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Abstract 
This paper investigate the spatial variability of soil salinization and trace metals in the floodplain soils of the Neretva 
River valley (Croatia). Within this area, between the main channel of the Neretva, lateral canals and the Adriatic Sea, 
there are about 5000 ha of irrigated agricultural land. In order to identify the spatial variability of soil salinity and trace 
metal distribution in the surface layer (0-25 cm), topsoil samples were collected from 135 locations using a systematic 
sampling on a 700-m grid. Electrical conductivity as well as sodium and chloride concentrations measured in the saturated 
soil extract show high variability of soil salinity level. The trace metal contents do not exceed threshold value established 
by the Croatian government regulation with exception of copper. The results suggest that relationship between 
topography, salinity level and soil organic matter content affects trace metal distribution in floodplain soils in the estuary 
of Neretva River. 
 

Introduction 
Soil salinization caused by natural or human-induced 
process is a worldwide environmental hazard. In 
addition, river sediments and alluvial soils used for 
horticultural production are frequently enriched in 
different contaminants transported from land. The 
salinization problem in the study area may enhance 
trace metals mobilization by the formation of soluble 
chloride complexes (Ondrasek et al., 2009). In the 
Neretva estuary (Croatian Mediterranean region), soil 
and water salinization poses an increasing threat, since 
the major route of human exposure to toxic elements 
is via consumption of vegetables grown on 
contaminated soil. Soil salinization process is a result 
of the capillary rise of saline groundwater and 
accumulation of salts in the rhizosphere and use of 
saline water for irrigation. The main source of metals 
in the sediments of Neretva River has been the 
industry in the higher part of the river area. Since 
agriculture is the main economical activity of this 
region, assessment of soil and water pollution risks 
and improvement of risk prevention of land 
degradation becomes a crucial issue for both the 
environmental management and the socio-economical 
impact. The aims of this study were to assess i) spatial 
variability of soil salinity and soil contamination by 
heavy metals in the Neretva estuary, ii) identify main 
factors controlling trace metal behaviour in topsoil in 
the study area. 
 
Materials and Methods 
The research was carried out in the Neretva estuary in 
the Mediterranean part of Croatia (43°00´N, 17º30´E). 
The Neretva River runs 225 kilometers and only 22 
km through Croatia. In the lower valley the Neretva 
River splinters into multiple courses, creating a delta 
covering approximately 12,000 hectares. The delta has 
been reduced by extensive land reclamation projects. 

Nowadays, the main river-bed in the downstream part 
is under the strong influence of the Adriatic Sea and 
which is why physical, chemical and ecological 
processes are similar to those in estuaries. 
Digital soil map M 1:25000 of the Neretva River 
Valley was used to identify dominant soil types on the 
study area. In total 16 soil cartographic units were 
selected, inhering mostly to the division of 
hydromorphic soils characterized by the excessive 
water caused primarily by the shallow groundwater. 
The fertile soils were formed by fluvial sedimentation 
and deposition of material eroded from the 
surrounding hilly karst area. Land use and agricultural 
practices vary greatly within the study area. ArcMap 
(ESRI) program and digital ortophoto were used to 
delineate zones of land according the different land 
reclamation and hydroamelioration in the wider area 
as well as past and present land use. To evaluate 
floodplain topography on spatial variability of trace 
metals in soils a digital elevation model (DEM) was 
constructed (ArcView 9.0, 3D Analyst extension, 
ESRI). In order to identify the spatial variability of 
soil salinity and trace metal distribution in the surface 
layer (0-25 cm), topsoil samples were collected from 
135 locations using a systematic sampling on a 700-m 
grid. The EC, pH and concentration of Cl-, Na+ were 
measured in saturated paste extraction (US Salinity 
Laboratory 1954). Total element contents (Cd, Co, Cr, 
Cu, Fe, K, Mg, Mn, Na, Ni, Pb, Zn) were determined 
using ICP-OES after aqua regia extraction.  
Summary statistics of the data set were first calculated 
to evaluate the distributions. Frequency distribution 
for each of the analyzed elements was examined based 
on histograms, background normality tests and 
calculation of skewness.  Data were processed by 
means of R-mode factor analysis, applying the 
varimax-raw rotational technique (data not shown).  

 



Results  
Summary statistics calculation (Table 1) on the data 
set provided information about the frequency 
distribution of the concentration of chemical elements 
in the topsoil. The examined soil samples were mostly 
in the alkaline pH range varying between 7.59 and 
8.54. EC values measured in the saturated soil extract 
showed a wide range, varying between 1.5 and 10.6 
dS m-1. Electrical conductivity as well as sodium and 
chloride concentrations measured in the saturated soil 
extract show high variability of soil salinity level. The 
skewness coefficient exceeded 1.0 indicates the great 
variability of the main soil properties across the study 
area. Except for the copper, the concentrations of all 
other elements do not exceed the maximum 
permissible concentration defined by the Croatian 
Government regulation. 
  
Table 1 Summary statistics 

 
This research has also shown that concentrations of 
the trace metals are to a large extent linearly 
correlated, with exception of Cu.  
 
Discussion 
Metal bioavailability is a complex issue that depends 
on a series of properties appertaining to the soil 
matrix, plant physiology and environmental 
conditions. All properties do not affect equally the 
mobility and availability of particular metals. It is 
therefore important to know for each metal the 
dominant soil property that will control its behaviour 
in that soil. Major soil properties that affect changes in 
metal speciation, and thereby also their fractionation, 
are soil reaction, redox-potential, and existence of 
different organic and inorganic reactants – ligands. In 
this particular study, however, the relationship 
between topography, salinity level and soil organic 
matter content affects trace metal distribution in 

floodplain soils in the estuary of Neretva River. Such 
relationships are not easily explained, especially in 
areas where land management and farming practices 
depend on many factors.  
The salinization problem in the study area may 
enhance trace metals mobilization by the formation of 
the soluble chloride complexes. The marked 
differences in the soil carbon content contents are 
characteristic for the floodplain soils due to high 
intensity of accumulation of organic material 
(Rinklebe, 2008). In the study area as well, the organic 
matter content is higher in soils in the lower 
topographic levels, ranging from 2.45 to 19.3%. The 
presence of organic matter plays an important role in 
Cu adsorption, because of its strong affinity for soil 
organic matter. This restricts its bioavailability, but 
also considerably reduces the risks of phytotoxicity of 
the accumulated anthropogenic input and its vertical 
migration. Therefore, it may be presumed that organic 
soils are more effective in protecting crops from soil 
metal contamination in saline environment. Organic 
matter affects the soil redox potential. Fe and Mn 
hydroxides are especially susceptible to changes in 
soil redox potential. Soil pH and the presence of 
carbonates may increase the retention of metals in 
soils of the study area and reduce their mobilization 
potential. However, saline conditions also increase the 
risk of decalcification among other harmful effects on 
soil properties, and thus enhancing the release of 
metals. 
 
Conclusions  
Geochemistry and biogeochemistry of the riverine 
floodplain soils are extremely complex. Despite low 
concentration of trace elements in topsoil, it was still 
necessary to monitor Cd and Cu concentration in 
floodplain soils in the Neretva river valley since most 
of them might be phytoaccumulated especially in 
excessive concentration of dissolved chloride (Cl−) 
ligands. 
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Variable Descriptive statistics 
 Mean Med. SD Min Max Skew. 

pH 8.12 8.14 0.18 7.59 8.54 -0.23 

EC 

d
S

m
-1
 

1.5 1.0 1.52 0.2 10.6 2.9 

Cl- 49.2 20.7 108 4.55 1004 6.60 
Na+ m

g
l-1

 

27.5 9.70 70.0 1.10 593 6.96 
OM % 4.80 4.03 2.73 2.45 19.3 3.46 
P2O5 12.6 9.24 9.41 2.15 40.7 1.23 
K2O 41.6 39.0 18.1 9.50 119 1.36 
Cd 0.31 0.30 0.10 0.12 0.71 0.78 
Co 7.34 7.38 1.79 3.16 11.3 -0.13 
Cr 42.1 41.4 11.4 17.2 68.2 0.10 
Cu 

m
gk

g-1
 

55.1 26.9 79.7 7.10 423 3.13 
Fe 23.5 23.4 5.40 9.56 35.2 -0.07 
Mg 

 
g

kg
-1
 

 

23.5 22.6 4.61 14.8 43.6 1.02 
Mn 463 457 165 155 785 0.00 
Ni 31.5 31.3 9.55 11.7 59.1 0.23 
Pb 15.5 15.7 4.16 5.69 30.2 0.04 
Zn 

m
gk

g-1
 

58.7 57.7 15.1 24.3 92.6 0.00 


