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INTRODUCTION

Coastal zones of the world usual-
ly present a very high biodiversity 
and unique ecosystems. However, 
in the last 50 years, the increasing 
human pressure and the socio-eco-
nomic development have caused 
serious damages to these ecosys-
tems. In this sense, the Mediter-
ranean coast of Spain has the fast-
est growing population in Europe, 
which increased up to 50% in the 
past decade, with around 1.7 mil-
lion houses. This scenario has 
resulted in the need of resources 
to maintain population and infra-
structures producing an increas-
ing stress on the hydrological and 
agricultural systems. Related to 
these pressures, pharmaceuticals 
and heavy metals have been con-
sidered as potential indicators of 
human development in the differ-
ent environmental media.

METHODOLOGY

The selected area (486 km2) is 
located in the Valencia (Spain) 
between the rivers Turia (to the 
North) and Jucar (to the South), 
that flow into the sea along a broad 
coastal plain (Figure 1). Agriculture 
is the main activity, mainly rice 
farming (223 km2), but also orchard 
and citrus crops. There is also a 
large population, industrial and 
urban development pressures. Soil 
samples of the upper 0-30 cm depth 
layer were collected. From each of 
the 33 sampling zones, of 25 m each, 
five sub-samples were taken. Sur-
face waters were collected in 35 

points in the study area (Figure 1) as 
close as possible to the soil sampling 
zones, covering the most important 
water channels and in the marsh.  
Total concentrations of 15 heavy 
metals (Al, As, Be, Cd, Co, Cr, Cu, 
Fe, Li, Ni, Pb, Rb, Sb, Tl, and Zn) 
were determined. Standard ana-
lytical methods were used to mea-
sure water and soil physical and 
chemical properties. Total content 
of the selected heavy metals was 
extracted by microwave acid diges-
tion (U.S. EPA 1996) and deter-
mined by ICP-OES.

OBJECTIVES

To establish the levels and distri-
bution of 15 metals and metalloids 
(Al, As, Be, Cd, Co, Cr, Cu, Fe, Li, 
Ni, Pb, Rb, Sb, Tl, and Zn) of dif-
ferent toxicities and biological func-
tions, in soils and waters of the 
coastal alluvial plain comprised 
between Jucar and Turia rivers 
(Valencia, Spain). Their geo-spatial 
distribution and the possible influ-
ence of environmental factors (land 
uses, water sources, etc.) 
were also studied, 
together with the 
possible syn-
ergies 

between metals and with soil and 
water characteristics.

MAIN RESULTS

Nine landscape functional sectors 
(LFS) were obtained (Figure 1) by 
the geostatistical analysis. In gener-
al, the littoral strip (LFS 9) present-
ed high significant dissimilarities 
with the other LFS. In waters, Al, Fe, 
Pb, Sb and Tl presented mean levels 
that surpass the maximum ones of 
the existent regulations (Figure 2). 
The remainder metals showed, in all 
cases, values below these limits. 
Regarding water types, Be, Cd, Co 
and Cr showed maximum levels in 
in rice fields waters. There was a 
high significant relationships between 
the salts content  and Li and Tl dis-
tribution. In the case of Cu, Ni and 
Rb these inverse strong relationships 
were observed with the nitrites, in 
the same way that between Al and 
Fe with the dissolved oxygen. Al and 
Fe showed by far the highest levels 
in soils (Figure 5). Li and Tl levels in 
soils are major than many of those 

reported in the literature as normal 
ones. The majority of metals pre-
sented their highest values at the 
north of the study area (rice farm-
ing), only Al, Co, Cu and Fe show 
them at the southwestern part, which 
is mainly dedicated to citrus and 
orchard crops. The most influencing 
soil characteristic regarding the stud-
ied elements was the cation exchange 
capacity. Be, Sb and Rb showed sim-
ilar spatial patterns.

CONCLUSION

Soils and waters showed very high 
values in toxic elements (Al, Li, Tl, 
etc.) mainly concentrated in the 
northern part of the study area. This 
zone supports the major part of the 
population and an increasing indus-
try. In waters Al, As, Fe, Li, Pb, Sb 
and Tl showed values that surpassed 
those marked by legal regulations. Li 
and Tl presented high significant 
relationships with the salts contents, 
which can be due in some zones to 
marine intrusion due to the overex-
ploitation of aquifers. Nitrites content 
showed an inverse relationship with 
Cu, Ni and Rb, in the same way that 
dissolved oxygen with Al and Fe. 
In soils, Al and Fe presented the 
highest values of the study area. This 
fact together with the important 
values of Li and Tl determined in 
soils could be the cause of the gradual 
decreasing on quantity and quality of 
the agricultural production that is 
more critical in the case of rice plants. 
Citrus crops are also affected by this 
phenomenon. A deeper study is 
needed to determine the sources and 
hot spots of pollution by these metals, 
mainly in the case of the most toxic 
ones. It is a necessary way to prevent 
the possible input of these elements 
through the soils in the different 
crops and their effect in the food 
chain, preventing its impact on 
population health.

Fig. 4: Average values of the studied 
metals in soils.

Fig. 1: Location of the study area and its 
Landscape Functional Sectors, including 
sapling zones.

Fig. 2: Maximum values of the studied 
metals that exceeded EU and WHO limits 
for waters.

Fig. 3: Relationship between Tl content 
and electric conductivity in in waters of 
the study area.

Fig. 5: Relationship between soil CEC and 
TL and Sb contents.


