0,2 mg,/dm3.

Another type of technology involves adding
of fluidized bed loading in the form of granular
activated carbon (GAC) instead of PAC. Advan-
tage of the technology is longer useful life of
GAC and, consequently, less amount of waste
formed. However, the technology is expensive be-
cause of high cost of activated carbon.

Sorption aftertreatment with activated
carbon. The technology involves filtration of
wastewaters through filters of various designs
filled with GAC. Sorption of organic contami-
nants and ammonia nitrogen take place there. The
technology provides COD reducing to 5-15
mg,/dm3, BOD5 — less than 3 mg/dm3, ammo-
nia nitrogen — less than 1 mg/dm3. However, a
lot of waste is generated as a result (used GAC).

Sorption aftertreatment with mineral
sorbents. Wastewater is filtered through filters
of various designs, loaded with mineral sorbents.
Different types of zeolites, including chemically
modified, modified clays, are used as sorbents.
The result is organic contaminants and ammonia
nitrogen removal. It is possible to achieve the fol-
lowing wastewater characteristics: COD — 5—15
mg/dm3; BOD5 — less than 3 mg,/dm3; ammo-
nia nitrogen — less than 1 mg,/dm3. Technology
requires applying additional facilities. The prob-
lem is the necessity to purify regenerative water
generated during the regeneration of sorbents.

Aftertreatment in bioponds. The tech-
nology involves putting treated wastewater into
open-air reservoirs or water bodies and keeping it
there from a few days to 1-2 weeks. Mainly bac-
teria, similar to purification in aerotanks, do pu-

rification. Removal of biogenic elements is due to
the growth of biomass of water plants.
Aftertreatment allows reducing suspended parti-
cles content to 10 mg,/dm3. It allows reducing
ammonium nitrogen content to 2 mg,/dm3,
BODS5 to 5 mg,/dm3. In the presence of higher
aquatic plants, there is a significant reduction in
the content of nitrogen and phosphorus.

Ultrafiltration. Wastewater goes under pres-
sure through a semipermeable membrane. As a re-
sult, there is separation of filtrate (purified water)
and concentrate (concentrated solution of contami-
nants). Ultrafiltration membranes with a pore size
of 0.1-0.01 mm are used. The result is efficient re-
moval of suspended particles, colloidal particles,
bacteria, viruses, and the like. When using reagents,
efficient phosphate removal is possible. Technology
is expensive and requires a lot of energy input.

Photopurification technologies. Photo-
purification systems (PPS) are divided into sys-
tems with open water surface (open bioponds
with higher aquatic vegetation) and systems with
subsurface water flow (closed structures of the
hydroponic type). Organic compounds are decom-
posed in aerobic and anaerobic conditions with
the help of bacteria, which develop on underwa-
ter or underground parts of aquatic plants, as
well as on the surface of mineral loading. Nitro-
gen removal take place due to such processes as
nitrification, denitrification, ANAMMOX, assimi-
lation by plants (during the period of their bio-
mass growth). Phosphorus is removed due to ex-
change-sorption reactions on the surface of min-
eral loading by formation of insoluble or slightly
soluble salts. PPS can provide efficient purifica-
tion of wastewater without requiring electricity,
reagents or complex equipment. There are no
wastes also. All PPS require large areas. In addi-
tion, at temperatures of 3—5 °C all biological pro-
cesses are slowed down significantly. Under such
conditions, these structures operate with signifi-
cantly lower efficiency.

Aftertreatment with microalgae. Micro-
algae are good absorbers of biogenic elements.
They use nitrogen and phosphorus compounds in
the process of photosynthesis. Consequently,
microalgae can be used purifying wastewater pri-
marily from biogenic elements. Thus, it is possi-
ble to reduce the risks of eutrophication develop-
ment in open water bodies when discharging
treated wastewater.

Microalgae are an effective solar energy con-
verter, capable of restoring carbon dioxide to a
range of complex energy-intensive molecules such as
hydrocarbons, proteins, lipids. It allows them to be
used for further production of biodiesel, biobuta-
nol, bioethanol, hydrogen, biogas, vitamins, anti-
oxidants, amino acids, etc. [26—29]. Biomass of al-
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gae can be successfully used for the production of
semi-finished products, with following synthesis of
biodegradable polymers out from them.

It is possible to get different contents of hy-
drocarbons, proteins and lipids in biomass of
microalgae by changing the conditions of their
cultivation [30]. To do this, it is necessary to
provide optimal cultivation parameters for the se-
lected microalgal culture, such as initial concen-
tration of cells in sewage, intensity of illumina-
tion, ambient temperature, etc. By changing
these parameters, it is possible to cultivate bio-
mass of different biochemical composition.

Conclusions

Based on this research a conclusion can be
drown that prospects of wastewater purification
from bioresistant PhP and biogenic elements
are as follows:

1. Among the variety of existing wastewater
treatment methods, such as mechanical, chemical,
physical and chemical, biological purification is cha
racterized by the highest efficiency (up to 99 %).

2. Taking into account complexity of PhP
biodegradation, biosorption-membrane methods
give the possibility of efficient use of modern
biotechnologies in the field of wastewater treat-
ment and efficient removal of bioresistant
xenobiotics of anthropogenic nature during
wastewater treatment.

3. Since the pore of membranes are smaller than
the size of microorganism’s cells, there take place
partial disinfection of wastewater in MBR. Bacterial
and viral removal efficiency is about 99 %.

4. Due to the fact that the pore size of ultra-
and microfiltration membranes is several times
smaller than the size of cells of activated sludge,
it is impossible for it to end up in filtered water.
This is a significant operational difference from
secondary sedimentation, where present of sludge
in treated water is a problem of exploitation.

5. Using MBR in technological schemes of
water treatment can significantly reduce reagents
amount. It can also allow refusing application of
deep purification phase to remove bioresistant
xenobiotics of anthropogenic nature.

6. Application of photopurification technolo-
gies with microalgae cultivation can reduce dis-
charges of biogenic elements in surface water bod-
ies, thereby reducing their potential for eutro-
phication. It also can help to obtain additional re-
newable energy sources, primarily in the form of
biodiesel and biomass, made from microalgae.

The prospects of microbiological methods of
wastewater purification from bioresistant PhP are
quite optimistic and well grounded. For purifica-
tion of water from this kind of xeobiotics, there
is a more promising way of combining microbio-

logical and membrane methods. For wastewater
purification from biogenic elements, it is promis-
ing to use photopurification technologies with
microalgae cultivation.
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IlepcnekTBH MeMOpaHHHX O0iOpeakTOpiB
IS OYHMIIEHHS CTIYHUX BOJ
Bi/| BiaxoxaiB ¢apManeBTHYHHX MMPOAYKTiB
Ta OIiOT€HHUX eJEeMEHTIB

[TpoananizoBano cydyacHi MeTOIW OYMINEHHS CTiYHUX BOJ Bif 6iope3ncTeHTHUX apMaleBTuy-
HUX TIperapatiB Ta GioreHHuX esemeHTiB. DapMalleBTUYHI MpenapaTu POTU3ANAIbHI, 3He60-
JIIOI04i, aHTUGIOTUKY, HAPKOTUYHI 3aCO6H, TOPMOHW, JIKW [T 3HUKEHHS BMICTY XOJIECTEPUHY
TOIIO YaCTO Y HE3HAUHWX KiJbKOCTSX BUSIBJIIOTBCS Y CTIUHMX BojaxX. Bonnm ciabo mignaiorbes
6i0/IeCTPYKIIT Ta, IIPOXO/SIUN Yepe3 OUMCHI cropyau 6e3 3MiH, MOTPAILISIOTh Y BOJHI 00’ €KTH.
y CTIYHUX BOJIAX, HAa HAi6i/bIIy yBary 3acJyroByioTb Criojyku azory Ta ocgopy. [lorparn-
JITIOYM Y BOZIHI 00’€KTU, BOHU CIIPHMYMHSIOTH €B MOTPAIISTIOTh Y BoiHI 06’ekTu. HagiTh y HeBe-
JIMKUX KiJIbKOCTSIX BOHU MOKYTb 3/iICHIOBATH CYTTE€BMII HeraTWBHUI BIJIMB Ha BOJHI €KOCHC-
eKocHCTeMH Ta Ha 37110poB’st Jyiofuiu. Cepel 6i0reHHUX €TeMEHTIB, sIKi TAKOXK HMPUCYTHI y CTiu-
HUX BOJIaX, HA HANOGIJIbITY yBary 3ac/yroBYIOTb CHOJyKu azoty ta ¢docdopy. Ilorparmistioun y
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BoziHi 06’€KTU, BOHU CIPUYUHIIOTH eBTPOdIKailiio, 1m0 TaKoXK € HeGe3[euyHoIo [Jis eKOCH-
creM Ta JjioanHu. [TokaszaHo, 1110 cepe/l CydyacHOTO Pi3HOMAHITTSI METO/IiB OUYMINEHHS CTiUHUX
BOJl HAOiIbIl MPUAATHUMU I BUAAJeHHs (apMaleBTUYHUX IpernapariB ta OGiorenHux
eeMeHTiB € GioxiMiuni MeToAm Ta (DOTOOUMCHI TEXHOJOTii, a TaKOXX BUKOPUCTAHHS MeM-
O6pannux OiopeakTopiB. biocopOiiiifiHo-MeMOpanHi MeTOU YMOKJUBJIIOIOTH e(eKTHBHOTO
BUKODUCTAHHS CydacHUX Oi0TeXHOJOTill TaAMOOKOro BHAJEHHS OiOPE3UCTEHTHUX KCe-
HOOIOTHKIB Ta 3MEHINEHHS {X HETaTWBHOTO BIINBY Ha JOBKiJISA. 3acTocyBaHHS (DOTOOUNC-
HUX TEXHOJIOTill /la€ MOKJIWBICTD 3MEHIIUTH CKHU/N OiOTEHHWX eJeMEHTiB y MOBEPXHEBI BO-
JIOVMU Ta TUM CaMUM 3MEHIIUTH X MoTeHIiag eBTpodikallii, a TakoX OTpPUMYyBaTH /10/aT-
KOBi BifiHOB/TOBaHi [ukepeaa eneprii. bi6a. 30, puc. 3, mab6a. 4.

KuouoBi cioBa: GiopesucrenTHi (hapMmalleBTHUHI Tpemaparu, GioreHHi eneMeHTH, 6iocopo-
MiliHO-MeMOpaHHi MeToau ovuiieHHs, (oToouncHi TexHoJOoTi, cTiuyHi Boaw, MeMOpaHHi
6iopeakTopu.
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IlepciekTuBBI MeMOPaHHBIX OHOPEAKTOPOB
A OYHCTKH CTOYHBIX BOJ

OT 0TX0A0B (hapMaleBTHYECKUX Mpenaparon
1 OHMOreHHBIX JJIEMEHTOB

[IpoanamuanpoBanbl COBpEMEHHbIE METObI OYMCTKHA CTOYHBIX BOJI OT GMOPE3UCTEHTHBIX (ap-
MAaIleBTUUECKUX TIPENapaToB M OGUOTEHHBIX aJeMeHTOB. (DapMmalleBTHUecKue Tpernaparbl Mmpo-
THUBOBOCIIAJINTENIbHBIE, 00e300/MBaTONIIe, aHTHOMOTHKN, HAPKOTUYECKUE CPEJICTBA, FOPMOHDI,
JIEKAPCTBA JIJII CHIDKEHUsT COIEPSKAHUS XOJIeCTEPUHA U J[PYTUe YacTO B HEGOIbIINX KOJMYeCT-
Bax MPUCYTCTBYIOT B CTOYHBIX Bojax. OHHU c1a6o TONIAIOTCS JeCTPYKIMH U, TIPOXO/S Yepes3
OYKCTHBIE COOPYKeHusi 6e3 U3MeHeHUl, MOCTYIAoT B BojHble 00beKThbl. [laske B HeGOJIBIINX
KOJIMYECTBAX OHM CIIOCOOHBI HAHOCHUTDH CYIECTBEHHBIN BPEJ BOJIHBIM 9KOCHCTEMAM U 3/I0PO-
BbIO uesioBeka. Cpenn GUOTEHHDLIX 3JIEMEHTOB, KOTOPbIE TAKKe IIPUCYTCTBYIOT B CTOYHBIX BO-
JlaX, HanOOJbIIEro BHUMAHUS 3aCIy KUBAIOT coeuHenus azota u ¢docdopa. [lomamas B Boj-
Hble OOBEKTBI, OHU CJIY)KAT IPUYUHON IBTPOPUKAIIMOHHBIX IPOLECCOB, KOTOPbIE TAK)Ke SBJISI-
IOTCSI OTIACHBIMHU JIJISI 9KOCHCTEM W desoBeKa. [loKasaHo, YTO Cpean COBPEMEHHOTO PasHO06-
pasusi METOJI0B OYKMCTKH CTOYHBIX BOJ[ HauboJiee TEePCIeKTUBHBIMU Ui yaaJenus (apmMaries-
THYECKUX TIPENaparoB U OGHOTEHHBIX 3JIEMEHTOB SIBJSIOTCS OMOXUMUYECKHe MeTOabl u (HOTo-
OUNCTHbBIE TEXHOJIOTUH, A TaK)Ke MCIOJb30BaHue MeMOpaHHbIX OMOPEaKTOPOB. BuocopOimoH-
HO-MeMOPaHHbIE METO/bI OTKPBIBAIOT BO3MOKHOCTH 3((PEKTUBHOIO UCIIOIb30BAHNS COBPEMEH-
HBIX OMOTEXHOJIOTUI TIy6OKOTO yaaseHuss GHOPE3UCTEHTHBIX KCEHOOUOTHKOB M YMEHbIIEHMUS
X HETATUBHOTO BO3JEUCTBUS HA OKPYIKAIOINLYIO TpUpoanyio cpexny. [Ipumenenue dhoroodnct-
HBIX TEXHOJIOTUI TI03BOJISIET YMEHBIIUTh COPOC GHOTEHHBIX JIEMEHTOB B MOBEPXHOCTHBIE BO-
JIbl U TEM CaMbIM yMEHbBIINTh WX TOTEHIIHAT IBTPOMUKAINKN, a TAKXKe IOJIy4aTh IOIOJIHI-
TeJIbHBIE BO30GHOBJISIEMbIE NCTOUHUKY sHeprun. bub.a. 30, puc. 3, maba. 4.

KuoueBble cioBa: OWope3ucTeHTHDbIE (hapMaleBTUYeCKue Tpernaparbl, GHOTEHHbIE 3JeMeH-
TbI, OMOCOPOIIMOHHO-MeMOPAHHbBIE METO/bI OYUCTKH, (DOTOOUNUCTHBIE TEXHOJOTUU, CTOYHBIE
BO/IbI, MeMOpaHHble GHOPEAKTOPBI.



