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Abstract. One of the important tasks of modern agroecology is the study of the patterns of circulation
in the biosphere of chemical elements that are regulators of biological processes. The goal — is to
determine the quantitative and qualitative effect of heavy metals in soil on crop yields and beneficial
properties of products obtained. At the same time, it was found that soil contaminated with heavy
metals not only worsens the quality of products and food, but also reduces cadastral value of land.
Methods — economic and statistical in analysis and assessment of the current state, abstract and
logical, used to identify industry and regional characteristics. Results — urgent problem of degradation
of agricultural lands, their desertification in the Republic of Kazakhstan is considered. The conducted
research shows that the content of lead and arsenic corresponds to the norm, and cadmium and
mercury exceed the normative indicators and do not meet food safety requirements. Conclusions —
heavy metals lead, cadmium, mercury, arsenic are toxic even in very low concentrations. Heavy
metals enter agricultural lands from mineral fertilizers and plant protection products. It is generally
accepted that their effect is negative if the yield is significantly reduced by 10% or more. It is
necessary to carry out a detailed survey of the sphere of agricultural production on contaminated
soils. It is practically impossible to reduce total concentration of heavy metals in unproductive arable
land, but it is possible to significantly reduce their mobility and make them less accessible to plants,
reduce accumulation of toxic substances in their biomass, improve the quality of land plots and,
accordingly, their cadastral price.
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AHpaTtna. Kasipri arpoakonorusinbii MaHbI3Abl MiHAETTEPiHIH Oipi - GuonornanbIK npouecTepaiH
peTTeriwTepi 60onbin TabbiNaTblH XUMMUANDLIK 3NeMeHTTepAiH b6uocdepacbiHAarbl LUK 3aHAbI-
nbIKTapbiH 3epTTey. MaKkcamabi — TONbIpaKTarbl ayblp MeTangapAabiH aybiniapyawbiibiK AaKkbinga-
PbIHbIH ©HiMAiniriHe XXoHe anblHFaH eHiMaepAiH nanganbl KacueTTepiHe caHAbIK XaHe cananblik
acepiH aHblKTay. COHbIMEH KaTap, ayblp MeTangapMeH flacTaHfaH TonbipaK ©HiM MeH a3bIK-TYJiK
canacbliH HalwapnaTtbin KaHa KOWMaW, XepAiH KagacTprblK KyHbIH TOMeHAeTeTiHi aHbIKTangbl.
Odicmepi — 3KOHOMMKanbIK-CTaTUCTUKaNbIK Kasipri xaraanabl Tangay xaHe Oaranay kesiHpe,
OepekKci3-norukanblK, cananblK X9He aWMakTblK epeKwenikrepai aHblKTayaa KongaHbinagbl.
Hamusxenepi — aybin wapyauwbinbifbl ankantapbiHbliH TO3ybIHbIH, onapablH KasakctaH Pecny®6-
NUKacblHAA LWeNleMTTeHyiHiH e3eKTi Maceneci Kapanyaa. XyprisinreH 3epTrey KopfacbiH MeH
MbILWbSAKTbIH Merwepi HopMara ColMKec KeneTiHAiriH, an KagMun MeH CbiHaNTbiH HOpMaTUBTEPAEH
acbin TyceTiHAIriH oHe Tamak Kayincisgiri TanantapblHa caWKkec KeNMeWTiHAIriH KepceTteni.
KopbimbiHObInap — ayblp MeTangap KOpfacblH, KAAMWUW, CblHaN, MbIlWbAK ©6T€ TOMEH KOHLIEH-
TpaumMsga ga ynbl 6onbin Tabbinagbl. Ayblp MeTangap aybiwapyauwbinbiK XeprnepiHe MuHe-
panabl ThiIHAUTKbIWTapAaH, eciMmaikTepai Kopfay KypanpapbiHaH Tycegi. Erep erih 10% Hemece
ooaH Aa Ken ceHiMAai Typae TemeHaece, onapAblH acepi Tepic aen caHanapgbl. JlactaHnfaH
TonbIpakTap4a aybifl Wwapyalwbibifbl OHAIPICI canacbiHa enKen-Terkensni 3epTrey Xyprizy Kaxer.
OHimci3 ericTikTeri ayblp MeTangapAblH Xannbl KypaMbliH KbICKapTy iC Xy3iHOe MyMKiH emec,
OipaKk onapablH KO3fFanfbIWTbIFbIH €Adyip TeMeHAeTin, eciMaikrepre Kon XeTiMainiriH TemeH-
aeTyre, onapablH 6uomaccacbiHAa ynbl 3aTTapAblH XKUMHaNyblH a3anTyfa, XXep y4vacKenepiHiH
canachblH XdHe caNKeciHLlle onapabliH KagacTprblk 6aracbiH apTThipyFa 6onaabl.

AHHOoTaumAa. OgHa U3 BaXHbIX 3aAa4 COBPEMEHHOM arpo3KoyiorMm — usyvyeHme 3aKoOHOMepHOCTen
KpyroBopoTta B 6uoccepe XMMMYECKNUX 3NIEMEHTOB, KOTOpbIe SIBNSIOTCA perynAatopamMmu 6uonoru-
Yyeckux npoueccoB. Ljesnns — onpepeneHne KONMMYeCTBEHHOro U Ka4eCTBEHHOIO BIIUAHUA TSXernbIX
MeTarioB, HaxoAsLWMXCcA B NOYBE, HA YPOXANHOCTb CeNibCKOXO3SINCTBEHHbIX KyINbTyp U nones-
Hbleé CBOMCTBA Nosly4yaembixX NpoaykToB. BMecTe ¢ TeM, BLISABIEHO, YTO rPYHT, 3arpsi3HeHHbIN TA-
XenbiMU MeTasnsiaMmum, He TONbKO yXyZAllaeT KavyecTBO NPOoAYyKUMM U MPOAOBOSILCTBUS, HO U
yMeHbLUaeT KafacTpoBYH CTOMMOCTb 3eMnn. Memodbl — 3KOHOMUKO-CTaTUCTUYECKUIA MPU aHa-
nuse N oueHKe COBPEMEHHOro COCTOAHUA, abCTPaKTHO-NOrMYeCKUn, NPMMEHssieMbIA NpU BbisiBne-
HUM OTpPacneBbIX U permoHanbHbIX 0COOEHHOCTEN. Pe3ynnbmambl — paccMaTpuBaeTCA OCTPOAKTY-
anbHasi npobnemMa gerpagaumMn cefnbCKOXO3AMCTBEHHbIX yroaum, ux onyctbiHuBaHue B Pecny6-
nuke KasaxcrtaH. lMpoBeneHHoe wuccrnegoBaHue CBUAETENIbLCTBYET, YTO coAepXXaHWe CUHLUA U
MbIlWbsiKa COOTBETCTBYeT HOpMe, a KaAgMUs U PTYTU NpeBbillaeT HOPMaTUBHbIE NOKa3aTenu U He
cooTBeTCTBYyeT TpeboBaHUAM nuweBon 6e3onacHocTU. BbigoObl — TsKenble MeTasnnbl CBUHEL,
KagMWUWN, PTYTb, MbIlWbSK ABNAIOTCA TOKCUYHbIMU AaXe B O4eHb HU3KMX KOHUEHTpauusx. B semnu
cenbXO3Ha3Ha4eHUs TsXKernble MeTan bl NonagalT U3 MUHepanbHbIX yA0OpeHU, CpeacTB 3alLm-
Tbl pacteHun. MpUHATO cunTaTbh UX AENCTBME OTPULATENIbHbLIM, €CNU YPOXKanl AOCTOBEPHO CHUXa-
etca Ha 10% u 6onee. Heob6xogumo npoBeadeHue AeTanbHOro obcnegoBaHusa cdepbl Cenbxos-
NPOU3BOACTBA Ha 3arpsAA3HeHHbIX NoyBax. MpakTM4Yecku HEBO3MOXHO COKpaTUTbL BanoBoe copep-
XXaHue TsKenbiX MeTanJiIoB B HENPOAYKTUMBHOM NallHe, OA4HAKO MOXHO 3Ha4YUTEeNIbHO CHU3UTb UX
NOABMXHOCTb U caeflaTb MeHee AOCTYNMHbIMU AN PacTeHUN, YMEeHbLIUTb HaKoMNfieHue oTpaBnsi-
OLWKUX BeLWeCcTB B X 6Buomacce, NOBbICUTbL KAY€CTBO 3eMeJIbHbIX Y4aCTKOB U COOTBETCTBEHHO UX
KaAacTpPOBYHO LieHy.

Key words: agricultural land, heavy metals, degradation, erosion, industrial production, industrial
pollution, minerals, environment, cadastral value.

TyniHai cespep: aybin wWapyawbifbiFbl MaKkcaTbIHAarbl XXeprep, ayblp MeTanpap, To3y, 3po3us,
OHepKacinTik eHAipic, TeXHOreHAik nacTaHy, nanaansi Kasbanap, KopLuaraH opTa, KagacTprbIK KyH.

KnioueBble CrioBa: 3eMfn CefibCKOX03SAMCTBEHHOro HasHavYeHU s, TsKenble MeTansnbl, Aerpagaums,
3po3us, MPOMbILINIEHHOe NPOU3BOACTBO, TEXHOreHHoe 3arpsi3HeHue, MnofiesHble UcKonaemble,
OKpyXalowas cpeaa, kagacTpoBasi CTOMMOCTb.

Introduction. Land has value as the functioning and development of a multidis-

main basis for all processes of the life of so-
ciety in the political, economic, social, in-
dustrial, environmental and other spheres, an
objective assessment of which is one of the
most important conditions for the normal

ciplinary economy.

Most of the territory of Kazakhstan
horticultural is located in conditions highly
vulnerable to anthropogenic desertification,
when in combination with natural factors of
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desertification the ecological situation is
sharply deteriorating. Another cause of land
degradation is urbanization and intensive
degradation of desert habitats - unsystematic
road network, regulation of river flows, illegal
cutting of saxaul for firewood for sale.

As a result of urbanization and intensive
agricultural development of the foothill strip
more in the south and east of the country the
natural vegetation cover is highly disturbed.
Roads, pipelines, and power lines, which are
being laid at an increasing rate, have a great
impact on the fauna. The area of land occu-
pied by mining enterprises is steadily growing.

Currently, there is a massive change in
soil formation processes in the Republic. In
the north of the country, arable land is subject
to humus loss, in the south there is a process
of desertification salinization. In western and
southern Kazakhstan, there is contamination
with heavy metals, radionuclides, as well as
waste from industrial enterprises (oil products
and components of Chemical Industries). In
the central and eastern parts of the country,
there is a man-made destruction of the land
cover, with leads to a decrease in fertility
and increase in chemical and radioactive
pollution [1].

Irrational use of resources and poor
management have led to a reduction in
productive land, a decrease in fertility, a
decrease in agricultural production and,
consequently, environmental degradation.

Material and methods of research. The
study is based on the principles of a
systematic approach, the results of research
by experts in the field of evaluation of the
cadastral value of land, taking into account
technogenic pollution.

Determination of the cadastral value of
agricultural land is carried out in conjunction
with the assessment of environmental and
economic damage, depending on the degree
of contamination of land requiring different
types of reclamation.

The most productive lands are most often
subject to intensive pollution. Among industrial
factors of soil degradation, mining of minerals
is very significant. The greatest damage is
caused by open pit mining. It is associated
with the alienation of significant land areas,
which as a result of mining operations
become unsuitable for agricultural use.

At the same time, the actual situation of
agricultural land does not always meet the
requirements of environmental safety of
agricultural products.

Active development of the country's
natural resources is carried out without taking

into account the environmental consequences
that lead to the pollution of land, as well as the
soil cover. Vast areas of agricultural land are
being destroyed and are losing their ability to
restore their properties and reproduce their
fertility. The most common heavy metals
found in contaminated land are Pb, Cr, As,
Zn, Cd, Cu and Hg. These metals are
important because they reduce crop yields
due to risks of bioaccumulation and
biomagnification in the food chain.

Results and their discussion. The main
factor of environmental change is man-made
processes that are formed during the opera-
tion of mining facilities. The main mining pro-
cesses that affect the environment are: with-
drawal of mineral resources (fuel and energy
resources, non-ferrous and ferrous metals,
mining and chemical raw materials, hy-
dromineral resources) and environmental re-
sources (land, water, air, flora, fauna); che-
mical and thermal pollution of the biosphere;
physical impact (acoustic, electromagnetic,
radioactive). These impacts can be global (lo-
cal - appearing in an area with a radius of 15
to 70-100 km) and regional - covering vast
areas at a distance of up to 1000-1500 km.
The character of receipt of pollutants in at-
mosphere, water objects, on soil is defined by:
maximum single emission and discharge; an-
nual emission, discharge of pollutants [2].

Such processes as soil salinization, re-
duction of humus, water and wind erosion,
secondary salinization due to water discharge
after irrigation are noted on more than 90% of
arable soils of the republic. At present, the
problems of irrational land use in livestock and
pasture management are exacerbated by the
large number of small agro-activities and live-
stock formations that do not have sufficient
resources to fully manage the territories [3].

According to qualitative characteristics of
lands in the Republic of Kazakhstan there are
more than 90 million ha of eroded and ero-
sion-greatest lands, of which 29.3 million ha
are practically eroded. Wind erosion (deflated)
in the republic amounted to 24.2 million ha or
11.3% of agricultural lands.

The strongest negative impact of wind
erosion of soils is manifested in dry years,
when there is an acute shortage of soil mois-
ture. Erosion processes are particularly active
in the vast massifs of Kyzylkum Sands,
Moyunkum, Big and Small Badger, Saryishi-
kotrau, in desert, semi-desert and steppe
zones with a light mechanical composition
and carbonate soils. The main areas of agri-
cultural land subject to wind erosion in Almaty
region-5 million hectares, Atyrau and Turke-
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stan-3.1 million hectares, Kyzylorda-2.8 mil-
lion per hectare, Zhambyl and Aktobe-2.0 mil-
lion hectares. The largest share of eroded ag-
ricultural lands (more than 30% of their total
area) is located in Almaty, Atyrau and Turke-

stan regions. In the composition of agricultural
land, the lowest share of eroded lands (up to
5%) is in Akmola, Karaganda, Kostanay and
North Kazakhstan regions (figure) [4].
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Figure - Erodated soil of the Republic of Kazakhstan

According to the land balance as of the
end of 2021, the total area of disturbed lands
in the Republic is 245.2 thousand hectares, of
which 55.8 thousand hectares are worked off
and subject to recultivation. The largest num-
ber of disturbed lands is located in Kostanay,
Karaganda, Mangistau, Akmola, Pavlodar and
East Kazakhstan regions. The Republic has
accumulated more than 20 billion tons of in-
dustrial waste, of which every tenth ton is tox-
ic. More than 300 types of minerals have been
explored in Kazakhstan.

The Republic's resource-rich subsoil is
being developed in all regions by open pit or
open-pit mining methods. Kostanay region,
due to historically established development
associated with the predominance of mining

of non-ferrous metallurgy, is one of the most
disadvantaged regions in the Republic. In
Kostanay region the contaminated lands are
spread in the industrial zones of cities as well
as in the areas of mining and processing of
minerals.

Agricultural lands around industrial facili-
ties of various types can contain toxic ele-
ments in quantities that exceed maximum
permissible concentrations (MPCs) by tens or
hundreds of times. The most "dirty" in this re-
spect are the enterprises of mining and en-
richment industry, non-ferrous metallurgy,
chemical and petrochemical, machine and
machine tool construction, electronic and
electrical engineering, as well as heat and
power industry (table 1) [5].

Table 1 - Degree of soil contamination by heavy metals around heavy metallurgy enterprises, mg/ kg

Distance Pb Zn Cd
Near 1500 3400 50
Upto 5 km 850-4000 500-600 7-8
5-10 km 30-90 120-170 1-2
10-15 km 55-70 80-110 1-1,5

Throughout Kazakhstan, there is a trend
of deterioration in land quality, resulting in
lower factors, nutrients, vegetation species

composition and, ultimately, overall fertility,
which reduces the potential for agricultural
production. This is mainly due to the lack of

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000 151

Taburat naiinajany 3JKOHOMHUKACHI



Problems of AgriMarket, No. 4, 2022

ISSN-L 2708-9991, ISSN 1817-728X

GOV 0000000000000 00000000000000000000000000000000000000000%0%0

activities to improve soil fertility and the ab-
sence of pasture irrigation. The use of neither
mineral nor organic fertilizers does not allow
for sufficient restoration of soil fertility [6].

Also, the number of abandoned, un-
profitable open pit mines in the RK will reach
50 thousand units by the end of the current
decade, with a total area of about 50 thou-
sand sg. km.

Pollution of soils by heavy metals leads to
the loss of nutrients, to the development of
erosion, to the oppression of vegetation or to
complete death [7].

At the same time, the cumulative
accumulation of contaminants in the soil in the
vicinity of open, in areas of cereal cultivation,
leads to a decrease not only, its quality,
fertility, bonitet, but also deteriorates the food
safety of crops and products.

Under these conditions, improvement of
assessment methods and selection of an ef-
fective way to increase the cadastral value of
agricultural land in the Republic of Kazakh-
stan cannot be implemented without estab-
lishing the sources and causes of pollution,
organization of measures to reduce emis-
sions, localization or elimination of the source

of pollution. Only under these conditions can
high cost - effectiveness be achieved for rec-
lamation and involvement of unused and
abandoned lands in agricultural turnover [8,9].

The analysis of physico-chemical aspects
of heavy metals and its accumulation in the
tissues and the ear of wheat, rice and horticul-
tural products is related to the biological sys-
tem of crop production as a nonequilibrium
system, which provides its stability, growth
and development due to the outflow of entro-
py into the environment. All these processes
are either energy-consuming (photosynthesis)
or exothermic, which take place in the soil due
to diffusion, phase transitions of the first kind,
adsorption and transfer of mineral salts, in-
cluding salts of heavy metals to vegetative
organs and fruits.

At the same time, the contamination of
agricultural land with heavy metals not only
leads to deterioration of the quality of crop
products, but also sharply reduces their ca-
dastral value.

The table below shows the food safety
requirements for grain, processed products
and horticultural products (table 2).

Table 2 - Food safety of grain, processed products and horticultural products

Toxic elements, Food grain, including wheat, rye, Fruit and vegeta- Processed
permissible levels, triticale, oats, barley, millet, buck- ble products products
mg/kg, not more wheat, rice, corn, sorghum
Lead 0,5 0,5-0,4 0,3
Arsenic 0,2 0,2-0,5 0,2
Cadmium 0,1 0,03-0,1 0,06
Mercury 0,03 0,02-0,05 0,02

Table 2 shows that the permissible levels
of the presence of toxic elements as they
move along the food chain: raw materials -
finished product noticeably decreases. To es-
tablish the quantitative and qualitative chang-
es in the biological potential of grain and
heavy metals content, preparatory activities
were carried out methodology of field studies
in farms of Kostanay region. Grain sampling
was carried out taking into account the factor
of remoteness of the object of research from
the source of environmental pollution. In these
studies, the content of heavy metals - cadmi-
um, lead, arsenic and mercury is determined
to monitor the environmental safety of agricul-
tural products.

In the course of the study data on the
content of trace elements and heavy metals:
lead, cadmium, mercury, arsenic and trace
elements in the grain, chaff of wheat
Omskaya-18, Lyubava-5 and Boevchanka

were obtained. The figure shows that the
content of lead in the studied samples is
markedly lower than MPC = 0,85 mg/kg and
ranges from 0,124 in the grain of Omskaya 18
to 0,166 in the wheat Boevchanka.

In the grain of wheat "Omskaya-18",
chaff: cadmium - Cd from 0,208 mg/kg to
0,214 mg/kg and from 0,211 mg/kg to 0,315
mg/kg, and 0,379 mg/kg respectively, in
wheat "Lyubava" - 0,196 mg/kg.

In the samples of wheat Omskaya-18,
Lyubava-5, and Boevchanka more more 2-
fold excess of MPC was detected. At the
same time in the chaff of wheat Omskaya-18
revealed the content of mercury - 0,047
mg/kg, which is significantly higher than the
MPC (0,03 mg/kg).

The content of mercury in the chaff of
wheat "Omskaya-18", was - 0.047 mg/kg. The
content of lead in the examined samples is
noticeably lower than MPC = 0,85 mg/kg and
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varies from 0,124 in the grain Omskaya 18 to
0,166 in the wheat Boevchanka. In wheat
Boevchanka - 0,214 mg/kg with an allowable
MAC of 0.10 mg/kg MPC 0.03 mg/kg.

According to the above-mentioned data, it
becomes clear how anthropogenic human ac-
tivity affects the quality of products such as
grain. Many different internal and external pa-
rameters, such as quantity, quality, type as-
sortment of grain, consumer demand and so
on, influence the functioning of grain products
complex [10].

Kazakhstan has the lowest grain vyield
compared to other countries. If we compare
the yield in Kazakhstan for (14.6 c/ ha), during
this time in Russia, it has increased from 26.5
to 34.3 c/ha. In Australia, whose climate is
comparable to Kazakhstan, the yield is higher
in 2020-2021. Australia has a record wheat
harvest of 33.34 million tons. It should be
noted that the yield is largely influenced not
only by climatic conditions of growing crops,
but also by varieties, as well as a set of char-
acter heat to improve soil fertility, one of which
is the use of fertilizers.

It should be noted that income from ex-
ports of wheat and meslin has increased for 4
years. In 2021 the figure increased by 24.7%,
the shipment increased by 10.3% to 5.8 mil-
lion tons. Wheat, produced in special natural
and climatic conditions on the territory of Ka-
zakhstan, has excellent baking charac-
teristics because of its high, more than 20%,
content of gluten. About 80% of the wheat
produced belongs to the highest classes, so
Kazakhstan is one of the top 10 wheat ex-
porters in the world. Average prices in recent
years are 800-850 US dollars per ton [11].

The increase in the growth rate of land
use efficiency in terms of physical indicators is
not so significant, but nevertheless amounts
to 84%. In the total share of crop production
for the last year there is an active growth of
yield (up to 16.7%) of sugar beet, potatoes
and vegetables in the open field (from 0.8 to
3.9%). It is these crops that ensured the
growth of land use efficiency in natural
equivalent [12].

When land is contaminated with heavy
metals, not only soil fertility is damaged, but
also economic entities, loss of income during
the period of land plot restoration or loss of
income in case of land plot withdrawal from
turnover.

Conclusions

1. Deterioration of fertility is largely due
to non-compliance with the scientifically sound

system of farming, which involves a number of
agromeasures. It is worth recognizing that
today not all agricultural producers pay proper
attention to the protection of the fertile layer of
land. The indicator of proper work of the en-
terprise is a stable yield.

2. According to the results of chemical
tests, it is clear that the content of lead and
arsenic in the samples (Wheat Omskaya - 18,
Polova Omskaya - 18, Wheat Lyubava -5.
Combat wheat) meet the food safety
requirements. At the same time, the content of
cadmium and mercury in the samples
exceeded the MPC and did not comply with
the Uniform Sanitary and Epidemiological
Requirements.

3. The emoval of industrial and domestic
waste to landfills leads not only to pollution,
but also to irrational use of land, creates a real
threat of significant pollution of the atmos-
phere, surface and ground water, increased
transportation costs and irretrievable loss of
valuable materials and substances.

4. According to these research results, it
is possible to assess the damage caused to
the yield of agricultural products of the Repub-
lic of Kazakhstan.
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