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Abstract 
The aim of the this study is to present a combined view of bio – geo - chemistry, soil – plant interactions, mathematic 
models and statistic analysis, based on the correlation between the levels of soil contamination, and the remanence of 
polluting substances in soil and respectively in harvested fruits and vegetables. Most of the mathematical models 
which describe plant - soil interactions are integrated in plant growth models or climate change models. The models 
presented by this paper are Soil – Plant Interaction Models, Pollution Indices, The Indices for Evaluating the 
Adaptative Strategies of Plants and Chemo-metrical Methods, and they have the role to synthesize and evaluate the 
information regarding heavy metals contamination.  
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1. Introduction   
 
 
The risks of heavy metal transfer from soil to plant 
and from there to the consumer are dependent on 
the mobility of the heavy metal species and their 
accessibility in the soil [1]. The risks connected to 
polluted soils are contamination of the food chain 
and they are directly associated to the 
bioavailability of toxic elements [2]. The 
bioavailability of heavy metals in soil [3] for a 
specific plant depends on soil properties, plant 
characteristics and capacity of accumulation and 
other influencing environmental factors. In time, 
many analytical methods were developed, to 
appreciate and estimate the heavy metals 
concentration in soil and plants [4]. The most 
important factors which need to be taken into 
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consideration are: soil characteristics [5], 
floristic and development stage of plants [4] and 
the interrelationship soil - plants [6]. Diverse 
types of soil vary in microstructure, biotic 
influence and patterns of water movement through 
the soil profile [7]. The characteristics of the ions 
determine the strength of adsorption and 
conditions of desorption. The ions concentration 
in the soil solution is maintained by the buffering 
capacity of the soil which depends on cation 
exchange capacity and soil organic matter. 
Therefore, the amount of clay minerals and humus 
will decide the extent of buffering [8]. Plants 
heavy metals uptake is done by the roots and by 
the leaves. The dominant nutrition is considered as 
the one done by the roots and because of that the 
highest amount of heavy metals under the form of 
ions is absorbed by the roots.  The absorption by 
roots is a process of ion exchange at the cell 
surface characterized by selectivity (certain ions 
are taken up preferentially), accumulation (in the 
plant cell the concentration of elements can 
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become higher than in the external solution) and 
genotype (there are significant differences 
between plant species in ion uptake 
characteristics) [8]. To approximate the 
concentration of heavy metals in soil, pore water 
analysis and chemical extraction, a variety of 
chemical analytical methods have been 
developed [9]. Nevertheless, chemical analysis is 
slow and very costly. Heavy metals and 
soil/sediment parameters usually have 
complicated relationships among them [10]. To 
investigate the relationship between metals and 
the characteristics in soil/sediment, and soil – 
plant interactions different mathematical and/or 
chemometrical models were created to interpret 
the complexity of processes. 
 
2. Materials and methods 
 
For the development of the present study, well 
over hundreds of scientific researches were 
analyzed in the field of geochemistry, biology, 
agriculture, environmental sciences, mathematics 
and statistics in order to conduct a brief literature 
review on mathematical and chemo-metrical 
models to evaluate the study of heavy metals 
contamination. The images were created by using 
own experimental data in order to present the 
models. The chemometrical models were 
performed using PAST 3.06 and MVSP 3.22 
software. 
 
3. Results and discussion 
 
The use of models depends on the easiness to 
control them and the structured information they 
offer. Some of the most important mathematical 
models used to describe soil – plant interaction 
and to help interpret heavy metals transfer from 
soil to plants are presented in Table 1. 
Chemometrical methods combine mathematical 
methods with chemical data and are used to solve 
both descriptive and predictive problems in 
investigational life sciences. 
In soil science, using data from soil surveys 
Pedotransfer Functions (PTF) are predictive 
functions of certain soil properties.  To create the 
PTF model are needed geospatial data 
(topography, management practices etc) 
associated with measured chemo-physical data 
and mathematical models. The pedotransfer 
concept (PTFs) can be applied to any soil attribute 

and due to this the development of PTFs for 
modeling biogeochemical processes becomes 
essential [11].  The most common method used for 
PTFs assessment is to utilize multiple linear 
regressions like equation (1). Because equations 
which show PTF relationships are unknown, a 
trend has emerged: e.g., artificial neural networks, 
combined mathematical models, support vector 
machines, clusters, decision trees, which are 
flexible enough to simulate highly nonlinear 
dependences hidden in analyzed data, but comes 
with a large number of coefficients that are 
difficult to estimate. Due to the fact that 
pedotransfer functions describe empirical 
regression type relationships, their precision 
outside their development region is unknown [12]. 
The elemental idea of PTFs may be widely 
extended to involve the derivation of any required 
soil aspect, which is not directly accessible, 
derived from available soils data [13].  
The Freundlich-Like Equation known also as 
Freundlich adsorption isotherm or Freundlich 
adsorption equation describes the transfer of 
inorganic ions from soil solutions to plants and the 
uptake of contaminants by plants.  The transfer of 
inorganic ions from soil solutions to plants might 
be interpreted as a biosorption process, where a 
Freundlich-like equation can be used to illustrate 
the uptake of contaminants by plants [14].  
The Toxic Unit (TU) Method is used to evaluate 
the response addition model for the pollutant 
mixtures to estimate the combined effects of 
metals in plant systems- equation (3) called also 
TU model equation. The quotient (  ) is 

generally termed as the TU of that component. 
The concentrations of individual metal tests may 
be transformed into Toxic Units using equation 
(4).  refers to the molar concentration of an 
agonist (contaminant, drug etc),  which produces 
50%  of the maximum response after a particular 
exposure time [15]. In the case of mixed heavy 
metals TU values were calculated using TU model 
equation where: n is the number of heavy metals; 

 is the concentration of an individual heavy 
metal in the mixture;  is the concentration of 
the ith mixture component that causes x% effect 
[16]. 
The Pollution Indices to better understand toxic 
concentrations of metals, calculated for soils, roots 
and aerial parts are presented in Table 1(B). The 
soil pollution index (SPI) and plant pollution 
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index (PPI) calculated for different locations 
according to the equations (6 and 7) reported to 
the threshold values can be used to evaluate 
spatial distribution and their intrinsic properties 
using Single and multiple regression analyses and 
additional statistical methods [17]. 
The Indices for Evaluating the Adaptative 
Strategies of Plants (Table 1. C) are based on one 
of the three adaptive strategies: exclusion, 
indication, and accumulation [18] developed by 
plants growing in highly mineralized soils, based 
on the characteristic that they cannot restrict metal 
uptake but they can adapt and rather tolerate metal 
enriched zones. The mathematical relationships 
which are able to present the adaptative behaviors 
of plants growing in highly mineralized soils are: 
Bioconcentration Factor (BCF) which helps in 
identifying plants that sequester metals in roots, 
Translocation Factor (TF) which proves the 
indication strategy meaning equilibrium 
achievement between soil and shoot metal 
concentrations and Biological Accumulation 
Coefficient (BAC) which reveals the heavy metals 
accumulated in the aerial parts. Excluders 
maintain low shoot concentrations of metals over 
soil concentrations that range from unpolluted to 
polluted, indicators maintain the internal metal 
concentrations that are reflective of external 
conditions and accumulators concentrate metals in 
aerial parts in soils with either high or low metal 
concentrations. BCF shows the concentration of a 
metal contained in the roots of a plant divided by 
the concentration of that metal contained in the 
soils that the roots inhabit. 
Chemometrics is considered to be the science of 
extracting information from chemical systems 
using multivariate analysis and applied 
mathematics to solve both descriptive and 
predictive problems in investigational life 
sciences. The chemo-metrical methods use linear 
algebra to formulate either quantitative or 
qualitative measurements of chemical data applied 
in exploratory analysis using investigative 
algorithms like: principal component analysis 
(PCA), principal component regression (PCR), 
partial least squares (PLS) and classification 
models like: cluster analysis, K-nearest neighbor 
(k-NN) [19] and or generalized linear models etc. 
In this context figure 1 presents the graphical 
representation of PCA, respectively pattern 

recognition (fingerprint) based on soils heavy 
metals concentration.  
PCA and PCO are chemo-metric techniques used 
to find the patterns of heavy metals data in 
different environmental samples, based on heavy 
metals concentrations [20]. PCA algorithm finds 
the eigenvalues and eigenvectors of the variance-
covariance matrix or the correlation matrix [21-
23]. For example in figure 1 (A), by analyzing 
heavy metals soil concentrations using PCA we 
can easily identify two clusters: one is formed by 
R1 and R2, both location being characterized by 
higher concentrations of copper and chromium 
and cluster two, described by R3, R4, R5, R6 with 
higher concentration of nickel and lead. Cadmium 
concentration is similar to all investigated 
samples.  
Chemical fingerprinting might be defined as a 
unique set of properties of the source material that 
can be used to distinguish it from other materials 
and whose traits are preserved in such a way that 
its main characteristics are still recognizable. 
Figure 1 (B) presents a fingerprint based on 
chemical data using MVSP software. Chemical 
pattern recognition, chemometric evaluation for 
evaluating figerprints and multivariate analysis as 
well as mathematical modeling all can be used as 
modern tools of quality control [22, 24]. Most 
applications of chemometric methods focus on 
establishing correlations between different 
pollutants and environmental parameters [25-27] 
determining geographical origin of investigated 
samples [28], quality of soil and water [29], 
quality of environment in general [30], modeling 
of heavy metals contaminants [24,31], or 
authentication of organic food [22]. 
PCA and CA correlation analysis allows 
highlighting mineralogical components specific to 
each plant species and country, separately, and 
permits the identification of the declared origins of 
used species and varieties [32]. Application of 
PCA for analyzing different environmental data 
can offer optimization of analytical procedures by 
selecting for analysis only the variables with 
maximum involvement in pollution assessment, 
and thus reduction of the analytical costs; 
differencing among polluted areas and types of 
contamination, based on soil analyses; selection of 
plant species which the highest or lowest 
accumulation of contaminants [22]; 
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Table 1. Soil – Plant Interaction Mathematical Models  
 

 

A. Soil – Plant Interaction Models 
The Pedotransfer Function 

Model [11, 12, 13] 
Freundlich-Like Equation Model 

[5,14] 
The Toxic Unit Method 

[16, 33] 

 
 

 
 

 

where:  - a depended variable; 
 - independent variable;  

a,b, c,…. - coefficients. 
 

where:  Contaminant 
concentration in plants (mg·kg−1); 

 Concentration of  soil 
contaminants (mg·kg−1);  
k - Sorption capacity (a superior K 
indicates a higher capacity),  

 - indicator of the strength of 
sorption; 

where:  the number of mixture 
components;  

 the concentration of an individual 
component in the mixture;  

 - is the conc. of the Ith mixture 
component that causes x% effect; 

 metal concentration 
half maximal effective conc.; 

B. Calculation of Pollution Indices [17] 
Soil-Plant Transfer Coefficient Plant Pollution Index Soil Pollution Index 

  (5)     (6)      (7) 

where: metal 
concentration in plant (mg·kg−1); 

- metal concentration in 
soil (mg·kg−1); 

where:  - Plant pollution index 
n - Number of elements 
VP - Content of an element (heavy 
metals - HMe) in the plant, 
(mg·kg−1); 
LP - Limit values for an element 
(HMe) in the plant, (mg·kg−1); 

where: SPI - Soil pollution index 
n - Number of elements (HMe) 
VS - Content of an element (HMe) in 
the soil, (mg·kg−1); 
LS - Limit values for an element (HMe) 
in the soil, (mg·kg−1); 

C. Calculation of Plants Behavior Factors 
Bioconcentration Factor  

[18,33] 
Translocation Factor  

[33] 
Biological Accumulation Coefficient 

[18] 

 
   

 
   

 
   

where: concentration 
of a metal contained in the roots of 
a plant; 

concentration of that 
metal contained in the soils that the 
roots inhabit 

where:  concentration 
of a metal contained in a plant’s 
shoots; 

 concentration of that 
metal contained in the plant’s 
roots; 

where:  concentration of a 
metal contained in a plant’s shoots;  

concentration of that metal 
contained in the soil that the roots 
inhabit; 

BCF values >1, illustrate that a 
plant can accumulate metals in its 
roots at higher concentrations than 
does the soil in which it resides 
[18, 33]. 

TF shows the ratio between soil 
and shoot metal concentrations 
[33] 

BAC presents the level of heavy metals 
accumulated in the aerial parts [18, 33]. 
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A. PCA representations of HMe concentrations B. Pattern identification based on HMe fingerprint 
Figure 1. Graphical representation of chemometrical methods applied to soil HMe concentration data 

Legend: R1, R2, R3, R4, R5, R6 = collection sites of soils 

 
Generalized linear models (GLMs) are a large 
class of statistical models for relating responses to 
linear combinations of predictor variables [34].  
 
4. Conclusions 
 
Mathematical or chemo-metrical models are 
developed to reduce the complexity of soil – plant 
interactions and to simplify the interpretation of 
phenomena. The presented methods measure the 
possible response of plants to contaminants and to 
estimate the combined effects of metals in plant 
systems (TU method). The application of chemo-
metrical methods permits an overall assessment of 
the interaction of the contaminants in the 
environment, as well as the health risk associated 
with their consumption. PCA may be used for 
reduction of the data set to only two variables (the 
two first components), for plotting purposes. 
Mineral composition based fingerprint can be used 
as vegetal products quality markers for the 
producers, as well as for the food processing 
industries.  
 
Acknowledgements 
 
This work was supported by a grant of Ministry of 
Research and Innovation, CNCS - UEFISCDI, project 
number PN-III-P4-ID-PCE-2016-0860, within PNCDI 
III. All authors have equal rights and have contributed 
evenly to this paper.  
 
References 
 
1. Richards, B., Steenhus, T., Peverly, J. and McBride, 
M., Effect of sludge-processing mode, soil texture and 

soil pH on metal mobility in undisturbed soil columns 
under accelerated loading. In: Environmental Pollution, 
109, 2000, pp.327-346; 
2. Efremova M., Izosimova A., Combatting Soil 
Degradation, Chapter 35, pp. 250-252, 
http://www.balticuniv.uu.se/index.php/component/docm
an/doc_download/1272-chapter-36-contamination-of-
agricultural-soils-with-radionuclides; 
3. Wuana R.A. and Okieimen F.E., Heavy Metals in 
Contaminated Soils: A Review of Sources, Chemistry, 
Risks and Best Available Strategies for Remediation, 
ISRN Ecology, Volume 2011, Article ID 402647, 20 
pages, 
https://www.hindawi.com/journals/isrn/2011/402647/; 
4. Wang, C., Li W., Guo M., Ji J., Ecological risk 
assessment on heavy metals in soils: Use of soil 
diffuse reflectance mid-infrared Fourier-transform 
spectroscopy. Sci. Rep. 7, 40709; 2017, 
https://www.nature.com/articles/srep40709?WT.feed_
name=subjects_natural-hazards; 
5. Baveye, P. C. & Laba, M. Moving away from the 
geostatistical lamppost: Why, where, and how does the 
spatial heterogeneity of soils matter? Ecol. 
Model. 298, 2015, pp. 24–38; 
6. Kim, R. Y. et al., Bioavailability of heavy metals in 
soils: definitions and practical implementation — a 
critical review, Environ. Geochem. Health, 37, 2015, 
pp.1041–1061; 
7. Moreno-Jiménez, E., Beesley L. , Lepp N.W., 
Dickinson N.M., Hartley W., Clemente R., Field 
sampling of soil pore water to evaluate trace element 
mobility and associated environmental risk, 
Environmental Pollution, xxx, 2011, pp.1-8; 
8. Sárdi, K., Nutrient Management, Chapter 4,  
Interrelations in the Soil-Crop Crop- Nutrient System; 
the Role of Site Characteristics in Soil Fertility, 
http://www.tankonyvtar.hu/hu/tartalom/tamop425/0010_
1a_book_angol_02_tapanyaggazdalkodas/0010_1a_book
_angol_02_tapanyaggazdalkodas.pdf; 

http://www.balticuniv.uu.se/index.php/component/docman/doc_download/1272-chapter-36-contamination-of-agricultural-soils-with-radionuclides
http://www.balticuniv.uu.se/index.php/component/docman/doc_download/1272-chapter-36-contamination-of-agricultural-soils-with-radionuclides
http://www.balticuniv.uu.se/index.php/component/docman/doc_download/1272-chapter-36-contamination-of-agricultural-soils-with-radionuclides
https://www.hindawi.com/51062347/
https://www.hindawi.com/50569697/
https://www.hindawi.com/journals/isrn/2011/402647/
https://www.nature.com/articles/srep40709?WT.feed_name=subjects_natural-hazards
https://www.nature.com/articles/srep40709?WT.feed_name=subjects_natural-hazards
http://www.tankonyvtar.hu/hu/tartalom/tamop425/0010_1a_book_angol_02_tapanyaggazdalkodas/0010_1a_book_angol_02_tapanyaggazdalkodas.pdf
http://www.tankonyvtar.hu/hu/tartalom/tamop425/0010_1a_book_angol_02_tapanyaggazdalkodas/0010_1a_book_angol_02_tapanyaggazdalkodas.pdf
http://www.tankonyvtar.hu/hu/tartalom/tamop425/0010_1a_book_angol_02_tapanyaggazdalkodas/0010_1a_book_angol_02_tapanyaggazdalkodas.pdf


 
 

 
Bordean D.-M. et al./Scientific Papers: Animal Science and Biotechnologies, 2017, 50 (2) 

 
 
 
 

 

 
 

167 

9. Roberts, D., Scherrer, P. & Sparks, D. L. Speciation 
of metals in soils, Chemical Processes in Soils–SSSA 
Book Series No. 8, USA, 2005, pp. 619–654; 
10. Sun, Y., Zhou, Q., Xie, X., Liu, R., Spatial, sources 
and risk assessment of heavy metal contamination of 
urban soils in typical regions of Shenyang, China, 
Journal of hazardous materials, 174(1), 2010, pp.455-
462; 
11. Pachepsky Ya., Rajkai K., Tóth B. , Pedotransfer in 
soil physics: trends and outlook – A review,  Agrokémia 
És. Ta. Laj. Tan. 64 (2), 2015, p.339–360,  
http://real.mtak.hu/37088/1/0088.2015.64.2.3.pdf; 
12. Sarmadian F.,  Taghizadeh Mehrjardi R., Modeling 
of Some Soil Properties Using Artificial Neural Network 
and Multivariate Regression in Gorgan Province, North 
of Iran,  Global Journal of Environmental Research 2 
(1), 2008, pp.30-35;   
13. Vereecken, H., Schnepf, A., Hopmans, J. W., Javaux, 
M., Or, D., Roose, T., ... & Allison, S. D.,  Soil 
Processes: Review, Key Challenges, and New 
Perspectives, Vadose Zone J., 15(5), 2016,  
http://vzj.geoscienceworld.org/content/gsvadzone/15/5/v
zj2015.09.0131.full.pdf;  
14. Pedron, F., Grifoni, M., Barbafieri, M., Petruzzelli, 
G., Rosellini, I., Franchi, E., Bagatin, R.,Vocciante, M., 
Applicability of a Freundlich-Like Model for Plant 
Uptake at an Industrial Contaminated Site with a High 
Variable Arsenic Concentration, Environments, 4(4):67, 
2017; 
15. http://groups.molbiosci.northwestern.edu/holmgren/G
lossary/Definitions/Def-E/EC50.html; 
16. Luan Z.Q., Cao H.C., Yan B.X., Individual and 
combined phytotoxic effects of cadmium, lead and 
arsenic on soybean in Phaeozem,  Plant Soil Environ., 54 
(9), 2008, pp. 403–411; 
17. Diatta J. , Grzebisz W. , Apolinarska K., 2003, A 
Study of Soil Pollution by Heavy Metals in the City of 
Poznań (Poland) using Dandelion (Taraxacum 
officinale) as a Bioindicator, EJPAU, 6(2), #01, 2003,., 
http://www.ejpau.media.pl/volume6/issue2/environment/
art-01.html; 
18. Baker, A. J. M., Accumulators and excluders‐ 
strategies in the response of plants to heavy metals, 
Journal of Plant Nutrition, 3:1-4, 1981, pp.643-654; 
19. http://www.camo.com/rt/Resources/chemometrics.ht
ml; 
20. Bordean D.M., Raba D., Alda S., Pintilie S., Borozan 
A.B., Harmanescu M., Pirvulescu L., Mushrooms, The 
Miracle of Nature, A Treat to Human Health,  
Agronomy Series of Scientific Research 59(1), 2016, 
pp.157-160; 
21. Davis, J.C., Statistics and Data Analysis in Geology, 
John Wiley & Sons,USA, 1986; 
22. Gergen I., Harmanescu M., Application of principal 
component analysis in the pollution assessment with 
heavy metals of vegetable food chain in the old mining 
areas, Chemistry Central Journal, 6:156, 2012; 

23. Harper, D.A.T., Numerical Palaeobiology, John 
Wiley & Sons,1999; 
24. Nica, D.V., Bordean, D.M., Pet, I., Elena Pet, Simion 
Alda and Iosif Gergen, A novel exploratory chemometric 
approach to environmental monitorring by combining 
block clustering with Partial Least Square (PLS) 
analysis, Chemistry Central Journal 7: 145, 2013, 
https://ccj.springeropen.com/articles/10.1186/1752-
153X-7-145; 
25. Chen Y, Yu M, Xu M, Chen X, Shi J., Differentiation 
of eight tea (Camellia sinensis) cultivars in China by 
elemental fingerprint of their leaves, J Sci Food Agric., 
89, 2009, pp.2350–2355; 
26. Da Silva Tores EAF, Garbelotti ML, Neto JMM., 
The application of hierarchical cluster analysis to the 
study of the composition of foods, Food Chem, 99, 2006, 
pp.622–629; 
27. Kara D., Evaluation of trace metal concentration in 
some herbs and herbal teas by principal component 
analysis. Food Chem., 114, 2009, pp.347–354; 
28. Konstadinovic S., Stefova M., Nikolova D., 
Nedelcheva D., Martinez N., Lorenzo D., Dellacassa E., 
Mirhosseini H., Multivariate analysis discrimination of 
various cold-pressed lemon oils different geographical 
regions, J Food Agric & Environ, 8(2), 2010, pp.117–
121; 
29. Bordean DM, Gergen I, Harmanescu M, Pirvulescu 
L, Butur M, Rujescu CI: Mathematical model for 
environment contamination risk evaluation, J Food Agric 
& Environ 8(2), 2010,pp.1054–1057; 
30. Pop HF, Einax JW, Sârbu C., Classical and fuzzy 
principal component analysis of some environmental 
samples concerning the pollution with heavy metals, 
Chemometr Intell Lab 97, 2009, pp.25–32; 
31. Bordean DM, Gergen I, Gogoaşă I, Oprea G, 
Pirvulescu L, Alda LM, Alda S, Breica Borozan A, 
Harmanescu M., Mathematical model evaluation of 
heavy metal contamination in vegetables and fruits. J 
Food Agric & Environ, 9(1), 2011, pp.680–683; 
32. Nica D., Ciobanu F.N., Borozan A.B., Pirvulescu L., 
Alda S., Filimon N.M., Bordean D.M., Statistical 
Evaluation Of Heavy Metal Content In Some Capsicum 
Varieties Available On The Romanian Market, XI. 
Scientific J. of Univ. Of Szeged, Faculty of Agriculture, 
Supplement, 1(1), 2012, pp.186-191;  
33. Eddleman, K., Bioaccumulation of Heavy Metals 
from Soils to Plants in Watersheds Contaminated by 
Acid Mine Drainage in SE Arizona, Thesis MSc, 
University of Arizona, 2012, file:///G:/2017-
2018%20scoala/lucrare%20zoo/azu_etd_12441_sip1_m.
pdf; 
34. Bordean D.M., Borozan AB., Cojocaru L., Nica D., 
Gergen I., n Alda S., Horablaga M., Filimon N., 
Assessment Of Soil Cupper, Cobalt And Chrom 
Contamination In Old Mining Areas From Romania, 
SGEM 2012, Bulgaria, 5, 2012, pp. 101 – 108; 

 

http://real.mtak.hu/37088/1/0088.2015.64.2.3.pdf
http://vzj.geoscienceworld.org/content/gsvadzone/15/5/vzj2015.09.0131.full.pdf
http://vzj.geoscienceworld.org/content/gsvadzone/15/5/vzj2015.09.0131.full.pdf
http://groups.molbiosci.northwestern.edu/holmgren/Glossary/Definitions/Def-E/EC50.html
http://groups.molbiosci.northwestern.edu/holmgren/Glossary/Definitions/Def-E/EC50.html
http://www.ejpau.media.pl/volume6/issue2/environment/art-01.html
http://www.ejpau.media.pl/volume6/issue2/environment/art-01.html
http://www.camo.com/rt/Resources/chemometrics.html
http://www.camo.com/rt/Resources/chemometrics.html
https://ccj.springeropen.com/articles/10.1186/1752-153X-7-145
https://ccj.springeropen.com/articles/10.1186/1752-153X-7-145

	2. Efremova M., Izosimova A., Combatting Soil Degradation, Chapter 35, pp. 250-252, http://www.balticuniv.uu.se/index.php/component/docman/doc_download/1272-chapter-36-contamination-of-agricultural-soils-with-radionuclides;

