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Abstract

Malinova, D., Malinova, L., Petrova, K. & Hristov, B. (2019). Coeffi cients of heavy metal accumulation in forest 
soils. Bulgarian Journal of Agricultural Science, 25(3), 519–526

In a number of publications, it is reported that the surface soil layer in forest territories often contains increased heavy metal 
quantities, but at present there are lack of criteria for evaluation of their origin. In the present studies is assumed that regarding 
the forest territories, the determination of heavy metal accumulation coeffi cients in the surface soil layer is a suitable criterion 
for distinguishing the natural accumulation processes from the aerosol pollution because the use of norms may lead to incorrect 
assessment of the contamination caused by atmospheric depositions. The accumulation coeffi cients of Mn, Zn, Cu, Pb and Cd 
in the surface soil layers were determined. Data obtained from a 16 х 16 km network in landscape of the Balkan Mountains 
(40 profi les), Rhodope Mountains (33 profi les), Sredna Gora (22 profi les), obtained in the period from 1986 to 2017, as well 
as the results obtained at 2 intensive monitoring fi eld stations. Results of litterfall and soil solution analysis were assessed for 
interpretation of the obtained coeffi cients. The maximum coeffi cients (3.00 for Mn, 3.43 for Pb, 2.55 for Cu, 2.25 for Cd and 
1.86) are the product of natural accumulation processes and are caused by the high soil acidity.
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Introduction 

The assessment of the natural heavy metal accumulation 
in the surface soil layers of unpolluted areas is one of the 
possible methodological approaches to distinguish the addi-
tional anthropogenic contribution of heavy metals in soil due 
to aerosol deposition (Raikov et al., 1983; Mmolawa et al., 
2011; Barbieri, 2016). The surface soil layer is of particular 
concern due to its role as a stable adsorbent of atmospheric 
metal deposition. In some studies the heavy metal content in 
litter is reported to be higher than in the soil which affects 
the decomposition of organic matter and the heavy metal ac-
cumulation in forest litter (Laskowski et al., 1993; Jelaska 
et al., 2007; Jingjun et al., 2008). The analysis of the soil 
monitoring database in forest ecosystems in Europe (Van-
mechelen et al., 1997) confi rms the higher content of Mn, 

Cu, Pb and Cd in litter of acidic soils, compared to the sur-
face mineral soil layer. 

An important aim of many environmental studies is to 
outline the areas where the soil contains potentially toxic 
materials (Goovaerts et al., 1997), but currently there is 
still lack of standards for assessment of soil contamination 
in the forest territories.  In order to overcome this problem 
some authors use the coeffi cients of heavy metal accumula-
tion (CA) (Mutsch, 1998; Walthert et al., 2004). These co-
effi cients, also known as “enrichment factors“ are applied 
for assessment of the changes in chemical composition of 
soils in permanent sample plots, for example in Austria for 
the period from 1986 to 2012 (Smidt et al., 2012). In their 
study Blaser et al. (2000) concluded that for the assessment 
of soil pollution it is more appropriate to use the coeffi cients 
in comparison with the application of the maximum allow-
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able concentrations because the enrichment factors consider 
the effects of geological variation on metal abundances. The 
use of only norms may lead to incorrect conclusion about 
soil contamination caused by the atmospheric depositions 
(Malinova, 2014).

The aim of the present study is to calculate the coeffi -
cients of heavy metal accumulation (CA) in the surface soil 
layers of landscapes, distant from industrial and urban cen-
tres in order to numerically defi ne the extent of natural accu-
mulation processes as criteria for distinguish them from the 
aerosol soil contamination.

Materials and Methods

The coeffi cients of accumulation (CA) of the follow-
ing heavy metals – Mn, Zn, Cu, Pb, and Cd in the surface 
soil layer of Cambisols were determined as ratios between 
their content in the soil layers 0-10 cm and 40-60 cm (or 
60-80 cm depending on the depth of the soil). The results 
of the heavy metal content in soils from the National En-
vironmental Monitoring System, which is a part of the In-
ternational Co-operative Programme on Assessment and 
Monitoring of Air Pollution Effects on Forests, operating 
under the UNECE – CLRTAP, were used to perform the 
calculations. Data obtained from permanent sample plots 
from the 16 х 16 km network in beech (Fagus Sylvatica 
L.) landscape of the Balkan Mountains and the coniferous 
(pure and mixed stands of Pinus sylvestris L., Picea abies 
L., Abies alba Mill.) landscape of the Rhodope Mountains 
and Sredna Gora, as well as the results obtained at 2 in-
tensive monitoring fi eld stations in the Balkan Mountains 
– „Vitiniya” and „Staro Oryahovo” for the period 1986 – 
2008 were used. Summary analysis and assessment of the 
heavy metal content in soils and forest litter for the respec-
tive period were made by Malinova et al. (1998), Pavlova 
et al. (2001), Kolarov et al. (2002), Pavlova et al. (2006), 
Malinova (2014). The results were supplemented with new 
ones, obtained for the period 2009 – 2017.

Additional studies on the heavy metal content in litter 
and soil from the territories of the “Central Balkan” National 
Park (Malinova, 2015; Karatoteva et al., 2016), “Bulgarka” 
Natural Park (Malinova, 2010; Karatoteva et al., 2014) and 
Petrohan Training and Experimental Forest Range, located 
in the Balkan Mountains, were conducted. 

The heavy metal content in soils was determined by de-
composition with Aqua regia and Flame AAS (ISO 11466) 
Perkin Elmer 5000. The results of litterfall and soil solution 
from the intensive monitoring fi eld stations “Vitiniya” and 
“Staro Oryahovo” were analysed in order to evaluate the CA 
values. 

The heavy metal content in litterfall was determined by 
Flame AAS (ISO 11466) and in soil solution after fi ltration 
by AAS Graphite furnace. Analyses were performed in the 
laboratory of a National Environmental Agency.

The soils were divided into 2 groups: 
(1) Soil with pHCaCl2 < 4.2 – these conditions are an 

indicator of Mn-oxides dissolution, weathering of secondary 
silicates (clay minerals) and dissolution of Fe-oxides (Ul-
rich, 1983).

(2) Soil with pHCaCl2 > 4.2 – dissolution of CaCO3, 
weathering of primary silicates and proton exchange with 
base cation from exchange complexes (Ulrich, 1983).

To assess the soil conditions where different values of CA 
occur, the latter were divided into 3 groups: CА < 1.0; CA 
1.0 ÷ 1.50 and CА > 1.50.

The statistical analysis of the obtained data was per-
formed using the Statistika 10 software.

Only data from sites that are distant from industrial im-
mission sources were used to perform the CA calculations. 
The concept of De Vos et al. (2010) that the current heavy 
metal content is the result of their background concentra-
tion plus the contribution of atmospheric depositions was 
assumed. Regarding the large territories where the research 
was implemented the contribution of atmospheric deposi-
tions cannot be distinguished from the natural background 
due to the lack of data from the previous periods.

Results and Discussion

The analysis of the obtained coeffi cients of heavy metal 
accumulation (CA) in the surface soil layers showed signifi -
cant variation of the values. No statistically signifi cant dif-
ferences between the CA in the two studied sites – the beech 
landscape of the Balkan Mountains and the coniferous one at 
the Rhodope Mountains and Sredna Gora were determined 
which enabled the combination of the obtained data. 

The CA variation by soil groups – with pHCACl2 < 4.2 
and with pHCACl2 > 4.2 was also signifi cant. The statisti-
cal analysis showed a slight differentiation of the CA values 
from pHCaCl2 and the quantity of org. C. The resulting low 
correlation coeffi cients are explained by the presence of CA 
with values below and above 1.0 in both soil groups – with 
pHCaCl2 < 4.2 and with pHCaCl2 > 4.2 (Table 1). This means 
that both accumulation and migration processes occurred in 
the surface soil layers.

However, the results clearly show that in cases of high 
soil acidity the majority of CA mean values were higher in 
comparison with the ones in soils with pHCaCl2 > 4.2 (Table 
2) . The maximum CA values were obtained also from the 
group of the highly acidic soils. The process of elements’ 
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return to the soil surface through forest litter should be taken 
into consideration in the forest landscapes. As determined 
from the analysis, in most of the cases in the studied areas it 
is characterized by a higher heavy metal content in compari-
son with the surface soil layer (Malinova, 2014). 

The accumulation and migration processes, apart from 
the mineral soils, occur also in the organic layers as the bal-
ance between the heavy metal input and output depends on a 
number of microbiological activity factors, oxidation and re-
duction processes, precipitation amounts, etc. (Hernandez et 
al., 2003). Despite the strong connection of the metals with 
the organic matter, the release rate of the individual elements 
from it is different. 

Mn is one of the most mobile metals in soil (Heinrichs et 
al., 1980) and its content in the soil solution decreases 100 
times with the increase of pHCaCl2 by 1 unit (Schulte et al., 
1999). Among the obtained CA, the highest value – 3.00 was 
determined for Mn in soils with pHCaCl2 < 4.2. The condi-
tions, corresponding to the resulting high CA for Mn, were 
characterized by a relatively narrow pHCaCl2 interval (from 
3.6 to 3.7), which is a very strong acidic reaction. These val-
ues are an indicator of Mn-oxides dissolution, weathering 
of secondary silicates (clay minerals) and dissolution of Fe-
oxides (Ulrich, 1983). An important characteristic of the soil 
from the forest landscapes is its high acidity, presence of in-
creased quantity of accessible to plants forms of heavy met-
als which can easily be absorbed by the plants. This process 
can be seen by the results obtained from the intensive moni-
toring fi eld station of the beech stand in the Balkan Moun-
tains – “Vitinya”. The soil is highly acidic, with pHCaCl2 = 
3.9. High concentrations of Mn and Fe were determined in 
the lysimeter water. Their mean annual values – 319 μg.l-1 – 
639 μg.l-1  for Mn  and 109 μg.l-1 – 579 μg.l-1  for Fe (for the 
period 2014-2017) were within the soil variation ranges for 
the Europe’s forests (ICP Forest Manual – part XI 2016), but 
the maximum values were extremely high and beyond the 
ranges – 1890 μg.l-1 for Mn and 9487 μg.l-1. The obtained re-
sults showed that intensive migrations processes occurred in 
the soil. A part of the released heavy metals from the dissolu-
tion of their oxides are leached, but another part is absorbed 
by the plants in increased amounts. This is illustrated on Fig. 
1 for the content of Mn in the litterfall from the same fi eld 
station. In the period 2009-2016 it exceeded the maximum 
value for the beech forests in Europe (ICP Forest Manual, 
part XIII 2016).

Litterfall forms high content of Mn in litter. Under its 
infl uence accumulation processes occur in the surface soil 
layer and it is enriched with Mn. The vertical distribution of 
Mn in the soil profi le is presented on Fig. 2. The high surface 

Table 1. Percentage distribution of the coeffi cients of 
heavy metal accumulation (CA) in the surface soil layer 
of Cambisols by groups in soils with рНCaCl2 < 4.2 and 
soils with pH CaCl2 > 4.2
Elements Groups of CA pHCaCl2 < 4.2 pHCaCl2 > 4.2

CA (%)

Mn
<1.0 53 21

1.0-1.50 32 65
>1.50 15 15

Pb
<1.0 18 39

1.0-1.50 38 37
>1.50 44 24

Cu
<1.0 53 33

1.0-1.50 25 60
>1.50 33 7

Zn
<1.0 59 34

1.0-1.50 32 66
>1.50 9 –

Cd
<1.0 38 68

1.0-1.50 62 29
>1.50 – 4

Table 2. Coeffi cients of heavy metal accumulation (CA) in the surface soil layers, pHCaCl2 and org. С in Cambisols 
Value pHCaCl2, Org. С

g.kg-1
CA

Mn Zn Cu Pb Cd
Soil pHCaCl2 < 4.2

mean 3.86 43.20 1.34 0.89 1.05 1.39 0.88
SD 0.23 38.05 0.59 0.30 0.74 0.69 0.57
min 3.40 1.69 0.35 0.37 0.27 0.28 0.14
max 4.20 138.8 3.00 1.86 2.55 3.43 2.25

Soil pHCaCl2 > 4.2
mean 5.26 27.89 1.16 0.95 0.93 1.13 0.76
SD 0.81 21.37 0.47 0.38 0.45 0.46 0.43
min 4.28 4.12 0.29 0.31 0.17 0.28 0.12
max 7.40 83.70 2.17 1.94 1.93 1.90 1.55
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concentration appears as air pollution but no actual pollution 
is determined.

It is appropriate to compare the vertical distribution of 
Mn in soil profi le (Fig. 2) with another one with pHCaCl2 
> 4.2, which is the intensive monitoring fi eld station in the 
Balkan Mountains, in the Staro Oryahovo locality (Fig. 3). 
In the latter a gradual decrease of Mn content in depth can be 
seen, and the CA is relatively low – 1.2. In the highly acidic 
soil (Fig. 2) the obtained CA is high – 2.1. The content of Mn 
sharply decreases in depth due to the occurring migration 
processes, resulting in soil Mn impoverishment.

The number of cases with CA of Mn, greater than 1.5, 
is low – 15 % (Table 1). They occur in soils with high org. 
C content in the surface horizon ranging from 57.3 g.kg-1 to 
138.8 g.kg-1. Higher CA are obtained for Mn and Pb (5.90 
and 5.45, respectively), but their origin – natural and/or an-
thropogenic is controversial and therefore these values are 
excluded from the present analysis (Karatoteva et al., 2018).

CA values < 1.0 are the most common – 53 % (Table 1). 
They characterize the predominance of the migration and ac-
cumulation processes in soils and occur at pHCaCl2 within 
the range from 3.9 to 4.1. The org. C content varies from 8.1 
g.kg-1 to 51.5 g.kg-1, which is signifi cantly lower compared 
to soils with CA >1.5. Concentrations, lower or comparable 
with the lower layers, are formed in the surface part of these 
soil profi les. The fact is that in the humus-rich soils there are 
also CA < 1.0, indicating that the role of high acidity is of 
greater importance for Mn behaviour. 

In soils with pHCaCl2 > 4.2 the mean CA value for Mn 
is lower in comparison with the one in soils with pHCaCl2 
< 4.2 (Table 2). The accumulation processes are slightly ex-
pressed in this soil group and the migration processes are 
discontinued by increasing the pH in the neutral and alkaline 
spectrum.

Zn is also highly mobile element and its profi le distribu-
tion is estimated as elluvial – illuvial. According to Sheila 
(1994) its mobility decreases 100 times by increasing the pH 
with 1 unit. It is also characterized by a high transfer coef-
fi cient between soil and plants (Kadovic et al., 2011). Similar 
to other metals – Cd, Mn, Pb, the amount of Zn in the forest 
litter is higher than the one in the surface soil layer and is due 
to its accumulation in the organic matter (Jones et al., 1988).

The high mobility of Zn is also evident from the ob-
tained CA values. Regarding the soils with рНCaCl2 < 4.2, 
in 59% of the cases the CA was lower than 1.0. Unlike Mn 
and Pb the mean CA value was lower than 1.0, meaning pre-
dominant migration processes under high acidity conditions. 
Only 9% of the studied cases were characterized with high 
CA values – more than 1.5 and they referred to soils with 
not so strong acidic reaction, ranging from рНCaCl2 4.0 to 

Fig. 1. Content of Mn (μg.g-1) in litterfall at “Vitinya” 
fi eld station

Fig. 2. Content of Mn (mg.kg-1) in the soil profi le from 
the „Vitinya” fi eld station

Fig. 3. Content of Mn (mg.kg-1) in the soil profi le from 
the “Staro Oryahovo” fi eld station
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рНCaCl2 4.2, where the movement of Zn in depth was less 
pronounced. The org. C content was within the ranges from 
8.5 to 20.4 g.kg-1. 

In the soils with рНCaCl2 > 4.2 the mean CA value of 
Zn was also lower than 1.0. The profi le distribution of Zn in 
these soils is characterized by close in value concentrations 
in the different layers, thus forming CA with values about 
1.0.

Regarding Cu the mean CA value for the soils with 
pHCaCl2 < 4.2 is 1.0. In 53% (Table 1) of the examined 
cases the surface soil layers contained concentrations of Cu, 
comparable with those in the layer 40-60 cm. High coeffi -
cients above 1.5 were determined only in 22% of the studied 
soils. The maximum CA was 2.55, determined in soils with 
pHCaCl2 3.5 – 3.6 and with high org. C content – from 80 
g.kg-1 to 84.3 g.kg-1. In that case the accumulation of Cu is 
also caused by its high content in the litterfall where it is two 
times higher than the maximum value (14 μg.kg-1) for the 
European forests (ICP Forest Manual, part XIII 2016). The 
retention of Cu in the mineral soil is only in the surface layer, 
similar to Mn. 

CA between 1.0 – 1.50 (60% of the studied cases) pre-
vailed in the soils with pHCaCl2 > 4.2. They occurred in 
soils with pHCaCl2 from 4.3 to 7.2 and strongly varying 
org. C content – from 4.2 g.kg-1 to 43.2 g.kg-1. The distribu-
tion of Cu content in depth of the soil layers was relatively 
uniform – low concentrations and absence of strong and 
clearly expressed accumulation processes. High coeffi cients 
– above 1.50 were determined in soils with рН within the 
range рНCaCl2 5.2 – рНCaCl2 5.9 and not very high org. C 
content – from 22 g.kg-1 to 26 g.kg-1. The heavy metal im-
mobilisation and accumulation in the surface soil layer in 
such cases is the result of hydroxide precipitation, complex 
binding with the organic matter, etc. The stability of complex 
formation with the organic matter is extremely high and un-
like Zn and Pb, Cu can hardly be washed away (Kumpiene 
et al., 2008). 

The behaviour of Pb is characterized by the active bind-
ing with the organic matter which is determined by its high 
ionic radius. In some studies (Dumoulin et al. 2017) the con-
tent of soluble Pb is estimated to be low and according to 
other studies it is characterized by a high affi nity to solubility 
(Harvey et al., 2017). According to Faytondziev (1984) the 
balance between the input and output of Pb from the surface 
soil layer is directed mostly to accumulation. This is also 
confi rmed in areas with a signifi cant acid contamination, 
where the Pb concentrations in the surface soil layers also 
increase (Harvey et al., 2017).

The resulting CA values for Pb showed a slightly ex-
pressed dependence from the content of org. С (r = 0.44) 

and pHCaCl2. Nevertheless, the highest CA – over 1.5 oc-
curred in humus –rich soils with very high acidic reaction 
(org. С 60.0 g.kg-1 – 138.8 g.kg-1 and pHCaCl2 3.5 – 4.2). 
These cases were 44% (Table 1). The maximum CA value 
for Pb is high – 3.43 (Table 2). The CA with values from 
1.0 to 1.5 represented 38% (Table 1), so it can be concluded 
that the accumulation processes predominate regarding the 
behaviour of Pb.

The conditions under which the migration processes 
dominated, i.e. CA < 1.0 represented the smallest share – 
18% (Table 1) and were characterised by low org. C content 
(7.4 g.kg-1 – 22.2 g.kg-1). The pHCaCl2 values of these soils 
did not differ from the group with CA above 1.5.

The profi le distribution of Pb (Fig. 4) is similar to the 
one of Mn in the acidic soil from the “Vitinya” fi eld sta-
tion (Fig. 2). The accumulation processes primarily affect 
the surface soil layer. In depth there is sharp decrease of its 
amount. These processes are also related to the infl uence of 
the organic matter which enters the soil surface. 

Regarding the assessment of Pb content in the litterfall 
no comparison can be made with the values for the European 
forests due to the absence of such values in the source used 
(ICP Forest Manual, part XIII 2016). For the purposes of this 
study the mean value (MV) of Pb content in litterfall was 
calculated for the period 2009 – 2016 for the stand from the 
“Staro Oryahovo” fi eld station where the soil is with pHCa-
Cl2 = 5.9. The increased content of Pb in the litterfall in the 
acidic soil compared to the MV is presented in Fig. 5.

The accumulation of Pb in the surface soil layer is due to 
the litterfall enrichment – a characteristic feature of the soils 
with high acidity, which explains the high CA values. 

The great importance of Cd for the environment derives 
from its high mobility (Bak et al., 1997; Dokmeci et al., 
2009). It is easily extracted from the litter and is present in 

Fig. 4. Content of Pb (mg.kg-1) in the soil profi le from 
the “Vitinya” fi eld station 
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the solution in ionic form and soluble organic compounds 
(Jones et al., 1988). A large part of its total amount is in the 
form of exchange cations (Vanmechelen et al., 1997). 

One of the lowest mean CA values of all studied soils 
with рНCaCl2 < 4.2 was determined for Cd – 0.88. The max-
imum value was 2.25 and referred to soil with pHCaCl2 = 
3.3 and very low org. C content – 5.42 g.kg-1. The organic 
matter is an important Cd adsorbent therefore its low amount 
contributes to the high mobility. The profi le distribution of 
Cd in the highly acidic soil from the “Vitinya” fi eld station 
is presented on Fig. 6. The change in the content of Cd from 
litter in the surface soil layer is very sharp as the difference is 
8.2 times. For comparison, this difference is 4.6 for Zn, 2.0 
for Pb, 1.5 for Cu, and 1.4 for Mn in the same soil profi le. 

The higher mobility of Cd in the surface soil layer explains 
the lower CA values obtained from acidic soils in compari-
son with CA in the other elements.

The CA of Cd, lower than 1.0, predominated in the soils 
with рНCaCl2 > 4.2. One third of the coeffi cients exceeded 
1.0 and only 1 value was above 1.50. These results referred 
to soils with average to high org. C content – from 22.5 
g.kg-1 to 42. 8 g.kg-1.

Similar coeffi cients for the soils in Bulgaria were cal-
culated in 1983 (Raikov et al., 1983) for agricultural lands. 
Their values are signifi cantly more homogenous and vary 
about 1.5. In contrast, in soils from the forest landscapes un-
der the infl uence of litter, functioning to restore the elements 
absorbed by the plants back in the soil, the accumulation pro-
cesses occur regardless of pH. This characteristic should be 
taken into consideration in the evaluation of the heavy metal 
content in forest soils to distinguish the natural accumulation 
processes from pollution with aerosol origin.

Conclusions

The obtained coeffi cients of heavy metal accumulation 
present quantitative values of the natural environmental de-
gree of heavy metal accumulation in the surface soil layers 
of Cambisols. The coeffi cient values for beech landscape in 
the Balkan Mountains and the coniferous landscape of the 
Rhodopes and Sredna Gora do not differ. Their maximum 
values – 3.00 for Mn, 3.43 for Pb, 2.55 for Cu, 2.25 for Cd 
and 1.86 for Zn could serve to distinguish the naturally oc-
curring accumulation processes from aerosol contamination 
with heavy metals. The coeffi cients allow the implementa-
tion of contamination risk assessment of grass species in 
pastures, medicinal plants, mushrooms, etc., as well as the 
development of criteria for their protection.
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