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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: 

Шп = кФМ,                     (1) 
where к – the numerical constant of damage, taken 

from environmental and economic considerations, estimated at 
approximately UAH 400 per tonne of pollutant; 

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

М – 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: 

М = W
1

N

i i

i

Am


                                     (2) 

where W – the total amount of precipitation that 
caused the migration of contamination by  
volume М; 

N – the total number of contaminants migrating to the 
reservoir; 

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. 

And 

i

i
MPC

A
1

  is defined as the ratio of some con-

ditional toxic contamination with a single maximum permissible 
concentration of MPC to MPCi 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: 
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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: 

Н =  = idem,  (3) 

where Н – weight (norm) of the granules introduced 
per unit area; 

ρ – density of mineral fertilizer pellets; 
n – the number of granules with a diameter d per unit 

area; 
d – diameter of fertilizer pellets. 
Taking ρ = const, we obtain the identity of the rate of ap-

plication of mineral fertilizers to the soil: 
idem = nd3. 

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. 

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 6,4 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-
tal damage 

The analysis of migration curves showed the correlation 
of peak concentrations with the granulation composition of the 
fertilizers introduced (Fig. 1). The characteristics of migration of 
soluble components of mineral fertilizers in soil-water systems 
give grounds for agrochemical optimization and ecological and 
economic calculation of prevented damage to the environment. 

 

 
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 – 8 mm, 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.  

 

 
Fig. 2. The ratio of the present value of environmental protection 
measures П, capital expenditures К and pollution damage Ш 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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Шандиба О.Б., Хурсенко С.М., Семерня О.В. 

ПРОВЕДЕННЯ ЕКОЛОГО-ЕКОНОМІЧНОЇ ОЦІНКИ ШКОДИ ВІД ЗАБРУДНЕННЯ ВОДОЙМ 
Суспільство зазнає суттєвих економічних втрат внаслідок захворюваності людей при забрудненні довкілля. При 

оцінюванні завданих збитків та плануванні заходів безпеки прийнято виділяти два основних етапи: 1) прямий підрахунок 
різноманітної фінансової та інших видів шкоди та 2) маркетинговий аналіз з мінімізацією співвідношення „витрати – попе-
реджена шкода”. В останньому випадку необхідно мати не лише статистичну базу даних моніторингу забруднення та 
захворюваності, але й прийнятну оптимізаційну модель з визначеними ризиками прояву небезпечних факторів забруд-
нення. У запропонованому у статті підході процедура оцінювання шкоди та оптимізації витрат обмежується лише гра-
нуляційним складом мінеральних добрив та водоохоронним ефектом пролонгованої (уповільненої) дії більш крупних гранул. 

Ключові слова: довкілля, водойма, забруднення води, концентраційний фон, міграція, еколого-економічна оцінка, 
шкідливі компоненти, мінеральні добрива. 

 
Шандыба А.Б., Хурсенко С.Н., Семерня Е.В. 

ПРОВЕДЕНИЕ ЭКОЛОГО-ЭКОНОМИЧЕСКОЙ ОЦЕНКИ УЩЕРБА ОТ ЗАГРЯЗНЕНИЯ ВОДОЕМОВ 
Общество испытывает существенные экономические потери вследствие заболеваемости людей при загрязне-

нии окружающей среды. При оценке нанесенного ущерба и планировании мер безопасности принято выделять два основ-
ных этапа: 1) прямой подсчет разнообразного финансового и других видов ущерба и 2) маркетинговый анализ с миними-
зацией соотношения «затраты - предупрежденный ущерб". В последнем случае необходимо иметь не только статисти-
ческую базу данных мониторинга загрязнения и заболеваемости, но и приемлемую оптимизационную модель с определен-
ными рисками проявления опасных факторов загрязнения. В предложенном в статье подходе процедура оценки ущерба и 
оптимизации расходов ограничивается только грануляционным составом минеральных удобрений и водоохранным эф-
фектом пролонгированного (замедленного) действия более крупных гранул. 

Ключевые слова: окружающая среда, водоем, загрязнение воды, концентрационный фон, миграция, эколого-эко-
номическая оценка, вредные компоненты, минеральные удобрения. 

 
Дата надходження до редакції: 14.02.2019 
 
  


