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The society is suffering significant economic losses due to the incidence of human contamination with environmental pollu-
tion. There are two main steps to be taken when assessing damage and planning security measures: 1) direct calculation of various
financial and other types of damage, and 2) marketing analysis with minimization of the cost-to-damage ratio. In the latter case, it is
necessary to have not only a statistical database of pollution and morbidity monitoring, but also an acceptable optimization model with
identified risks of exposure to hazardous pollution factors. In the approach proposed in the article, the procedure for estimation of
damage and cost optimization is limited only by the granulation composition of mineral fertilizers and the water protection effect of the

prolonged (slow) action of larger granules.
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1.Introduction

The comparative ecological and economic efficiency of
capital expenditures on water protection activities should be cal-
culated already at the stage of planning agrochemical measures
in crop production, introduction of new types of agricultural ma-
chinery, construction of new or reconstruction of existing irrigation
systems.

The magnitude of the prevented economic damage from
pollution of surface water bodies is determined according to a typ-
ical widespread methodology approved by leading economic and
research institutions:

Ly = kOM, )]

where k — the numerical constant of damage, taken
from environmental and economic considerations, estimated at
approximately UAH 400 per tonne of pollutant;

® - the tariff constant of the self-cleaning power of the
reservoir depending on the anthropogenic load on it and the cli-
mate zone;

M — the mass of pollution prevented from getting to the
reservoir is given.

In turn, the cited mass of prevented contamination M is
determined by the volume and toxicity of contaminants of differ-
ent nature entering the reservoir due to migration:

N
M=w) Am, )
i=1

W - the total amount of precipitation that
migration of contamination by

where
caused the
volume M,

N - the total number of contaminants migrating to the
reservoir;
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i — controlled contamination number;
mi — prevented mass of annual discharge of i-th pollution
due to its migration;
Ai - indicator of relative toxicity of discharge of i-th pollu-
tion to the reservoir.
1

And =
A MPC,
ditional toxic contamination with a single maximum permissible
concentration of MPC to MPC; of the actual controlled contami-
nation.

The estimated number of migratory contaminants in the
soil-water system of agricultural land is consistent with the excess
of the actual concentration of contamination above its permissible
level for the control areas. For example, the calculation of the re-
duced mass for pollution "nitrogen” should be carried out on the
indicator "total nitrogen" and the magnitude of the relative risk of
migratory pollution.

2.Survey of the conducted researches in the field of
pollution of reservoirs by migrating soluble toxic compo-
nents. Setting the purpose and objectives of the work

One of the target elements of environmental safety is the
system of assessment and analysis of the real concentration
background of pollution and forecasting its changes over time.
Based on the totality of such data, it becomes possible to calcu-
late environmental and economic risks and support optimal man-
agement decisions [1-3].

The procedure for monitoring water quality in natural res-
ervoirs provides for:

is defined as the ratio of some con-
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— creation of geo-hydrodynamic and geochemical maps
of coastal zones;

— determining the nature of economic activity in these
zones;

— identification of existing and potential sources of pollu-
tion, especially disorganized ones;

— development of methods of collecting and processing
of laboratory data of control sites, first of all, the most informative
and indicative ones;

—management of monitoring data, including statistical
analysis,

— interpretation, presentation and dissemination in infor-
mation networks, including the general public [12,13,14].

Due to the increase in the level of radiation hazard and
the spread of landfills for toxic waste, the focus of research on the
migration of mobile components concerned mainly the identifica-
tion and analysis of contamination zones [4-5]. Physicochemical
mechanisms of dissolution and leaching of moving components
in soils have been considered in relation to granular mineral and
organo-mineral fertilizers [6-8]. A laboratory procedure for study-
ing the kinetics of the process of dissolving a granular product is
presented in [9]. Hazard identification, risk assessment and pre-
vention in terms of life safety are dedicated to work [10,11].

It should be noted that the results of ecological and eco-
nomic assessment of environmental pollution damage were cal-
culated on the basis of different methods and often did not give
good objective reasons for making management decisions [6,11].

Thus, the presented study aims to develop an engineer-
ing approach to minimize environmental damage, in particular
groundwater and surface water due to migration of soluble gran-
ular mineral fertilizer components.

3.Influence of particle size distribution of mineral fer-
tilizers

To evaluate the effect of particle size distribution and sol-
ubility of mineral fertilizers, we will calculate the mass distribution
of washed and migrating components. The peak height of Cmax
leaching curves is theoretically illustrated in Comparative Table

1, which shows the relative migration characteristics of granules
of different diameter d (proportional to its cube d3) and coefficient
of mass yield (inversely proportional to the diameter) for the same
agrotechnical rate of introduction and duration.

The identity of the rate of application of mineral fertilizers
to soil idem granules of different sizes is substantiated by the
equation of material balance:

zd?®
H= ,OnT = idem, 3)

where
per unit area,;

o — density of mineral fertilizer pellets;

n — the number of granules with a diameter d per unit
area;

d — diameter of fertilizer pellets.

Taking p = const, we obtain the identity of the rate of ap-
plication of mineral fertilizers to the soil:

idem = nad3.

It should be noted that with the same fertilizer application,
the basic diameter of the d = 10 mm granules is 1.95 granules
with a diameter of 8 mm, 4.63 granules with a diameter of 6 mm,
15.6 granules with a diameter of 4 mm and 125 granules with a
diameter of 2 mm. Given that the mass yield of the granules in-
creases in proportion to the square of their diameter, the total
amount of washed active substance involved in the migration
along the relief of the control area to the reservoir will be deter-
mined by the product of the relative number of granules on the
relative surface area of the granules. That is, the last row of Table
1 is the product of the second and third rows of this table. Obvi-
ously, for granules with a diameter of 2 mm with the same appli-
cation rate and identical rainfall intensity under similar geo-hydro-
dynamic conditions, the relative amount of washed substance is
5 times higher than the same indicator for the basic size of
10 mm.

H - weight (norm) of the granules introduced

Table 1
Effect of granulometric composition of fertilizers on the relative
amount of washed substance% involved in the migration process
Diameter d of granules, mm 10 8 6 4 2
The relative weight of the granules, % 100 51,2 21,6 64 0,8
The number of n granules relative to the base diameter d = 10 mm 1 1,95 4,63 15,6 125
The relative surface area of the granules 1 0,64 0,36 0,16 0,04
The relative amount of washed substance 1 1,25 1,67 2,5 5
4.Assessing the nature of migration and environmen- c
tal damage
The analysis of migration curves showed the correlation 6
of peak concentrations with the granulation composition of the 5
fertilizers introduced (Fig. 1). The characteristics of migration of
soluble components of mineral fertilizers in soil-water systems 4
give grounds for agrochemical optimization and ecological and )
economic calculation of prevented damage to the environment. 3
2
1 /
0 pY

Fig. 1. The nature of the migration curves of the moving components
depending on the particle size distribution of mineral fertilizers
introduced: 1-10 mm,2-8mm, 3-6 mm,4 -4 mm,5-2 mm
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As an example, we will evaluate the environmental and
economic consequences of using the specified range of mineral
fertilizers. To do this, we use the basic formula for environmental
damage (1), where as M, the relative mass of contamination (sol-
uble components of granular fertilizer), which is likely to enter the
reservoir due to migration, we take the calculated data of table 1.

We transform the indicative schedule of ecological and
economic analysis (Fig. 1) to the specific conditions of application
of granular fertilizers in control areas of agricultural lands. The
results of the analysis are shown in Fig. 2.
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Fig. 2. The ratio of the present value of environmental protection
measures [, capital expenditures K and pollution damage LU by
migrating components of the introduced granular fertilizers of different
diameter

The descending curve of the number of migratory com-
ponents and the corresponding ecological and economic damage
to the reservoirs depending on the particle size distribution is pre-
dominantly exponential in accordance with the values of the rela-
tive amount of washed substance (last row of Table 1). The in-
creasing cost of producing granular fertilizers in the first approxi-
mation is approximated by a linear function. Thus, as a result of
the interaction of two opposite tendencies, there is a reason to
find the optimum particle size distribution of fertilizers of pro-
longed action and the costs associated with their production (Fig.
2).

Conclusions

The environmentally hazardous effects of the migration of
toxic components of mineral fertilizers, the intensive contamina-
tion of agricultural areas and lands through the misuse of mineral
fertilizers can be prevented by effective agrotechnical practices,
environmental monitoring and the safe use of mineral fertilizers
and pesticides.

In order to limit and minimize the movement of any com-
ponent to groundwater or surface water, a long-term soil-ecolog-
ical forecast should be made, including geochemical mapping
based on computer simulation, together with an environmental
and economic assessment of prevented damage.
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LiaHdu6a O.b., XypceHko C.M., CemepHs O.B.
[POBE/EHHS EKOI0I0-EKOHOMIYHOI OLjIHKM LUKOAW Bif 3ABPYAHEHHS BOJOAM

Cycninbcmeo 3a3Hae Cymmesux eKOHOMIYHUX empam eHacidok 3axgoprogaHocmi fodeli npu 3abpyOHeHHi 0oskinns. [pu
OUiHIOB8aHHI 3a80aHux 36umkig ma nnaHysaHHi 3axodig 6e3neku npuliHaMo gudinamu dea ocHogHUX emanu: 1) npamull nidpaxyHoK
pisHOMaHImHoI ghiHaHCo80T ma iHWwuX 8udig WKoAU ma 2) MapkemuHeo8ul aHasi3 3 MiHiMI3aujiero chiggidHOWeHHS ,eumpamu — none-
pedxeHa wkoda”. B ocmaHHbOMY 8unadky HeobXiOHO Mamu He nuwe cmamucmudHy 6a3y daHUuX MOHIMOPUH2y 3abpyOHeHHs ma
3axsoprogaHocmi, ane U npuliHaImHy onmumisayitiHy mModenb 3 8USHaYeHUMU pu3ukamu nposigy HebesneyHux ¢ghakmopie 3abpyo-
HEHHs1. Y 3anponoHosaHoMy y cmammi nioxodi npoyedypa ouiHKeaHHs WKkoOu ma onmumisauii eumpam obMexyems cs nuwe 2pa-
HynsauitHum cknadom miHepansHux 006pue ma 80000XOPOHHUM e(hEKMOM NPOSIOH208aHOI (yNoginbHeHoI) dii biibw KpynHUX 2paHyi.

Knroyoei cnosa: doskinns, eodolima, 3abpyOHeHHs 800U, KOHUeHmpauyitiHuli ¢hoH, Miepauis, eKo1020-eKOHOMIYHA OUiHKa,
WKidnuei KOMnNoOHeHMU, MiHepasnbHi dobpusa.

LaHdbi6a A.B., XypceHko C.H., CemepHs E.B.
MPOBE[EHME 3KO0r0-9KOHOMUYECKOU OLEHKM YLEPEA OT 3ArPSI3HEHUS1 BOJOEMOB

Obwecmeo ucnbimbigaem cywecmgeHHble 3KoHoMu4Yeckue nomepu ecrnedcmeue 3abonesaemocmu modell npu 3a2pasHe-
HUU oKpyxatowel cpedbl. [pu oueHKe HaHECEHH020 yuepba u nnaHupogaHuu Mep 6e30nacHOCMU NPUHSIMO 8bi0ensimb d8a 0CHOS-
Hbix amana: 1) npsmoll nodcyem pasHoobpa3Ho20 huHaHCco8020 U dpyeux 8udos yuiepba u 2) MapKemuHa08bIi aHanu3 ¢ MUHUMU-
3ayueli CoomHoweHus «3ampama! - npedynpexoeHHbili ywepb”. B nocrieOHem cryyae Heobxo0uMO uMemb He MOSIbKO cmamucmu-
yeckyro 6asy daHHbIX MOHUMOPUHaa 3a2Psi3HEHUST U 3a60/1e8aeMOCMU, HO U NPUEMIEMYI0 ONMUMU3AUUOHHYH MOdesb ¢ onpedeneH-
HbIMU pUCKaMU NPOSIBIEHUST ONacHbIX hakmopos 3a2psasHeHus. B npednoxeHHom e cmambe nodxode npouedypa oueHKu ywepba u
onmumu3sayuu pacxodos OzpaHu4UBaemMcs MosbKO 2paHyNayUOHHbIM COCMasoM MUHepanbHbIX yAobpeHull u 80000XpaHHbIM 3gh-
¢hekmom nporoHaupo8aHHo20 (3amednieHHo20) Oelicmeusi bosiee KpynHbIX 2paHyil.

Kntoyeenble crioea: okpyxarowas cpeda, 6000eM, 3aeps3HeHUe 800bI, KOHUEHMPAUUOHHbIL GhOH, MUBPayUs, 3K0I020-3K0-
HOMUYECKas OUeHKa, 8pEAHbIE KOMNOHEHMbI, MUHEPasbHble YO0BPEHUS.
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