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Risk values have been obtained using a situational risk model that enables to
identify the storage buildings (objects) on the territories where special measures
should be taken to reduce and eliminate pollution. The research results clearly prove
availability of severe local sources of contamination of agricultural lands with
organochlorine pesticides. There is a risk of contamination of other environmental
objects with hazardous substances and a negative impact of toxic substances on
human health. Migration of pesticides from the soil into agricultural products and
drinking water has been identified.

The risk characterization stage assesses the frequency and magnitude of toxic
effects, their reversibility or irreversibility. One of the methods used is the method of
comparison of the results obtained with similar projects and studies. An important
condition for the introduction into the general farming use of territories in the zones
affected by the former pesticide and agrochemical storages in these settlements is the
search for the methods of restoration and purification of soils of these territories
from xenobiotics. Only after conducting the work on soil purification and availability
of the inspection results showing positive changes, it will it be safe to grow
agricultural products.

Keywords: obsolete pesticides, mathematical model, storage buildings,
hazardous.

Tabl. 2. Fig. 1. Lit. 12,

Introduction. Production of high-quality agricultural production is possible on
clean soil only. In Ukraine, areas around abandoned pesticide storehouses are still the
main source of the pesticide soil pollution. These storehouses were used for a long
time for storage of large quantities of pesticides. Most of pesticides that were stored
in these storehouses are very dangerous. For example, there are 10 pesticides in the
list of persistent organic pollutants (POPs) [1]. In USSR times, obsolete pesticides
were accumulated in storehouses and scrapyards all around Ukraine. Spread of POPs
into environment cause extreme danger for people and nature due to contamination of
ground water, drinking water, plants and animal organisms. According to the
Ministry of Ecology and Natural Resources of Ukraine, there are over 3000 pesticide
storehouses situated on the territory of the country, not taking into account almost
2000 so-called "hot spots™ - polluted sites of ruined storehouses. In 2010, The
Ministry began implementing a major program aimed for hazardous waste disposal in
Ukraine. This program is one of the most priority programs of the Ministry.
Dangerous pesticides are transported for safe disposal to specialized factories outside
of Ukraine due to lack of such factories on the territory of the country [2]. However,
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disposal of obsolete pesticides does not solve the problem of environmental pollution
with pesticides. Due to long-term storage and usage of large quantities of pesticides,
areas around pesticide storehouses are polluted with high concentrations of persistent
toxic compounds. Pollution from such sources spread over the large distances [1],
including nearby agricultural fields. This results the pollution of agricultural
production. Usage of this production causes direct threat to the human organism [3,
12]. As we can see, there is an urgent need of cleaning of polluted soils in Ukraine.
However, there are large numbers of different methods of soil cleaning that vary in
cost, speed and efficiency. To solve the problem of choosing of the cleaning method,
we use methods of ecological risk assessment to select the most efficient,
environmentally safe and cheap method [4].

Materials and methods of research. The research was carried out on the
territory of Kryzhopil region, Vinnytsia oblast. Analysis of the condition of pesticide
storages was carried out on the basis of materials of the State Administration for
Environmental Protection in Vinnytsia oblast as well as the results of the author’s
observations. Determination of pesticide residues in the soil, water and agricultural
products within the limits of effects of former storages of unusable and forbidden
pesticides was performed by HC-MS and HPLC-MC/MC methods using
QUEChERS-method with the use of extraction, redistribution in acetonitrile and
purification with dispersion T®E. The system ‘Wolfram Mathematica 8’ was used
for mathematical calculations.

To estimate the risk for the territory with the obsolete pesticide storehouse, we
have to know the total mass of POPs situated in the soil of the studied plot. We know
that the highest concentration of PS is observed on the area around a storehouse.
According to our previous researches, POPs concentration will decrease with the
increase of the distance from the storehouse [4]. To determine the relationship
between POPs concentration and distance from the storehouse, we use mathematical
method of non-linear regression, namely, exponential regression [5-8]. To calculate
the total mass of PS knowing relationship between PS concentration and the distance,
we use practical aspects of theory of multiple integrals [9-10], and differential
equations. To characterize the residual amount of pesticides in soil near pesticide
warehouses, we studied organochlorine pesticide 4,4'-DDT and its metabolites (2,4-
DDT, 4,4'-DDE, 4,4'-DDD). Soil and plant sampling were conducted according to
engineering specifications and state standards for Ukraine (1ISO 10381, 1SO 6498).
Soil samples were taken using the method of compass point grid. Selection was
conducted along four transects in each direction from a 28 Ecological Risks from
Contamination of Ukrainian Soils by Persistent Organic Pollutants warehouse (north,
south, east, and west). Six samples were collected on each transect at distances of 1,
5, 10 and 15 meters from the warehouse. Soil was stored in paper bags prior to
transfer to labeled plastic bags for transport to the laboratory. Soil samples were
stored frozen until analysis. Sampled plants were carefully cleaned and separated into
roots and shoots for analysis. Organochlorine pesticides were quantified by gas
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chromatography (GC) using an electronic-capture detector (ECD) according to
accepted engineering specifications and state standards for Ukraine (1ISO 10382, 1SO
14181). Determination of pesticide concentration in soil took place in the
Ecotoxicology department of the Institute of Agroecology and Environmental
Economy UAAS. We estimate the risk of pollution of agricultural lands neighboring
obsolete pesticides storehouses on four sites on the steppe territory of Ukraine.
Google Maps software was used for sites area estimation. To process all formula and
data calculations we used Wolfram Mathematica 8 [4].

Results and discussion. The risk characterization stage assesses the frequency
and magnitude of toxic effects, their reversibility or irreversibility. One of the
methods used is the method of comparison of the results obtained with similar
projects and studies.

To calculate the environmental risks of contamination with organochlorine
pesticides, there have been chosen agricultural lands bordering on the territories of
former pesticide storages in Hariachkivka, Kisnytsia, Leonivka, and Zelenianka,
where according to preliminary research different rates of contamination with certain
toxicants have been established (Table 1).

The general formula for the situational risk model is:

1
R=—Xi [Ai+B; + D] 1)

Isc is a terrain-dependent index of soil self-purification;

A; — is the load of the i-" pollutant by its impact on a human, i.e. how a certain
pollutant will affect an individual during direct contact;;

B; is the load of the i-" pollutant according to MAC, i.e. the impact of the
contaminated site on the natural environment in the sense of risk;

D; is the load on the i-" pollutant according to the estimation of population
edipcontacts, i. e. how the consumption of products grown on the contaminated site
will affect the population.

To calculate block A;, it is necessary to calculate the value of An, which is the
mass of all active ingredient divided by the total area of influence of this active
ingredient. To find An, a modified formula of direct load that takes into account the
location of the storage nearby has been offered.

Based on the practical sections of the theory of differential equations [4], we
assume that the pollution distributes around the storage in inverse exponential
dependence on the distance. Then, given the methods of nonlinear regression [4], we
can write the following formula:

P (x) = Ps, x| x Exp{—m.x + 1}, (2)
whereP(x) is the concentration of the i-" pesticide at a distance X, Ps, is the
contamination of the edaphotop of the storage by this pesticide, Exp{~mx+1} is the
exponent, I, m, are regression coefficients (Wolfram Mathematica 8 was used to
calculate them).
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Methods of practical aspects of multiple integrals have been applied to
determine the total mass of active ingredient under known dependence of
concentration on the distance to the storage [4]. Divide the area around the storage by
concentric circles into sections. Number these sections in ascending order. Some of
these sections will intersect with the territory of the field forming parts of the sectors
of circles. Assume that N parts have been formed. The area of one such part can be
calculated as follows:

B—an

S =7 ~ 1), (3)

where «, and g, are the starting and ending angles of the sector, respectively, r, is
the radius of the k-" circle, r._, is the radius of the k-1% circle. We calculate the area

(5) of all such parts as their sum:

N
S:kz_]:_sk. (4)

Dividing the field area like this, you can calculate the mass of substance by
applying a double integral in polar coordinates.

Taking into account soil density 0, the total mass of the active ingredient, which
Is distributed over the field, is calculated by the formula.

N N
Br Tk Br Tk
M; = 92f .[ P;(x)dx = 92f j Ps; l; Exp{—m;x + 1}dx =
k=1" %k k=1"%k

Tk-1 Th_1
Ps;l;E 1
= 0 i1 (Exp{—m; 1e_1} — Exp{—m; i ) (Bx — o) === mtp{ } (5)

Dividing M — the total mass of the active ingredient by S — the total area, we get
a direct load of the i-" pesticide, kg/ha. Having received this value, we can apply it to
calculate the components of the situational risk model in the case of availability of
edaphotop of the pesticide storage in the area investigated.
Table 1
Direct pesticide load in the zones affected by former pesticide storages in
Kryzhopil region, kg/ha

Settlement (village) Cropping area, ha Pesticide Direct load, kg/ha
Hariachkivka 41.98 % gg? 8?2;2?8
: . 89.90 > HCH -
Kisnytsia S DDT 0.00958
: 96.93 > HCH -
Leonivka Y DDT 0.2448
Zelenianka 20.79 % gg? Z 06557

Source: based on own research
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It is estimated that the pesticide load per 1 ha of field in Zelenianka is 4.06227
kg. Therefore, the reason for the significant contamination of beet samples with
organochlorine pesticide residues (0.42 mg/kg) is quite clear. It is dangerous that the
site, the soil of which is contaminated with hazardous pesticide residues, is private.
The population growing agricultural products is at risk due to the systematic
consumption of products contaminated with pesticides.

The table given above shows that the pesticide load per 1 ha of field in Kisnytsia
Is 9.5 g. This amount of pesticide does not pose a significant hazard to agricultural
lands and crop cultivation on the field. Agricultural lands of Hariachkivka and
Leonivka should be considered hazardous. The load of the sum of DDT isomers and
metabolites per 1 ha of field is 149 and 244 grams, respectively. In addition, in
Hariachkivka, the soil is affected by contamination caused by another pesticide,
namely, HCH. The load of HCH isomers per 1 ha of field is 271 g. Thus, three
settlements have agricultural lands located in the areas affected by the former
pesticide storage are in the risk zone.

Taking into account the density of local soil (1.650 t/m®) and the index of self-
purification of the territory in oblast (for Vinnytsia oblast Isc = 0.61), the components
of the situational risk model have been calculated. The results of the calculations are
presented in Table 8. Figure 6 shows the value of the situational risk rate for the
selected sites. The control values are given according to [11].

Graduation of situational risk is expressed in terms of risk units, points (Ry): R;
Is low-risk (1-20), R, is moderate risk (20-40), Rs is severe risk (40-60), and R, is
high risk (>60).

Table 2
The baseline model of situational hazard risk
Settlement (village) Pesticide A B; Di

S HCH 28.4936 1.99315 93.1018

Hariachkivka Y DDT 15.71 1.72344 44.3875
Total 44.2036 3.71659 137.4893
- S HCH _ _ _
Kisnytsia Y DDT 1.0059 0.9088 1.49864
. S HCH - - -

Leonivka Y DDT 25.704 2.23759 94.287
. S HCH _ _ _
Zelenianka S DDT 426538 3.522885 2463.354

Source: based on own research

According to the classification, the value of situational risk of soil contamination
of the sanitary zone of the pesticide storage with the residues of CO pesticides in
Zelenianka is high (4,650 points). In Hariachkivka, the value of situational risk is
high both by the sum of HCH (203 points) and the sum of DDT (101 points). Despite
insignificant soil contamination with pesticide residues around the pesticide storage,
the value of situational risk has been high (200 points) in Leonivka, compared to
other villages. Only in Kisnytsia, the value of situational risk is low (5 points). This
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let us argue that only in this settlement it is not obligatory to carry out surveys of the
territory near the former storage with unusable pesticides before its introduction into
general agricultural use. The farmlands and crops grown in these three settlements are
at risk. There is a risk of contamination of the agroecosystem components with
pesticide residues.
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s ,'J J e o I ,-'z

/ ’

/ / ’
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Fig. 1 Value of the situational risk of hazards
Source: based on own research

Taking the situational risk rate of 60 points that corresponds to high risks as
100%, the situational risk for the settlements will be as follows: Hariachkivka —
508%, Leonivka — 333%, and Zelenianka — 7,750%. An important condition for the
introduction into the general farming use of territories in the zones affected by the
former pesticide and agrochemical storages in these settlements is the search for the
methods of restoration and purification of soils of these territories from xenobiotics.
Only after conducting the work on soil purification and availability of the inspection
results showing positive changes, it will it be safe to grow agricultural products.

Conclusions. Risk value derived from the situational risk model has enabled us
to identify the storages (sites), where special measures are needed to reduce and
eliminate pollution. According to the gradation of the situational risk value, the risk
value in Kisnytsia is low. Therefore, it is not necessary to propose soil purifying
measures on this territory, since the former pesticide storage does not pose a threat to
the environment. In Leonivka, Hariachkivka and Zelenianka, where the absolute risk
value is highly hazardous and the soils of these territories are contaminated with
persistent pesticides, soil restoration methods must be offered. There are two ways of
dealing with contaminated soils, namely, conservation and purification.

Conservation requires high costs, and it is not always environmentally friendly,
destroys soil structure and reduces its productivity. Preliminary calculations indicate
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the ability of pesticides to migrate in the soil profile up to a distance of 100 m from
the storage (Hariachkivka and Zelenianka), so removal and disposal of contaminated
soil layer from such sites is too expensive and impractical. The safest and most
inexpensive method of soil restoration is biological purification of anthropogenically
disturbed areas by plants.
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AHOTAIIIA
XAPAKTEPHCTHKA PH3HUKY - YETBEPTHH ETAIT OLIIHKH
EKOJIOI'TYHUX PU3UKIB

3Hauenns pusuky Oyau ompumai 3a 00NOM0o2010 MO0l CUMYayitiHo20 PUIUKY,
AKa 0ae 3mMo02y BUBHAYUMU CXO08Uwja (00 ’€kmu) HA mepumopisax, 0e Clio edxcumu
CHeYianbHUux 3axo0i8 O/l 3MeHUleHHs ma Jikeioayii 3a0pyonenns. Peszyromamu
00CNIONCEHb  YIMKO NiOMBEPONCYIOMb HAABHICMb  BANCKUX Micyesux odicepel
3a6pyOHEeHHs CLIbCLKO2OCNOO0APCLKUX Y2iOb XA0pOpeaHiyHumu necmuyuoamu. IcHye
PU3UK 3a0pYOHEHHs [HWUX 00'€Kkmié HABKOIUUIHLO2O cepedosuwd Hebe3neuHuUMU
PeUoBUHAMY MA He2AMUBHUL BNIUE MOKCUUHUX PeuyOo8UH HA 300p08's NI0OUHMU.
Buseneno miepayiio necmuyudie i3 ipynmy Ha CiibCbKO20CNOOAPCHKY NPOOVKUYII0 ma
numuy 600y. Ha emani xapaxmepucmuku pusuxy OYiHIOEMbCA yYacmoma ma
BeNUYUHA MOKCUYHUX eghekmis, IX 360pomHicmb uu Hezgopomuicms. OOHUM i3
3acmoco8y8anux Mmemooié € Memoo NOPIGHAHHA OMPUMAHUX pe3yIbmamisé 3d
AHANO2TYHUMU NPOEKMAMU MA OOCTIOHCEHHAMU.

Baowcnusoro  ymosoro BNPOBAOICEHHST  3A2ANbHO20  3eMIePOOCHLKO20
BUKOPUCMAHHS MEPpUmopii Y 30HAX, WO HOCMPAXNCOAIU 8I0 HeNnpuoamuux
necmuyuoie ma aspoXiMiYHUX CX08UW Y YUX HACENeHUX NYHKMAX, € NOUYK Memooie
BIOHOBNIEHHSI MA OYUWEHHSL IPYHMIB YUX mepumopiti 8i0 KkceHobiomuxis. Jluwe nicis
npoeeoenHs: pobim 3 OUUWEeHHS IPYHMI8 ma HASAGHOCMI pe3)ibmamie nepesipox, o
NnoKasyioms — NO3UMUGHI  3MiHU, Oe MOJCHA Oyoe 0Oe3neyHo  GUPOULY8amu
CLIbCLKO20CN0OAPCHKY NPOOYKYITO.

Knrwouoei cnosa: necmuyuou, mamemamuuna Mooeinb, CXo08uwd, HebesneuHul.

Taon. 2. Puc. 1. JTim. 12.
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AHHOTALTUA §
XAPAKTEPUCTHKA PUCKA - HETBEPTBIH JOTAIl OIIEHKH
EKOJIOTHYECKHX PUCKOB

3nauenue pucka Ovliu NOIYYEHBL ¢ NOMOUWDBIO MOOEIU CUMYAYUOHHO2O PUCKA,
KOmopas no3eojsem onpeoeiumv Xpanuiuuia (00vekmvl) HA meppumopusx, 20e
cedyem NPUHsIms Cneyuanibible Mepol 01 YMEHbUEHUS. U TUKBUOAYUU 3A2PA3HEHUSL.

Pezynomamer  ucciedosanuii wemko noOmMeepHcOarom HaAaudue MmMsHCenblX
MeCmHbIX UCMOYHUKOB 3aeps3HeHUs. CeNbCKOXO3SNUCMBEHHBIX yeooui
xnopopeanuyeckumu necmuyuoamu. Cywecmeyem puck 3acpsa3HeHus Opyeux
00beKmMo8 OKpyIcarouell cpeovl ONACHLIMU BeWeCmBAMU U He2amuHoe GIUSHUE
MOKCUYeCKUX 8euecms Ha 300posbe uenogeKd. Buiseneno muepayuro necmuyuoos u3z
NOYBbI HA CeNbCKOXO03AUCMBEHHYI0 NPOOYKYUIO U NUMBbEBYIO 800Y.

Ha »smane xapaxmepucmuxu pucka oyenueaemcs dacmoma U GeIuduHd
mokcuveckux 3¢gexmos, ux obpamumocmsv uau Heodbpamumocms. OOHUM U3
NPUMEHSAEMBIX MeMOO08 SABIAemCsi MemoO CPAGHEHUs. NOJIYYEHHbIX Pe3Ylbmamos C
AHATOSUYHBIMU NPOEKMAMU U UCCTIeO08AHUIMU.

Baowcnvim  ycnosuem  enedpenuss 00weco 3emiedenbyeckoco UCHONb308aAHUS
meppumopuil 8 30Hax, NOCMPAOABUUX OM ObIGUUUX NeCMUYUOO8 U ACPOXUMUYECKUX
XPAHUUW 8 DMUX HACETIeHHBIX NYHKMAX, A61eMCcsl NOUCK Memo008 80CCMAHOBIEHUS
U OYUCMKU NOY8 IMUX MePPUmMoputi om Kcenoouomuxos. Tonvko nocie nposederus
pabom no ouucmKe no48 U HAIUYUsL pe3yabmamos nposepox, KOMopvle NOKA3bl8AOM
NOJIOJCUMENbHble  UBMEHEHUs,  MOJCHO  OyOem  0e30NACHO  8bIPAWUBAND
CeNbCKOXO3SAUCMBEHHYIO NPOOYKYUIO.

Kntouesvie cnoea: ycmapesuiue necmuyuovl, MamemMamuieckas Mooeb,
CKIAObl, ONACHBIII.

Taén. 2. Puc. 1. JIum. 12,
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