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The effect of pollutants on the content of nutrients in soil
Wpływ zanieczyszczeń na zawartość składników odżywczych w glebie
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ABSTRACT: Soil degradation occurs as a result of the ingress and accumulation of excessive amount of pollutants in the soil. The arti-
cle presents the results of theoretical and experimental studies of the complex effect of soil contamination (concentration of petroleum 
products, toxic salts, dense residue, sodium ions, sulfate ions, magnesium ions, calcium, chloride ions, bicarbonate ions) on the content 
of nutrients (alkaline hydrolyzed nitrogen, phosphorus, potassium, humus). A detailed analysis of scientific papers has been carried out, 
based on which the main scientific tasks solved in the article have been formulated. It has been established that soil-salt processes are 
insufficiently studied and are the object of scientific research in recent years. At the first stage of research, sampling was carried out and 
the content of nutrients and pollutants in the soil was determined. Determination of element concentrations was performed by collect-
ing soil samples and their subsequent laboratory testing. At the second stage, a correlation-regression analysis of the obtained data was 
performed and multiple linear regressions were established. The interaction of substances in the soil was determined by analyzing the 
obtained multiple linear regressions. Two types of soils were studied: with chloride and with sulfate type of salinization. For soils with 
chloride type of salinity, dependences have been established for the content of humus, alkaline nitrogen and potassium, while in case of 
phosphorus multiple linear regression does not exist. For soils with sulfate type of salinization, multiple linear regression dependences 
of concentrations of alkaline nitrogen, phosphorus, potassium have been determined. It is established that the complex influence of the 
studied elements is decisive. No regression dependence was found for the humus content, which indicates that the concentration of the 
studied elements has almost no effect on the humus content in the soil. Comparison of the obtained multiple linear regressions with the 
results of laboratory studies showed a good correlation between these data series. The obtained regularities of pollutant and nutrient 
interactions in soils are expected in future to enable creation of scientific bases for development of  new methods of desalination of 
soils polluted by formation waters as well as for planning effective reclamation actions.

Key words: soil, contamination, salinity, humus, petroleum products, toxic salts, phosphorus, nitrogen, regression.

STRESZCZENIE: W wyniku wnikania i gromadzenia się w glebie nadmiernych ilości zanieczyszczeń następuje degradacja gleby.  
W artykule przedstawiono wyniki badań teoretycznych i eksperymentalnych złożonego wpływu zanieczyszczenia gleby (stężenie 
produktów naftowych, toksycznych soli, gęstego osadu, siarczanow, jonów sodu, magnezu, wapnia, chlorków, wodorowęglanów), na 
zawartość składników pokarmowych (hydrolizowanego alkalicznie azotu, fosforu, potasu, humusu). Przeprowadzona została szcze-
gółowa analiza prac naukowych, na podstawie której sformułowano główne zadania badawcze rozwiązane w artykule. Stwierdzono, 
że procesy glebowo-solne zbadane są w stopniu niedostatecznym i stanowią one przedmiot badań naukowych w ostatnich latach. 
W pierwszym etapie badań pobrano próbki i wyznaczono zawartość składników pokarmowych i zanieczyszczeń w glebie. Wyznaczenia 
stężeń pierwiastków dokonano poprzez pobranie próbek gleb i ich późniejsze badania laboratoryjne. W drugim etapie wykonano analizę  
korelacyjno-regresyjną uzyskanych danych i ustalono wielokrotne regresje liniowe. Oddziaływanie substancji w glebie określono poprzez 
analizę otrzymanych wielokrotnych regresji liniowych. Badano dwa rodzaje gleb: o zasoleniu chlorkowym i siarczanowym. Dla gleb 
o zasoleniu chlorkowym ustalono zależności w odniesieniu do zawartośći humusu, azotu hydrolizowanego alkalicznie i potasu, natomiast 
dla fosforu regresja liniowa wielokrotna nie wystapiła. Dla gleb o zasoleniu siarczanowym wyznaczono zależności wielokrotnej regre-
sji liniowej stężeń azotu alkalicznego, fosforu, potasu. Ustalono, że decydujące znaczenie ma kompleksowe oddziaływanie badanych 
pierwiastków. Dla zawartości humusu nie stwierdzono zależności regresji, co wskazuje, że stężenie badanych pierwiastków prawie nie 
wpływa na zawartość humusu w glebie. Porównanie uzyskanych wielokrotnych regresji liniowych z wynikami badań laboratoryjnych 
wykazało dobrą korelację między tymi seriami danych. Uzyskane prawidłowości oddziaływania zanieczyszczeń i składników pokar-
mowych w glebach pozwolą w przyszłości stworzyć naukowe podstawy rozwoju nowych metod odsalania gleb zanieczyszczonych 
wodami złożowymi, jak również planować efektywne prowadzenie prac rekultywacyjnych.

Słowa kluczowe: gleba, zanieczyszczenia, zasolenie, humus, produkty naftowe, sole toksyczne, fosfor, azot, regresja.
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Introduction

The entry of pollutants into the soil causes deterioration of 
its physical and chemical characteristics. The soil properties 
have a significant effect on its fertility. Therefore, the relevant 
issue is to study the peculiarities of pollutants in the soil and 
their interaction.

Literature review

In the study of Nouri et al. (2017), a thorough analysis of 
the effect of soil salinity on soil properties was performed. 
According to the authors, the increased concentration of salts 
has a negative effect on soil quality. In particular, increased 
concentrations of sodium ion can delimit and expand glial 
particles, which leads to swelling and dispersion of the soil. 
The blockage of soil pores and a decrease in its permeability 
takes place – this complicates the movement of water and 
air in the soil. Complications of infiltration processes do not 
provide adequate access of water to plant roots. The structure 
of the soil is destroyed.

Rhykerd et al. (1995) found that accidental spills dur-
ing oil production and refining are accompanied by both oil  
and salt contamination of soils. Increased soil mineralization 
has a negative effect on the biodegradation of oil. Extraction of 
salts from oil-contaminated soil helps to accelerate soil regen- 
eration.

According to Araratyan et al. (2015), a good correlation was 
found between the nitrogen and carbon content in mountain-
meadow and meadow-steppe soils (correlation coefficient of 
0.76). The authors explain this peculiarity by similar physical 
and chemical properties of these elements and their location 
in the D.I. Mendeleev’s periodic table. In addition, the authors 
note a significant decrease of  all nutrients in the soil (nitrogen, 
potassium, humus (carbon)), except phosphorus, over the past 
30 years.

Pitchel et al. (2016) indicate that reservoir water of oil fields 
contains organic and inorganic components. Such components 
include dissolved and dispersed oil, salts, heavy metals, dis-
solved gases, microorganisms and dissolved oxygen. At the 
same time, scientists have found that the addition of simple 
components is often successful for solving problems with soil 
salinity and salinization. Both inorganic additives (e.g., CaSO4) 
and organic materials (animal manure) were effective. The most 
commonly used dry additives are gypsum (CaSO4 ∙ 2H2O) and 
calcium nitrate (Ca(NO3)2). Elemental sulfur and aluminum 
sulfate can be added to lower the pH.

Pathak et al. (2012) prove that reservoir water spills can 
affect plant growth by changing soil properties. In the case of 

salt water entering the soil, the structure of the pores in the soil 
changes, and their compaction occurs. Therefore, the access 
of water and air to the root system of plants is restricted. An 
excess of sodium ions in soils causes dispersion of clays, which 
limits the availability of nutrients such as iron, manganese, 
calcium and magnesium for plants. An impermeable film may 
be formed on the surface of the soil.

In the work of Echchelh et al. (2018), it is stated that forma-
tion water contains a mixture of organic and inorganic materials, 
including dissolved and dispersed petroleum products, dissolved 
minerals, industrial chemical compounds (introduced upon the 
formation water processing), solid substances (for example, 
corrosion products, salt deposits, solid petroleum products). 
The ingress of such water into the soil environment causes its 
saturation with pollutants, in particular salts and oil products.

Mandryk et al. (2017) indicate that reservoir waters contain 
high concentrations of dissolved salts, which under such condi-
tions are pollutants in relation to environmental components, 
in particular soil. From a technological point of view, the 
transportation, storage and utilization (burial) of formation 
water is a complex process, since high pressures are used in the 
reservoir pressure maintenance (RPM) system, and formation 
water is an aggressive environment. Based on this, the prob-
ability of breaking off reservoir water pipelines, destruction 
of walls of casing strings and other technological equipment 
is very high, which may result in a significant amount of pol-
lutants entering the soil environment.

The other authors (Aghalibe et al., 2017) proved the ex-
istence of a positive relationship between the rate of decom-
position of petroleum hydrocarbons polluting the soil and 
the presence of organic animal waste and NPP fertilizers in 
soil microcosms contaminated with crude oil. Thanks to the 
addition of nutrients, it was possible to remove up to 70% of 
hydrocarbons from the soil.

In the work of Friedel et al. (2000), the effect of long-term 
soil irrigation with wastewater of medium or high mineraliza-
tion with a predominance of sodium ions was studied. Based on 
the results of research, it was established that salts accumulated 
in the soil, and denitrification processes also occurred.

The research results obtained by Devatha et al. (2019) 
show that the physical properties of the soil (moisture content, 
liquid limit and plasticity) deteriorate due to oil pollution. The 
hydraulic conductivity of the soil is reduced by 10% because 
of oil contamination. Soil pollution with crude oil indicates 
a significant decrease in the hydrogen pH indicator due to an 
increase in the concentration of crude oil; the soil tends to be-
come acidic. This acidic nature of the soil is explained by the 
presence of hydrocarbons in crude oil, which can react with 
salts and minerals in the soil and change alkaline minerals to 
acidic ones. The total concentration of organic carbon increases 
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as a result of soil contamination with petroleum products. 
The content of nitrogen and phosphorus in contaminated soil 
decreases as the hydrocarbon concentration increases.

All the considered scientific works, in general, give an 
explanation of the pairwise interaction of the content of certain 
elements in the soil. At the same time, the complex interaction 
of the content of nutrients and pollutants in the soil is of interest.

Research methods

Determination of the components content in the soil was car-
ried out in accordance with the normative methods adopted in 
Ukraine, namely: determination of the content of bicarbonates 
conducted by titration with a solution of sulfuric acid in an 
aqueous extract of carbonate ions; determination of the content 
of sodium and potassium – by the method of determining the 
intensity of radiation of the required atoms elements using 
a flame photometer; determination of the content of chlorides 
– by precipitation of chloride ions in an aqueous extract with 
a solution of silver nitrate in the form of slightly soluble silver 
chloride in a neutral medium; determination of the content of 
calcium and magnesium – by sequential complexometric titra-
tion in one sample of calcium ions at pH 12.5–13.0 and ions 
magnesium at a pH of about 10 using chromium acid dark blue 
as a metal indicator; determination of the sulfate content by 
precipitation of sulfate ions with barium chloride in the form of 
a suspension of barium sulfate; determination of the hydrogen 
indicator using a pH meter; determination of the content of oil 
products – by the method of extraction of organic substances 
from the weight of the soil with chloroform, evaporation and 
removal of the solvent, dissolution of the residue in hexane, 
separation of polar compounds on a column with aluminum 
oxide, removal of the solvent and gravimetric measurement of 
the mass of the residue; determination of the humus content 
carried out by the oxidimetric method, which consists in the 
oxidation of organic matter soils with a solution of potassium 
dichromate in sulfuric acid followed by the determination of 
the organic carbon content through the determination of potas-
sium dichromate after oxidation by the methods of titrometry 
or spectrophotometry; determination of the phosphorus content 
– based on the extraction of mobile compounds of phosphorus 
and potassium from the soil with a solution of acetic acid with 
a concentration of 0.5 mol/dm3 in the ratio of soil to a solution 
1 : 25 and subsequent determination of phosphorus in the form 
of a blue phosphoromolybdenum complex on a photoelectro-
colorimeter; determination of the alkaline hydrolyzed nitrogen 
content based on the hydrolysis of soil organic compounds 
with an alkali solution in a thermostat at a temperature of 
28°C in a Conway cup with a polished lid. After the end of 

hydrolysis, ammonia is quantitatively determined by titration 
with a solution of sulfuric acid.

We have studied the simultaneous effects of all the identi-
fied elements, as the paired relationship may be less significant 
than the complex one. The complex interaction of substances in 
the soil was determined by multiple linear regression analysis. 
Multiple regression, in contrast to the paried one, characterizes 
the dependence of a certain value on several factors. At the 
same time, the dependence of the content of some nutrients on 
other ones was also investigated. The applied type of statistical 
analysis allows one to determine exactly those elements that 
will be significant for the studied element, including nutrients. 
For soils with a chloride type of salinity, 38 soil samples were 
taken, for soils with a sulfate type 21 soil samples.

Research results

For research purposes, soil samples were selected in the 
territory of Romensky and Okhtyrskyi districts of Sumy region, 
as well as Hadyatskyi district of Poltava region of Ukraine 
(Figure 1). These are mainly deep black soils with low and 
medium humus.

The following parameters were determined for soils with 
chloride type of salinity: critical value of F-distribution 
Fcrit = 1.83 (significance level – 0.1, number of degrees of 
freedom of the numerator – 13 – 1 = 12, number of degrees of 
freedom of denominator – 24), critical value of the Student's 
t-distribution – tcrit = 2.38.

The calculated parameters of the linear regression for humus 
are presented in Table 1. According to the results, the calculated 
value is f = 2.01, and is greater than the value of Fcrit, which 
indicates the presence of regression dependence. Check of the 
significance of the regression coefficients indicates that only 
the coefficient a 10 (for which the condition is t > tcrit), has 
a significant effect on the resulting parameter which corresponds 
to the concentration of alkaline hydrolyzed nitrogen (Table 2).

The obtained values of the coefficients allow us to get the 
following regression equation:
 Khumus = –0.00009187 Koil-pr. + 0.000175 Ktox.s. –  
 – 0.002356 KР + 0.025895 KN – 0.608444 Kd –  
 – 0.007511 Kpi. + 0.000336 KNa – 0.00122 KSO4 –  
 – 0.001248 KMg + 0.000957 KCa – 0.000364 KCl –  
 – 0.000697 KHCO3 – 0.258802 рН + 5.628692 (1)
where:
Koil-pr. – content of oil products [mg/kg],
Ktox.s. – content of toxic salts [mg/kg],
Kp – phosphorus content [mg/kg],
KN – alkaline nitrogen content [mg/kg],
Kd – content of dense residue [%],
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Kpi – potassium ion content [mg/kg],
KNa – sodium ion content [mg/kg],
KSO4 – sulfate ion content [mg/kg],
KMg – magnesium ion content [mg/kg],
KCa – calcium ion content [mg/kg],
KCl – chloride ion content [mg/kg],
KHCO3 – bicarbonate ion content [mg/kg],
pH – hydrogen index [units pH].

The calculated content of humus correlates well with the 
values obtained by laboratory analysis, the pairwise correlation 
coefficient is 0.66. The comparison of calculated and analytical 
values is shown in Figure 2.

– soil sampling sites

Figure 1. Location diagram of soil sampling sites
Rysunek 1. Schemat lokalizacji miejsc pobierania próbek gleby

The calculated parameters of linear regression for phospho-
rus are given in Table 3. According to the results presented in 
the table, the value of f is 0.93, which is less than Fcrit. = 1.83. 
This circumstance indicates the lack of regression dependence 
between phosphorus concentration and the content of other 
elements in the soil.

When checking the regression coefficients for the phospho-
rus content as a resulting feature, it was found that none of the 
obtained coefficients was significant (Table 4).

For the content of alkaline hydrolyzed nitrogen, it was 
found that the calculated parameter f is 2.24, which is more 
than Fcrit. = 1.83 and indicates the existence of regression de-
pendence (Table 5). Checking the significance of the regression 
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Figure 2. Values of humus content for soils with chloride type of salinity
Rysunek 2. Zawartość humusu dla gleb zasolonych chlorkami
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coefficients (Table 6) showed that only the coefficient a11 is 
significant (humus content – t > tcrit : 3.34 > 2.38).

According to the obtained research results, the regression 
dependence for the alkaline hydrolyzed nitrogen content will 
be the following.
 KN = 0.001631112 Koil-pr. – 0.006976 Ktox.s. +  
 +12.24606 Khumus + 0.07798 KР + 5.372517 Kd +  
 + 0.06057 KK – 0.006962 KNa + 0.027085 KSO4 +  
 + 0.067932 KMg – 0.013959 KCa + 0.015484 KCl –  
 – 0.001208 KHCO3 + 6.665785 рН – 62.18329 (2)

Figure 3 shows the comparative dependencies between the 
values of concentrations determined in the laboratory and those 
calculated according to the obtained regression dependencies. 
The correlation coefficient between data sets is high and is 0.74.

The results of determining the calculated parameters for 
the regression dependence of potassium concentration as the 
resulting feature are shown in Table 7. As can be seen from 
the table, the calculated parameter f = 9.63 exceeds Fcrit = 1.83,  
which indicates the existence of regression dependence. Check 
of the significance of the regression coefficients (Table 8) 
shows that the coefficient a5, t = –2.59 (magnesium content) 
is significant. Thus, the regression equation for potassium will 
be the following:
 Kpi = –0.00399 Koil-pr. + 0.014901 Ktox.s. – 9.65285 KР –  
 – 0.03874 Khumus + 23,59202Kd + 0.164602 KN –  
 – 0.00587 KNa + 0.000305 KSO4 – 0.33478 KMg +  
 + 0.041424 KCa – 0.02026 KCl –0.00655 KHCO3 –  
 – 13.6091 рН + 184.9476 (3)

The correlation coefficient between the determined and cal-
culated values is high and reaches 0.92. In addition, we calculated 
the potassium concentration in the soil according to the depend-
ence given in the work of Pukish et al. (2018), for the potassium 
content in soils with toxic salts content of more than 500 mg/kg  
(Figure 4); the correlation coefficient in this case was 0.83.

Thus, for soils with chloride type of salinity, multiple linear 
regression dependences have been determined for the content 
of humus, alkaline nitrogen and potassium; multiple linear 
regression for phosphorus does not exist. The determination 
of the significance of regression coefficients showed that the 
determining factor for the content of nutrients in the soil is 
the complex effect of all elements that were determined in 
this study.

The following parameters were set for soils with sulfate 
type of salinity: critical value of F-distribution Fcrit = 2.67 
(significance level – 0.1, number of degrees of freedom of 
the numerator – 13 – 1 = 12, number of degrees of freedom 
of denominator – 7), critical value of Student's distribution – 
tcrit = 2.75.
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Figure 3. The value of alkaline nitrogen content for soils with chloride type of salinity
Rysunek 3. Zawartość azotu alkalicznego dla gleb zasolonych chlorkami

The calculated regression parameters for the humus con-
tent are presented in Table 9. As it can be seen, the calculated 
value of f is 0.78 at Fcrit = 2.67, which indicates the absence 
of multiple linear regression. Check of the significance of the 
regression coefficients showed (Table 10) that none of the 
coefficients were significant. Thus, the results of research al-
low to state that the concentration of the studied elements has 
little effect on the humus content in the soil.

The calculated parameters of multiple linear regression 
for phosphorus are presented in Table 11. According to the 
calculation results, the parameter f is 10.00, which is signifi-
cantly higher than Fcrit = 2.67 and indicates the presence of the 
regression dependence. The results of the check the significance 
of the regression coefficients (Table 12) show that none of the 
coefficients was significant. Multiple linear regression will be 
the following:
 KР = –0.38928 Koil-pr. – 0.92535 Ktox.s. – 22.4006 Khumus –  
 – 3.00105 KN + 61.25781 Kd + 3.436173 Kpi –  
 – 0.69179 KNa + 0.795244 KSO4 + 0.481847 KMg –  
 – 3.52747 KCa + 3.925831 KCl + 0.512055 KHCO3 +  
 + 118.8247 рН – 236.891 (4)

A high degree of correlation was found between the cal-
culated and determined values of phosphorus content in soils 
with sulfate type of salinity (Figure 5). The correlation coef-
ficient is 0.97. The parameters of linear multiple regression for 
alkaline hydrolyzed nitrogen as a resultant feature in soils with 
sulfate type of salinity are shown in Table 13. As can be seen 
based on the calculations results, the calculated parameter f  
is 11.372 and significantly exceeds Fcrit = 2.67. Check of the 
significance of the regression coefficients showed that none 
of the coefficients was significant (Table 14).

The regression dependence of alkaline hydrolyzed nitrogen 
as a resulting feature will be the following:
 KN = –0.01066 Koil-pr. – 0.16195 Ktox.s. –  
 – 2.85674 Khumus – 0.0493 KР + 21.59208 Kd +  
 + 0.342922 Kpi – 0.08988 KNa + 0.151203 KSO4 +  
 + 0.007241 KMg – 0.71195 KCa + 0.340137 KCl +  
 + 0.118577 KHCO3 + 22.63661 рН – 48.1688 (5)

The correlation coefficient between the calculated and 
determined values of alkaline nitrogen content is high and 
makes 0.98 (Figure 6).
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Figure 4. The value of potassium content for soils with chloride type of salinity
Rysunek 4. Wartość zawartości potasu dla gleb zasolonych chlorkiem
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The calculated regression parameters for potassium con-
tent in soils with sulfate type of salinity are given in Table 15. 
According to the table the parameter f becomes 6.50, which 
exceeds Fcrit = 2.67. According to the results of checking the 
regression coefficients, no significant coefficients were deter-
mined (Table 16).
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Figure 5. Values of phosphorus content for soils with sulfate type of salinity
Rysunek 5. Wartości zawartości fosforu dla gleb zasolonych siarczanami
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Figure 6. Values of alkaline nitrogen content for soils with sulfate type of salinity
Rysunek 6. Wartości zawartości azotu alkalicznego dla gleb zasolonych siarczanami

The regression equation for potassium as a resultant feature 
will take the following form:
 Kpi = –0.00013 Koil-pr. – 0.01507 Ktox.s. + 0.129 KР +  
 + 0.784 Khumus + 0.235 Kd + 9.993 KN + 2.681 KNa +  
 + 0.008005 KSO4 + 0.113 KMg + 0.215 KCa – 0.02 KCl +  
 + 0.055 KHCO3 – 28.728 рН + 120.855 (6)
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Figure 7. Values of potassium content for soils with sulfate type of salinity
Rysunek 7. Zawartość potasu dla gleb zasolonych siarczanami
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The correlation coefficient between the determined and 
calculated values is high and is 0.96 (Figure 7).

According to the results of the conducted research, multiple 
linear regression dependences for concentrations of alkaline 
nitrogen, phosphorus, potassium in soils with sulfate type of 
salinity have been determined. The complex influence of the 
studied elements is decisive. No regression dependence was 
found for humus content.

Conclusions

1. For soils with chloride type of salinity, multiple linear re-
gression dependences have been determined for the content 
of humus, alkaline nitrogen and potassium; for phosphorus 
there was no multiple linear regression. The determination 
of the significance of regression coefficients showed that 
the determining factor for the content of nutrients in the soil 
is the complex effect of all elements that were determined 
in this study.

2. For soils with sulfate type of salinization, multiple linear 
regression dependences for concentrations of alkaline ni-
trogen, phosphorus, potassium have been determined. The 
complex influence of the studied elements is decisive. No 
regression dependence was found for the humus content 
which indicates that the concentration of the studied ele-
ments has practically no effect on the humus content in the 
soil.
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