Engineering Journal of Satbayev University

SATBAYEV
UNIVERSITY Volume 146 (2024), Issue 6, 33-38

https://doi.org/10.51301/ejsu.2024.i6.05

Efficiency of industrial wastewater treatment
using natural bentonite sorbents

M.A. Jetimov?, L.K. Ybraimzhanoval®, E.A. Kambarova?, S.A. Mamanoval!

1Zhetysu University named after 1. Zhansugurov, Taldykorgan, Kazakhstan
2M.Kh. Dulati Taraz Regional University, Taraz, Kazakhstan

*Corresponding author: ybraymzhanova@mail.ru

Abstract. The article is devoted to the current problem of the industrial town Tekeli of the Zhetysu Region, the Republic of
Kazakhstan, in the area of operation the Tekeli mining and processing complex, based on TMPC LLP, where widespread pol-
lution of water resources is observed. The main pollutant of its water basin is industrial waste of the operating enterprise locat-
ed on the sites of the mining and processing complex. The water of the Karatal River is under intense pressure from the toxic
components of the mining industry, which is located in the zone of the densest river network. This co-arrangement contributes
to the fact that substances with gaseous, liquid and solid waste inevitably enter the river network. As a result, the nature of the
deterioration in surface water quality in the Zhetysu region is becoming a steady trend. Of significant interest for the develop-
ment of sorption methods for the purification of industrial effluents is the use of aluminosilicates - bentonites, as the most
common and cheap. However, in a natural state without activation, they often do not have a high sorption capacity, which
entails an increased consumption of them. It became necessary to obtain activated sorbents with a higher sorption capacity
from natural mineral raw materials of aluminosilicates. The purpose of this work is to develop an innovative technology for
cleaning industrial effluents from heavy metals using a natural sorbent — bentonite. The authors in the study used bentonite as a
sorbent, as the most common and cheapest sorbent in this region. However, in their natural state without activation they often
do not have a high sorption capacity, which causes increased consumption. There was a need to obtain activated sorbents with
a higher sorption capacity from the natural mineral raw material bentonite for development technologies of advanced treatment
of industrial effluents containing heavy metals (Zn?*, Pb?*, Cu?*).

Keywords: aluminosilicates-bentonites, sorption capacity, industrial effluents of the enterprise, sorption of heavy metals,
toxicants, Karatal river.

1. Introduction

Relevance of the work. Currently, the treatment of indus-
trial effluents of the TMPC LLP enterprise is an urgent envi-
ronmental problem in this region. Despite all the measures
and methods used to treat the effluents, pollutants continue to
enter the water bodies. The most dangerous pollutants are
heavy metals (HM).

Adsorption methods are the simplest, least expensive, ac-
cessible and effective of all the special methods of water
treatment. In the Zhetysu Region there are deposits of benton-
ites, which are used as sorbents for advanced treatment of
industrial effluents. Bentonites have increased selectivity to
heavy metal ions and polar substances, which allows us to
expect high efficiency in industrial effluents treatment pro-
cesses [1-3]. Bentonite is a complex mineral, whose composi-
tion is determined by the content of montmorillonite in clay,
having the formula Sig Als Oz (OH)sxnH>0O, where silicon
can be replaced by various cations (aluminum, iron, zinc,
magnesium, calcium, sodium, potassium, etc.) [1, 3-4].

The region’s water resources are under intense pressure
from toxic components of industrial mining enterprises lo-
cated in the area of the densest river network. This co-
location leads to the fact that substances with gaseous, liquid
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and solid waste inevitably end up in the river network. As a
result, deterioration in the quality of surface waters in the
Zhetysu region is becoming a stable trend. The Karatal River
is one of the most polluted rivers of the Republic of Kazakh-
stan, and the highest pollution of surface waters is observed
in the area of Tekeli mining and processing complex. Ac-
cording to the RSE «Kazhydromet» [1, 5-6], the most pollut-
ed river in terms of chemical indicators is the Karatal River.
The pollution index of this river has remained high over the
past 20 years.

Based on the analysis of the results of long-term experi-
mental studies of water supply and sanitation systems of the
industrical cleaning filters, carried out by Evdokimov P.D.,
Sazonov G.T., Berger B.S., Bagrov O.N., Antonov V.N.,
Myrzakhmetov M.M., Golovanov G.A., scientific and tech-
nical principles and methodological foundations for creating
low-waste water supply and industrial wastewater disposal
systems of mining and processing complex have been devel-
oped [1, 2].

Among the known environmental pollutants, the most
dangerous toxicants are heavy metals that have the ability to
propagate in gaseous, liquid and solid phases. The study
found out that most often in the industrial wastewater of the
Tekeli mining and processing complex there are the follow-
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ing metals: Pb?*, Zn?*, Cu?*, Cd?*, Fe?, Crf, Mn%, Al in
mobile water-soluble forms, as well as in the form of suspen-
sion [3, 7-8].

Scientific work is devoted to development of industrial
wastewater treatment technology of Tekeli mining and pro-
cessing complex with natural sorbents, bentonites of the
Mukry deposit in the Zhetysu Region of the Republic of
Kazakhstan. The research work was carried out in accord-
ance with the research plan of the scientific and research
work carried out over a number of years under the education-
al program «Natural and Technical Sciences» of Zhetysu
University named after I. Shinzaburo.

The significant interest to us was the use of sorption
method of purifying industrial wastewater with aluminosili-
cates-bentonites, as the most common and cheapest. Howev-
er, in their natural state without activation, they often do not
have a high sorption capacity, which entails increased con-
sumption [9, 10]. There was a need to obtain activated
sorbents with a higher sorption capacity from the natural
mineral raw material, aluminosilicate-bentonite, for the fur-
ther development of technologies for purification of industri-
al wastewater containing heavy metals (Zn?*, Pb%", Cu?,
etc.).

The purpose of this work is to develop an innovative
technology for purifying industrial wastewater from heavy
metals using a natural sorbent, bentonite.

Monitoring of the surface water ecosystem of the studied
area and [11] in particular the river Karatal along its entire
length shows that water ecosystem is moderately polluted.

Intense and long-lasting zones of pollution have formed
in the bottom sediments of rivers, which are secondary
sources of pollution of the reservoir.

Pollution of the surface reservoir in the areas where the
Tekeli mining and processing complex operates has led to an
unacceptable deterioration of the quality of groundwater. Nat-
ural purification when filtering through the soil does not give
the desired effect, since the filtering soil rocks themselves are
saturated with chemical compounds, as a result of which the
concentration of heavy metals in groundwater increases.

The liquid phase of industrial wastewater in the tailing
storage contains a significant amount of free oxygen and CO3
than groundwater [12-13], which creates favorable condi-
tions for intensive desolination from industrial wastewater
with transfer into the liquid phase of a significant number of
chemical elements and their compounds that pollute the
environment.

2. Materials and methods

Environmental hazards of industrial waste of Tekeli min-
ing and processing complex for groundwater and surface
water was assessed by chemical indicators of surface water
according to the method [14-15] proposed for calculating the
water pollution index (WPI).

Water quality was assessed by WPI using formula (1):

WP :C/MPC ’
n

()
where C is the actual concentration of the pollutant;

MPC — maximum permissible concentration of a pollu-
tant;

n — the number of the most dangerous pollutants.
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The quality of the surface water on hydrochemical indica-
tors of the WPI of the RSE «Kazhydromet» of Taldykorgan
city is shown in Table 1.

Table 1. Water quality class, based on the calculated WPI value

WPI value Water quality class Nature of quality
<0.3 1 very clean
0.3-1.0 2 clean
1.0-2.5 3 moderately polluted
2.5-4.0 4 polluted
4.0-6.0 5 dirty
6.0-10.0 6 very dirty
>10.0 7 extremely dirty

3. Results and discussion

Analysis of WPI indicator made it possible to compare
the water quality of different objects, regardless of the pres-
ence of various pollutants, and to identify the dynamics of
changes in water quality over the years. The Kora River is
the inflowing stream of the Karatal River in the area where
the Tekeli mining and processing complex is located. Indus-
trial waste of the Tekeli factory is contaminated with copper,
zinc, lead ions, as well as sulfates. Industrial waste of the
mining and processing complex, drainage waters from tailing
storages, waste and mine waters pollute the groundwater that
feeds the Kora River. As evidenced by the high content of
heavy metals (Cu?*, Pb%, Zn?, Cd?*) in the Kora River,
given in Table 2.

Table 2. Content of heavy metals (Cu?*, Pb?*, Zn?*, Cd?*) in
the Kora River in the area of industrial cleaning filters operation

. - Exceeding the maximum permis-
Maximum = Average Minimum 9 P

Heavy sible concentration ,, ", times
metals value, value, value, max average | minimum
mg/dm® | mg/dm® = mg/dm?® :
values value values
Cu* | 1.73400 0.017 0.00620 173.4 17.33 6.2
Pb* = 1.5600 0.009 | 0.00050 15.6 0.09 0.005
Zn?* | 1.4200 1.146 = 0.00050 142 114.6 0.05
Cd?* ' 0.00900  0.006 = 0.00008 1.8 1.2 0.02

“Note: according to Sanitary Regulations and Standards of the Republic
of Kazakhstan 3.01.067.97, the maximum permissible concentration y is
0.001 mg/dm? for copper, 0.01 mg/dm?® for zinc, 0.1 mg/dm?® for lead and
0.005 mg/dm?® for cadmium.

The maximum excess of the maximum permissible con-
centration o for copper is 173.4 times and for zinc 142 times,
which occurs due to the high content of copper and zinc in
the factory water discharged into the Kora River without
treatment.

In 2022, the water condition of the Kora River was as-
sessed as «extremely dirty»; the WPI is 14.94 according to
Table 1 and exceeds the norm by 7.5 times.

For industrial wastewater treatment of the mining and
processing complex from heavy metals Cu?*, Pb%, Zn%,
Cd?* and other pollutants the method of accelerating the
process of sedimentation of finely dispersed impurities and
emulsified substances, coagulation, is used. As a result of
coagulation, flakes of metal hydroxides were formed (with
the ability to trap colloidal and suspended particles), which
were then deposited under the influence of gravitational
forces [16-19, 26].



M. Jetimov et al. (2024). Engineering Journal of Satbayev University, 146(6), 33-38

When suspended particles are aggregated with addition of
high molecular weight compounds to industrial wastewater,
the process of flocculation occurs. Use of flocculants made it
possible to cut down on the dose of coagulants and reduce
the duration of coagulation process, as well as to increase the
rate of sedimentation of the resulting flakes. To intensify the
process of floc formation and increase the rate of their depo-
sition, aluminum and iron hydroxides were used [5, 20-21].

The sorption methods we use allow us to carry out a
higher degree of purification of industrial wastewater, up to
80% and higher, compared to chemical reagent methods.
These methods are based on the processes of contact sorption
of substances on the developed adsorbents surface.

In the studies of Sh.B. Battalova, M.M. Kravchenko [16,
22-23], it was theoretically and experimentally proven that
bentonites of the 14th horizon of the Mukry deposit have the

greatest sorption capacity, as shown in Table 3, they have a
monomineral composition, the content of the mineral mont-
morillonite reaches 90% [8, 17, 25].

Bentonite of the Mukry field was used in the studies for
industrial wastewater treatment of the mining and processing
complex from heavy metals Pb?*, Cu?*, Zn?* Cd?*. A series
of experiments were carried out using model solutions of
heavy metals, as well as industrial waste drains with thicken-
ers of copper-zinc and lead concentrates of the mining and
processing complex. The experiments were carried out under
static conditions, at a pH of the environment from 7.5 to 8.5.

In the experiments, bentonite was used without activation
at natural humidity 8%, the optimal contact time of the
sorbent with wastewater was 2 hours, the mass of the sorbent
(g/dm?®) was 20, 30 and 40.

Table 3. Results of industrial wastewater treatment depending on the amount of used sorbent

Name of Sorbent Initial Residual concentration C r.s, g/dm*at Purification degree a, % at contact
heavy mass. a /dm? | ©onc: C rer, contact time, hour time, hour

metal 9 g/dm? 1 15 2 25 1 15 2 25

20 5 4.30 3.74 3.49 3.66 17 26 31 28

Cu* 30 5 3.72 2.39 2.27 2.48 26 47 56 51

40 5 3.48 2.58 1.82 1.88 31 53 65 60

20 4.48 3.32 1.33 2.90 3.05 25 32 37 34

Pb?* 30 4.48 3.28 1.86 2.23 2.44 26 41 515 47

40 4.48 2.75 241 1.48 1.77 37 53 64.5 62

20 1.06 0.83 0.30 0.65 0.71 22 31 36 33

Zn* 30 1.06 0.76 0.42 0.53 0.62 25 37 45.1 42

40 1.06 0.70 0.54 0.41 0.46 36 48 58 54

Increasing the contact time of the sorbent and industrial
waste by more than 2 hours leads to decrease in the degree of
purification, as the desorption process begins. To achieve
MPC px standards, the mass of the sorbent must be more than
50-60 g. This is irrational. The purification degree a is calcu-
lated using formula (2):

a= |:(Cref —Cres ) I Cres :| -100% )

where Crer is the concentration of the pollutant in the orig-
inal solution, mg/dm3;

Cres is residual concentration of pollution in solution,
mg/dm3 [4, 24].

To increase the sorption capacity, the experiment was
carried out using the «Magnafloc 10» flocculant and alumi-
nosilicate-bentonite.

We used 20 g/dm® of bentonite of horizon 14 on a dry
matter basis, the contact time of the sorbent, flocculant and
industrial waste was 2 hours. The results of a series of exper-
iments are given in Table 3.

Analysis of the results in Table 3 showed the highest de-
gree of purification 62.4% corresponding to the regime when
using 0.5 mg/dm?® flocculant and 20 g sorbent. When the
mass of the sorbent increased to 40 g, the degree of purifica-
tion increased by 2.6%, since the process of simultaneous
sorption and flocculation has a physical limitation: floccu-
lants clog pores accessible to heavy metals.

The experiment showed use of bentonite in the amount of
20 g/dm3and the «Magnafloc 10» flocculant in the amount of
0.5 mg/dm?, the degree of purification from zinc is 66%,
from copper — 70% and from lead — 72%. Thus, when using
a flocculant-sorbent composite, the degree of copper purifi-
cation is 70% in the mode of 0.5 g/dm?flocculantand 20 g of
sorbent as at 40 g/ dm?® of bentonite in natural occurrence.
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During the study period, the situation with pollution of
the Karatal River with heavy metals (Cu?*, Pb?*, Zn%*,
Cd?*) did not change significantly due to the accumulation
of heavy metals in bottom sediments of river beds. The
level of WPI was assessed as «highy, and in some areas —
«very highy.

Pollution of the Karatal River is also caused by the activi-
ties of the Tekeli mining and processing complex. Sewage
and drainage water pollution ranges from «very dirty» (WPI
equal to 6) to «extremely dirty» pollution (WPI equal to 7).
This has led to pollution of the Kora River, a tributary of the
Karatal River into which wastewater is discharged, where
WPI amounts to «very highy levels of pollution.

The experiment showed use of bentonite in the amount of
20 g/dm® and «Magnafloc 10» flocculant in the amount of
0.5 mg/dm® improves the degree of purification of zinc by
66%, copper by 70% and lead by 72%.

Thus, when using a flocculant-sorbent composite, the
degree of copper purification is 70% in the mode of
0.5 g/dm? flocculant and 20 g of sorbent, as with 40 g/dm?3
of bentonite.

4. Conclusions

The study outlines scientifically based technological and
environmental developments for industrial wastewater treat-
ment with acid-alkaline activated bentonites, providing the
solution to important scientific and practical problems to
reduce the negative impact of industrial wastewater on sur-
face water bodies.

The nature of pollution has been systematized and it has
been revealed that the main ones are heavy metals - lead,
zinc, copper. The pollution assessment was carried out using
the water pollution index (WPI).
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An environmental and economic assessment of the effec-
tiveness of sorption technology for purification of heavy
metals - Zn?*, Pb?*, Cu?* with acid- alkaline activated ben-
tonites is presented.

Based on the results of pilot tests of purification of indus-
trial wastewater from heavy metals with acid-alkali activated
bentonites, environmental and technological proposals have
been developed to reduce the negative impact on the envi-
ronment.
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Cy KaJaabIKTAPbIH TA0UFU COPOEHT-0EHTOHMTTEPMEH Ta3aPTYIbIH
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Anparna. Makana cy pecypcTapbIHBIH OapiiblK skepae jactanysl OarikanateiH « TTTIK» XKIIC 6a3aceinga Tekeni Tay-KeH
OHJCY KemleHiHiH opeker ery aymansiHma KP JKericy oOapichiHBIH Tekeni ©HEpPKOCINTIK KaJaCchIHBIH ©3€KTI MJcelleciHe
apHanrad. OHBIH cy OaccelHiHIH HeTi3Ti JacTaymIbICHl Tay-KeH oHJey KeUICHiHIH alaHAapblHAa IIOFBIPIAHFaH JKYMBIC icTen
TYPFaH KOCIIOPBIHHBIH Cy KaJABIKTapbl 0okl TaObiIaasl. KapaTana e3eHiHIH cybl ©3¢H TOPaOBIHBIH €H THIFbI3 aiiMarbIHIa
OpHAJIaCKaH OHEPKICINTIK Tay-KeH OHAIPYII KOCIMOPBIHAApABIH YJIbl KOMIIOHEHTTepiMEH JactaHyga. byn Oipiecken
OpHanacy ra3 Topi3i, CYHBIK KOHE KATThl KAJJIBIKTHI 3aTTAp/bIH ©3CH arbIChIHA Y3MiKCi3 eHyiHe bIKman erefi. OChIHBIH
Hotwxkecinae JKericy eHIpiHIH ep YCTi cyliapbl canachlHBIH Hallapjiay CHUIAThl OPHBIKTHI ypaicke adHamyna. Cy
KaJIJBIKTapbIH Ta3apTy/bIH COPOLMSIIBIK SAICTEPIH JaMBITy YIIiH €H KOIl TapaJfaH oHe KODKeTIMAI OCHTOHUTTEP/I KOJIAaHy
KBI3BIFYIIBUIBIK TYIBIPaabl. Ajaiiaa, OenceHaipycis TaOUFu Kyiie onap keOiHece COpOUSIIBIK KaOiaeTi TOMEH, OVJI oJlap by
TYTBIHYBIHBIH TOMEHJICYIHE 9Kesel. AJIFOMOCHINKATTAPAbIH TaOMFH MHUHEPAN/bl NIMKI3aThIHAH COPOLMSIIBIK CHIMBIMIBUTBIFEI
JKOFaphl OCJICCHIIPIITeH COPOCHTTEP I any KaXXETTIMIr TYbIHIAAbl. ByJ1 )KYMBICTBIH MaKcaThl — TAOUFU COPOCHT-OCHTOHUTTI
KOJIIaHa OTBIPBIN, ayblp METaJapbl OHEpPKACINTe Ta3apTy[AblH WHHOBALMIIBIK TEXHOJOTMSICHIH jKacay. Ojicrep:
CTATHCTHKANBIK 9JicTep, CYIbIH JIaCTaHy WHJAEKCIH ecentey ojicremMeci OOWBIHIIA IKep YCTI CYNapblHbIH XHMHUSUIBIK
KOpCeTKIITepiH Oaranay. A¥iMakTa jKep acThl JKOHE Kep YCTi Cylaaphl ayblp METAlapMEH 3KOJIOTHSIIBIK JacTaHyaa. byran
nmaiianany omiCTepiHIH JKETIIMEreHIir — IONMMETaul KeHICepiHiH KEeH OpBIHOApHIH OHAIPY JKOHE OHICY, COHAal-aKk Tay
JKBIHBICTAPBIHBIH Y3IIKCi3 JKUHAJATHIH YHIHIIIEpI MeH OabITy KalIbIKTapbl TiKeJIed eHIIpIiCTIK aymMakka okememi. Omapra
XUMUSUTBIK 3JIEMEHTTEP MEH OJIAp/bIH KOCHUIBICTAPHIMEH YCBHIHBUIFAH aFbIHBI CyJap MEH JPEHaXIbl CYIapAblH OcepiHe
GaiinaHbicTel Gonafpl. HoTukenep: ©HepKocil OpBLIHAApBLIH ayblp MeTanapaad (Zn?*, Pb?*, Cu?*) KblIKbUI-CinTimi
AKTHBTEHIPUIreH OCHTOHUTTEPMEH Ta3apTyFa THKIPHOEIIK-0HEPKACINTIK ChIHAKTAp KOpIIaraH opTara Kepi acepiH azaiityna
IKOJIOTHSUIBIK )KOHE TEXHOJIOTHSIIBIK YCHIHBICTAPAbI aHBIKTAIbI.

Hezizzi co30ep: aniomMoCcunukammol-6eHmoHummep, copoOYusiblK ColUbLMObLIbIK, KICINOPLIHHGIY NPOMCHIOKIMAPYL, aYblp
Memandapowviy copoyuscul, yoummol 3ammap, Kapaman eseni.

¢ PeKTUBHOCTH OUMCTKH MPOMCTOKOB IPUPOAHBIMHI COPOEHTAMM -
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AnHoTanus. CTaThs MOCBSINEHA aKTyaJbHON MpobieMe mpomsinuieHHOro ropoja Texenn XKetsicykckoit o6mactu PK B
paiione neiictBua Tekenmiickoro TropHO-TiepepabarbiBaromero kommiekca, Ha 6a3ze TOO «TTTIK», rme nHabmomaercs
MTOBCEMECTHOE 3arpsi3HEHHE BOJTHBIX pecypcoB. OCHOBHBIM 3arps3HUTENIEM €r0 BOJHOTO OacceifHa SBIAIOTCS NMPOMCTOKH
JICHCTBYIOIIETO NPEANPHUATHS, CKOHIIEHTPUPOBAHHOTO Ha IUIOMIAJKaX TOpHO-TiepepadaThIBaromero KomIriekca. Boma pekun
KapaTan HUCIIBITBIBACT WHTCHCUBHYIO HarpyskKy oT TOKCHYHBIX KOMIIOHCHTOB MMPOMBIIIJICHHBIX Hpe}]HpI/IHTHﬁ
TOPHOAOOBIBAIOIIEH OTpaciy, KOTOpash pacrlolio)keHa B 30HE Hambonee TyCcToil pedHoi cetH. Takoe COBMECTHOE
pacriojio)keHHe CIIOCOOCTBYET K TOMY, YTO BELIECTBA C Ia3000pa3HbIMH, XUIKUMU M TBEPABIMHA OTXOJAaMU HEHU30EXKHO
NONaj aoT B PEYHYIO CeTh. B pe3ysbpraTe 3TOro Xapakrep yXy[AIIEHHs KauecTBa IMOBEPXHOCTHBIX BOA JKETBICYCKOrO pernoHa
CTaHOBUTCSl YCTOHYMBOM TeHaeHIMel. CylecTBeHHBIH HHTEpEC Ul Pa3BUTUSI COPOLIMOHHBIX METO/IOB OYMCTKH MPOMCTOKOB
NPE/ICTAaBISIET NPUMEHEHHE AlIOMOCHIMKATOB — OEHTOHMTOB, KaK HauOoJyiee paclpOCTPaHEHHbIX M jaemeBblX. OIHAaKo B
€CTECTBEHHOM COCTOSIHMM 0O€3 aKkTHBAllMM OHU 3a4acTyl0 He 00JaJaroT BHICOKOH COPOLMOHHOH CIIOCOOHOCTBIO, YTO BJIEYET
MOBBIIIEHHBIH WX pacxol]. Bo3Humkina HEo0XOIUMOCTh TIOJNyYEHHS AKTUBHPOBAaHHBIX COpPOEHTOB ¢ Oojiee BBICOKOM
COpOIMOHHON EMKOCTBIO W3 MPUPOJHOTO MHHEPAIBHOTO CHIPbS ATIOMOCWIMKATOB. llenpio MaHHOW pPabOThHI SIBISIETCS
pa3paboTKka WHOBAMOHHON TEXHOJOTMM OYHCTKH IPOMCTOKOB OT TSDKEIBIX METAaUIOB C HCIHOJNB30BAHHUEM IIPHPOIHOTO
copbeHTa — 6eHTOHHTa. MeToapl: CTaTHCTHUECKHE METO/BI, OLIEHKA 0 XUMHYECKUM ITOKA3aTesIsIM IIOBEPXHOCTHBIX BOA IO
METOJMKE, ATl pacdyeTa WHIEKCAa 3arps3HEHHOCTH BOABL. B pernoHe moja3eMHBIE M MOBEPXHOCTHBIE BOJBI HAXOIATCA B
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COCTOSIHUH 3KOJIOTMYECKOTO 3arps3HEHMs TSDKEIBIMH MeTamnamMu. K 3TOMy NpHBOAAT Kak HECOBEPIIEHCTBO CIIOCOOOB
9KCIUTyaTalld — J00bIYa M IepepadoTKa MECTOPOXKICHHH MOJMMETAUINYECKUX pPYyI, TaK W HENPEPHIBHO HAKAIUIMBAEMBIC
OTBAJIBI TOPHBIX MOPOJ ¥ XBOCTHI 00OTaleHUs] HEIIOCPEACTBEHHO Ha MPOM3BOJCTBEHHBIX IuIoNIaakax. Ha HUX HakiiajbIBaeT
OTIEYATOK BIMSHHUE CTOYHBIX M JPEHAXHBIX BOJ, IIPEICTABICHHBIX XUMHYECKUMH 3JIEMEHTAMU U UX COCIMHEHUSAMU. Pe3yib-
TaTBI: ONBITHO-NPOMBIIIEHHBIE UCTIBITAHUS MO OYMCTKE IIPOMCTOKOB OT TSDKENBIX MeTamios (Zn?*, Pb?*, Cu?*) xucmotHo-
I1EJIOYHOAKTHUBUPOBAHHBIMUA OCHTOHUTAMH OIPEAEIHIN 3KOJIOTO-TEXHOJOTHYECKUE MPEIIOKEHHS 110 CHIKEHUIO HETaTUBHO-
IO BO3/IECUCTBUS Ha OKPYXKAIOIIYIO CPEy.

Kniouesvle cnoga: aniomocunuxamol-6eHmMoHUmMbl, COpOYUOHHASL eMKOCHb, NPOMCTNOKYU NPeONnpUamusl, copoyus MmaxtCenbix
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