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Purpose. To study the possibility of use of absorption properties of natural sorbent agents for waste detoxication.

Methodology. To study the chemical composition of wastes, sediments and in laboratory modeling of waste detoxication
we applied the particle-size, bulk and atomic absorption spectrophotometric methods of analysis. For processing the results of
the research, the methods of mathematical statistics were used.

Findings. The products of solid waste combustion contain 92-97% of heavy metals of danger class 1 and 3-8% of metals
of danger class 2. The content of mobile fractions of heavy metals in incineration products formed the following descending
series: for ash — Zn>Pb>Cr>Cd>Cu>Ni>Co; for dag — Zn>Pb>Cu>Cr>Ni>Cd>Co. The influence of the rocks sorbents ab-
sorption properties, chemica properties of heavy metas and geochemical form of meta on the effectiveness of waste detoxi-
cation was determined. To detoxify the waste, the carbonate clay with the mass fraction of 30% is recommended to be used.
The detoxication of waste occurs due to the absorption properties of natural sorbents and as aresult of the dilution of waste by
neutral natural materials.

Originality. It is shown that the processes of sorption immobilization lead to a significant decrease in the content of mo-
bile fractions of heavy metalsin the waste and thus help to reduce its environmental hazard. It was determined that the heavy
metals of danger class 1 better undergo transformation into immobile forms than the heavy metals of the danger class 2. To
evaluate the efficiency of detoxication of wastes by natural sorbents, it was proposed to use the detoxication rate.

Practical value. The ability of natural sorbentsto turn heavy metalsinto low-solubility compounds reduces their migrato-
ry activity. The use of natural sorbents for detoxication of waste will increase the level of environmental safety of biological
systems and human health.
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The problem subgtantiation. Asaresult of large vol-
umes of industrial and municipal wastes the problem of
their utilization becomes very urgent in Ukraine. The dense-
ly populated and industrialized Dnipropetrovsk region is
one of the leaders according to volumes of industrid and
municipal wastes as more than 9 milliard tones of wastes
(64,6% of the total country volume) are stored on its territo-
ry [1].

Ukraine lacks for landfills for industrial and municipal
wastes. The wastes occupying large territories and often
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stored in a way not permitted by environmentd regulations
are especially dangerous for environment and living organ-
isms. The uncontrolled disposal of large quantities of waste
causes the contamination of residential areas in population
aggregates and adjoining agricultural lands with heavy met-
as(HM) [2-5].

Incineration is a waste treatment method for municipal
solid waste (MSW), which enables wastes volume reduction
and the reduction of landfills area. MSW combustion causes
the concentration of HM and other toxic components in
combustion products. It should be pointed out that the prod-
ucts have potentia toxic and mutagenic properties and nega
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tively affect the condition of ecosystems components and
population health [6].

The need for timely processing and utilization of indus-
triad and municipal wastes containing HM is one of the most
important problems of hydroecology and environment pro-
tection.

Review of the related researches. The use of un-
conventional, widespread and cheap natural materialsis
of great practical interest for the solution of the prob-
lem. The latest scientific researches are focused on the
application of mineral silica-alumina sorbents (clays,
zeolites and other materials with good absorption prop-
erties and environment resistance) to immobilize HM.
The specia attention is paid to the application of
montmorillonite clays for HM immobilization. The
crystal structure peculiarities and surface chemistry of
the minerals specify their great adsorption properties
[7]. Many scientific papers provide the compositional
(chemical and mineralogical) analysis of montmorillo-
nite clays and describe their colloid-chemical properties
and the ability of the naturally occurring, concentrated
and modified clay forms to absorb the HM ions;
demonstrate that the clays from different deposits excel
such effective sorbents as wood charcoal and activated
carbon in their sorption properties[3,7].

The possibilities to apply clays in the detoxication of
MSW combustion products (HM removal) are insuffi-
ciently explored, but it is considered to be a prospective
and productive way of the urgent ecological problems
solving [8, 9].

The identification of unresolved issues. The problem
of waste combustion products storage and disposal consists
of the urgent issues to be solved to provide the sustainable
development of the state. They are the reliable estimate of
wastes toxicity level, their detoxication and recycling. Ac-
cording to the geochemical theory the toxicity of waste
combustion products containing HM is closely connected
with the forms of exigtence in the environment. HM con-
taminate the environment only by means of their mobile
fractions, which can migrate to the environment and then
move by trophic lines.

The solution of the raised problem is based on the con-
cept of binding of HM mobile fractions in waste combustion
products by natural dispersed materials.

The purpose formulation. The wastes toxicity level
reduction in case of natural sorbent agents application is
caused by two factors: firstly, as a result of the display of
natural dispersed material absorption properties, the mo-
bile fractions of HM are transformed into immobile ones,
the toxic elements are converted from soluble state into
low-solubility compounds; secondly, because of the dilu-
tion of hazardous waste combustion products by neutral
environmentally-friendly natural material, the abundance
ratio of HM in the final product i.e compound is reduced.
So, the research into natural sorbent agents application for
reduction of wastes toxicity (caused by HM) is of great
importance.

The Purpose of the work is the investigation of the
application potential of absorption properties of natural
sorbent agents in wastes detoxication.
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Themain part. The object of the research isthe ash and
dag produced by Dnipropetrovsk Waste Incineration Plant
(DIP). The combustion wastes toxicity was estimated with
respect to mobile fractions of HM of danger classes 1, 2: Pb,
Cd, Zn, Co, Ni, Cu, Cr. The mobile fractions of HM were
separated from the wastes by acetate and ammonium buffer
with pH = 4.8. The metals content in wastes before and after
detoxication was estimated by the atomic absorption spec-
trometry method.

The content of mobile fraction of HM in the ash and dag
was high. Thus, amost 80% of plumbum compounds and
100% of zink compounds passed from dag to buffer solu-
tion, 65% of plumbum compounds, 49% of zink com-
pounds, 100% of nickel compounds, and 63% of cobat
compounds were separated from ash.

It was established that both ash and dag are character-
ised by the highest content of mobile fractions of HM of the
danger class 1: zink (3400 in ash and 1400mg/kg in dag)
and plumbum (650 and 240mg/kg respectively). It should
be noted that the content of cadmium (56mg/kg) and chro-
mium (60mg/kg) in the ash was high as well as the content
of copper (115mg/kg ) in dag. The amount of nicke and
cobalt did not exceed 20mg/kg.

According to the content of HM mohile fraction in DIP
waste combustion products the metals could be ranged in
descending order asfollows:

- for ash —Zn>Pb> Cr>Cd>Cu>Ni>Co;

- for dag — Zn>Pb>Cu>Cr>Ni>Cd> Co.

It was determined that the percentage of HM of danger
class 1 in the general content of mobile fraction is 97% for
ash and 92% for dag. The percentage of the metals of dan-
ger class 2 is 3% for ash and 8% for dag. Thus, the data ob-
tained prove that the investigated wastes constitute a serious
threat for environment and must be detoxified.

The experimentd investigation of DIP ash and dag de-
toxication (mobile fraction of HM remove) was conducted
with the gpplication of such natural sorbent agentsas clays.

It is known that the main conditioning factors for ab-
sorption properties of natural sorbent agents are carbonate
minerals content and cation exchange capacity (CEC). So,
in this study, it was planned to determine the combined in-
fluence of all the factors mentioned on the efficiency of the
detoxication of wastes containing HM.

The clays with general carbonate minerals content of
16.6% (carbonate clay, Sample 1) and 1.4% (noncarbonated
clay, Sample Ne2) as well as clays with CEC rate of
30.3mg-equiv/100g (Sample 1) and 38.4mg-equiv/100g
(Sample 2) were sampled in Dnipropetrovsk region.

Sample 1 is the brown colour clay and Sample 2 is the
green and yellow-grey clay. Sample 1 has liquid inclusions
and white colour ties represented by calcite. The inclusions
are from 1 to 4mm in size. The clay (Sample 2) is homoge-
neous, without inclusions and ties. The clays are hard, soapy
and stratified. The surface of alump sample is smooth; the
frace has platy or foliation parting. The studied clays are of
hygroscopic type, imbibe water rapidly without swelling.
The clays have gd (Sample 1) and silty (Sample 2) micro-
structures. The aggregates of clay particles are of light-
yellow and ochraceous colours. The interference tints are
light-yellow with light-gray sections, which is indicative of
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caolinite and hydromicaceous composition (Specimen 1).
The interference tints in the rock of the Specimen 1 are yel-
low and spice orange, which indicates the hydromicaceous
composition. The inclusions are from 1 to 4mm in size. The
clay particles are between 0.005 and 0.01mm in size. The
physical specifications of rock samples are tabulated in tab-
le 1.

Table 1
The physical specifications of rock samples
Index Carbonate clay Non-carbonated

clay
Humidity, % 7.62 6.72
Density g/cm’ 2.73 2.76
Particle-size clay 31.70 44.00
composition, siltstone 66.60 54.20
% sand 1.70 1.20

The analysis of the data from table 1 demonstrated that
clay fraction percentage in the samples studied is from 31.7
to 44%. The clay samples contain clay particles in the form
of sporadical fission units of aleurite fraction as well as plas-
ter-stone, sodium-calcium feldspar and ferric hydroxides.
The rock contains aleurite fraction (up to 66.6 %) with frac-
tion grain size from 0.005 to 0.05mm, some of the grains are
0.15mm in size. The sandy fraction with grain size up to
0.2mm is present too. The percentage of this fraction is 1.2—
1.7%. The sandy fraction is represented by plaster-stone,
quartz, anhydrite and feldspars. The rock structure is of ar-
gillaceous texture type.

The results of the study of salts content in the aqueous
extracts of sorbent rocks are tabulated in table 2.

To provide more comprehensive estimation of the rocks
under study, the content of mobile fraction of HM in the
rocks was determined (table 3).

Table 2
The results of the analysis of sorbent rocks
aqueous extracts

Index Carbonate clay | Non-carbonated clay

Heor R 007
o aw o &
cr mg/g 0.75 0.25

% 0.08 0.03
S on
ME oo ot
T - g
(T 7 ot

Table 3
The content of mobile fraction of HM
in the rocks, mg/kg

Clay type Pb Cu|Cd|Zn | Mn | Ni | Co | Cr
Carbonate 80 | 201520 7501|3020 |50

INon-carbonated | 6.0 | 0.0 | 0.0 | 0.5 6020|041 0.0
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The results of analysis of rocks chemical composition
demonstrated that the salinity rate and content of mobile
fraction of HM are small. Later the content of mobile frac-
tion of HM was taken into consideration in the calculations
of the wastes detoxication degree with clays application.

The wastes detoxication technique was as following: the
definite proportions of dry ash (slag) and clay were mixed
up. Then the 10 dm® of distilled water were added, the mix-
ture was blended to provide watering and the samples were
put aside until complete drying. The dried cemented matter
was crushed and triturated, then the content of mobile frac-
tion of HM was determined using the standard methods de-
scribed by Je.V. Arinushkina.

The efficiency of the detoxication process of MSW
combustion products was determined according to the con-
tent of mobile fraction of HM in the wastes after their inter-
action with a natural sorbent agent and the detoxication de-
gree.

The wastes detoxication degree was determined with re-
spect to both clay absorption properties and the dilution of
hazardous MSW combustion products by natural material,
formula evaluation is

where wis the detoxication degree; C, is HM content in ash
(slag) before the detoxication, mg/kg; C; is HM content in
the mixture after the detoxication, mg/kg.

To calculate the optimum quantity of the sorbent agent
to be used for wastes detoxication, the sorbent mass and de-
toxication degree ratio was studied. For the unchanged mix-
ture mass the percentage of the clay used to provide the
wastes detoxication was 10 and 30%. The fig. 14 demon-
strate the results of the researches.

O Rock percentage in the mixture, 10 % M Rock percentage in the mixture, 30 %

Detoxication degree, %
e
th

Zn Ph Cd Cu Ni Co Cr

Fig. 1. The ash detoxication degree provided by car-
bonate clay

The data analysis based on the fig. 1 demonstrates that
in case of ash detoxication provided by carbonated clay the
transformation process of mobile fractions of all studied
metals takes place. The increase of the sorbent clay percent-
age causes the increase of ash detoxication degree (almost
all mobile fractions of HM are removed). Cobalt is an ex-
ception. The slag detoxication degree related to this metal
does not depend on the percentage of carbonate clay.
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O Rock percentage in the mixture, 10 % M Rock percentage in the mixture, 30 %
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Fig. 2. The ash detoxication degree provided by non-
carbonated clay

The data analysis based on the fig. 2 demonstrates that
the decrease in content of HM mobile fractions in case of
ash detoxication provided by non-carbonated clays
(Sample 2) takes place only for five metals. Copper and
nickel are not detoxified in the ash studied. The clay per-
centage increase provides the tangible detoxication degree
increase (from 2.5 to 5 times).

The same regularities are observed in case of slag detox-
ication provided by clays (fig. 3, 4). The carbonate clay has
better binding properties for mobile fractions of HM. The
application of 10% of clay for slag detoxication provides the
decrease of mobile fractions content for only five HM. The
carbonate clay does not provide the transformation of cad-
mium and nickel, the non-carbonated clay is ineffective with
cadmium and plumbum. If the percentage of clay used for
detoxication is increased up to 30% the change of mobile
fraction content of all metals under study is observed. It
should be pointed out that the value of slag detoxication de-
gree demonstrates the 2—4 times increase in case of car-
bonate clay application; in case of non-carbonated clay the
value does not go up, with the exception of cadmium and
plumbum.

O Rock percentage in the mixture, 10 % M Rock percentage in the mixture, 30 %

100
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Detoxication degree, %
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Fig. 3. The slag detoxication degree provided by car-
bonate clay

According to the ability of mobile fractions of HM to
transform into immobile ones as result of the detoxication
process of waste combustion products in case of clay appli-
cation, HM could be ranged as follows:

Carbonate clay:

for ash : Cd>Ni>Zn>Cr>Pb>Cu>Co,
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for slag : Cr>Zn>Cu>Pb>Ni>Cd>Co.
Non-carbonated clay:

for ash : Cd>Ni>Zn>Cr>Pb>Cu>Co,
for slag : Cr>Zn>Cu>Pb>Ni>Cd>Co.

O Rock percentage in the mixture, 10 % B Rock percentage in the mixture, 30 %
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Fig. 4. The slag detoxication degree provided by non-
carbonated clay

The fig. 5 provides the data of the total quantity of mo-
bile fractions of HM transformed into immobile ones as a
result of the detoxication process of waste combustion
products when applying clays with different carbonate con-
tent.

O Carbonate clue B Non-carbonate clue

1800

1600

1400

1200

0 T

Ash Slag

Fig. 5. Total content of HM being transformed into im-
mobile fractions

It is proposed to estimate the efficiency of the detoxica-
tion process of waste combustion products in case of clays
application according to the detoxication ratio. The detoxi-
cation ratio formula evaluation is

_ 26
&7ZQ’

where K, — waste detoxication ratio; C) — HM content be-
fore the waste detoxication, mg/kg; C, — HM content after
the waste detoxication, mg/kg.

The detoxication rate value describes how the total
quantity of HM decreased during the wastes detoxication
process. Tables 4 and 5 show detoxication rates for different
variants of waste combustion products neutralization with
clays application.
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Table 4
Detoxication rate values for waste incineration ash

Clay type Detoxication rate value
Kg Ka (1) Kq (I1)
Carbonate 1.65 164 1.32
Non-carbonated 1.29 129 1.09

Remarks. Ky is the general wastes detoxication rate; Kqg
() is the wastes detoxication rate for metals of danger
class 1; Kq (I1) is the wastes detoxication rate for metals
of danger class 2.
Table5
Detoxication rate values for waste incineration ag

Detoxication rate value
Clay type
Kq Ka () Ka (11
Carbonate 2.59 2.63 2.18
Non-carbonated 1.16 114 148

The data from tables 4, 5 demonstrate that the change of
the degree of the content of HM mobile fractions is higher
for dag detoxication with the studied clays application than
for ash detoxication. HM of danger class 1 better undergo
transformation into immobile forms than metals of danger
class 2. The reason is that the HM of danger class 1 prevail
in the total quantity of the HM studied in wastes.

The comparative analysis of the ash and dag detoxica
tion processes (mobile fractions of HM removal) indicated
that the transformation into immobile forms in dag is more
complete. The fact is reasoned firstly by the smaller initia
content of mohile fractions of dl studied HM in dag com-
pared to ash. Secondly, we should admit that the aqueous
extract of dag has a higher vaue of acid-base balance
(pH =11.55) compared to the agueous extract of ash
(pH =10.20). This factor affects the detoxication degree of
wastes combustion products as the studied processes occur
a the boundary of liquid and solid phases. Thus the chemi-
ca properties of the dag provide better conditions for ab-
sorbing mobile fractions of HM.

Thereby, the main factors affecting the wastes detoxica
tion degree in case of mobile fractions of HM neutralization
areasfollowing:

- the absorption properties of sorbent agents;

- the chemicdl properties of metal;

- the geochemical fraction of metd in wastes;

- qualitative and quaitative relation of HM in wastes.

Conclusions and further research. As areaults of in-
vestigations conducted it was found that:

- disperse materials and sediments are recommended to
be used for the detoxication of such complicated multicom-
ponent systems as M SW combustion;

- the immobilization degree of HM in wastes increases
with the increase of total content of each of them and it is
limited by the value of absorption capacity of the sorbent
agent;

- in case of combined presence of 3-5 HM in wastes the
selective adsorption in the process of their immobilization
by sedimentsis observed;
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- carbonate clay provides the maximum degree of neu-
tralization of HM mobile fractions in ash and slag detoxica
tion;

- the detoxication process is of the maximum effective-
nessif the mass fraction of carbonate clay is 30%.

Thus, as a result of the study it was proved that the
disperse materials of aluminosilicate type have high ab-
sorption capacity concerning HM in the MSW combus-
tion products. It should be pointed out that different
rocks vary according to their absorption capacities con-
cerning the definite metals. So, the sorbent materials
should be chosen with respect to chemical composition
of the wastes to be neutralized.
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Meta. [locmipKeHHS] MOKIMBOCTI BUKOPHCTAHHS T10T-
JIMHAJIFHUX BIIACTHBOCTEN MPUPOTHUX COPOCHTIB IS IETO-
KCHUKAaLii BIAXO/iB.

MeTtomuxka. JI1s1 BUBYCHHS XIMIYHOTO CKJIay BiIXOIIB,
0CaJIOBHX IIOpiJ Ta IpU NPOBEACHHI J:abopaTopHOro Moje-
JIFOBAHHSA TIPOIIECIB JCTOKCHKAIIi BIiXOMIiB 3aCTOCOBaHI
rpaHyJIOMETPHYHHH, 00’ €eMHHH Ta aTOMHO-aOCOpOIIHHMIA
crnekTpohoTOMEeTpHYHAN MeToan aHami3y. s oOpoOkm
Pe3yJIbTATIB AOCIIPKEH BUKOPUCTAHI METOAM MATeMaTH4-
HOI CTaTHCTHUKH.

PesyabTaTn. [IpogyxTu TepmivHOi IepepoOKH TBEPANX
noOyToBHUX BimxoaiB MicTsite 92-97% Baxkux metanmiB [
kiacy Hebesneku ta 3-8% wmertainis Il knacy nebesnexu. 3a
BMICTOM PyXOMHX (POPM BaKKUX METAIIIB y BiIXOJaX CMiT-
TECTAIIOBAHHS B TIOPSIAKY 3MEHILEHHST YTBOPIOIOTHCS Ha-
cTymHi psmu: st 305 — Zn>Ph> Cr>Cd> Cu> Ni>Co; mis
uaky — Zn>Pb>Cu>Cr>Ni>Cd>Co. BusnaueHo BIUIHB
TOTNIMHAJIGHUX BJIACTUBOCTEH IMOPiA-COPOEHTIB, XIMIYHHX
BJIACTHBOCTEH Ba)KKMX METAIIB Ta T€OXIMIYHOI (hopMU Me-
Tay Ha eeKTHBHICTh ACTOKCHKAMIi BigxomiB. s neTok-
cHKaLii BiXOAIB PEKOMEHIYEThCS BHKOPUCTOBYBATH Kap-
OoHaTHY TJMHY 3 MacoBoro dacTkoro 30%. JleTokcHKartis
BIZIXO/IIB BiOYBAETHCA 3aBASKHU MOTIMHAIEHAM BIIACTHBOC-
TSM TIPUPOIHUX COPOCHTIB Ta B Pe3yJbTaTi PO3BEACHHS Bi-
JIXO/1iB HEUTpaJIbHUMH TIPUPOAHUMH MaTepiaaMu.

HaykoBa HOBH3HA. JIOBEICHO, IO MPOLIECH COPOIIiii-
HOI IMMOOLTI3alii TMPU3BOIATE 1O CYTTEBOTO 3HMKCHHS
BMICTYy PyXOMHX (DOpM Ba)KKHX METaTiB Y BiXO[ax 1 THM
CaMHM CIIPUSIOTH 3HIDKEHHIO 1X EKOJIOTIYHOI HeOe3eKH.
BcranoBieHo, 1m0 Baxki Metanmy | kiacy HeOe3ImeKu Kpaire
3B’ SI3YIOTHCS B Hepyxomi (opmu, HiK Metamm I kmacy He-
Oesmexn. [t omiHKH e(heKTUBHOCTI MPOLIECY IETOKCUKAITIT
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BIZIXO/IIB TIPHPOTHUMH COPOCHTAMH 3aIPOIIOHOBAHO BHKO-
PHUCTOBYBATH MOKa3HUK — KOC(IMiEHT JeTOKCHKAIII.

IpakTH4yHa 3HAYUMICTB. 3MATHICTD TPUPOTHUX COP-
OCHTIB TIEPEBOJUTH BaXXKi METATH y BaXKOPO3UYHMHHI CIIO-
JIYKH JI03BOJISIE 3HU3UTH iX MIrpaiiiiiHy aKkTuBHICTb. Buko-
PHCTaHHsI MIPUPOIHUX COPOCHTIB I AETOKCHKAIIIl BiIXO-
JIB J03BOJIUTH MiABUIIMATH PIBEHb IX E€KOJIOTTYHOI Oe3rneKku
JUIs OI0JTOTTYHUX CUCTEM Ta 3[I0POB'S JIFOIHHH.

KirouoBi ciioBa: 6ioxoou, eaoicki memanu, npupooHi
copbenmu, 0emoKCuKayist, ekonioiuna besnexka

Lens. VccnenoBanne BO3MOXXHOCTH HCIIOJIB30BaHHS
TIOTTIOTUTEBEHBIX CBOMCTB MPUPOIHBIX COPOCHTOB IS Je-
TOKCHKAIIIH OTXOJIOB.

Metoanka. [nsd n3ydeHWss XUMHAYECKOTO COCTaBa OT-
XOJIOB, OCAJOYHBIX MOPOI M IPH MPOBEAEHHUH JiabopaTop-
HOTO MOJETMPOBAHMS MPOIIECCOB IETOKCHKAIIMM OTXOJIOB
MIPUMEHEHBI TPaHyJIOMETPHYECKI, OOBEMHBII ¥ aTOMHO-
a0COPOIMOHHBIN CIIEKTPOPOTOMETPUICSCKII METO/IbI aHa-
nu3a. J{na o6paboTku pe3ynbTaToB UCCIEA0BAHUN HCTIONb-
30BaHbl METObI MaTeMaTUYEeCKOM CTaTUCTUKH.

Pesyabrarhl. [IpoayKTel TepMUUYECKOH IepepabOTKH
TBEPIBIX OBITOBBIX OTXOJOB cozepikar 92-97% Tspkenbix
MetainioB | kimacca omacHocTy 1 3-8% Merainios || kmacca
omacHocTH. [1o comepkaHMIO0 TIOABIKHBIX (POPM TSDKEIBIX
METAJUTOB B OTXOJ[AX MYCOPOCIKHTAHHUA B TOPSAKE YMCHB-
IICHWS OOpa3yloTCS CICOYIOIINE pSAABL U1 306l —
Zn>Pb>Cr>Cd>Cu>Ni>Co, ns uuaka — Zn>Pb>Cu>
Cr>Ni> Cd>Co. OmnperneseHO BIUSHHE MOTIOTHTEIBHBIX
CBOHCTB HOPOA-COPOSHTOB, XMMHUYECKUX CBOMCTB TSDKEIBIX
METAJUIOB M TCOXHMMHUUCCKOW (hopMbI MeTauia Ha dddek-
THUBHOCTb ACTOKCHUKAIIUU OTXOOOB. [[,JIH JETOKCUKAIIUKU OT-
XOJIOB PEKOMEHJTYeTCSl HCIIOJIb30BaTh KapOOHATHYIO TIIMHY
MaccoBoi noneit 30%. JleToKCHKaIsi OTXOIOB IMPOUCXO-
T Onarozjapst TOIVIOMIAIONIMM CBOMCTBAM MPHPOJIHBIX
COpPOCHTOB U B pe3yJIbTaTe pa3BeACHUS OTXOJOB HEUTpaiIb-
HBIMH TIPAPOITHBIMA MaTepHaJIaMIL.

Hayunas noBu3Ha. /Ioka3aHo, 9TO MPOIIECCHI COPOIH-
OHHOM UMMOOWIN3AIUH TPHBOT K CYIIIECTBEHHOMY CHU-
KEHUIO COJICPXKAHMS TOJBMKHBIX (DOPM TSKENBIX METall-
JIOB B OTXOZAX U TEM CAMBIM CIIOCOOCTBYIOT CHIDKEHHUIO MX
OIAaCHOCTH. Y CTaHOBIICHO, UTO TsDKeJble MeTautbl | Kiacca
OIMACHOCTH JIy4lIC CBA3BIBAIOTCA B HECIOJABMIKHBIC q)OpMI)I,
yem meTawibl || xiacca omacHoctu. Jlis oueHku s¢dek-
THUBHOCTH TIPOIIeCca JIETOKCUKAIMU OTXOJ0B ITPUPOIHBIMHU
copOeHTaMH TIPEIOKEHO UCIIONIB30BaTh I0Ka3aresb — KO-
3 QUIHEHT IETOKCHKAIHH.

IpakTuyeckas 3HaunMocTb. CIOCOOHOCTH HPHPOI-
HBIX COpOCHTOB TIEPEBOAUTDH TSHKENIbIE METALIEI B TPYIHO-
pacTBOpUMBIC COSITUHEHHUS MO3BOJSICT CHI3HUTH MX MHTPa-
LHOHHYIO aKTHUBHOCTB. VCIIONB30BaHWE MPUPOIHBIX COp-
OCHTOB UI JETOKCHUKAIIMH OTXOJOB ITO3BOJIUT TOBBICHUTH
YPOBEHDb UX DKOJIOTUUECKOI 030I1acHOCTH [Isl OHooruye-
CKUX CUCTEM U 3J10POBbs YEJIOBCKA.

KiioueBble ciioBa: omxodvl, msicenvle Memanbl,
NpUpoOHbie CcopbeHmbl, OeMOKCUKAYUsl, IKOIOSUHECKAs
6ezonacrocmb

Pexomenoosano 0o nybnikayii Ooxkm. 0ion. Hayk
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