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Abstract

KARATOTEVA, D. and L. MALINOVA, 2016. Macro and microelement contents in soil of some grassland land-
scape in ,,Central Balkan” National Park. Bulg. J. Agric. Sci., 22: 580-583

The present study aims to analyze and assess the content of some macro- and microelements in soils from high mountain-
ous grassland landscapes on the territory of the “Central Balkan” National Park, where grazing takes place. Soils were studied
and classified as Umbrisols. The humus quantity is very high — 13—25%. The coefficients of its decrease with depth — between
the layers 0—10 cm and 10-20 cm, which represent the entire depth of the profiles, are within the range 1.0-1.2 and can be
assessed as very low. They are accepted as the proof of predominantly grassland soil-forming process which is an indication
of the conservative structure of the landscapes in these territories. The heavy metals Zn, Cu, Pb, As and Cd were studied and
exceedances of the maximum permissible limit for soils in grasslands were determined only for cadmium (2.1-4.0 mg.kg™).
It can be assumed that the soils are not contaminated by anthropogenic sources. The analysis indicates that the increased con-
centrations are due to the geochemical background and biogenic accumulation of cadmium in soils, rich in organic matter.
It is recommended to carry out analysis of the cadmium content in other components of the grassland landscapes, as well as

environmental risk assessment.

Key words: landscape, national park, cadmium, lead, pasture, soil
Abbreviations: KS — key sites, AAS — atomic absorption spectrophotometer, ICP — inductively coupled plasma

spectrometer

Introduction

The proximity of the “Central Balkan” National Park to
the metallurgical plant near the town of Pirdop is a prereq-
uisite for pollution of the different landscape components
on the park territory. The information about the heavy metal
contents in the soils of the park territory is very limited. In
the forest area, Bezlova et al. (2001) reported contamination
of Cambisols with copper, zinc and arsenic near the western
boundary of the park. Regarding the Umbrisols from grass-
land landscapes, information about the content of copper,
zinc, nickel, cobalt, lead and manganese can be found in the
Bulgarian Soil Atlas (1998) and in the Reference database of
soils in Bulgaria (Teoharov et al., 2009), as the cited data do
not show contamination with these elements.

*Corresponding author: dianamalinova@yahoo.com

In their study, Mihova et al. (1995) determined in-
creased geochemical background in separate parts of the
park. As a result the content of zinc, cadmium, copper and
arsenic in soils from the alpine areas above the tree line,
where grazing takes place, is increased. According to the
authors, the heavy metals have reached the dairy products
through the food chain and as a result these dairy products
did not meet the food safety requirements. Data about the
soil contamination in different parts of the park is pre-
sented in the project for Management Plan of the “Central
Balkan” National Park (MP, 2014-2023), but a definitive
assessment for the remote from the metallurgical plant
territories, has not been made. The influence of soil-form-
ing rocks is assumed. These contradictory results suggest
the need to expand the studies of heavy metals and arsenic
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content in grassland landscapes, as well as to define their
origin — natural or anthropogenic.

The present study aims to analyze and assess the content
of some macro- and microelements in soils from high moun-
tainous grassland landscapes on the territory of the “Central
Balkan” National Park, where grazing takes place.

Materials and Methods

Subject and Sampling Sites

Soils from grassland landscapes in the high mountain-
ous territory of the “Central Balkan” National Park were
studied. The region of the Bolovaniya locality, Beklemeto
locality and the junction for Tazha hut below the Botev
peak were selected as sites with permanent grazing. The
study was concentrated on the eluvial parts of the land-
scape, where weathering products are formed, which al-
lows to determine the influence of soil-forming rocks on
the chemical composition of soils more clearly. Flattened
ridge parts were selected for setting out key sites (KS).
KS 1 is located at an altitude of 1536 m in the area of the
Bolovanya locality; the soil-forming rocks are amphibole
and amphibole-biotite granodiorites. KS 2 and KS 3 were
selected in the Beklemeto locality at an altitude of 1529
m and 1635 m; the soil-forming rocks are argillites. KS 4
is located at an altitude of 1877 m where the soil-form-
ing rocks are weathering materials from South Bulgarian
granite.

Four soil profiles were set out, of which morphologi-
cal description was made and the soil type was classified.
Samples were taken from two layers — 0—10 cm and 10-20
cm. The sampling points were coordinated with GPS. The
samples were taken at the end of June 2015.

Analytical Methods

The content of org. C was determined using the modi-
fied method of Turin (120°C, 45 min, catalyst Ag,S ) and
the method of Kononova — Belchikova (Kononova, 1963;
Filcheva and Tsadilas, 2002); total nitrogen by the Kjel-
dahl method using KJELTEC AUTO 1030; macro- and
microelements — P, Zn, Cu, Pb and Cd — ISO 11466 (ex-
traction with aqua regia) and subsequent measurements
with Lambda 5 UV/VIS spectrophotometer Perkin Elmer
and AAS Perkin Elmer 5000. Pressurized microwave
closed system with acids (HCI+HNO,, ratio 3:1) was used
for determination of As and ICP was used for carrying out
the testing. The coarse fragments content was determined
by weight. The results were recalculated to absolutely dry
mass of the soil.

Results and Discussion

The studied soils are characterized by shallow soil pro-
file. The only soil horizon is divided into 2 parts —,,A_”and
,»A”. The first part has a depth of about 10 cm and consists
of densely interwoven undecomposed dead grass residues,
living plan parts and mineral soil particles. The second part
(depth of about 10 cm) is predominated by mineral com-
ponents. The colour of the soil in the profiles is very dark
(10YR 2/1 when dry). The soil material has soft consistence,
loam textural class and very fine structure. The abundance
of coarse fragments of ,,A_” varies between 2% and 10%
and of ,,A” between 18% and 31%. The soils are classified
as Umbrisols due to the compliance with the requirements
of the World Reference Base for Soil (WRBSR, 2014) re-
garding the depth of the profile, colour, structure and humus
content (Table 1).

Table 1
Content of macro- and microelements in soils from grassland landscapes of the ,,Central Balkan” National Park
Sampling site | Depth pH Organic | Total N C/N Total P Zn Cu Pb As Cd
C

cm H,0 gkg! mg.kg!
KS'1 0-10 4.6 75.3 5.77 13 825 75 18 45 5.51 1.04
(Bolovanya 10-20 5.1 63.0 5.41 12 758 87 38 55 5.98 1.77
locality)
KS 2 0-10 4.8 143.2 13.43 11 1583 85 36 61 8.00 4.01
(Beklemeto 10-20 4.8 134.9 11.60 12 1477 68 34 57 7.92 1.72
locality)
KS3 0-10 4.4 144.2 11.06 13 1766 81 41 63 8.99 2.13
(Beklemeto 10-20 4.7 138.1 13.52 10 1683 78 36 47 6.81 1.67
locality)
KS 4 0-10 4.6 137.9 11.43 12 1370 53 14 42 3.68 1.12
(junction for 10-20 4.9 122.0 9.94 12 1193 51 12 41 11.46 1.44
Tazha hut)
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The selected altitudes for the key sites — between 1529 m
and 1877 m, define harsh high mountainous climate, inten-
sive leaching and very high soil acidity (Table 1), therefore
organic matter accumulation processes occur in the soils.
The humus quantity is very high throughout the profiles
(13% - 25%). The coefficients of its decrease between the
two parts of the humus-accumulative horizon (4, and A)
are within the range 1.0 — 1.2. Taking into consideration that
due to various reasons the upper forest boundary is not per-
manent, these very low coefficients allow to reject the pro-
longed impact of the forest soil forming process in the past.
The results are an indicator of the conservative structure of
the landscapes in these territories.

The ratios organic C/N show high soil richness in nitro-
gen (according to the criteria of Artinova, 2014) due to their
low values. The quantity of the total phosphorus is high in
the soil from KS 1 and very high in all other sites, which is
also due to the accumulation of organic matter.

The content of zinc, copper and arsenic in the studied
soils correspond to the background concentrations in the
country — 88 mg.kg™ for zinc, 34 mg.kg! for copper and 10
mg.kg! for arsenic (Regulation no. 3 of 2008) or lower.

Regarding the lead content, higher concentrations than
the background concentration limit (26 mg.kg™) and precau-
tionary concentration limit (40 mg.kg™") are determined. The
maximum permissible value is not exceeded.

All results for the cadmium content in soils are higher
than the background and precautionary concentration lim-
its — 0.4 mg kg™ and 0.6 mg.kg™, respectively. In KS 2 the
cadmium content exceeds the maximum permissible concen-
tration (2 mg.kg™!) for soils from permanent grasslands with
pH < 6.0 (Regulation no. 3 of 2008) 2 times, and in KS 3 is
slightly higher. The cadmium content in depth of the two
profiles is high, which accounts for a natural process of soil
enrichment with this element of the soil forming rocks, i.
e. the soils are not contaminated by anthropogenic sources.
This can be explained by the normal behavior of cadmium to
actively bond with the organic matter in soils (Petrov, 1984;
Pendias et al, 1989; Sheila, 1994). In fact, there are no indus-
trial emission sources on the territory of the “Central Bal-
kan” National Park and the distant transfer of such emissions
would contaminate relatively evenly the entire park territory,
and there is no such information.

The results are indicative for another process — increased
accumulation of cadmium by plants due to its high mobility.
According to some authors this process could pose a risk to
the environment and human health due to the easy move-
ment through the food chain (Yiizbasi, 2003; Garcia et al.,
2006; Maas, 2011). At this stage it is recommended to ex-
pand the studies of the grassland landscapes. A prerequisite

for contamination of different components are the high soil
acidity and mobility of cadmium, which account for trans-
formation of soil into source of pollution.

Conclusions

The studied soils from grassland landscapes on the ter-
ritory of the “Central Balkan” National Park are defined as
Umbrisols. Their characteristics are used to evaluate the con-
servativeness in the structure of grassland landscapes.

Regarding the studied heavy metals, exceedances of the
maximum permissible norm for soils in grasslands were de-
termined only for cadmium, but it is assumed that the soils
are not contaminated by anthropogenic sources. The analysis
shows that the observed processes are due to increased geo-
chemical background, high soil acidity and biogenic accu-
mulation of cadmium in soils, rich in organic matter. It is rec-
ommended to perform analysis of cadmium content in other
landscape components and environmental risk assessment.

Acknowledgements

The present study was supported by the project of Rashid
et al. (2014): “Assessment of the Condition of the Compo-
nents of Environment on the Territory of the “Central Bal-
kan” NP. In: “Restoration, Protection and Maintenance of the
Natural Habitats in the “Central Balkan” NP. Project DIR
5113325-12-109 “Central Balkan — Park for All”, financed
by the Environment OP 2007-2013.

References

Artinova, N., 2014. Humus state of soils in Bulgaria. In: Soil Or-
ganic Matter and Soil Fertility in the Bulgaria, Bulgarian Hu-
mic Substances Society, Sofia, pp. 29-74 (Bg).

Bezlova, D., M. Doncheva and L. Malinova, 2001. Influence of
UM Pirdop Copper Smelter plant on Central Balkan National
Park. Journal of Environmental Protection and Ecology, 2 (1):
125-129.

European Commission, 2013. Soil Contamination: Impacts on
Human Health, Science for Environment Policy. /n-Depth Re-
port, 5: 29.

Filcheva, E. and C. Tsadilas, 2002. Influence of Cliniptilolite and
Compost on Soil Properties. Commun. of Soil Sci. and Plant
Analysis, 33 (3—4): 595-607.

Garcia, M., P. Puerto, M. Baquero, E. Rodriguez, J. Mar-
tin and C. Romero. 2006. Mineral and trace element con-
centrations of dairy products from goats’ milk produced in
Tenerife (Canary Islands). International Dairy Journal, 16
(2): 182-185.

Kojnov, V., I. Kabakchiev, K. Boneva and B. Dimitrov, 1998.
Atlas of Soils in Bulgaria. Zemizdat, Sofia, 159 pp. (Bg).

Kononova, M., 1963. Soil Organic Matter. His Nature, Properties,



Macro and Microelement Contents in Soil of Some Grassland Landscape in ,, Central Balkan” National Park 583

and Methods of Studying. Academy of Science of Soviet Union.
Moscow, 314 pp. (Ru).

Maas, S., E. Lucot, F. Gimbert, N. Crini and P. Badot, 2011.
Trace metals in raw cows’ milk and assessment of transfer to
Comté cheese. Elsevier. Food Chemistry, 129 (1): 7-12.

Mihova, B., T. Meshineyv, V. Velchey, I. Apostolova, E. Kachau-
nova and G. Yotov. 1995. Study on the status of the high
mountain pastures. In: Management Plan of the High Mountain
Woodless Zone of the Central Balkan National Park. Bulgar-
ian-Swiss Biodiversity Conservation Programme, Plovdiv, 46
pp. (Bg).

MP Project, 2014-2023. Abiotic factors. In: Management Plan of
the Central Balkan National Park. Operational Programme En-
vironment 2007-2013 (Bg).
www.ope.moew.government.bg, Sofia, 199 pp.

Pendias, A. and H. Pendias, 1989. Trace Elements in Soil and
Plants. Mir, Moscow, 439 pp.

Petrov, 1., 1984. Soil contamination with arsenic, cadmium and
mercury. In: Problems of Contamination of Soils. Zemizdat,
Sofia, pp. 112-117 (Bg).

Sheila, R., 1994. Retention, transformation and mobility of toxic
metals in soil. In: Toxic Metals in Soil-Plant System. Dept. of
Geography, University of Bristol, UK, 139 pp.

Teoharov, M., S. Popandova, T. Atanasova, C. Tzolova, M.
Banov, P. Ivanov, E. Filcheva and R. Ilieva. 2009. Reference
data base for soils in Bulgaria. Institute of Soil Science “N.
Poushkarov “, Agricultural Academy, Sofia, 413 pp. (Bg).

WRBSR (World Reference Base for Soil Resources), 2014. In-
ternational Soil Classification System for Naming Soil and Cre-
ating Legends for Soil Maps. Food and Agriculture Organiza-
tion of the United Nations, Rome, 191 pp.

Yiizbasi, N., E. Sezgin, M. Yildirim and Z. Yildirim, 2003. Sur-
vey of lead, cadmium, iron, copper and zinc in Kasar cheese.
Food Additives & Contaminants, 20 (5): 464—469.

Received January, 21, 2016, accepted for printing June, 17, 2016




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


