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Abstract: Environmental contamination by heavy metals represents  
a potential threat for plants, animal and humans. The metals do not 
undergo biodegradation. Many of them are soluble in water, therefore 
become more available for living systems and accumulate in the 
environment, especially in soil. This paper presents properties of brown 
coal(lignite) which show that this substance can be use as cheap and 
efficient sorbent in soil contaminated by heavy metals. 
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Introduction 
Growing awareness of the environmental pollution makes need to do regular 

analyses of the toxic substances content and elements in air, water and soil [1]. 
As the result of civilization development, in many cases natural ecological 
balance has been disrupted. 

In recent years the reduction of dust and gases emission have been observed. 
This is the result of rational environment management. However, destruction of 
natural resources is very far advanced and very often economic problems does 
not allow to change the situation [2]. The dynamic development of industry, 
irrational use of substances for plant protection in agriculture, sludge and 
industrial waste contributes to the excessive accumulation of trace elements in 
soil and plants which can be dangerous for animal and human [2,3]. 

Among the substances which can have a negative impact on environment, the 
increasing interest of heavy metals is still observed. During long-term contact 
with heavy metals it is observed that they are accumulated in living organisms 
[4]. The health effects of regular consumption of even small amounts of harmful 
trace elements can be observed after many months, and even years. Extremely 
sensitive for the toxic effects of heavy metals are the children [5].  

Natural source of heavy metals for people and animals are plants. Many 
researches proved that the highest concentration of toxic substances is observed 
in the roots of plants, especially growing in contaminated soil [6].  

The concentration of heavy metals in plants does not depend directly on 
concentration of those elements in soil. It is more complicated and depends on 
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many different factors such as: pH, activity of soil microorganisms, content of 
water and air in soil, solubility and forms of metals and many others [7,8]. 
However, the most important part of soil which is responsible for immobilization 
and bioavailability of trace elements for plants is organic matter [9,10]. 
Generally, if the content of organic matter in soil is higher the concentration of 
heavy metals in plants is lower. Because of the fact, that positive impact of 
organic matter on soil was proved many times in many researches it seems to be 
good solution to use cheap and effective substance with high content of organic 
carbon to make soil more rich in humus substance.  

As a result we can expect better quality of soil and lower content of harmful 
substances in vegetables which are growing on this soil what makes them more 
safety for human. The good example of substance which can be use for such 
function is lignite.  

Properties and characterization of brown coal 
Brown coal is an organic rock formed from plant material. The process of 

lignite formation depends on many conditions, including the development of 
flora and microorganisms, climate and morphology of the area. The main 
substances from which lignite was built were proteins, fats, carbohydrates, lignin, 
waxes, resins and other substances and their conversion to brown coal were 
carried out in many biological processes. The intensity of these processes 
depended on content of water and oxygen, pH and the amount of bounded 
nitrogen. However, the main factors were time, pressure and temperature. The 
living organisms also played a role in creating of brown coal [11,28]. 

Lignite is described as a substance with high water content. There is about 
from 6.0-37.0% in hard coals to 40.0-60.0% in earthy coals. Much of the water, 
especially in the earthy coals is mechanically connected (free water), which 
relatively quickly evaporates. The rest of water (hygroscopic water) is 
characteristic for each type of brown coal and depends on fragmentation and size 
of the particles. High fragmentation of the particles shows that lignite is a solid 
colloid. It  has impact on water content, wetting and sorption properties and also 
the ability to form the sol from gel [12,13]. 

High content of water in brown coal makes really good conditions for 
microorganisms growth. Microorganisms which live in soil are able to produce 
many metabolites, some of them are toxic such as hydrogen cyanide, antibiotics, 
mycotoxins etc., but most of them are hormones of growth, vitamins and 
substances involved in the uptake of trace elements [14]. 

During decomposition processes of organic matter, a lot of chemical 
functional groups is produced, for example –COOH, -OH, -C=O, -OCH3. These 
substances are carbon and nitrogen sources for soil microorganisms. 
There are no pathogens in brown coal. Weakly acidic pH and a large surface can 
affect on increase of microbial activity what is important for many soil processes. 
Better growth of Azotobacter and Clostridium has an impact on nitrogen 
transformation [15]. 
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Brown coal is known as a good buffering material and it is able to regulate 
soil pH in acidic and alkaline conditions [16]. The buffering properties are results 
of high concentration of hydrogen ions which react with hydroxide ions of 
alkaline solutions and the other hand with cations of metals which cause 
neutralization of hydrogen ions in acidic solution [15]. 

It is necessary to remember that lignite which is used as soil amendment is 
able to prevent soil structure from physical modification, increasing soil 
aggregates, improving water infiltration aeration and reducing erosion and 
runoff. Most of the positive properties of brown coal is the result of high content 
of humic acids which play main role in many different processes in soil. 

Humic substances in lignite 
Humic and fulvic acids are the final break-down constituent in the natural 

decay of plant and animal materials. Humic substances improve the physical, 
physicochemical (including sorption) and biological properties of soil. They are 
also important source of nutrients for plants and regulate the concentration of 
trace elements in soil solution. Lignite as soil amendment prevent ground water 
and ecosystems from the negative effects of metal contamination [17]. It is 
possible because brown coal and products of its humification in soil are able to 
make many complexes with heavy metals. Stability of these complexes is 
different and depends on many environmental conditions, especially on metals, 
structure of humic acids, pH, sorption capacity, oxidation-reduction potential and 
many others [18,19]. In this case migration of heavy metals from soil profile to 
groundwater is not so fast as it could be in normal condition without lignite. 
Many forms of metals which potentially could be dangerous are bonded with 
organic matter and are not available for plants [15].  

Humic acids which are part of lignite have similar structure as humic acids in 
soil (Figure 1). In both cases there are some major elements such as: aromatic 
core, parts which connect cores and functional groups. The most common 
functional groups in lignite are: -COOH,-OH,-OCH3 and -C=O and they are 
responsible for bonding most of cations in the soil solution (Table 1, Table 2) 
[15,20,21]. 

 
Figure 1. Model structure of humic acid 



Król-Domańska and Smolińska 

Biotechnol Food Sci, 2012, 76 (1), 51-58                http://www.bfs.p.lodz.pl 

54

Brown coal humic acids are macromolecular, polyfunctional organic acids 
and their salt. Construction of humic acids depends on the type of starting 
material, the degree of charring and the intensity process of coal making. The 
content of humic acids in brown coal in Poland is relatively high: 18.3-64.7%, 
but variable, which depends mainly on the genesis [22]. Humic acids are build 
from carbon, hydrogen, oxygen and small amounts of nitrogen and sulphur. The 
carbon content varies between 56.0-70.0%, 3.3-6.2% hydrogen, oxygen 24.0-
33.0%. Nitrogen is generally present in amounts less then 3.0%, sulfur content 
does not exceed 2.0% [23,24]. 

The complex nature of interaction between humic substances and metal 
cations is given by their heterogeneous, polyelectrolyte and polydispersive 
character of different functional groups which are located in various chemical 
environments of the three-dimensional structure of humic substances. The nature 
of the binding ranges from purely electrostatic, non-specific interaction of metal 
cations with the negative charge on the surface of a humic macromolecule to 
specific interactions during formation of complexes and chelates with the 
functional groups [25,26,27]. The mechanism for cations removal by the lignite 
includes ion exchange, complexation and sorption. The process is very efficient 
especially in the case of low concentrations of pollutants [29]. 

Table 1. Sorption properties in the Val/g of certain functional groups of humic 
substances [37]  

Functional 
groups 

COOH 
carboxylic 

acids 

OH 
phenols 

OH 
alcohols 

C=O 
ketones 

C=O 
quinones 

Humic 
acids 

4.5 2.1 2.8 2.5 1.9 

Fulvic 
acids 

9.1 3.3 3.6 2.5 0.6 

Table 2. The complex stability constants of humic and fulvic acids [37] 

 The stability constants of the complex ions 

Humic acids Ba2+<Ca2+<Mg2+<Co2+<Ni2+<Fe2+<Zn2+<Pb2+<Cu2+<Al3+<Fe3+ 

Fulvic acids Mg2+<Mn2+<Zn2+<Ca2+<=Pb2+<Co2+<Ni2+<Cu2+< Al3+<Fe3+ 

 
Bioavailability of heavy metals for plants and their mobility in soil often 

depends on interaction with other trace elements. In acidic soil most of metals 
exist as cations, but in neutral and alkaline conditions as hydroxy complexes. 
Organic and inorganic complexes limit taking of metals by plants. Roots play the 
main role in this process. Many chemical, physical and biological changes of 
trace elements take place in rhizosphere zone.[30,31]. 
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Stimulating effect of organic matter on nutrient assimilation by plant 
Organic matter and humic acids have an impact on plant growth[32]. 

Therefore, respiration is more intensive, hormones production is higher, roots 
system is well developed and permeability of plasma is more efficient [33]. 
Positive influence of humic substances in taking of nutrient elements by plants is 
a result of complexes creation with metals which are not available for plants in 
normal conditions. If organic matter content in soil is high, the respiration of 
plant is much more intensive, especially when there is not enough air available 
for root system [15]. 

There is a lot of research which showed that lignite added to soil is able to 
accumulate iron and make it more available for plant. It is quite complicated 
process and depends on many different reasons such as: content of phosphor and 
calcium, pH, soil properties and plant species. The regulation of this mechanism 
is closely related to amount of HCO3

- which is produced by roots to reduce iron 
accumulation. Organic matter turns the process to bond iron to the organic 
complexes which are more available for plants then bound with mineral matter [34]. 

Positive effect of brown coal amendment is also observed in the uptake of 
phosphorus, which is a major problem in plant nutrition. This problem is more 
serious than taking up other macro elements. In both cases in alkaline soil (which 
can be result of high amount calcium addition) and in acidic soil, phosphates 
become insoluble, even if they were added to the soil in form available for the 
plants. The phosphorus is the most available for plants in pH about 6.5 and 7.0. 
High content of organic matter in the soil leads to better phosphorus 
accumulation by plants [35]. 

Magnesium is one of the most important element for plants. Its uptake 
depends mainly on soil pH. In acidic soil there are a lot of hydrogen and 
aluminum ions instead of magnesium ions, which in high concentration are toxic 
for plants. However, in soil with regulated pH (for example with lignite addition) 
and rich in magnesium, the ions of this element surround the roots of plants and 
are available for them. The main reason why magnesium is so important for 
plants is the fact that it is a component of chlorophyll. Chlorophyll plays main 
role in photosynthesis and is also a component of many enzymes which are 
responsible for organic matter transformation in plants [36]. 

There were some experiments which showed that if brown coal is added to 
soil, plant are able to take up about 15.0% more nitrogen and sulphur from 
organic substances than in control samples without lignite addition. It is said that 
humic substances have impact on free nitrogen transformation what makes it 
available for plants [15]. 
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Summary 
Brown coal is mainly use as a energy source. Lignite can be also use in 

agriculture as a source of plant nutrients and organic substances (humic acids) for 
direct fertilization and recultivation of grounds. High content of organic 
substances in brown coal gives not only macro elements, but also make them 
available for plants. Moreover, lignite is pathogens-free therefore is not 
potentially dangerous for soil. Use lignite as soil amendment improves physical, 
chemical and biological properties, increases the water capacity and sorption 
ability for cations. These properties are very important in nourishment of plans, 
soil fertility and immobilization or stabilization of toxic compounds, especially 
heavy metals. Increasing addition of brown coal in many experiments [4,5] 
resulted in proportional decrease in heavy metals content and increase of 
concentrations of macro elements. As the result the higher crop yield was 
observed. Many authors [7,15] point to the beneficial effect of brown coal in 
taking up of nitrogen, phosphorus and potassium by plants and positive influence 
on pH stabilization in soil.  

These considerations lead to conclusions that brown coal properties are visible 
in direct and indirect action. Direct action is strictly connected with its good 
chemical properties. Indirect effects are due to development of porous system, 
optimizing the properties of the water-air relations in soil what have the impact 
on the growth of microorganisms. It creates great opportunities to use brown coal 
in agriculture and environment protection, especially in soil contaminated by 
heavy metals.  

References  
1. Kocjan R, Kot A, Ptasiński H. Zawartość chromu, cynku, miedzi, niklu, kadmu i 

ołowiu w warzywach i owocach z terenów Stalowej Woli. Bromatol Chem Toksykol 
2002, 1:31-38. 

2. Zglinicka A. Toksyczność kadmu i ołowiu. Aura 2002, 2:30-31. 
3. Rogóż A, Opozda-Zuchmańska E. Właściwosci fizykochemiczne gleb i zawartość 

pierwiastkow śladowych w uprawianych warzywach. Cz II. Zesz Probl Post Nauk 
Roln 2003, 493:471-481. 

4. Sady W. Czynniki ograniczające zawartość azotanów i metali ciężkich w warzywach. 
Przem Ferment Owoc-Warzyw 2001, 5:21-23. 

5. Domagała-Świątkiewicz I, Sady W. Jak ograniczyć nadmierną kumulację matali  
w warzywach? Owoce-Warzywa-Kwiaty 2001,15:27-28. 

6. Lipińska J. Wpływ wybranych właściwości gleby na zawartość metali ciężkich  
w warzywach. Zesz Nauk Akad Podlas w Siedlcach, Seria: Rolnictwo 2000, 57:151-157. 

7. Siedlecka A. Some aspects of interactions between heavy metals and plant mineral 
nutrients. Acta Soc Bot Pol 1995, 64:365-272. 

8. Trzeciak AM. Chemia metali w środowisku naturalnym. Reakcje chemiczne 
decydujące o obiegu metali w środowisku. Wiadomości chemiczne 1994, 48:85-103. 

9. Świderska-Bróż M. Interakcja związków humusowych z wybranymi metalami 
ciężkimi oraz jej wpływ na usuwanie badanych metali z wody. Wydawnictwo 
Politechniki Wrocławskiej, Wrocław,1985. 



Advantages of lignite addition in purification process of soil polluted by heavy metals 

Biotechnol Food Sci, 2012, 76 (1), 51-58                 http://www.bfs.p.lodz.pl 

57

10. Świderska-Bróż M. Występowanie, toksyczność i usuwanie metali ciężkich z wód 
naturalnych. Wydawnictwo Politechniki Wrocławskiej. Wrocław,1978. 

11. Van Krevelen DW, Schuyer J. Węgiel – chemia węgla i jego struktura. PWN 
Warszawa,1959. 

12. Kowalska J, Rosiński S. Chemia i typologia węgla brunatnego. PWN Warszawa, 
1957. 

13. Qi Y, Hoadley A, Chaffee A,  Garnier G. Characterization of lignite as an industrial 
adsorbent. Fuel 2011, 90:1567–1574. 

14. Smyk B. Zagrożenia ekotoksykologiczne środowisk przyrodniczych i zdrowia 
ludzkiego (nitrozoaminy, mikotoksyny oraz pestycydy). Wyd Politechnika 
Krakowska, Kraków, 1994. 

15. Kalembasa S, Tengler Sz. Rola węgla brunatnego w nawożeniu i ochronie 
środowiska. Wydawnictwo Akademii Podlaskiej, Siedlce, 2004. 

16. Maciejewska A., Kwiatkowska J. Właściwości fizykochemiczne i buforowe gleby po 
zastosowaniu nawozu organiczno-mineralnego z węgla brunatnego. Zesz Nauk AR w 
Szczecinie 2000, 84:263-267 

17. Karczewska A, Chodak T, Kaszubkiewicz J. The suitability of brown coal as a 
sorbent for heavy metals  in polluted soils. Applied Geochemistry 1996, 11:343-346. 

18. Curyło T, Jasiewicz C. Wpływ nawozów organiczno-mineralnych na  akumulację 
metali ciężkich przez rośliny. Zesz Post Nauk Roln 1998, 455:57-72. 

19. Doskocil L, Pekar M. Removal of metal ions from multi-component mixture using 
natural lignite. Fuel Process Technol 2012, 101:29-34. 

20. Chassapis K, Roulia M, Tsirigoti D. Chemistry of metal-humic complexes contained 
in Megalopolis lignite and potential application in modern organomineral fertilization. 
Int J Coal Geol 2009,78:4-8. 

21. Havelcova M, Mizera J, Sykorova I, Pekar M. Sorption of metals ions on lignite and 
derived humic substances. J Hazard Mater 2009, 161:559-564. 

22. Augustyn D, Roga B. Badania nad kwasami huminowymi z polskich 
trzeciorzędowych węgli brunatnych. I. Skład elementarny i niektóre parametry 
strukturalne kwasów huminowych. Koks, Smoła, Gaz 1968, 13:94-100. 

23. Huffman EWD, Struber HA. Analytical methodology for element analysis of humic 
substances. Humic substances in soil, sediment and water. Geochemistry 1985, 433-455. 

24. Peuravuori J, Zabankova P, Pihlaja K. Aspects of structural features in lignite and 
lignite humic acids, Fuel Process Technol 2006, 87:829-839. 

25. Cezikowa J, Kozler J, Madronowa L, Novak J, Janos P. Humic ACIDS from coals of 
the North- Bohemian coal field. II. Metal binding capacity under static conditions. 
React Funct Polym 2001, 47:111-118. 

26. Klucakowa M, Omelka L. Sorption of metal ions on lignite and humic acids. Chem 
Pap 2004, 58: 170-175. 

27. Martyniuk H, Wieckowska J. Adsorption of metal ions on humic acids extracted from 
brown coals. Fuel Process Technol 2003, 84:23-36. 

28. Milicevic S, Boljanac T, Marinovic S. Removal of copper from aquarous solutions by 
low cost adsorbent- Kolumbara lignite. Fual Processing Technology. 2012, 95:1-7. 

29. Pehlivan E, Arslan G. Removal of metal ions using lignite in aqueous solution-low 
cost biosorbent. Fuel Processing Technol 2007, 88:99–106. 

30. Kabata-Pendias A, Pendias H. Biogeochemia pierwiastków śladowych. PWN 
Warszawa 1999, p. 397. 



Król-Domańska and Smolińska 

Biotechnol Food Sci, 2012, 76 (1), 51-58               http://www.bfs.p.lodz.pl 

58

31. Brown Jr. GE, Foster AL, Ostergren JD. Mineral surfaces and bioavailability of heavy 
metals: A molecular scale perspective. Proc Natl Acad Sci USA,1999, 96:3388-3395. 

32. Chen Y, Clapp C, Magen H. Mechanisms of plant growth simulation by humic 
substances: The role of organo-iron complexes. Soil Sci.Plant Nutr. 2004, 50:1089-1095.  

33. Kalembasa S, Tengler Sz. Wykorzystanie węgla brunatnego w nawożeniu. 
Monografie nr 21, WSRP Siedlce, 1992. 

34. Gumiński S, Sulej J, About the causal stimulative effect of humate in yeast cultures. 
Acta Soc Bot Pol 1979, 48:279-293. 

35. Stojanowska J. Potas w żywieniu roślin. Działkowiec. 1998, 12:50. 
36. Stojanowska J. Manez w żywieniu roślin. Działkowiec. 1999, 3:60. 
37. Schaffer F, Schachtschabel P. Lehrbuch der Bodenkunde. Verlag Ferdinal Enke 

Stutgart, 1979, 593. 




