I3nenicrep, HaTm:kenep — UccienoBanus, pesyabrarsl. Ned (92) ISSN 2304-3334

IKOHOMMUKA
IKOHOMMKA
ECONOMICS

IRSTI 68.75.01 DOI https://doi.org/10.37884/4-2021/15
UDC 332.6:631

A. Zhildikbaeva™*, A Kaisanova., A. Zhyrgalova, L. Sabirova

Kazakh National Agrarian Research University, Almaty, Republic of Kazakhstan
a.zhildikbaeva@mail .ru*

CADASTRAL VALUE OF CONTAMINATED AGRICULTURAL LAND

Abstract.

The article deals with the problem of improving the methodology of assessment and the
choice of an effective way to increase the cadastral value of agricultural land. The developed
method can be used to assess soil, water and air pollution on land allotment areas located on the
territories of the considered areas with mining and metallurgical industries in Kazakhstan. The
result of the proposed method is the ability to determine the coefficient of accumulation of
hazardous and harmful factors of the industrial and environmental factors, its use will allow to
establish the time of emergencies in the industrial and environmental situations. The results of
studies on the assessment of crop contamination by heavy metals using the developed methodology
and program allow to assess the damage and update land cadastral maps in the areas under
consideration. Under these conditions, improvement of methods of assessment and selection of
effective way to increase the cadastral value of agricultural land in the Republic of Kazakhstan
cannot be implemented without establishing the sources and causes of pollution, organization of
measures to reduce emissions, localization or elimination of the source of pollution. Only under
such conditions high efficiency of costs for reclamation and involvement of unused and abandoned
lands into agricultural turnover can be achieved.

Key words: soil bonitet, cadastral value, differential rent, capitalization period, cumulative
pollution, land reclamation, heavy metals.

Introduction.

Land as the main basis of all processes of society in the political, economic, social,
production, environmental and other spheres has a value, an objective assessment of which is one of
the most important conditions for the normal functioning and development of a multiform economy
[1].

Under the conditions of formation and development of market economy there is a need to
improve the approaches and methods of evaluation of land to obtain reliable information about the
cadastral value of agricultural land [2].

Assessment of agricultural lands has a long history in the Republic of Kazakhstan. The
development and carrying out of land-evaluation works was connected with the works on creation
of the land cadaster and was aimed at obtaining some averaged indicators characterizing the
differences in the quality of agricultural lands. Cadastral assessments were to provide comparability
of production results depending on the quality of land in different ways of use [3,4].

Pollution of soils with heavy metals leads to loss of nutrients, development of erosion,
suppression of vegetation or complete death. The actual situation of agricultural lands does not
always meet the requirements of environmental safety of agricultural products. Cumulative
accumulation of pollutants in the soil in the vicinity of open fields, in the areas of cultivation of
cereals, leads to a decrease not only, its quality, fertility, bonitet, but also deterioration of food
safety of the products of plant growing raw materials and products [5].
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In many regions of the country there is a difficult water and environmental situation,
desertification of territories takes threatening proportions, the depletion of species composition of
fauna and flora iS progressing, which leads to climate change, reduction of soil fertility and
deterioration of public health.

The data shows that the main polluters of the air basin are thermal power plants, non-ferrous
and ferrous metallurgy enterprises, oil refineries, petrochemical and oil producing industries,
phosphorus and cement factories.

In order to solve the above-mentioned tasks and make an objective assessment of the cadastral
value of contaminated lands, a program based on a mathematical method was developed.

Methods and materials.

The developed program makes it possible to approach this problem from the marketing
position of taking into account the necessary data both on the capitalization coefficient and on the
district and regional appraisal of the contaminated land plots in order to increase the efficiency of
cadastral evaluation of contaminated agricultural land.

This methodology allows to analyze the effect of Rd - differential rent of contaminated land,
the capitalization factor - K, the average score of the arable land of the district - Bd and the average
score of the arable land of the region - Br, as well as - the distance factor K., from the regional
center and economiC damage from land pollution. The availability of such data will make it
possible to forecast the cluster development of processing infrastructures in the vicinity of
agricultural lands [6].

The program and its use in the methodology of assessment and selection of effective way to
increase the cadastral value of agricultural land will allow to develop a science-based economic
mechanism to attract and increase investment in the agricultural sector of Kazakhstan, as well as to
forecast the production of environmentally safe agricultural products in the studied areas with
simultaneous improvement of the soil.

Results and discussion.

Today the solution of problems of effective land use requires the organization of accounting
and assessment of soil fertility according to soil bonitet within the boundaries of land use. It is
known that even within the limits of one land use the economic fertility of lands differs from the
main group of soils towards low appraisal score, which affects the results of production.

Pollution of arable land with heavy metals not only leads to deterioration of soil humus and
wheat yield quality, but also sharply reduces the cadastral value of agricultural land in the vicinity
of the deposit. Metals exist either as separate objects or in combination with other soil components.
These components may include exchangeable ions sorbed on the surfaces of inorganic solids, non-
exchangeable ions and insoluble inorganic metal compounds such as carbonates and phosphates,
soluble metal compounds or free metal ions in the soil solution, complex metals from organic
materials and metals attached to silicate minerals [7].

In matters of buying and selling land, establishing a land share in common land ownership,
obtaining a bank loan, donation, or other forms of land circulation, a cost estimate iS required not
only for environmentally clean but also for land contaminated by industrial and radioactive wastes.

The sizes of solid mineral, including organic soil particles are in the range from micrometer to
several millimeters and are packed randomly! This leads to several consequences, namely
communicating poreS of neighboring layers have labyrinth-like character in which aeration pores
are formed, gravitational water penetrates through capillaries, tunnel burrows and passages of
zoofauna are formed on loosened layers, with coprolites, and in places inaccessible to above-ground
atmosphere and oxygen anaerobiC micro zoneS are formed, pores occupied by pinched water and
pinched air are excluded from total porosity [8].

Salts of heavy metals in soil exist in the form of complex compounds. These are stable
compounds of the highest order, which in aqueous solution either does not dissolve at all, or
disintegrates to a very insignificant extent. Complex compounds consist of a central atom or ion, the
complexing agent. Which is bound to the ligands. The complexing agent and the ligands form an
inner sphere. The ions that compensate for the charges of the inner sphere form the outer
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coordination sphere. The complexing agents can be either neutral or charged particles. Most often
these are heavy metal cations. The complexing agents are acceptors of donor ligand pairs. The
role of ligands in complex compounds is played by both neutral and charged particles. The most
common ligands include molecules of organic compounds and their ions, including H,O, NHs, CO,
CN! OH '1, F CI! etc., which are present in the form of active centers in the main food material -
carbohydrates of grain [9].

Starch molecules in the form of COOH, OH have the most polar groups. They are easily
hydrolyzed by water, which have not only a high dipole moment (D = 1.84D), but also a high
dielectric permittivity. Therefore, heavy metal salts easily penetrate, surrounded by electrostatic
charges, into the nanopores of protein, starch, and other carbohydrates.

Thus, the analysis of physico-chemical aspects of heavy metals and its accumulation in the
tissues and the ear of wheat, rice and horticultural products is related to the biological system of
crop production as a non-equilibrium system, which provides its stability, growth and development
due to the outflow of entropy into the environment. All these processes are either endothermic
(photosynthesis) or exothermic, which take place in the soil due to diffusion, phase transitions of
the first kind, adsorption and transfer of mineral salts, including salts of heavy metals to vegetative
organs and fruits.

At the same time, heavy metal contamination of agricultural land, not only leads to a
deterioration in the quality of crop production, but also sharply reduces their cadastral value.

The implementation of these tasks will solve a twofold problem: to include in agricultural
turnover abandoned and contaminated areas of land and simultaneously offer ways to reduce
environmental pollution in order to obtain a cleaner ecological harvest.

To establish quantitative and qualitative changes in the biological potential of fruits and
vegetables and the content of heavy metals in the adjacent fields depending on the distance from the
source of pollution, preparatory activities were carried out methodology of field studies in farms of
Almaty region.

In our studies, the content of heavy metals - cadmium, lead, arseniC and mercury is
determined to monitor the environmental safety of fruit and vegetable products.

The results of laboratory analyses for heavy metals - cadmium, lead, arsenic and mercury) are
summarized and their relationship between soil and climatic conditions (temperature, precipitation,
air humidity) and agricultural practices of crop cultivation (crop rotations, soil treatment, irrigation,
pesticide use, etc.) in conditions of Almaty region is established.

The results of research of fruit and vegetable samples of Karasay and Enbekshikazakh
districts of Almaty region are shown in Figure 1.
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(mg/kg) (mg/kg) (mg/kg) (mg/kg)
M lron 0,8226 0,8287 1,5989 1,9567
M Manganese 0,2159 0,2418 0,2676 0,3008
MZinc 0,2119 0,2135 0,3666 0,307
i4 Copper 0,2139 0,0256 0,1928 0,1268

Figure 1 - The content of trace elements in fruits and vegetables in apples and potatoes of

small and big farms.
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The diagram shows that potatoes have twice the iron content of apples.
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Figure 2 - Content of heavy metals in apples and potatoes of small and big farms.

Figure 2 shows that all samples contain increased content of cadmium in all samples of fruit
and vegetable products. At the same time, the results of cadmium determination in the samples:
"Apple" - small farms; 2 "Apple" - big farms; 3 "Potatoes" - small farms; "Potatoes" - big farms
showed cadmium content of 0.196485; 0.184045; 0.162825; 0.20169 respectively, which exceeds
the MPC(maximum permissible concentration) in 1.5-2.0 times!

The following substantiation of quantitative changes in the cadastral value of contaminated
agricultural land is carried out using a mathematical model and equations.

The program for calculating the cadastral value of land works using the changing data on land
pollution, differential rent, capitalization period, the coefficient of environmental hazard of land, the
average score of arable land of the district, the average score of arable land of Kostanay region and
the factor of distance from the regional center by the following formula (1) [6,10]:

where 18,

Bd
leollutioand X g X Egpr X B X Ky

Vipoliution- the cost of chemically contaminated land tg/ha;
Rd- differential rent, tn/ha;

K -capitalization period, year;

E.n- environmental hazard ratio of land,;
By - average grade of arable land of the district;

B, - average grade of arable land of the region,;

K- coefficient of remoteness from the regional center.

The coefficient of environmental hazard of land is calculated by the formula(2):

where 1S,

MPCp,
F

Eehr -

pl

(1)

)

MPCp - maximum permissible concentration of the pollutant or relatively safe level of the
substance in the soil mg/kg.
Fpoi - actual content of the pollutant in the soil, mg/kg;
If there are several pollutants, the total index of pollutants is calculated (lponur) by the

formula(3):
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Ipollut =K. —(n—-1) (3)

where 18,

K. - total metal concentration factor determined by the ratio of metal content in the soil to the
background (clark) content;

n - number of contaminating ingredients.

The assessed lands are contaminated with the following 5 heavy metals:

Cadmium - 5,0 mg/kg;

Mercury - 2,0 mg/kg;

Lead - 120 mg/kg;

Molybdenum - 44 mg/kg;

Zinc - 172 mg/kg.

The background content of elements in the soil for these elements is 0.5; 0.1; 10.0; 3.0; 5.0
mg/kg, respectively.

The program calculates the coefficient of total metal concentration K. , determined by the
ratio of metal content in the soil, to the background (clark) content:

504204120 +44+172
€ 05+01+100+3,0+50

18,4

K.=184
Calculation of the pollution indeX I, g1y

Ipollut. =184—-(5—-1)=14,4

The established pollution indeX was 14.4.

Using the materials of Table , the calculation of the differential rent.

The differential rent (Rdec ) on ecologically clean land in this area is 60,880 c.u./ha.

The differential rent (Rdpepy) on contaminated land is calculated taking into account the

pollution coefficient - K. :
Rdpoiiye. = 60 880 c.u.x 0,60 = 36528 c.u./ha

The capitalization period on clean land K. iS 39 years.
Capitalization period (K¢ poryt) on contaminated land is calculated according to the formula

(4):

K. pollut = 0,60 X Kec year (4)
Table
Table of soil categories by degree of contamination
Category Cumulative concentration factor Correction factor of differential
of soils by | of pollutants (o) rent reduction and capitalization term
degree of (Ke)
contamination
1 Till 16 0,60
2 16-35 0,50
3 32-128 0,40
4 >128 0,30

Consequently: K¢ pone = 0,60 x 39 = 23,4 years
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According to the public register of the cadastral value of agricultural land, the district
appraisal score iS B;- 36 points, which corresponds to class IV - the worst land. - regional - B.- 41
points, which corresponds to the V class - average soil quality characteristic.

When calculating the value of contaminated land, the remoteness factor is also taken into
account K.

K..=1,4

a) Calculation of the value of contaminated land (Vi poliut* ):

Vipotur—ra X Ke pottut X g X Ky = 36528 X 23,4 X = x 1,4 = 105072365 c.u./ha

b) Calculation of the cost of green land (V¢ ):

V,pe = Rd X K., X % X K,, = 60880 X 39 X % X 1,4 =2 9186763 c.u./ha

) The calculation of economic damage iS calculated as the difference between the value of
ecologically clean land and contaminated:

2918676,3 c.u.— 1050 723,5c.u. = 1867 952,8 c.u./ha

If the soil iS contaminated with one chemical element, the correction is made only for the
period of capitalization, the rest of the sequence of calculating the value of the land is similar to the
above. So, the evaluated land is contaminated with one chemical element, benz(a)transfer of the 3rd
degree (K= 0,4).

In this case, the correction is made, only for the period of capitalization, the rest of the
sequence of calculating the value of the land is similar to the above.

Bd
VLpollut* = Rd X K, pollut X E X Kye

Vipollut- = 60 880 X (39 X 0,4) X = x 1,4 = 1167405 c.u./ha

The economic damage from benz(a)transfer contamination of the 3rd degree is:
2918676,3—1167405=1751271,3 c.u./ha.

The ecological condition of land is related to its economiC characteristics, so increasing the
ecological efficiency can be seen as improving the quality of land, which allows to obtain additional
products and increase the economiC performance of agricultural production in general by preventing
damage to the natural environment. Damage to the natural environment is first measured by the
amount of deterioration of natural indicators, which are given a subsequent economic assessment.

Conclusion.

Heavy metals lead, cadmium, mercury, arsenic are toxic even at very low concentrations. The
presence of trace elements and content of heavy metals in the areas under consideration have been
established.

The results of the research on the assessment of crop contamination by heavy metals using the
developed methodology and program allow us to assess the damage and update the land cadastral
maps in the considered areas of Almaty and Kostanay regions.

At the same time, with the ability to choose a plot for agricultural production online, the
publicity of the cadastral value of agricultural land is achieved using the developed methodology,
which will be an additional incentive to attract investment in the agricultural sector.
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AVBLT IIAPY AIIBUIBIFBI MAKCATBIHIAFBI JIACTAHFAH JKEPJIEPITH
KAJACTPJIBIK KYHBI

AHaarTna.

Maxkanana Oarajiay OSJICTEMECIH JKETUIAIPY JKOHE aybUl IIapyallbUIbIFbl MaKCaThIHJAFbl
KepJIeplliH KaJacTpJIbIK KYHBIH apTTBIPYJbIH THIMJAI TOCUIIH TaHJAy MOceseci KapacThIpblLiIajbl.
OzipneHreH Tocul KazakcTanaa Tay - KeH METaUIyprus caiajapbl 0ap KapacThIpbUIbII OThIpFaH
o0JIbICTap/IbIH ayMaKTapblHa OpPHAJIACKAH XKep y4acKeJepiHAe TONBIPaKThIH, CY/bIH JKOHE ayaHbIH
JacTaHyblH Oarajay YUIIH MaiagaHbUlybl MYMKIH. Y CBIHBUIFAH TOCULIIH HOTHXKECI OHIIPICTIK
KOHE KOpIIaraH OpPTaHbIH KayilTi >KoHE 3USHIBl (PaKTOPJAPBIHBIH XKUHAKTATY KO3()PHUIHMEHTIH
aHBIKTAy MYMKIHJIr OOJBIN TaObLIaabl, OHBI TaWIagaHy OHIIPICTIK JKOHE KOpIIaraH opTaja
TOTEHIE SKarjaillapblH TYBIHIAY YakKbITbIH Oenriieyre MYMKIHIOIK Oepemi. Ocimaik
HIapyalbUIbIFbl IIHMKI3aThIHBIH ayblp METaJJapMEH JacTaHyblH Oaranay OOMbIHIIA >KYpTi3UIreH
3epTTeyepiH HOTHXKETepl 931pJIeHTeH dicTeMe MeH OarapiaMaHbl MaiianaHa OThIPbII, 3aJ1al/Ibl
Oaranayra JKOHE KapacThIpbUIFAH cayajapJarbl Kep-KaJacTpiblK KapTajapJbsl >KaHapTyFa
MYMKiHIIK Oepeni. MyHnmail xarmaiinapaa Kaszakcran PecnyOnukachiHAa aybul IIapyallbUTbIFbI
MaKCaThIH/IaFbl JKepJIepAIH KaJacTPIIbIK KYHbIH apTTHIPYIbIH THIMI1 TOCUIiH Oaranay >KOHE TaHJay
ONIICTEMECIH >KETUIIIPY JlacTay Ke3Jepi MeH ceOenTepiH aHbIKTaMal, IIbIFapbIHIBUIAPAbI a3aUTy,
JacTay Ke3iH OKIIaylay HeMece KO KOHIHJIErl ic-IIapajiap/ibl YHBIMIACTBIPYCHI3 1CKE achlpblia
anMaiiel. Tek ochbIHAal jKkaFmaiinapa FaHa maiaanaHbIIMANTBIH JKOHE Kapaychl3 KalFaH KXepiepii
ayblT IMIAPYaIIbUIBIFGl alHAIBIMBIHA PEKYIbTHBALMSIIAYFA )KOHE TapTyFa apHAFaH IIBIFBIHIAPIBIH
KOFapbl THIMIUTITIHE KOJ JKETKi3yre Oosaipl.

Kinm co3dep: TombipaKk OOHHWTETI, KamacTpJbIK KyHBI, auddepeHmanapl  peHTa,
KaluTalAaHIbIpy Mep3iMi, KyMYJISITUBTIK JIACTaHY, Kepl KaJlblHA KEJITIpY, ayblp MeTanaap.
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KAJACTPOBASA CTOUMOCTD 3ATPA3HEHHBIX 3EMEJIb
CEJBbCKOXO3AMCTBEHHOI'O HASHAYEHUA

AHHOTaAIHA.

B cratpe paccmaTpuBaercs mpoOiieMa COBEPIICHCTBOBAHMSI METOAMKH OLEHKH U BbIOOpa
3¢ (deKTHBHOTO croco0a MOBBIIICHHUS KaJacTPOBOM CTOMMOCTH 3€MEIb CEIbCKOXO03SHCTBEHHOTO
HazHayeHus. Pa3paboTaHHblil crioco0 MOXKET ObITh MCIOJB30BaH JJIS OLIEHKH 3arpsi3HEHUs! IOYBHI,
BOJBI M BO3AyXa HAa YYacTKaX 3E€MEIbHBIX OTBOJAOB, pPACIOJIOKEHHBIX Ha TEPPUTOPHUIX
paccMmaTtpuBaeMbIX oOJacTed, Te MMEIOTCS TOpHO- MeTalmypruueckue orpaciu B Kazaxcrane.
PesynmpraToM mpemiokeHHOro croco0a SBISIETCS BO3MOXKHOCTH ompezencHus KoddduuueHta
HAKOIUIGHHUSA OINACHBIX W BpeAHbIX (AKTOPOB MPOU3BOJICTBEHHOM M OKpY)KAIOIIEH Cpebl,
WCIIOJIB30BAaHUE €T0 IO3BOJIUT YCTAHOBUTH BpPEMS BO3HMKHOBEHHS UYPE3BBIYAMHBIX CHTyallUd B
MIPOU3BOJICTBEHHON U OKpY»Karolei cpene. Pe3ynbTaThl IPOBEACHHBIX UCCIEIOBAHUI IO OLIEHKE
3arps3HEHUS]  PACTCHHEBOMYECKOTO  CBIPbSl  TKEIBIMA ~ METaUIaMH  C  HCIIOJIb30BaHHEM
pa3paboTaHHOW METOAMKH M TPOrpaMMBbI TO3BOJISIOT OLEHUTH ymepd W OOHOBUTH 3EMENbHO-
KaJacTpOBbIe KapThl B PACCMOTPEHHBIX OOJIACTSX. B STHX YCIOBUSIX  COBEPLICHCTBOBAHHE
METOJIMKH OLEHKU U BbIOOpa 3PEKTUBHOTO CIIOCOOA MOBBIIIEHUS KaIaCTPOBON CTOUMOCTH 3EMEb
CEeNbCKOXO035MCTBEHHOr0 Ha3zHaueHHs B PecmyOnuke Kazaxcran He MokeT ObITH peann3oBaH 0e3
YCTaHOBJICHHE UCTOYHHKOB M TMPUYUH 3arpsi3HEHUs, OpraHU3alud MEPOIPHUSATHI MO CHUKEHUIO
BBIOPOCOB, JIOKIM3ALUU WU JIUKBUJAINN UCTOUYHUKA 3arps3HEHH. TONBKO NPU TaKUX YCIOBHSX
MOKET OBITh JOCTUTHYTa BbICOKas 3((EKTUBHOCTh 3aTpaT Ha PEKYJIbTUBALMIO M  BOBJICUCHHE
HEWCIIOJIb3YEMBIX U 3a0pPOIIEHHBIX 3€MeIlb B CEIbCKOXO03SHCTBEHHBII 000POT.

Knrwouesvie cnoea: GOHUTET TMOYBBI, KaJacTpoBas CTOUMOCTh, TuddepeHIraabHas peHTa,
CpOKa KalMTaIN3alNi, KyMYJISTHBHOE 3arps3HEHHE, PEKYJIbTHUBAIHS 3eMeb, TSHKEIbIE METAILIBI.
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