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INTRODUCTION

Microelements migration in the links of  biogeochemical 
food chain from rocks to agrocenosis is complicated 
process and a have not been studied enough (Kabata-
Pendias, 2011). Several natural connections are considered 
by various sciences and different methodological 
approaches – hydrogeology, biogeochemistry, biology, 
ecology (Makarova, 2006; Shestopalov, et al., 2007). At 
the same time these processes have active influence on the 
agroecological condition of  the territories and effectiveness 
of  melioration measures (Furdychko and Stadnik, 2012). 
The intensity of  the water migration of  chemical 
elements determines the mass of  microelements that are 
involved to the biological cycle, affecting the chemical 
composition of  agricultural production and public health 
(Faybishenko, B. et al., 2014).

Today there are many known geographic patterns of  
disease that have been correlated with properties of  soils 
or waters, or even aerosol particles. It has been difficult 
to demonstrate cause-effect relationships for many 
correlations, and efforts to relate total concentration 
of  a metal contaminant to toxic impact have proven 
difficult (Davies et al., 2005; Koshliakov O. E. et al., 
2014). Homeostatic processes of  a living organism are 

multi-vector and dynamic. However, biophils are delivered 
to the plants only in solutions (Perelman, 1989). The 
chemical composition of  natural solutions (soil solutions, 
underground water and surface water, precipitation) is 
subordinated the law of  natural zonation that reflects 
the natural hydrochemical zonation, landscapes zonation 
and biogeochemical chains. As a result, concentration of  
chemical elements in natural water and their movability 
are the primary factors of  their distribution in all types 
of  local biocenosis. Biogenic concentration can reach 
an excessive level and create biogeochemical anomalies, 
i.e. not technogenic but natural (Carrillo-Gonzalez et al., 
2006). On the contrary, scattering of  the separate chemical 
elements in water are the factors of  their low content in 
biocenoses, and for technogenic landscapes as an indicator 
of  unmanifested technogenic pollution.

Our researches are devoted to the processes of  water 
physic-chemical migration of  Co, Zn, Mo, Mn, Cu and 
its impact on soil condition and agrocenosis in Ukraine.

Ecological features of  biogeochemical food chains of  
certain essential microelements in different climatic 
zones of  Ukraine were studied at the level of  the 
«soil  –  agrocenosis» links by Vlasyuk and Kowalskiy 
during the 1970s. Ecological balance of  microelements 
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in biogeochemical chains is determined by the threshold 
limits that were determined by Kowalskiy (1991) using the 
methods of  geochemical ecology. The indicator of  vital 
necessity of  any element is a bell-shaped dependence line 
between concentration of  this element and the response 
of  a living organism. Low income of  the element into 
organism causes harm to its functioning as a result the 
decrease of  ferments activity. With the increase of  the 
dose to the level of  biotic concentration, a response 
reaction of  the organism increases, reaching the standards. 
Further dose increasing causes an activity decrease in 
the functioning of  organism as a consequence of  the 
toxic effects of  excess element. As deficiency of  (lack 
of) biogenic element, and also its excess are able to do 
damage to living organism (Ivanov, 1994). The model 
of  process of  chemical elements movability in the 
hypergenesis zone was the first time outlined in the 20s 
of  the 20th century in the writings of  Fersman (1977) 
and Polynov (1956). In the works of  Perelman (1975), 
migration of  chemical elements, as a process that leads to 
their concentration and scattering in the space and time, 
came into practical implementation. Scientist identified 
the main forms of  movement of  chemical elements 
as 4 kinds of  geochemical migration – mechanical, 
biogeneous, technogenic and physicochemical (air and 
water) (Perelman, 1975).

Water physic-chemical migration is caused mainly by the 
processes of  dissolution, crystallization and sorption 
in hydrological and hydrogeological natural systems 
(Moklyachuk, et al., 2013). According to Perelman 
(1975) it is subordinated to physical and chemical 
laws,  and   has crucial significance in the geochemical 
cycle and  redistribution of  chemical elements in the 
landscapes.

Alloway (2008) has studied transitional d-block elements 
Zn, Co, Cu, Mo, Mn that have high biological activity. He 
summarized the soil conditions which most commonly 
give rise to deficiencies of  zinc in crops can include one 
or more of  the following: low total zinc concentrations 
(such as sandy soils); low pH, highly weathered parent 
materials with low total zinc contents (e.g. tropical soils); 
high calcium carbonate content (calcareous soils); neutral 
or alkaline pH (as in heavily limed soils or calcareous 
soils); high salt concentrations (saline soils); peat and muck 
(organic soils); high phosphate status, prolonged water 
logging or flooding (paddy rice soils); high magnesium 
and/or bicarbonate concentrations in soils or irrigation 
water (Alloway, 2008).

The aim of  our study was to identify relationships between 
process water migration trace elements and their content 
in soils of  agricultural landscapes.

MATERIALS AND METHODS

For quantitative assessment of  intensity and direction 
of  water migration Co, Zn, Mo, Mn, Cu we used mono-
elemental and complex parameters. Mono-element intensity 
of  water migration of  chemical elements is estimated by 
the coefficient of  water migration (Kx), introduced by 
Perelman (1975). Kx characterizes the mobility of  chemical 
elements in the system «water-rock» and is the ratio of  the 
element concentration in water to the concentration in rock 
and total mineralization (Perelman, 1975).

Кх = (mx*100)/(a*nx),

where mx – concentration of  chemical element X in water 
(mg/l), a – mineralization of  water (mg/l), nx – content of  
element X in the rock (%).

According to the estimates of  Kx for continental waters of  
the world performed by Perelman (1975), water migrants 
are divided into very movable (Kx = 10n ÷ 100n), easily 
movable (Kx = n ÷ 10n), movable (Kx = 0, n ÷ n) and 
slightly movable/inert (Kx <0, n). Given intervals Kx can 
be considered as global norms of  water migration intensity 
of  certain groups of  chemical elements. For example, 
Mo and Zn belong to the group of  easily movable, and 
Mn, Co and Cu are movable water migrants. For regional 
trends determination of  microelements migration in 
water we determined the ratio between the coefficients 
of  water migration that are calculated through the 
territory of  Ukraine and global standards for continental 
waters. Exceeding of  Kx global assessments indicates 
intensification of  water migration of  chemical element and 
becomes geochemical factor for its excessive accumulation 
in biogeochemical chains. On the contrary, reduced water 
mobility of  microelements indicates weakened water 
migration, reveals the complication of  processes of  
biogenic migration and is a factor of  low concentration 
of  these elements in food chains.

Complex mobility of  certain groups of  chemical elements 
in water solutions is determined by ionic strength of  
solutions (μ), which was estimated by the coefficient of  
ionic strength of  solutions (CIS) introduced by Belyakova 
et al. (1985). CIS is calculated as the ratio of  the content 
(mEq/L) of  the anions of  the strong acids (Cl-, SO4

2-, 
NO3

-) to anions of  weak acids (HCO3
-, СO3

2-) in water. 
The value of  the coefficient is coordinated with the 
ionic strength of  the natural solution and regulates as 
the intensity of  the microelements transition from rock 
and soil into waters as well as a stability of  water physic-
chemical migration. In general, with CIS increasing and 
therefore the ionic strength of  the natural solutions, water 
mobility and intensity of  chemical elements transition from 
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rock to water solution are reduced. According to the CIS 
levels, there are 4 main types of  waters: not metamorphic 
(CIS ≤ 0,5), primary metamorphic (CIS = 0,5 ÷ 4), average 
metamorphic (CIS = 4 ÷ 60), high metamorphic (CIS ≥ 60) 
(Belyakova et al., 1985). With increasing the degree of  water 
metamorphic of  certain groups and essential elements lose 
their ability to participate in biogeochemical cycles.

In order to assess the regional distribution of  Co, Zn, 
Mo, Mn, Cu in soils of  Ukraine, we have calculated the 
ratio between their content and global soil Clarke (Clarke 
concentration) by Bowen (1979). Ecological analysis of  
parameters of  water migration Co, Zn, Mo, Mn, Cu was 
conducted for agricultural and soil zones of  Ukraine: 
Ukrainian Polissya; Forest-steppe; Steppe and Dry steppe, 
as well as for areas of  ecological and geochemical provinces 
that have microelement disbalance in biogeochemical 
chains and increased morbidity among children of  certain 
microelementosis.

The studies used experimental data of  geological, 
ecological and hydrochemical mapping of  Ukraine that 
were conducted for the period 1981-1992. Data analysis 
was performed using Microsoft Excel, 2010.

RESULTS AND DISCUSSION

Investigated water migration of  chemical elements that 
belong to the transitional d-block elements that have 
high biological activity (Zn, Co, Cr, Mo, Mn). Their main 
function for biocenosis is to form centers of  ferments and 
hormones, stimulation of  haematopoiesis and metabolic 
processes enhancement. Co, Mn, Zn, Mo are necessary in 
organism for protein, carbohydrate and fat metabolism. 
Mn, Co, Cu take part in the protein synthesis, Co, Cu, Mn, 
Zn in hematogenesis and respiration processes (Kowalskiy, 
1991; Ivanov, 1994).

Calculations of  water migration coefficients (Kx) of  
Co, Zn, Mo, Mn, Cu; ionic strength coefficients of  
surface waters (CIS) and Clarke soil concentration was 
performed based on a database of  hydro-lithochemical 
and geoecological surveys in the territory Ukraine for 
2422 conjugate observation points of  water  -  bottom 
sediments of  small rivers in Ukraine and 3000 soil samples 
(Yegorova, 2001; 2009). By the results of  the calculations 
of  Kx it is revealed that water mobility fluctuations of  
considered micronutrients are greater than the global 
estimates (Table 1).

Meanwhile, the average statistical estimates of  mobility 
of  Co, Mo, Mn, Cu (Kx = 0, 1, 2, 5) correspond only to 
the lower level of  global norms (Kx = 0.1-1). Decreased 

mobility is revealed for Zn (Kx = 0.2–0.8), which is 
manifested the least in Polissya. Specified characteristics 
of  elements water solutions, especially Zn, may cause 
suppression of  their biogenic accumulation in agrocenoses, 
even under the condition of  their increased concentration 
in rock and soil.

Unlike spatially indistinguishable pH values, coefficient of  
water ionic strength highlights the natural hydrochemical 
zonation of  the territory of  Ukraine (Table 2).

Generalized values of  the coefficients of  ionic strength 
(CIS) reflect hydrochemical features of  surface waters 
and in some way are subordinated to agricultural soil 
zonation of  Ukraine. Not-metamorphized freshwater or 
brackish hydrocarbonate calcium water with pH from 
4.3 to 8.5 with average statistical estimates of  CIS = 
0.3–0.4 are dominating on the territory of  Ukrainian 
Polissya and Forest-steppe. The highest ionizing and 
carbon dioxide aggressiveness is typical for such waters. 
Such hydrochemical conditions are the most favorable 
for transition of  soil cations into solutions, their water 
migration and transition in vegetation complexes. These 
agro-soil zones are the territories of  stable concordance 
between the chemical composition of  soils and soil 
solutions, and that is the reason for biogeochemical 
chains «soil-agrocenosis» to be interdependent: the lack or 
excess of  microelements in soil determines an appropriate 
disbalance in agricultural crops.

On the territory of  Steppe and Dry Steppe of  Ukraine 
the water of  average metamorphization is distributed. 
These waters are predominantly brackish, salt calcium 
magnesium sulfate and chloride-sulfate with pH from 6.2 
to 7.8 with average statistical estimates of  CIS = 6.1-8.8. 
Such waters have acidic aggressiveness. Such hydrochemical 
conditions are favorable for the transition of  soil cations 
in solutions, but only certain microelements (eg, Pb, Ba, 
Sr) have steady water migration and appropriate transition 
to vegetation. Energetic features of  the investigated 
microelements promote their precipitation and the 
formation of  secondary supergene concentrations in 
soils and rock. Because of  these reasons, agro-soil zones 
of  Ukrainian Steppe are the territories of  discrepancy 
between the chemical composition of  soil and soil 
solutions. Most of  essential elements weaken the biogenic 
migration in the «soil-agrocenosis» system due to their 
physical and chemical concentration within the limits of  
abiogenical components of  agricultural landscapes - soils 
and pedogenic rock. Therefore, soil biogeochemical chains 
«soil-agrocenosis» are not interdependent: the excess of  
examined microelements in soils may not cause their 
excessive concentration in agricultural crops.
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Investigated peculiarities of  water microelements 
migration in the territory of  Ukraine not only have 
great influence on the nature of  biogeochemical food 
chains, but also determine ecological condition of  soil 
and agricultural products. Studied distribution of  Co, 
Zn, Mo, Mn, Cu in the soils of  Ukraine indicates that 
for the majority of  samples, their concentration is not 
significantly higher the global soil Clarks developed by 
Bowen (1979) (Table 3).

Ecological imbalance of  Zn, Mo, Co, Mn, Cu in the soils 
of  Ukraine highlights the distribution of  ecological and 
geochemical provinces that were identified and described 
by Yegorova (2003) in accordance with the researches of  
interconnected landscape-ecological and biogeochemical 
researches (Fig. 1).

The spread of  ecological and geochemical provinces with 
shortage of  Mo, Co, Mn and excess of  Zn, Cu enhances 
the imbalance of  micronutrients in biogeochemical 
food chains. As the consequence, development of  
appropriate phytopathology of  agricultural crops, and 
hypo-microelementosis and hyper-microelementosis of  
animals and people take place.

For example, on the majority of  territories of  Ukraine with 
the lack of  Mo, Co, Mn, enhanced morbidity, respectively, 
glomerulonephritis, anemia, and diabetes among children 
(Yegorova, 2001, 2003). Considering the peculiarities of  
water migration of  listed microelements, probability of  
hazardous ecological effects from their shortage and an 
excess in the soils for agrocenoses and livestock is the 

highest within the boundaries of  Ukrainian Polissya and 
Steppe.

CONCLUSION

The analysis of  water mobility of  essential microelements 
provided an opportunity to link the lower and upper 
levels of  biogeochemical food chains through the process 
of  water physic-chemical migration of  microelements 
and chemistry of  natural waters. Obtained results prove 
that the relatively low water mobility of  microelements 
on the territory of  Ukraine is a regional factor of  
low concentration of  Mo, Co, Mn in soils and crop 
production.

The development of  phytopathologies and endemic 
diseases in the population has a higher probability in 
Ukrainian Polissya and Forest-steppe, where waters are 
mainly not-metamorphic and have low ionic strength. 
Lack of  microelements in the soil surface with significant 
increase of  their water mobility indicates the activation of  
processes of  qualitative degradation of  soils, which occur 
with different intensity in the Dry Steppe and in Ukrainian 
Polissya.
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Table 1: Statistical parameters of microelements coefficients of water migration in agro‑soil zones of Ukraine
Agricultural soil 
zones of Ukraine

Statistical parameters of the 
Kх distribution (Zn, Mo, Co)

Statistical parameters of the 
Kх distribution (Mn, Cu)

KZn KMo KCo KMn KCu

min max mean Min max mean min max min min max mean min max min
Ukrainian Polissya 0.8 125 0.8 0.1 10 1.4 0.1 12.5 0.4 0.01 60 0.5 0.1 20 0.6
Forest‑steppe 0.03 40 0.2 0.1 20 1.03 0.03 3.8 0.2 0.01 30 0.1 0.01 20 0.5
Steppe 0.01 13.3 0.2 0.03 66.7 1.3 0.03 7.5 0.1 0.01 20 0.1 0.01 0.6 0.2
Dry steppe 0.01 187.5 0.5 0.3 60 2.5 0.03 12.5 0.3 0.01 40 0.1 0.03 1.7 0.3
Kx Global standards 
(Perelman, 1975)

1‑30 1‑30 0.1‑5 0.1‑5 0.1‑5

Table 2: Statistical parameters of ionic strength coefficients and acid‑base indicators of surface waters in agro‑soil zones in 
Ukraine
Agro‑soil zones 
in Ukraine

CІS рН
Predominant type of water by CIS min max mean min max mean

Ukrainian
Polissya

Non‑metamorphized (70%)a 0.1 2.2 0.3 6.0 8.5 7.2

Forest‑steppe Non‑metamorphized and little metamorphized (98%)a 0.1 12.3 0.4 4.3 8.5 7.2
Steppe Averagely metamorphized (66%)a 0.1 56.1 6.1 6.2 7.8 7.2
Dry steppe Averagely metamorphized (76%)a 0.3 59.0 8.8 6.2 7.8 7.1
Note: apercentage of samples of prevailing types of water
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