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Abstract: the content of mn, Zn, pb, cu and cd has been studied in the petrohan 
pass area. it is known that the heavy metal content in the soil near the main road, as well 
as in nearby water bodies is increased. it is assumed that the source of pollution is the road 
transport. in the present study, the heavy metal accumulation with naturally occurring soil 
processes is assumed and proven. the studied soils cambisols and umbrisols are distant from 
the main road. under conditions of very high acidity, the results show the predominance of 
the accumulation processes over the migration ones only in relation to pb. the profile dis-
tribution of the remaining metals indicates the dominance of migration processes and their 
quantities in the litter prove an increased presence of mobile forms that can easily pass to 
other environmental components.
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heavy metals make internal circles in forest ecosystems, depending 
on the way of “input and output” in them. the “input” is realised by wet 
and dry depositions, stem flow and litterfall, while the “output” is associated 
with tree cuttings, runoff to groundwaters and partial evaporation of mercury 
and lead (smidt, et al., 2012). the behaviour and mobility of heavy metals 
depend on the soil ph, the characteristics of the adsorption surfaces in 
it, etc. typical example is the mobility of zinc, which decreases 100 times 
when raising the ph by one unit (sheila, 1994). it is assumed that by 2020 
the critical loads of nitrogen will be exceeded in more than 50% of the 
continent’s territory. there is still a high nitrogen load and saturation of 
soil in forest ecosystems with it, which is leading to their acidification and 
disturbance of nutrient balance. the most vulnerable are poor and low fertile 
soils (icp Forest, 2012). the last three decades have been characterised by 
a reduction in the amount of nitrogen emissions, but acidic depositions are 
still considered to be a threat to soils, especially in high-mountain areas. 
some researchers are certain about the lack of evidence of improving of 
soil conditions, despite the reduction in emissions. For example, for soils in 
spruce stands of southern poland, the soils have been still strongly acidified 
after 1980 (małek, et al., 2012). it is assumed that the complex effect of 
the depositions and temperature rising accelerates the acidification process 
(kulhavý et al., 2009; Beck, 2009).
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in the study of ignatova (2012), it is reported that relatively high 
amounts of acidifying pollutants occur in the area of the petrohan pass and 
the reason for that is the high amount of precipitation. in 2006, critical loads 
for nitrogen from atmospheric depositions, as well as lead and cadmium, have 
been established (damyanova, 2012). it is proven that the deposition in the 
area is of more lead than cadmium (ignatova, 2012). according to damyanova 
(2015), road transport also contributes to these depositions. the significance 
of soil characteristics, especially ph, the behaviour of heavy metals in the soil, 
the parameters of organic matter etc. on the chemical composition of the 
waters in the area, has not yet been evaluated. the quantitative assessment is 
difficult but indirectly possible through the use of indicators of the quantities 
and behaviour of heavy metals in the soil in the area.

The aim of the study was to assess the content of heavy metals 
and their behaviour in the soil profile in different soil types from the high 
mountain part of the petrohan pass.

SuBJEcT AND mETHODS

the study was conducted in the high-mountain part of the petrohan 
pass. cambisols and umbrisols soils have been studied. areas that are 
remote from sources of heavy metals pollution, mainly of road transport 
have been selected. a total of five soil profiles have been collected, two of 
which from cambisols at an altitude between 1400 m and 1433 m a.s.l. in 
beech stands (fagus sylvatica l.).

the profiles of the umbrisols were collected at the altitude between 1650 
m and 1721 m a.s.l. one of the profiles was in a coniferous culture planted at 
an altitude of 1676 m a.s.l., characterised by a well-formed forest litter on the 
surface of the soil. the soil depth was 91 cm and more with horizons o, a, 
B, c. the litter was divided into two layers – l and hF. soil samples were 
collected and analysed by genetic horizons are taken for analysis. 

the following analysis were performed: pн(н2о) and pн (cacl2) (iso 
10390); mn, Zn, cu, pb and cd – using aqua regia extraction (iso 11466) 
and measurements with ааs perkin elmer 5000; organic carbon content 
– following the modified version of the turin’s method (kononova, 1963; 
Filcheva e., с. tsadilas, 2002);  total nitrogen – using the keldal’s method 
with kjeltec auto 1030 analyzer. We used oven-dried soil samples for teh 
above analyses. 

RESuLTS AND DIScuSSION

For the behaviour of heavy metals in the soil from the petrohan pass 
area, the high acidity and the high humus content are very important. the 
soil reaction of cambisols is very acidic. the values of phh2o (table 1) 
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are an indicator (ganev, 1990) for the presence of free fulvic acids in soils 
from both profiles – № 1 and № 2. the buffering capacity of soil against 
advanced acidification is severely limited. according to the ulrich’s soil 
buffering scale (1983), it can be concluded that soil buffering is realised by 
dissolving the manganese and iron oxides. a buffer against the acidification 
of the soil should also be the litter, which generally has protective functions 
with respect to the surface soil layer (koptsik et al., 1998). in the examined 
cambisols (table 1), the litter reaction was very acidic (ph = 4.8-4.9). 
compared with the average value obtained for moderate beech forests. i.e. 
ph = 5.15 (malinova, 2014), the difference was significant and this limited 
its protective function. in depth of the soil profiles, the reaction was clearly 
increased only in profile № 1, where it reached ph of 5.4, while in profile 
№ 2 it was retained in the highly acidic spectrum. in both profiles, the рн 
н2о created conditions for high mobility of the heavy metals.

Table 1. heavy metal contents in cambisols
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1 1400

lF 4.8 4.3 396.03 12.30 32 13 7 446 31 0.56

a1 4.1 3.3 88.38 7.14 12 75 15 70 28 0.89

a2 4.3 3.6 48.55 2.80 17 46 8 46 19 0.77

В1 4.7 4.1 7.25 0.41 17 15 6 65 19 0.61

B2 5.2 4.3 2.17 0.20 11 21 23 246 42 1.33

c 5.4 4.3 1.38 0.08 17 17 18 192 40 0.92

2 1433

lF 4.9 4.3 386.18 15.71 25 20 10 752 40 0.46

a 4.4 3.6 66.63 7.20 9 74 24 352 47 0.94

B 4.7 4.0 29.27 2.09 14 31 14 510 42 0.98

c 4.7 4.0 0.84 0.17 5 21 17 460 44 0.87

the amount of organic carbon (org. c) and the total nitrogen in the 
litter was estimated as medium using the vanmechelen scale (vanmechelen, 
1997). the ratio between them was high and indicated a delayed decomposition 
of organic matter. accumulation processes were clearly manifested in the 
surface horizon, where the amount of org. c was very high. in depth it 
decreased rapidly: about 1.8 – 2.3 times. the total nitrogen followed the 
same behaviour. 

the changes in soil depth were more pronounced: the amount 
of the total nitrogen decreased rapidly, between 2.6 to 3.4 times. it is 
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known that the high amount of nitrogen in the soil triggers the activity of 
heterotrophic microorganisms that mobilise the production of nitrates and 
lead to acidification (koptsik et al., 1998). this means that the high acidity 
of cambisols also might have contributed to this process. concerning heavy 
metal quantities, the cadmium content of both profiles and lead, copper 
and zinc in profile № 2 were elevated in the litter when compared to the 
background level for europe’s forests (icp Forests and icp integrated 
monitoring 2002). in the surface soil layer, their amounts were medium for 
lead, medium to high for copper and cadmium, low for manganese and zinc.

the content of lead in the profiles should be noted and discussed. as 
illustrated in Figure 1, despite its high acidity, it exhibited a pronounced 
accumulation in the surface soil horizon, which is common behaviour in 
humus-rich soils. copper was also characterised by such profile behaviour. in 
C horizon its content was low but due to accumulation in the organic matter, 
in A horizon it was significantly increased. the accumulation coefficient was 
4.4 for profile № 1 and 3.5 for profile № 2. this data could lead to the 
conclusion that there was a soil contamination. however, because of the 
remoteness of the surveyed sites from sources of environmental pollution, 
this assumption should be rejected. high coefficients of accumulation were 
characteristic of forest soils due to their enrichment with humus in the surface 
horizon. this fact highlights the specificity of the forest soil formation process 
and the essential role of the organic matter in the course of accumulation 
processes (malinova, 2014).

For highly mobile elements in an acidic environment, the migration 
processes were prevalent above the accumulating ones. this was very well 
expressed for manganese. its highest concentrations were recorded in litter, 
which is illustrated in Fig. 2. a similar profile distribution for this element 

Fig. 1. lead content (mg.kg-1) in cambisols
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is common only in very strongly acidic soils where the dissolution of the 
manganese oxides creates an increased amount of its easily accessible forms 
for the plants. proof of this is the very high quantity of manganese in the 
litter. Below it, in the surface soil horizon, its quantity decreased rapidly: 6.4 
times in profile № 1 and 2.1 times in profile № 2. the results showed that 
a small quantity of the manganese released from the decomposition of the 
litter is kept in the surface soil horizon, most of it migrates in soil depth. 
migration is monitored at very low concentrations of the element in the 
most acidic soil horizons. With increasing ph to 5.2 in depth at horizon B1 
of profile №1, the content of manganese was increased (Fig. 2). profile № 2 
differred. the soil reaction in it was very acidic throughout the whole depth 
of the soil; therefore, a strong differentiation in the profile distribution of 
manganese was not established.

the behaviour  of cadmium was similar (Fig. 3.) it is easily extracted 
from the litter, and once it is present in the soil solution it is in ionic form 
and in soluble organic compounds (vanmechelen, 1997). a large part of 
its total amount is in the form of exchangeable cations, making it easily 
absorbable (Jones, 1988).

in summary, the behaviour of the heavy metals in the studied cambisols 
indicated intensive migration processes that had led to quality reduction of 
the soil especially with regards to manganese and zinc quantities, which had 
very low values. 

umbrisols were also characterised by a very acidic reaction, which 
createed similar conditions: high mobility and migration processes, as in 
brown forest soils (table 2).

profile № 3 was distinguished by the fact that it was located in the 
area of distribution of the umbrisols but in a plantation of white fir (Pinus 

Fig. 2. manganese content (mg.kg-1) in cambisols 
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peuce gris.). a litter was formed on the soil surface, in which two layers 
were clearly separated. its reaction was very acidic (table 2).

its high acidity was still visible on the surface as demonstrated by the 
values of the ph in the fresh organic matter layer being 4.4. the litter was 
very rich in nitrogen, which also contributed to the production of acidic 
products. the high amount of organic matter in the surface soil horizon 
under conditions of very high acidity did not appear to be an effective 
adsorbent for the containment of heavy metals. of these, only for lead we 
observed prevalence of the accumulation processes over the migration ones 
(Fig. 4). 

Fig. 3. cadmium content (mg.kg-1) in cambisols

Table 2. heavy metal contents in umbrisols
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3 1676

l 4.4 4.0 545.40 17.01 32 4 1 694 39 0.31
Fh 4.8 4.1 373.44 18.06 21 26 12 1213 62 0.88
a 4.7 4.1 69.99 5.99 12 39 24 734 69 1.69
B 5.2 4.5 35.47 2.04 17 22 26 636 62 1.57
c 5.3 4.7 11.14 0.43 26 19 31 865 59 1.80

4 1721
a turf 4.5 3.7 69.60 8.24 8 62 32 621 99 1.64

a 4.5 3.9 64.64 5.89 11 48 32 625 101 1.74

5 1650
a turf 4.5 3.7 93.22 9.98 9 59 28 489 82 1.54

a 4.7 3.9 89.93 8.52 11 50 25 500 69 1.48
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manganese was characterised by a behaviour that was consistent 
with that in cambisols (Fig. 5). For the other metals, with some exception 
for zinc, vertical migration was established. it was well expressed in copper 
and cadmium and their highest concentrations were recorded in the C 
horizon. 

concerning the quantities of the investigated heavy metals, the 
assessments showed that their concentrations in the litter were elevated as 
compared to the respective background concentrations determined for the 
european forest areas (icp Forests and icp integrated monitoring, 2002). 
the content of zinc and manganese in the surface soil horizon varied 
between low and medium; lead was medium and copper and cadmium 
high.

Fig. 4. lead content (mg.kg-1) in umbrisols

Fig. 5. manganese content (mg.kg-1) in umbrisols
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cONcLuSIONS

no signs of contamination from local sources were found in the 
investigated soils.  it can be assumed that the current content of heavy 
metals in soils was the result of the influence of soil-forming rocks, 
atmospheric depositions and their redistribution from accumulation and 
migration processes in the soil profile. their behaviour was determined by 
the high acidity that inevitably created their mobile forms. this was proven 
by the results for the litter. this mobility does not preclude the heavy metals 
movement in different environments, including waters. 
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СъДържание на ТежКи МеТаЛи В раЙОна  
на ПеТрОХан

К. Г. Петрова, Е. Н. Иванова

(реЗЮМе)

Проучено е съдържанието на mn, Zn, pb, cu и cd в почви  в 
района на проход „Петрохан“. от литературата е известно, че 
съдържанието на тежки метали в почвата в близост до главния път, 
както и във водни обекти е повишено, като се приема, че източник 
на замърсяването е автомобилният транспорт. В настоящето 
проучване се допуска и доказва тяхното обогатяване от естествено 
протичащи процеси в почвите. Проучените почви са отдалечени от 
главния път – кафяви горски и планинско – ливадни. В условията 
на много висока почвена киселинност резултатите показват превес 
на акумулативните процеси над миграционните само по отношение 
на pb. Профилното разпределение на останалите метали показва 
доминиране на миграционни процеси, а количествата им в мъртвата 
горска постилка доказват и повишено присъствие на мобилни форми, 
които лесно могат преминават в други среди.

Ключови думи: тежки метали, почва, замърсяване, киселинност
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