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Abstract
The aim of this study is GIS-based assessment of the hazard of heavy metal pollution of soil in the Ostrovska lowland
(Bulgaria) in case of inundation from the Danube. For this purpose, a GIS-based model is elaborated and applied to
the study area. The assessment takes into account the following two parameters: degree of heavy metal pollution of
river sediment (Ме) and topography (To). The first step produces files into raster format for each of the two parameters
of the MeTo index. The second step of data processing includes a reclassification of the resulting maps of the two
factors considering the rating of the predefined intervals for each factor. The third step uses the Spatial Analyst Tools Map Algebra - Raster Calculator of ArcMap to combine all the factor maps into one preliminary map. The latter is
reclassified in the last step of data processing taking into account the predefined hazard classes.
Keywords: GIS, Spatial Analyst Tools, Map Algebra

INTRODUCTION
In recent years the geographical information systems (GIS) have been used increasingly in assessing natural hazards
(Carrara et al., 1995; Aleotti & Chowdhury, 1999; Temеsgen et al., 2001; Metternicht et al., 2005; Huabin et al, 2005;
Fell et al., 2008; Westen et al., 2008; Galderisi et al., 2008; Lari et al., 2009; Tarolli & Cavalli, 2013; Suh et al, 2017;
Ashournejad et al, 2019). In this regard, different methods have been applied, e.g. statistical and mathematical - cluster
analysis and regression analysis (Aleotti and Chowdhury, 1999; Clare et al., 2016), geostatistical and simulation
methods (Horspool et al., 2014), and hybrid methods which are a combination of the above mentioned. GIS is a
computer-based technology handling geospatial and non-spatial data and its geospatial analysis and modelling.
According to Thapinta and Hudak (2003), the application of GIS methods has the following advantages over the
statistical and simulation methods: usage of publicly available data and the requirement of less resources. Тhe important
benefit of using GIS is the user-friendly visual access and display, the performance of spatial analysis and application
of standard GIS functions such as thematic mapping, buffer zoning, charting, network-level analysis, simultaneous
access to several layers of data and the overlay, data management, and user-specific functions. Recently GIS has often
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been combined with analytical models using machine learning and data mining methods (Tarhan and Saygýn, 2006;
Suh et al., 2017).
Ore extraction and processing, as well as industrial and municipal activities, are considered to be the main sources of
trace metal and metalloid (TMM) pollution of the Danube Valley (Macklin et al, 2006; Milacic et al., 2010; Pavlović et
al., 2015). TMM load of rivers is presumably associated with particulate matter and fluvial deposits (Bird et al., 2003;
Macklin et al, 2006). The transport of contaminated sediment from mining-affected sub-basins to the Danube can be
intensified during torrential rainfalls and flood waves due to increased erosion of mine wastes at the mining sites and
activated river bank erosion of contaminated floodplains. Some of the major point sources of contemporary trace metal
pollution in the Lower Danube are located in the sub-basin of the Timok River (Brankov et al., 2012; Kotsev, Zhelezov,
2014). The impact of the contaminant load from the tributary can be traced more than 100 kilometers downstream the
Danube, both in its channel and floodplain sediment (Bird et al., 2010а; Bird et al., 2010b; Bird 2010c; ICPDR, 2002,
2008, 2015). During flood events, the Danube floodplain between Timok and Vit rivers seems to be threatened by
receiving certain loads of hazardous substances (Stoyanova et al., 2018; Stoyanova et al., 2019). Тherefore, it is
necessary to assess the risk of heavy metal contamination in the lowlands in this section of the Lower Danube. Such
preliminary GIS-based assessment is elaborated for one of the lowlands, named Ostrovska, located in the Bulgarian part
of the Danube Valley between Ogosta and Iskar rivers. The results of the study are presented in this paper.

STUDY AREA
The Ostrovska Lowland extends over part of the floodplain of the Lower Danube, NW Bulgaria, between the villages of
Leskovets and Ostrov (Figure 1). The approximate geographic location of the study area is 24˚0’ - 24˚8’E and 43˚38’ 43˚43’N. It covers an area of 25.05 km2 with a mean altitude of 28 m and an average inclination of slopes about 2˚. The
Ostrovska Lowland has a length up to 12 km in West-East direction and a maximum width of 4 km in North-South
direction.

Figure 1. Location map of the study area
From a geological point of view, the investigated area is а part of the Moesian Platform overlain by several sedimentary
deposits formed during various cycles of the Palaeozoic, Mesozoic and Neozoic, basically during the Miocene,
Pliocene, and Quaternary. The study area is constructed at the top of quaternary alluvial sands, clays and gravels, and
contemporary alluvial and loess deposits (Balteanu et al., 2013).
The climate of Ostrovska Lowland is temperate continental with a relatively cold winter and hot summer. The mean
temperature in January is -2.2°C, and the average minimum extreme reaches -15°C, while the mean temperature in July
is 24.3°C, often with temperature values exceeding 35°C. The area is characterized by westerly and northwesterly
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winds. The annual amount of precipitation varies between 518-592 mm with a maximum in May and June, and a
minimum in February (Velev, 2002).
The floodplain of Ostrovska Lowland is covered with alluvial soils, primarily Eutric Fluvisols (FAO, 2006) and Eutric
Gleysols (FAO, 2006) (Figure 2). The sandy ridges are characterized by sandy soils - Arenosols (FAO, 2006) (Balteanu
et al., 2013).

Figure 2. Photographs of the soils of the Ostrovska Lowland: (A) Eutric Gleysols, FAO; (B) Arenosols, FAO; (C)
Eutric Fluvisols, FAO (photos V. Stoyanova, October 2017)
According to the CORINE Land Cover nomenclature (CORINE Land Cover, 2018), the agricultural areas take the
biggest share of the territory equal to 50,3% (211 - Non-irrigated arable land), followed by wetlands 16,05% (411 Inland marshes), agricultural areas with natural vegetation 15,81% (243 - Land principally occupied by agriculture with
significant areas of natural vegetation), forests 12 % (311 - Broad-leaved forest), and mixed forests and shrubs 1,10%
(324 - Transitional woodland-shrub), as well as artificial surfaces 3,98% (112 - Discontinuous urban fabric) (Figure 3).
No large industrial plants are operating within the study area at present.

Figure 3. Photographs of the Ostrovska Lowland: (A) Low floodplain with arable land; (B) Sandy ridges with
agricultural land and significant areas of natural vegetation; (C) Depressions in the low floodplain with marsh
vegetation
There are three protected sites in the Ostrovska Lowland - Gola Bara, Kochumina, and Kalugerski Gred-Topolite, with
a total area of 10,705 ha.
According to the administrative division of Bulgaria, the study area is located in the municipality of Oryahovo in the
Vratsa District and includes parts of the lands of the villages of Leskovets, Selanovtsi, Ostrov, Galavo, as well as of the
town of Oryahovo. The settlements of Leskovets and Ostrov are located within the lowland, and their total population
of 1836 inhabitants is distributed as follows: Leskovets - 547 people; Ostrov - 1289 people (GRAO, 2019).

METHODS AND MATERIALS
Methodology
To generate a hazard map of heavy metal pollution of soil in the Ostrovska Lowland by flooding from the Danube, a
newly developed index method named MeTo (Stoyanova and Kotsev, 2020) has been applied. The acronym of the
index is created from the first letters of the included parameters. These are a degree of heavy metal pollution of river
sediment (Ме) and topography (To). Each parameter is characterized by the following elements: weight (W), ranges,
and ratings (R). The relative importance of the three variables is evaluated by comparison between one-another. The

269

Proceedings Vol. 1, 8th International Conference on Cartography and GIS, 2020, Nessebar, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

highest weight is given to the indicator ‘degree of heavy metal pollution of river sediment’ followed by the
‘topography’ and ‘distance to the river’. Their weight coefficients are 2 and 1, respectively. The scale of ranges of the
parameters characterizes the variety of environmental settings throughout the wetland for the accumulation of heavy
metals in soil. A rating (R) from 1 to 4 is assigned to each of the ranges of the individual variables.
The degree of pollution of the river sediment (Ме) is calculated by the index Cd proposed by Backman et al. (1998) as
follows:

where:
Cfi = contamination factor for the i–th component;
Cai = analytical value of the i–th component;
Cni = upper permissible concentration of the i–th component.
To calculate the index Cd, the measured concentration of heavy metals is compared against the target values for
sediment used in the consecutive Joint Danube Surveys organized by the International Commission for the Protection of
the Danube River (ICPDR, 2015). The ranges of Cd are determined as follows: Cd=0, no pollution; Cd (0, 1], low
pollution; Cd (1, 3], moderate pollution; Cd>3, high pollution. The intervals have ratings 1, 2, 3, and 4, respectively.
The topography (То) is assessed by the major geomorphological forms identified in the lowland, which are rated as
follows: high floodplain, R=1; sandy ridges, R=1; low floodplain, R=2; old river channels, R=3; marshes, R=4.
The MeTo index is calculated as the sum of the products of ratings (R) and weights (W) assigned to each of the
parameters:
MeTo=МеW*MeR+ToW*ToR
where:
MeTo – name of the index method;
Me - degree of heavy metal pollution of river sediment;
To - topography;
R – ratings;
W – weights.
The minimum MeTo index value is 3 and the maximum is 12. It resulted in dividing the whole range into the following
six classes: 3 (negligible hazard), 4-5 (very low hazard), 6-7 (low hazard), 8-9 (moderate hazard), 10-11 (high hazard),
and 12 (very high) (Table 1).
Table 1. Rating and weighting values for the parameters of the MeTo index (Stoyanova and Kotsev, 2020)
Parameters

Range

Me - degree of heavy metal pollution of 0
river sediment
0-1
1-3
>3

Rating R

Weight W

Total Score

1
2
3
4

2

2
4
6
8
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To - topography

high floodplain, sandy ridges
low floodplain
old river channels
marshes

1
2
3
4

1

1
2
3
4

To elaborate on the hazard assessment, the MeTo is applied to produce maps for each index, as well as an integrated
hazard map in the final step (Figure 4). ESRI ArcGIS, ArcMap 10.6.1 software is used in this study. GCS_WGS_1984
is applied as the Geographic Coordinate System and projected to WGS_1984_UTM_Zone_35N in all maps of this
survey.

Figure 4. Flowchart of hazard map of heavy metal and metalloid contamination
The first step produces files into a raster format for every three parameters of MeTo. The second step of data processing
includes the reclassification of the resulting raster files for the three indices considering the rating of the predefined
intervals for each parameter. The values of the rated maps are then multiplied with the relevant weight factors to
produce the final maps of each index (Table 1). The third step combines all the index maps into one preliminary hazard
map. The latter is reclassified in the last step of data processing, taking into account the predefined hazard classes. The
map of the hazard is then reclassified with the relevant values for each class, which is characterized by a different color
(Table 2).
Table 2. Hazard classes
Range

Colour

RGB

Hazard

3

Dark Green

38/118/0

Negligible

4-5

Green

10/204/0

Very low

6-7

Light green

170/255/0

Low
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8-9

Yellow

255/255/135

Moderate

10-11

Orange

255/168/0

High

12

Red

255/0/0

Very high

Materials used
To elaborate the raster file of the river sediment contamination, we used data on the concentration of As, Cu, Zn, Pb, Cr,
and Ni in one representative sample of Danube overbank sediment deposited in the Ostrovska Lowland. The sampling
was a part of a field campaign which covered the whole Bulgarian section of the Danube between the Timok River and
the town of Silistra in the period 29 August – 01 September 2013. The sediment was deposited in the spring of the same
year during a high flow event of Danube. Pellets are prepared from 4 g of the fine fraction of the sediment (<0.063mm)
and 0.9 g of an amide wax (N,N-bis-stearyl ethylenediamine, Licowax C, Clariant). Total contents of the trace elements
are measured in the pellets by X-ray fluorescence spectrometer Spectro X-Lab 2000 of the Spectro Company.
The raster files of topography are derived from a digital terrain model (DTM) with a spatial resolution of 1х1m. The
DTM has been generated from high-resolution airborne laser scanning data obtained within the project
DanubeFLOODRISK (2009-2012). The files of the DTM are provided by the Directorate of Water Management to the
Ministry of Environment and Water of Bulgaria. Additionally to the terrain model, topographic maps of a scale of 1:25
000 are also used for delineation of the major geomorphological features of the lowland.

RESULTS AND DISCUSSION
Degree of heavy metal pollution of river sediment (Me)
Index Cd is calculated to be 1.29 for the Danube overbank sediment in the Ostrovska Lowland. This value falls in the
range 1-3 of the index and is rated to 3. The limited number of sites with information on the trace elements in overbank
sediment in the lowland did not allow us to do interpolation, and the score of 3 is set for the entire study area. The raster
file for the degree of heavy metal pollution of river sediment (Me) is created with the tool Spatial Analyst Tools Conversion Tools - To Raster - Polygon to Raster (Figure 5).
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Figure 5. Rating map of Degree of heavy metal pollution of river sediment (Me) in the Ostrovska Lowland

Topography (To)
То delineate the limits of the lowland and the geomorphographic landforms, we extracted the slope, aspect, curvature
contour, and hillshade from the DTM using the Spatial Analyst Tools - Surface in ArcGIS. After classifying and
analyzing these indicators and comparing them with topographic maps, the following geomorphographic units are
defined: marshes, low floodplain, high floodplain, and sandy ridges (Figure 6). The categories of the geomorphographic
units are defined according to the classification of Mishev (1959).

Figure 6. Geomorphographic units of the Ostrovska Lowland
The geomorphographic map is then transformed into a raster format and reclassified with the ratings of the predefined
intervals for the parameter Topography (Table 1, Figure 7) applying the Spatial Analyst Tools - Reclass - Reclassify.
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Figure 7. Rating map of Topography (To) of the Ostrovska Lowland

Map of the hazard
The hazard map is created with the Spatial Analyst Tools - Map Algebra - Raster Calculator of ArcMap.
The calculated values of the MeTo index for the Ostrovska Lowland are within the range 7-10 and fall into three classes
of a hazard: low hazard (34% of total area), moderate hazard (48% of total area), and high hazard (18% of total area)
(Figure 8).

Figure 8. Hazard map of heavy metal contamination of soil in case of inundation

CONCLUSIONS
The elaborated map shows levels of hazard which are closely associated with the morphology of the lowland. The
marshes are highly threatened by metal contamination if flooded, while the hazard of metal contamination of the sandy
ridges and high floodplain is determined to be low. The Danube floods represent a moderate threat to the predominant
part of the lowland in which the low floodplain is developed. The evaluation elaborated with MeTo can be incorporated
as a step in the risk assessment of soil pollution with heavy metals and metalloids in the Danube lowlands. The
produced map of the hazard will be provided to local authorities to optimize land use and reduce the health risk to the
local population following a flood.
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