Can be reference values of heavy metals useful as soil quality standards?
Contributions from assays in representative Mediterranean agricultural soils
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Abstract

This paper presents the results of the research project “Assays of reference concentrations of heavy metals
(Cd, Cu, Pb and Zn) in representative agricultural soils of the Mediterranean region under controlled
horticultural crops”. This project aimed to determine the maximum concentration for Cd, Cu, Pb and Zn
related to the reference values for these metals in representative soils of horticultural areas of the
Mediterranean region, which do not exceed the maximum concentration established by the legislation for
these metals in crops for human consumption. This concentration has been determined for each soil after
several assays using reference concentrations of these metals in controlled cultures of lettuce, which
represents an important component of the Mediterranean diet and furthermore it is a metal accumulator crop.
Reference concentrations are multiples of the reference value established for each metal in horticultural areas
of the Valencian Region, a representative area of the European Mediterranean Region. Representative soils
were selected each having different properties relevant to regulating the behaviour of heavy metals in soil.
The results obtained suggest that the usefulness of criteria based on soil quality standards to define contaminated
soils in Mediterranean soils contaminated by heavy metals can vary depending on soil properties.
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Introduction

Heavy metals are toxic elements for the human health when specific concentrations for each element are
exceeded. Particularly, cadmium (Cd) and lead (Pb) are non-essential elements for life and highly dangerous,
since they cause serious dysfunctions in organisms, including humans. On the other hand, copper (Cu) and
zinc (Zn) are essential elements for organisms but can be dangerous if high concentrations in agricultural
soils are reached. These elements have generally an anthropic origin, due to the excessive use of
agrochemical products (e.g. Cu and Pb), to the wastewater irrigation with an urban-industrial origin (e.g. Cd,
and Pb) and to the atmospheric depositions from several emissions (e.g. Cd and Pb). These processes are
affecting soils under vegetable crops in the Mediterranean Region (Peris et al. 2007), and therefore further
research on these metals is needed in this region, where only few studies on heavy metal in soils at a regional
level have been carried out (Micé et al. 2006). The intake of contaminated food is the main way for
introducing these elements to the food web. In this context, the current legislation establishes the maximum
concentration of heavy metals allowed in different types of food (including vegetable crops). Specifically,
the Regulation EC n°466/2001 of the European Commission fixes the maximum content of Cd and Pb in
some crops for human consumption (DOCE 2001). Cu and Zn are not included in this Regulation. However,
other international legislations, like the Australian regulation, establish the maximum concentration of Cu
and Zn in some vegetable crops (e.g. McLaughlin ef al. 2000) and, therefore, it can be expected their
incorporation in the European regulations in the near future.

It is widely recognized that heavy metal levels in crops are influenced by a number of factors such as soil
properties and the type of crop. Leaf crops have a high accumulation capacity of heavy metals in their leaves
according to different authors (e.g. Ramos et al. 2002). The determination of the maximum concentrations of
Cd, Cu, Pb and Zn in different representative Mediterranean agricultural soils, that does not cause the
maximum limit allowed in lettuces (Lactuca sativa L.) established by the current international legislation,
would be of great interest since leaf crops represent an important percentage of the crops cultivated and
consumed in the Mediterranean region. Exceeding this concentration in soils would lead to the declaration of
such soils as contaminated.
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The Spanish Royal Decree 9/2005 (BOE 2005) establishes criteria to declare contaminated soils such as
toxicity tests, risk analysis and the comparison of contaminant concentrations in soils with reference values.
According to this Royal Decree, a soil will be considered “contaminated” when heavy metal concentrations
in soils exceed 100-times the reference values established for them. In this context, this paper presents the
framework, methodology and results of the research project “Assays of reference concentrations of heavy
metals (Cd, Cu, Pb and Zn) in representative agricultural soils of the Mediterranean region under controlled
horticultural crops”. This project aimed to determine the maximum concentrations of Cd, Cu, Pb and Zn
related to the reference value for each metal in agricultural soils representative of the Mediterranean Region
that do not cause the overcoming of the maximum limit for lettuces established by the international
legislation. The assay of different doses has enabled to determine these maximum concentrations. The
different doses were established taking into account the reference levels for Cd, Cu, Pb and Zn in agricultural
soils under vegetable crops of the Valencia Region, a representative area of the European Mediterranean
Region, situated in the east of Spain.

Material and methods

Soil samples were collected from the surface horizons (25 cm depth topsoil, approximately) of four
agricultural soils (Rojales, Sollana, Nules and Pefiiscola) representative of the Mediterranean region
(Recatala et al. 2002, Recatala et al. 2004). All the samples were transported to the laboratory where they
were air dried at ambient temperature and sieved to pass a 2-mm mesh sieve. Selected soils properties
relevant to control the mobility and bioavailability of heavy metals (Adriano 2001) were analyzed according
to the official laboratory methods of the Spanish Ministry of Agriculture, Fisheries and Food (MAPA 1994).
Soil pH was measured in a 1:2.5 soil:water suspension and electrical conductivity was determined in the
saturation paste extract. Organic matter content was determined by the Walkley-Black method and the total
carbonate content by the Bernard calcimeter. Particle-size distribution was determined by the Robinson
Pipette method to determine the sand, silt and clay percentages. Cation exchange capacity was determined by
saturation with sodium acetate solution (pH=8.2), displacement of the absorbed sodium with ammonium
acetate (pH=7.0) and determination of displaced sodium by flame atomic absorption spectrometry (FAAS).

Biomass assays based on OECD test 208 (OECD 2006) were performed to assess the toxicity of the different
heavy metals considered on the biomass production of lettuce crops (Lactuca sativa L.). Heavy metals were
added to soils by spraying appropriate volumes of a solution (e.g. CdCl, CuCl,, Pb(NOs),  ZnSO,) diluted
with deionised water. This procedure ensured an even distribution of the metal solution in the soil while
maintaining its pore structure. The soils were contaminated to obtain a range of six concentrations, the
control and five doses that were multiple concentrations of reference values established for horticultural soils
in the Valencian Mediterranean region (Sanchez et al. 2004). For each metal, the doses were established after
considering the results of a rangefinder test. For instance, in the case of Cu, the five doses were
concentrations representing 1, 10, 25, 50 and 100-times, respectively, the reference value (65.9 mg Cu kg—1)
for this metal. After contamination, each sample was completely mixed in a plastic bag by hand. Control
samples were similarly treated using deionised water only. All treatments were equilibrated for seven days
before using in the mentioned assays. The crops for each biomass assay were dried in an oven (60 °C) and
sieved to 0.5 mm for analysis of heavy metal contents. Heavy metal contents in crops were determined using
the USEPA 3052 method for organic matrices (USEPA 1996). This method was selected because it provided
satisfactory results in relation to recovery and precision data (Mic6 2005; Peris 2005).

Results and discussion

Soil properties of the four soils used in the assays are shown in Table 1. Soil pH was between 7.8 and 8.5,
organic matter between 1.6 and 9.7%, clay content between 20 and 41% and carbonate content between 36
and 52%. The results of the assays show that soil properties greatly influenced metal toxicity in the crop. For
instance, the effective concentration of added Cd causing 50% inhibition (ECsy) on biomass production
increased with the calcium carbonate content of soils, being 839 mg/kg for Rojales, 169 mg/kg for Sollana,
285 mg/kg for Nules and 658 mg/kg for Pefiiscola (Recatala et al. 2009a). This means that Cd toxicity in the
crop was higher in the soils having less carbonate content because of calcium carbonate has a high affinity
for Cd and retains it by adsorption and/or precipitation (which predominates at higher Cd concentrations)
reactions (e.g. Papadopoulus and Rowell 1986) Other soil properties (high salinity and a coarse texture)
facilitate the Cd availability and mobility in soil. In saline soils, the formation of ion chloride complexes can
facilitate the transfer of Cd from soil to plant (e.g. Khoshgoftar et al. 2004). Soils having a coarse texture
have a low metal sorption capacity (e.g. Hooda and Alloway 1998).
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Table 1. Selected properties of the soils used in the assays.

Soil pH ECse OM CaCOs CEC Sand Silt Clay Texture
dS/m % % cmol(t)kg % % %
Rojales 78 179 1.6 50 10.1 31 44 25 Loam
Sollana 85 15 35 36 19.6 28 37 35 Clay loam
Nules 82 22 97 37 31.0 16 43 41 Silty clay
Pefliscola 8.2 1.1 2.1 52 9.9 56 24 20  Sandy clay loam

ECse, electrical conductivity; OM, organic matter content; CEC, cation exchange capacity

In addition, it should be highlighted that for all soils the ECsy, was greater than 100-times the reference value
for Cd (0.74 mg/kg). However, for all the soils, from the second dose, which represents 10-times the
reference value for Cd, the crop had Cd contents (Table 2) that exceeded the maximum levels established by
the Commission Regulation no. 466/2001 (DOCE 2001). Although Rojales and Peiiiscola are the most
carbonated soils the lettuces grown in these soils accumulated more Cd that those ones grown in Sollana and
Nules due to the effect of salinity and a coarse texture, respectively. Similar results were obtained for Cu
(Recatald et al. 2009b), Pb and Zn (Recatala 2010). However, for these metals the ECs increased with the
organic content of soils as soil organic matter has a high affinity for these metals. Lettuces grown in Rojales
and Peifiiscola also accumulated more Cu, Pb and Zn than those grown in Sollana and Nules because of
salinity and texture. As for Cd, for all soils the Pb contents in the crop exceeded the maximum level from the
dose equivalent to 10-times the reference value for Pb. For Rojales, Sollana and Pefiiscola, the Cu contents in
the crop exceeded the maximum level from the dose equivalent to 25-times the reference value for Cu
whereas for Nules from the dose equivalent to 50-times. In the case of Zn, for all soils the Zn contents in the
crop exceeded the maximum level after the dose equivalent to 100-times the reference value for Zn.

Table 2. Cd content in lettuce crops for the different doses added to soils.

Doses Cd (mg/kg) added to soils Cd content in crop (mg/kg)
Rojales Sollana Nules Peiiiscola

1 (control) <0.5 0.5 <0.5 1

2 (7,4 mg/kg) 47 26 14 32

3 (74 mg/kg) 77 66 66 65

4 (740 mg/kg) 206 147 158 715

5 (1480 mg/kg) 390 342 318 --

6 (2220 mg/kg) - 500 517 --

-- = no biomass produced.

It can be, therefore, concluded that the criteria established by the Spanish Royal Decree 9/2005 (BOE 2005)
to declare a contaminated soil when the concentration of a metal is higher than 100-times the reference value
is not valid for the metals studied neither from the point of view of the growth of the crop nor from the point
of view of the toxicity due to the accumulation of the metal in the crop that can affect human health through
the food web. Giving that reference values are also proposed in other parts of the European Mediterranean
region (e.g. Pérez et al. 2002) the results achieved in this study can be relevant to proposed criteria to declare
contaminated soils in this region.
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