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The work was aimed to study the processes of industrial wastewater purification of a pharmaceutical
company treatment and to recommend an effective technology for local treatment of such wastewater
in accordance with the requirements of normative documents on the treated wastewater disposal into
the urban sewerage system.

Model solutions of cefuroxime, a cephalosporin antibiotic, in distilled water with a concentration of 25 and
35 mg/dm? were used for the study. COD model solutions, which is, respectively, 90 and 120 mg/dm?. Chemical
oxygen demand was etermined by the dichromate method (according to the guiding normative document (GND)
211.1.4.021-95. “Methods for Chemical Oxygen Demand (COD) Determining in Surface and Wastewater”).

The proposed technology included the following successive processes of physical and chemical treatment of
wastewater: aeration — equalization of quantitative and qualitative composition of wastewater and oxidation
up to 30% of organic matter; coagulation — removing of antibiotics from wastewater by their adsorption on a
highly developed surface of mineral coagulants flakes; sedimentation — separating of the formed flakes;
oxidation of antibiotics destruction products by hydrogen peroxide; filtration — removal of fine impurities.
Effect of COD reduction rate in the coagulation and setteling of wastewater in the case of ferrous sulphate III
was 79.2% and 75%, which is higher by 4,2—-6,7% than when using aluminum sulphate. The COD index
changing of the pharmaceutical enterprise wastewater by the stages of its purification was found as follows:
“aeration — coagulation with iron sulfate III — sedimentation — oxidation — filtration”. After filtering effect
of reducing COD index was 95,8-100% at the initial value of 120 and 90 mg/dm? respectively. The technology
of local wastewater treatment from antibiotics was developed, which was based on the consistent use of physico-
chemical methods of treatment and enabled to remove antibiotics and related substances from wastewater in
accordance with the requirements of normative documents and disposal of treated wastewater into the urban
wastewater system.

Application of the developed technology of local wastewater treatment from antibiotics and related
substances by the pharmaceutical companies would lead to meet the requirements of industrial wastewater
disposal into the city drainage system, to a significant risk reduction of the antibiotics influence on the
microorganisms of active sludge of the urban wastewater biological treatment facilities, to operating
costs reduction to achieve maximum allowable discharges (MAD) of wastewater into a natural reservoir.
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Environmental protection should be a pri-
ority of state policy, Ukrainians should look at
all spheres of life through an ecological prism,
and business should gradually move to envi-
ronmentally friendly production processes.
Environmental standards must be integrated
into all areas of the economy and everyday life
of Ukrainians. Such a system works success-
fully in European countries and should be
tested in our country. Only the integration of
environmental policy and socio-economic
development will make it possible to stabilize

the state of the environment in Ukraine and
move to a model of sustainable development.
Ukraine has made significant progress
in implementing European environmental
legislation and meeting its obligations to
implement environmental requirements
such as those operating in EU countries. In
particular, the Laws “On Environmental
Impact Assessment” (which is already working
successfully) and “On Strategic Environmental
Assessment” were adopted, which oblige to
take into account the needs of the environment
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at the stage of development and decision-
making.

Unfortunately, in relation to the normative
documents of Ukraine on wastewater treatment
from pollution, in contrast to the normative
documents in the EU, USA and Canada, these
documents do not take into account several
important indicators of wastewater composition
that directly affect the effects of wastewater
treatment, active sludge properties and
residual concentrations of environmentally
hazardous pollutants in treated wastewater
during disposal into natural reservoirs.
Such indicators include the concentration of
nitrogen-containing compounds in terms of
total nitrogen, the concentration of phosphorus-
containing compounds in terms of total
phosphorus and the concentration of antibiotics
and related substances.

The efficiency of municipal treatment
plants (speed, treatment effects and depth of
individual pollutants removal, the composition
of their oxidation products, etc.) depends on
many factors, among which one of the main is
the physico-chemical composition of wastewater.

The most sensitive link to the negative
impact of wastewater chemical components is
the active sludge of biological treatment plants,
namely its main technological properties such as
the ability to oxidize dissolved pollutants and the
ability to sediment and separate from the treated
liquid during settling. An important indicator
of wastewater safety for the reliability of urban
treatment plants is the impact of their pollution
on the sedimentation properties of active sludge
and the ability to separate from the treated
liquid during settling. These indicators are not
always taken into account when controlling the
composition of industrial wastewater supplied
to the city sewer, as well as the presence of
biologically active compounds like antibiotics,
biocides, inhibitors, etc. in wastewater.
Neglecting these characteristics causes a
number of extremely negative consequences for
water utilities: reducing the efficiency of urban
wastewater treatment and increasing operating
costs to achieve the required indicators,
exceeding the MAD when discharging treated
wastewater into natural reservoirs (indicators
strictly controlled by environmental services),
active sludge “swelling” with the prospect of its
further loss, etc.

Although in Ukraine there are companies
that provide local wastewater treatment after
the production of liquid drugs, such as Private
Joint Stock Company (PJSC) “Scientific
Production Center (SPC) Borschagivsky
Chemical and Pharmaceutical Plant”, as well
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as companies that have begun work to address
the issue of local wastewater treatment from
antibiotics — Lekhim-Obukhiv LLC, Obukhiv
city, and Chemical Plant “Chervona Zirka”
PJSC, Kharkiv city, but nowadays one of the
urgent problems is the presence of antibiotics
in the wastewater of pharmaceutical industries.

In most cases, antibiotics and the products
of their transformation do not have the
ability to biological transformation, as well as
they adversely affect the microorganisms of
treatment plants (active sludge aeration tanks).

Physicochemical and biological methods
are used to treat pharmaceutical wastewater
from antibiotics.

Among the physico-chemical methods,
the methods aimed at antibiotic molecules
structure destroying should be noted, such as
oxidation by various oxidizing agents: ozone
[1, 2]; hydrogen peroxide [3, 4]; potassium
permanganate [2, 5] and others.

Another group of physico-chemical
methods is focused on antibiotics removal
using the following methods: adsorption
on coagulant or flocculant flakes [6, 7], on
activated carbon [8, 9], on zeolites, etc.;
membrane separation (ultrafiltration)[10, 11].

The use of biological methods of wastewater
treatment from antibiotics [1, 12, 13, 14,
15] has shown good results with long-term
aeration of wastewater. Thus, when aerated for
1-3 days, the purification effect by biological
oxygen demand (BODj) reached 90-96%. To
increase the treatment effect of pharmaceutical
companies wastewater, in the literature the
following measures are proposed:

e to dilute the concentrated wastewater of
the pharmaceutical company with municipal
wastewater 4—5 times;

¢ to use two- or three-stage biological treatment
technologies with a total efficiency of 90-95% ;

e to dose the compounds of inorganic
phosphorus in aeration tanks in the treatment
of wastewater from antibiotics, because of
its very small amount in the wastewater of
pharmaceutical industries;

e to increase the temperature of wastewater
up to 35 °C, which allows to increase the
treatment efficiency up to more than 90%, etc.

In Igor Sikorsky Kyiv Polytechnic
Institute, the scientists of Ecobiotechnology
and Bioenergy Department conducted the
research (with practical implementation) to
develop a technology for local treatment of
industrial wastewater from antibiotics.

The purpose of the work is to investigate the
processes of industrial wastewater treatment
of a pharmaceutical enterprise and to propose
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an effective technology of local wastewater
treatment in accordance with the requirements
of normative documents on the treated
wastewater discharge into the urban sewage.

Materials and Methods

Model solutions of cefuroxime, that is
cephalosporin row antibiotic, were prepared
for the study in distilled water with a
concentration of 25 and 35 mg/dm?. For the
preparation of solutions, a pharmaceutical
form of cefuroxime was used, namely tablets
(cefuroxime Sandoz). 1 tablet contains 250 mg
of cefuroxime and excipients. The tablets
were crushed and solutions of the above
concentration were prepared.

The chemical oxygen demand indexes
(COD) of model solutions were determined,
which were, respectively, 90 and 120 mg/dm?.
Chemical oxygen demand (COD) was determined
by the dichromate method (according to the
guiding normative document (GND) 211.1.4.021-
95. “Methods for Chemical Oxygen Demand (COD)
Determining in Surface and Wastewater”).

The following procedures of model solutions
processing were investigated consistently:

1. Model solutions aeration by means of the
aquarium compressor with air productivity of
20-40 dm?/h) and the aerator installed in the
vessel of 250 ml with the investigated model
solution, within 16 hours;

2. Coagulation with mineral coagulants:

e ferrum III sulfate at a dose of 50 mg/dm?
by Fe,(S0,)3, Fey(SO,)57TH,0 was used as a
reagent;

e aluminium sulfate at a dose of 50 mg/dm?
by Al,(SO,)5, Aly,(SO,)5:18H,0 was used as a
reagent.

To achieve complete coagulation of mineral
salts, the pH was adjusted to 7.0-7.5 with a
solution of alkali NaOH.

The model solutions were quickly mixed
with the coagulant solution for 1-2 min and
continued to stir slowly for 15-20 min till
flakes formation and agglomeration.

3. Sedimentation the coagulated impurities
for 30 minutes.

4. Clarified water selection from the vessel
and formed precipitate separation.

5. Oxidation of clarified water
contaminants with hydrogen peroxide at a
dose of 30 mg/dm? using a solution of 30%
concentration for 30 min with stirring using a
laboratory magnetic stirrer.

6. Solution filtration through a sand filter.

Sand for filtration (fraction of 0.5-
0.8 mm) was prepared as follows: thoroughly

washed with running water from mechanical
impurities; dried in an oven at 105 °C for
10 hours; fired in a muffle furnace at 600 °C
for 2 hours to ash all residual contaminants;
cooled and washed with distilled water. After
that, the sand was transferred to the filter
and filter layer of a 10 cm high was formed,
filtration rate was 2 cm/min.

At each stage of the process, water samples
were taken to determine the COD wvalue.
The analysis results and the determined
purification effects at each stage are given
in the Table and in the Fig. 1 and 2. The
reliability of the obtained data is P < 0.05, i.e.
statistically significant differences are found.
To assess the significance of the difference
between the averages of the two groups, t—test
(Student’s test) was used.

Results and Discussion

The results of studies using aluminium
sulfate (Table) showed lower values of COD
reducing effect — 80 and 75% at the initial COD
90 and 120 mg/dm?, respectively. Therefore,
a coagulant based on ferrum III sulfate has a
certain advantage over aluminium sulfate.

As it is shown in Fig. 1, the greatest
decrease in the COD index was observed in the
coagulation processes of pollutants contained
in wastewater, and in settling. For coagulation,
mineral coagulants based on ferrum III sulfate
and aluminium sulfate were used with pH
adjustment to achieve the isoelectric region
for the most complete formation of iron III and
aluminium hydroxides, their coagulation and
wastewater treatment from organic pollutants.
The effect of COD reduction in coagulation
and sedimentation of wastewater in the case of
ferrum III sulfate usage was 79.2% and 75.0%
in the initial COD of untreated wastewater,
respectively, 90 and 120 mg/dm?.

Increasing the initial COD index value in
untreated wastewater reduces the effect of
organic pollutants removal by COD when using
coagulation and sedimentation by 4.0-6.5%.

The use of other purification processes
according to the studied technological scheme
allowed COD reduction by 25.0-33.3% during
aeration, by 91.7-94.4% during oxidation
with hydrogen peroxide, by up to 95.8-100%
during filtration.

Based on the obtained results, the
technology was developed (Fig. 3), process
parameters were established (aeration
duration, reagent dose, sedimentation
duration, filtration rate, filter loading height,
amount of precipitate formed, etc.).
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The results of physico-chemical treatment technology research
of a pharmaceutical company industrial wastewater according
to the scheme “aeration — coagulation — sedimentation — oxidation — filtration”

COD index value. mg/dm3
No. of model solutions
and cleaning effect, % befo'r € aftgr after settling after oxidation . afte?
cleaning aeration filtration
Option with ferrum III sulfate coagulation
1 90 60 12 5 0
Effect, % = 33.3 86.7 94.4 100
2 120 90 25 10 5
Effect, % = 25 79.2 91.7 95.8
Option with aluminium sulfate coagulation
3 90 64 18 7 0
Effect, % = 28.9 80 92.2 100
4 120 87 30 12 5
Effect, % = 27.5 75 90 95.8

Note. The effects of COD index reduction were determined in each purification process with P < 0.05 relative

to the initial COD values before purification.
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Fig. 1. Change in the COD index of a pharmaceutical company industrial wastewater and the effect of

purification by COD in purification by the technology “aeration — coagulation with ferrum III sulfate —
sedimentation — oxidation — filtration”:
effect 1 was determined at a COD value in untreated wastewater of 90 mg/dm?®
in each process relative to this value; effect 2 — at a COD value in untreated
wastewater — 120 mg/dm
* — P <0.05 compared to the control without ferrum sulfate addition
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Fig. 2.Change in the COD index of a pharmaceutical company industrial wastewater and the effect of
purification by COD in purification by the technology “aeration — coagulation with aluminium sulfate —
sedimentation — oxidation — filtration”:
effect 3 was determined at a COD value in untreated wastewater of 90 mg/ dm?in each process relative to this
value; effect 4 — at a COD value in untreated wastewater — 120 mg/dm
* — P <0.05 compared to the control without aluminium sulfate addition
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Fig. 3. Scheme of pharmaceutical company industrial wastewater treatment technology from cefuroxime:
1 — averaging; 2 — coagulation with mineral coagulants; 8 — settling; 4 — oxidation with hydrogen
peroxide; 5 — filtration

The technology includes sequential processes
of physico-chemical wastewater treatment,
namely averaging, coagulation, settling,
oxidation with hydrogen peroxide, and filtration.

Given the uneven drainage of industrial
wastewater from pharmaceutical companies
and fluctuations in pollutants concentrations
during the day, to equalize the quantitative
and qualitative composition of wastewater
when it enters the treatment plant for local

treatment, wastewater averaging is required
which is carried out using an aeration system.
The use of air for wastewater aeration in the
averaging unit allows in the first stage to oxidize
up to 30% of organic substances contained in
industrial wastewater with the help of oxygen.
The next process of wastewater treatment
is coagulation of pollutants with a mineral
coagulant, for example, with ferrum III
sulfate — Fe,(S0,); at a dose of 50—100 mg/dm?
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with alkalization of wastewater with NaOH
solution up to pH 7.0-7.5. It is possible to
use a flocculant, for example, Magnafloc at
a dose of 1-2 mg/dm? to form large flocks
and intensify the process of coagulant flakes
sedimentation. For coagulation, aluminium
sulfate Al,(SO,); can also be used instead
of Fey(SO4)5 in combination with alkali and
flocculant. However, it should be noted that a
more economical option is Fe,(SO,)s.

Due to the large specific surface area of
colloidal particles, they have a significant
surface energy and, consequently, a high
adsorption capacity, due to which the
adsorption of dissolved in wastewater
substances takes place on the surface of the
formed colloidal particles.

The flocculation process application
is based on the mechanism of flocculants
action, which is based on the phenomenon
of flocculant molecules adsorption on the
surface of colloidal particles, formation
of mesh structure of flocculant molecules,
adhesion of colloidal particles due to Van der
Waals forces. Under the action of flocculants,
three-dimensional structures are formed
between colloidal particles, capable of faster
and more complete separation from the liquid
phase.

Flocculation is carried out to intensify
the process of iron hydroxide flakes
formation in order to increase the rate of
their sedimentation. Flocculants usage allows
reducing the coagulants dose and coagulation
process duration, and increasing the rate of the
formed flakes sedimentation.

Thus, when introducing coagulant and
flocculant into industrial wastewater,
due to the processes of coagulation and
flocculation, there is removal of contaminants
from wastewater, which are impurities
of varying degrees of dispersion (fine,
colloidal and molecular-soluble substances)
due to adsorption of these substances on
the highly developed surface of mineral
coagulants flakes which are formed in water
at maintenance of conditions necessary for
coagulation.

To separate the formed flakes with
adsorbed contaminants from water, the
sedimentation process is used. The taken
duration of sedimentation is 1.5 hours. To
increase the efficiency of sedimentation (by
25-30%) and reduce the process duration (up
to 15—20 minutes), you can use a thin-layer
sedimentation tank with inclined shelves of
parallel working tiers of the sedimentation
tank.
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The sludge formed in the sedimentation
tank (10-12% of the wastewater volume) must
be periodically taken away for consolidations.
You can use filter bags to dehydrate the sludge
from the initial humidity of 95.0-99.7% to
the moisture content of the compacted sludge
of 70—-80% for further disposal.

Further, according to the technology
(Fig. 3), wastewater after sedimentation is
directed to the oxidation of contaminants
remaining in wastewater after coagulation,
flocculation and separation of sludge, using
hydrogen peroxide H,0, as oxidant at a dose
of 30-60 mg/dm? for 30 min of wastewater
contact with the oxidant under stirring
conditions to undergo reactions between
hydrogen peroxide and contaminants. The
advantages of hydrogen peroxide usage
compared to other oxidizing reagents are high
oxidation efficiency of organic substances,
absence of residual concentrations of
hydrogen peroxide in treated wastewater
due to its decomposition, stability of salt
content of treated wastewater, and the course
of reactions without toxic intermediates
formation.

The final process in the technology is the
process of wastewater filtration, for example,
through sand filtration loading. Due to
filtration, fine impurities are removed from
wastewater, which are carried away by the
water flow after the sedimentation stage: small
flakes of coagulant and colloidal substances
that are retained on the surface of the grains of
the filter loading due to the action of adhesion
forces, mutual colloids coagulation, and
adsorption on the loading surface.

Conclusions

Wastewater treated using the developed
technology can be discharged into the urban
drainage system and will not interfere with the
operation of municipal treatment facilities.

1. On the basis of experimental research
on wastewater treatment of pharmaceutical
companies from antibiotics and related
substances the local treatment technology
has been developed, which is based on the
consistent use of physico-chemical treatment
methods, can be used for local treatment
of these wastewater and for antibiotics and
related substances removal from wastewater in
accordance with the requirements of normative
documents, and disposal of treated wastewater
to the urban sewerage system.

2. The performed experimental researches
allowed establishing the rational parameters
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of technological processes of pharmaceutical
enterprises wastewater treatment from
antibiotics and related substances and
recommending the offered technical solutions
for introduction at the enterprises of
pharmaceutical branch.

3. The developed technology of local
wastewater treatment from antibiotics and
related substances application by pharmaceutical
companies will significantly reduce the risk of
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MeTor0 poboTu 6yJI0 ZOCIIiAUTH IIPOIECH OUM-
MIeHHA BUPOOHUYMX CTIiYHUX BOJ (papMaleBTHUY-
HOT'0O HiAIPHUEMCTBA Ta 3alIPOMOHYBATH e(PeKTUB-
HY TEXHOJIOTiI0 JIOKAJbHOTO OUUINEHHS TAKUX
CTiYHMX BOJ BiAIIOBiAHO A0 BUMOT HOPMaTUBHUX
JTOKYMEHTiB ITTOJI0 CKUJAHHSA OUUINEHUX CTIUHUX
BOJI Y CICTEMY BOJOBiJBeIeHHA MicTa.

s mocaigsxeHHs 6yJI0 BUKOPUCTAHO MO/EJIb-
Hi po3unHu IepypokcuMy — aHTUOiOTUKA Ieda-
JIOCIIOPMHOBOTO PAAY, V AUCTUJIHOBAHIN BOA1 3 KOH-
meHTparrieo 25i 35 mr/ aM3. XimiuHe CIIOKMBAHHS
KIUCHIO MOJIEJIbHUX PO3UYMHIB, CTAHOBUJIO, Bigmo-
Bimmo, 901120 MI‘/,/IMg. XCK BusHauaJu 3a 6ixpo-
maTHUM MeTozxoMm (3riguo 3 KHIL 211.1.4.021-95.
«MeTonuKa BUSHAUEHHSA XiMi4YHOTO CIOKMBAHHS
kucHO (XCK) B TOBEepXHEBUX i CTIUHUX BOZAX» ).

Edexr sHmxenna noxkasauka XCK npu koa-
TyJIALII i BiCTOIOBaHHI CTIYHIX BOJ Y BUIIAJIKY BU-
KopucTaHHs cyabdary s3amisa III cranosus 79,2% i
75% , 110 Buinie Ha 4,2—6,7% Hi¥K Ipy 3acTOCYBaHHSA
cyJsb(para aaoMiHito. BcraHOBIEHO 3MiHY TTOKa3HUKA
XCK criuHux BoZ (hapMIIiAIIPIEMCTBA 32 eTallaMu X
OUMITIEHHA: «aepallisa — KoaryJadalid cyJibdaTom 3a-
gisa III — BifcTOIOBAaHHA — OKUCHEHHA — (PLIBTPY-
BauHs» . [licaa ginbTpaliii epeKT SHUIKEHHS IIOKAa3-
auka XCK cranosus 95,8—-100 % mpu moyaTKOBUX
saauverusa 120 i 90 MI‘/J_'[M3 BigmosigHo. Po3pobiierno
TEXHOJIOTiIO JIOKAJIHHOT'O OUMIITEHHS CTIiUYHUX BOJ, Bif
aHTHOIOTUKIB, AKA I'PYHTYETHCA HA IIOCJIiJOBHOMY
BUKOPUCTaHHI (hi3MKO-XiMiUYHUX METO/iB OUUITIEHHSA
Ta J03BOJISIE BUNAIUTHY i3 CTIUHMX BOJ AHTUOIOTUKH
i cynyTHi iM peYoBMHM 0 BUMOT HOPMATUBHUX JI0-
KYMEHTIB Ta Bi/IBECTY OUMIIEH] CTiUHi BOAY B MiCbKY
CUCTEMY BOJIOBiIBEIEHHA.

3acTrocyBaHH:A (hapMAaTeBTUIHIMU ITiIITPUEMCTBA-
MU PO3POOJIEHOI TEXHOJIOTIT JIOKAJIBHOTO OUUIIIEHHA
CTiUHMX BOJ Bil aHTMOIOTUKIB Ta CYyITyTHIX iM peuoBUH
pusBee A0 3a0e3MeUeHHsT BUMOT CKUTY BUPOOHUYNX
CTIiUHMX BOJZl Y MICBbKY CHUCTEMY BOIOBiIBEeIEHHS, 0
CYTTEBOTO SHIKEHHA HEOE3IeK! BILIUBY aHTHUOI0TH-
KiB Ha MiKpOOPraHi3Mu aKTUBHOTO MYJIy 6i0I0TiUHIX
OYMCHUX CIIOPY], MiCTa, 10 3MEHIIIeHHS eKCILTyaTalli-
WHUX BUTPAT HA JOCATHEHHS IPAHUYHO-TOITYCTAMUX
CKUJIiB CTiUHUX BOJ| Y IIPUPOIHY BOIOIMY.

Knawwoei cnosea: antubioTuru, cTiu"i BOAH,
OYMCTKAa, (hbapMalleBTUYHI IIiJIPUEMCTBA.
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ITesnso paboThI OBLIO MCCIENOBAHNE IIPOIIECCOB
OUMCTKY IIPOU3BOACTBEHHBIX CTOUHBIX BOJ (hapMa-
IEBTUYECKOr0 IPEeAIPUATAS U IPeIIosKeHne a@-
(eKTUBHOI TeXHOJOTUH JIOKAJIBLHON OUMCTKU Ta-
KUX CTOYHBIX BOJ B COOTBETCTBUY C TPEOOBAHUAMU
HOPMATUBHBIX TOKYMEHTOB IT0 COPOCY OUMIITEHHBIX
CTOYHBIX BOJ[ B CUCTEMY BOJIOOTBEIEHUS I'OPOA.

Jist uiccremoBaHMs ObLIY HCIIOJIb30BAHBI MOJIEJIb-
HbIE PACTBODHI ITehypoKCcUMa - aHTUOMOTHKA 1eda-
JIOCIIOPMHOBOTO PAZA, B JUCTUJIIMPOBAHHOM BOJE C
KoHIleHTparen 25 u 35 mr /,uM3. XuMuuecKoe morpe-
GJIeHMe KUCJIOPOIa MOIEIbHBIX PACTBOPOB COCTABJISLIO
90 u 120 mr/am°, coorBercTBerHO. XIIK ompenessin
1o 6uxpomaTtHOoMy Meroxy (o KHJIT 211.1.4.021-95.
«MeToauKa ompefeieHnsA XUMUUECKOro morpeob.ie-
HuA kucaopoa (XITK) B HoOBepXHOCTHBIX 1 CTOYHBIX
BOZAX»).

AddeKrT cumKeHNUA ToKasaTena XIIK mpu Koa-
TYJISIUYA U OTCTAMBAHUY CTOUYHBIX BOJ[ B CJIyYae WC-
MoJIb30BaHus cyab(dara sxesesa I1I cocrasua 79,2%
u 75% , uro BoIle Ha 4,2—6,7% uvem mpu TpUMeHe-
HUU CyJIb(haTa ATIOMUHUA. ¥ CTAHOBJIEHO N3MEHEHIIEe
nokasaress XIIK cTouHbIX BOA (papMIpPeIIpUSaTHA
110 9TalaM MX OYMCTKH: «asparus — KOaryJIAaius
cyabdarom skesesa III — orcramBanme — OKUCJIe-
Hue — (QunabTpoBanue». Ilocie puabrpanu sddext
cHmxenud rnokasaress XIIK cocrasisan 95,8—-100%
mpu HaYaIbHBIX 3HaueHUA 120 u 90 MI‘/,I[M3 COOT-
BeTCTBEHHO. PaspaboTaHa TeXHOJOTUA JIOKAJIbHOM
OUUCTKM CTOYHBIX BOJ OT aHTUOMOTHUKOB, OCHOBAH-
HOH HAa ITOCJIeIOBATEILHOM HCIIOIb30BAHNY (DU3UKO-
XUMUYECKUX METOI0B OUNCTKY U II03BOJIAET YIAIUTD
M3 CTOUYHBIX BOJ aHTUOMOTUKY U COITyTCTBYIOIIIIIE IM
BeITleCTBa C TPeOOBAHUAMY HOPMATUBHBIX JOKYMEH-
TOB ¥ OTBECTHU OUMUII[EHHBIE CTOYHBIE BOIBI B IOPOJI-
CKYIO CUCTEMY BOJOOTBEIEHUS.

IIpumenenue papMaleBTUYECKUMU IPEAIIPHU-
ATUAMU Pa3zpaboTaHHON TeXHOJOTUU JIOKAJIHHOMN
OUYMCTKY CTOYHBIX BOJ OT AHTUOMOTUKOB U COIYT-
CTBYIOIIUX UM BEIIEeCTB IIPUBEAET K 00eCIIeUueHUIO
TpeboBaHUi cOpoca MPOU3BOACTBEHHBIX CTOUHBIX
BOJ B TOPOJICKYIO CUCTEMY BOZOOTBENEHUA, K CY-
IIIECTBEHHOMY CHUKEHUIO OIIACHOCTH BO3IeCTBUS
aHTUOMOTUKOB Ha MUKPOOPTAHU3MbI aKTUBHOTO
mnJia GMOJIOTUYECKUX OUMCTHBIX COOPYKEHUIT Topo-
Ia, K YMEHBIIIEHUIO SKCILTyaTAI[MOHHBIX PACX0/I0B
Ha JOCTUIKEHNEe I'PAHUYHO-IOIYCTUMBIX COPOCOB
CTOUYHBIX BOJl B €CT€CTBEHHBII BOJOEM.

Knrwuesvte cnosa: aHTUONOTHUKY, CTOUHBIE BOJEI,
OUNCTKAa, (papMalleBTUUeCKre IPeqIPUuATHA.



