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Heavy metal pollution in urban-grown organic vegetables and soils of 

the province of Sevilla, Spain 

Sources of heavy metal pollution in vegetables can be varied. The focus of this study 

was to determine the factors affecting trace metal pollution in soils and vegetables that 

are grown on community urban and periurban organic farms in Spain. Results of this 

study shown that soil and dust deposition affected plant composition more than other 

anthropogenic sources, such as traffic loads, which showed a small incidence on the 

farm located in the largest city, Sevilla. Lettuce and broad bean samples taken at one 

urban farm showed high concentrations of crustal metals Fe, Ca, Mn and Cr, which was 

thought be due to Saharan dust deposition. The buildup of soil Cu concentration, due to 

the use of Cu-based  fungicide over the long term, was observed on the farm where 

cultivation had occurred over a long period of time. On this farm, Pb in soil and 

vegetables had reached levels that could pose a risk to human health and/or the 

environment due to the random and uncontrolled locations of the disposal of demolition 

wastes containing lead-based white paints. The increased risks for consumers due to 

these several sources acting simultaneously demonstrate the need for a careful selection 

of the urban soils that are intended for agricultural use. Soil organic matter counteracted 

Pb availability, hence organic management and intensive use of organic amendments 

are recommended for urban farms. 

Keywords: Urban agriculture; organic agriculture; lead; construction and 

demolition wastes; paint; Saharan dust 

Introduction 

Urban agriculture is a growing activity in many cities on a worldwide scale (Meharg 

2016; Gliessman 2017). Urban agriculture is practiced in both developed and 

developing economies although it can serve different purposes, such as recreation or 
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food security (FAO 2016). Under both approaches, there is a revitalised interest in 

research concerning urban agriculture from a variety of perspectives including 

landscaping and urban planning (Matos and Batista 2013; Pfeiffer et al. 2015), social 

and economic aspects (Golden 2013; Larder et al. 2014; Rogus and Dimitri 2015), 

health and environment (Pearson et al. 2010; Watson and Moore 2011), ecological 

footprint (Wascher and Jeurissen 2017) as well as technical subjects (Anglade et al. 

2016).  

The debate on the advantages and disadvantages of urban agriculture is open. 

There are many and well-documented benefits of urban agriculture in terms of 

subsistence survival, food sovereignty and security, reduced food transportation 

distance, carbon sequestration, potentially-reduced urban heat island (UHI) effect, 

improved physical and mental health, improved aesthetics, community building, 

employment opportunities, improved local land prices, shortened supply chains and, 

thus, reduced price differentials between producers and consumers, provision of habitat 

for wildlife, and waste recycling (Mok et al. 2014; Carlet et al. 2017).  

A major concern of urban agriculture lies in the risk contamination from 

pollution. Fruits and vegetables grown in cities can be polluted by undesirable organic 

or inorganic substances (Bretzel et al. 2016; Meharg 2016). Several studies have 

focused on the trace elements found in urban fruits and vegetables and where the 

elements were deemed to originate from different sources (Sharma et al. 2008; Heidary-

Monfared 2011; Säumel et al. 2012). One of the most important sources is air pollution 

due to vehicle traffic. Nevertheless, it is currently considered that the impact of air 

pollution on urban agriculture is not a serious problem in the developed world. The 

results of a study by Kohrman and Chamberlain (2014), of heavy metal contents in 

vegetables grown in the San Francisco Bay Area, USA, indicate that consumers can be 



confident in the urban community farm produce. These authors suggest that the results 

from their study could likely be extended to other cities with similar levels of pollution 

and heavy metals in the environment. Similarly, Arrobas et al. (2016) found that trace 

metal concentrations were low in the soil of a Portuguese university farm and, as a 

result, the concentrations were low in the edible plant parts. However, in contrast to the 

former studies, Säumel et al. (2012) noted that there could be contradictory results due 

to differences in the local configuration affecting the metal concentration in plants. The 

authors state that on-site field studies in urban areas are still rather scarce but would be 

crucial for determining the health risks of urban horticulture. 

The present study was focused on determining the levels of trace-metal pollution 

in soils and vegetables grown on urban organic farms in relation to differing prevailing 

conditions in each individual farm. The farms are located in SW Spain under 

Mediterranean climatic conditions in municipalities which differ in the number of 

inhabitants 

Materials and Methods 

Urban farm selection 

This study was undertaken in municipalities of the Sevilla province, SW Spain. The 

study sites were situated on three urban farms, located in the cities of Sevilla 

(Miraflores park, here after MI, 37º24’55.8”N 5º57’44.4”W), Utrera (Fifth Centenary 

park, here after UT, 37º11’41.4”N 5º45’59.0”W) and Almensilla (here after AL, 

37º18’50.8”N 6º07’01.6”W) and one periurban farm located in Osuna (here after OS, 

37º14’59.6”N 5º07’04.4”W) (Figure 1). The farms had been subdivided into small lots 

(ca. 100 m
2
) which were assigned to non-professional farmers (amateur growers), 

usually retired or unemployed individuals. The growers were asked to follow organic 



agricultural practices. Climatic conditions and height above sea level were similar for 

all of the farms. The prevailing winds are of NE direction in the months of January-

February, and SW direction in the months between May and August (Windfinder 2009-

2018). Geologically, all of the farms are situated in the Upper Cenozoic Guadalquivir 

basin, except MI that corresponds to Quaternary fluvial terrace materials (Sand de 

Galdeano and Vera 1992). AL, UT and OS sites correspond to Upper Miocene 

sediments (Messinian ~5 m.a.) (Mayoral and Abad 2008). The geological map is 

provided as supplementary material (Figure S1). The farms differed in their relative 

positions within the cities, the distances to roads and other infrastructure and the total 

population count of the respective cities. These main differences are summarised in 

Table 1. Detailed maps of the sites are provided as supplementary material (Figures S2 

to S5). 

[Insert Table 1 near here] 

Plant and soil sampling 

Five lots (allotments) were selected at each of AL, OS and UT farms and soil, lettuce 

and bean samples were collected in each lot. Eight lots were selected at MI site in which 

8 soil samples, 7 lettuce samples and 5 bean samples were taken. Furthermore, at MI 

site, 4 additional soil samples were taken in nearby positions (at less than 10-20 m from 

cultivated plots) corresponding to a garden area outside of the cultivated land (see 

Supplementary Figure S5). These samples were named MIg. The samples were taken 

during the winter and early spring seasons of 2016, with the exception of three bean 

samples and two complete (inner and outer leaves) lettuce samples from MI that were 

taken during the winter season in early 2017.  



Several vegetables and legumes were cultivated in rows at each individual lot, 

depending on season and owner preference. At the first sampling date, broad bean 

(Vicia faba) was a common legume in many of the plots and romaine lettuce (Lactuca 

sativa var. longifolia) was the most common non-leguminous vegetable. Hence, these 

two plant species were selected for the study. However, although the capacity for 

uptake, accumulation and tolerance of trace metals could differ between cultivars of the 

same crop species (Alexander et al. 2006; Arrobas et al. 2016), the growers were not 

able to confirm the names of the bean cultivars used. 

The pods of beans were sampled and they were processed as a whole (including 

beans and pericarp) as this is the way they are consumed in the region. In the case of 

lettuce, only the outer wrapper leaves (Mills and Jones 1996) were taken, with the 

exception of 5 samples corresponding to MI site for which also the inner leaves were 

sampled and separately analysed.  

European regulations which set the maximum levels of contaminants in 

foodstuffs (European Commission 2006b) indicate the maximum levels allowed after 

fruit and vegetables have been washed. Accordingly, plant samples were gently washed 

to remove surface contamination by dipping first in tap water and then twice in 

deionised water.  

Soil samples (0-15 cm depth) were taken in each of the lots by combining 

samples from 3 points in the corresponding lettuce row.  

Most of the farmers apply high doses of manure or compost amendments each 

year (2016 personal interviews with growers; unreferenced) and therefore available 

samples of manure and compost that was currently being used by the farmers were also 

taken. The heavy metal concentrations in these samples (shown in supplementary Table 

S1) were lower than the maximum limits as stated by the European Union for use in 



organic agriculture (European Commission 2006a). A number of farmers also used 

commercially available fertilizers (unreferenced) whose use was approved for organic 

farming (European Commission 2006a). 

[Insert Figure 1 near here] 

Plant and soil analyses 

Plant samples were dried at 70º C, the moisture content was determined, and the 

samples were ground to pass through a 0.5 mm sieve and were then digested by wet 

oxidation with high purity concentrated HNO3 under pressure in a microwave oven 

(Ethos One, Millestone Srl, Sorisole, Italy) (Miller 1998). Mineral nutrients (P, K, Ca, 

Mg and S) and trace elements were determined by ICP-OES (Varian ICP 720-ES, 

Agilent Technologies, Santa Clara, California, USA) and expressed on a dry weight 

(DW) basis (Dahlquist and Knoll 1978). Concentrations of Cd and Pb were also 

expressed on a fresh weight basis (Cd FW and Pb FW) Total nitrogen was determined 

by spectrophotometry in a flow autoanalyser (AA3, Bran+Luebbe, Nordesrstedt, 

Germany) after Kjeldahl digestion.  

Soil samples were air-dried and sieved through a 2 mm sieve. Soil organic 

matter (SOM) concentration was determined by the Walkley–Black wet combustion 

method (Nelson and Sommers 1982). Aqua regia extracts for element analysis (pseudo-

total concentration of Al, B, Ba, Ca, Cd, Co, Cr, Fe, K, Mg, Mn, Na, Ni, P, Pb, S, Sr, V 

and Zn) were obtained by microwave-assisted digestion of soil subsamples that had 

been previously ground finer than 0.5 mm. Extractable metals (Pb, Zn, Ni, Cu, Mn, Ca, 

Mg, Ba) with the chelating agent EDTA (Ethylenediaminetetraacetic acid) were 

determined in MI samples by shaking 2.5 g of soil with 25 ml of 0.05 mol l
-1

 EDTA at 

pH 7 for 1 h (Ure et al. 1993). In order to find a direct connection between the Pb and 



its hypothesised source, the particles coarser than 5 mm in 10 L MI soil samples were 

sorted by hand. Samples of approximately 150 g of these coarse fragments were also 

extracted with EDTA and the extracts were analysed for metals.   

For quality control of analytical procedures plant and soil samples from the 

Wageningen Evaluating Programmes for Analytical Laboratories (Houba et al. 1996) 

were analysed along with the samples. The results obtained for these control samples 

agreed ± 5 % with the certified results. 

Statistical analysis and interpretation of soil results 

Comparisons of treatments were made by using Tukey’s or Tamhane’s test depending 

on data normality after one-way ANOVA. Comparisons of inner vs. outer lettuce leaves 

were performed using a paired-samples t-test. Multiple linear regression was used to 

model some parameters. Calculations were carried out by SPSS v.22 provided by SPSS 

Inc. 

Two sets of reference values were considered for the interpretation and 

assessment of soil results. One set gives the reference values for soil metal 

concentrations in Andalucia (Southern Spain) (Aguilar-Ruíz et al. 1999). In this set, two 

values are given: the lower value is the threshold value (TV; indicating the need for 

further assessment); the higher value indicates that a treatment is needed (TN; action 

should be taken for soil remediation). The second set gives the reference values or 

guidelines corresponding to Finnish legislation on contaminated soil (MEF 2007). This 

set includes a threshold value (TV) and a lower guideline value (LGV) indicating 

ecological or health risks. These standards were chosen in accordance with the choice     

made in a recent study by Tóth et al. (2016) investigating the approaches used by 

European countries to define risk levels associated with different concentrations of 



heavy metal in soil, where the authors consider that the Finnish standard values 

represented a comprehensive approximation of the mean values of different national 

European systems. Both standards (plotted as horizontal lines in Figure 2) set similar 

values for the TV of Cu, Cr and Ni but they do not match for Zn, Cd and Pb.    

Results and discussion 

Metals in soils 

General characteristics of the soils of the four urban farms are shown in Table 2. Soils 

of the farms were calcareous, with average pH values of 8.2, 7.8, 7.8 and 7.9 for AL, 

UT, OS and MI sites respectively, and average soil carbonate content of 18.7, 8.8, 47.7 

and 13.6% for AL, UT, OS and MI sites respectively. 

Average metal concentrations in soils from the urban farms are shown in Figure 

2 Data for additional elements are shown as supplementary material in Table S2. Only 

small differences were observed between AL, UT and OS soils according to their 

similar geological origin. The concentrations of all of the metals in AL, OS, and UT 

soils were well below the corresponding TV, TN and LGV for both standards 

(horizontal lines in Figure 2) and therefore, the AL, OS and UT garden soils were 

considered as unpolluted sites with no concern over metal contamination. Except in MI 

site, the levels of metals in the soils were even below the average geochemical 

background values given by Galan and Romero (2008) for the Guadalquivir valley 

materials.    

 

[Insert Table 2 near here] 

 



However, soil from MI had higher concentrations of all of the metals, except Cd and Ni, 

compared with that in soil from AL, OS and UT. The average Cu concentration in MI 

soil marginally exceeded the TV (100 mg kg
-1

) with 25 % of samples exceeding the 

LGV for Cu and with no samples exceeding the TN. The LGV for Cu has been defined 

on the basis of ecological risks (Tóth et al. 2016) and, consequently, the MI site was 

considered as slightly polluted in relation to this metal. Cu is an element that is 

commonly associated with anthropogenic activities, and in the urban environment, it 

could be related to traffic pollution. The values corresponding to MIg in Figure 2 are the 

metal concentrations in soils of the nearby MI garden area (MIg) and they were used for 

comparison with MI soil. As MIg sampling points were located very close to the MI 

plots, it was assumed that both places were exposed to the same atmospheric deposition 

loads. However, the nearby MIg soils contained on average only 36 mg Cu kg
-1

, which 

ruled out traffic as the sole source for this metal in MI soils. In organic agricultural 

management systems, several copper-based fungicides (European Commission 2008) 

are permitted and blue spots on some plant leaves, indicating application of Cu salts, 

were observed in several plots when the samples were taken. These observations were 

corroborated through discussions with the growers (unreferenced). Organic growers are 

prone to use Cu-based products in a preventive way as they can be applied easily and 

safely by amateur growers without causing toxicity problems on the plants or the users 

and they are among only a few products that are permitted for use as fungicides in 

organic farming. Nevertheless, there is some concern regarding Cu accumulation in 

agricultural soils when it is used over long periods (Fishel 2014; Bretzel et al. 2016), as 

the data for the MI plots confirmed. This site had been under cultivation for a longer 

period (25 years, Table1) than the other urban farms, which may explain the rise in Cu 

concentrations. 



[Insert Figure 2 near here] 

Lead pollution at the MI site was considered of great importance. Average (292 

mg kg
-1

), maximum and minimum Pb concentrations in MI soils far exceeded the values 

found in the other 3 urban farms (Figure 2). The average value for Pb was also greater 

than the median or mean concentrations of toxic metals in urban soils from some 

European cities, as compiled by Hiller et al. (2016) and Poggio et al. (2009). In a recent 

study by Antoniadis et al. (2017b) undertaken in four gardens located in the vicinity of a 

mine dump area in Germany, Pb was the single most important element causing a health 

risk related to consumption of vegetables grown in the gardens. In a study by Madrid et 

al. (2002), dealing with heavy metal contcentrations in garden soils of Sevilla, Alamillo 

Park which is located 3 km away from MI site, was considered as unpolluted 

background due to its unaltered status. The average Pb concentration in the MI plots 

(292 mg kg
-1

) was 6.7 times the calculated average concentration (43 mg kg
-1

) in topsoil 

(0-20 cm) at Alamillo park. The average Pb concentration for the MI site and around 88 

% of MI samples taken exceeded the Andalusian TV and the Finnish LGV for Pb (200 

mg kg
-1

). The LGV for Pb has been defined on the basis of health risks (Tóth et al. 

2016), and hence potential risks may arise for growers and consumers linked to several 

of the plots in the garden. It is well-known that Pb can cause adverse health effects 

through the food chain and via soil dust inhalation (Mielke et al. 1983; Kabata-Pendias 

and Pendias 2011). The most common sources of Pb compounds in contaminated soils 

are smelters, automobile exhaust (while leaded petrol was in use) and Pb-containing 

paints (Kabata-Pendias and Pendias 2011). Before the transformation of MI site to a 

garden, the soil was previously on agricultural land and there is no evidence of nearby 

smelters or similar factories. There is a bypass highway, with 3 lanes per direction, near 

the site (Table 1) supporting about 100,000 vehicles/day (in the whole ring road) . This 



road was built in 1992 and after 2001 leaded petrol was banned in Spain. Hence, the 

pollution due to leaded petrol was thought to be an unlikely explanation for the high Pb 

concentrations found in the MI soils. Furthermore, if the Pb pollution was due to vehicle 

exhausts, it should also appear in the adjacent MIg control soils. However, the average 

Pb concentration in the MIg soils was 84 mg kg
-1 

, which was greater than that in 

background Alamillo soils (43 mg kg
-1

, calculated from Madrid et al. (2002)), but was 

well below the average (292 mg kg
-1

) for the MI plots. The most likely explanation for 

the high Pb concentration was the dumping of construction and demolition waste onto 

the site before the commencement of the urban farm situation. Coarse demolition waste 

can be readily observed in the soil of many of the plots. The orthophotograph of the site 

(Consejería de Medio Ambiente 2012), corresponding to the year 1977 (Figure 3), 

showed land degradation in this area, with adjacent white spots that are likely due to 

demolition waste. The orthophotograph corresponding to the year 1984 (Figure 3), 

showed that the land area corresponding to the current allotments was ploughed and 

that, possibly, the construction debris was mixed with soil, causing areas with a whitish 

colour to appear, mainly where farm roads are situated (selected areas in Figure 3). 

Finally, a filled creek (left side of plot area in the year 1984, Figure 3) was excavated 

once again (see image for the year 2016 in Figure 3) and its filling materials could have 

been displaced to the surrounding area. Demolition waste likely included white paints, 

the colour that is most commonly used for painting houses in Mediterranean countries. 

Basic lead carbonate, also known as white lead, or hydrocerussite (2PbCO3 
.
 Pb(OH)2), 

formed the white pigment for lead paints (Clark et al. 2006). Walraven et al. (2016) 

notes that paints can have Pb concentrations in the range of 6.0–18.6 %. The problem of 

lead pollution in urban soils due to paints has already reported in the U.S.A. (Datko-

Williams et al. 2014; Mitchell et al. 2014; McBride 2016). However, in Europe, very 



few studies to date have reported and traced the input of anthropogenic Pb to soils that 

are used for domestic activities (Walraven et al. 2016). To the best of our knowledge, 

paints have not previously been considered an important source of Pb pollution in the 

Mediterranean countries, where white paints were supposedly based on limescale. 

Other elements such as Co, Cr, V, Ba, Sr (Table S2) varied between the sites, 

but the concentrations of these were within the background ranges reported worldwide 

(Kabata-Pendias and Pendias 2011).   

Chemical availability of metals in Miraflores garden soil 

Extractable (i.e. available) metal concentrations in MI soils are shown in Table 3 and 

Table S3. The average ratio of the extractable concentration to total concentration, that 

is metal extractability, increased in the order Cr<Ni<Mn<Zn<Cu<Pb<Cd, being on 

average greater than 30 % for Cu, Pb, and Cd. In a recent study, Różański et al. (2017) 

found that Pb was the most bioavailable and mobile element (mean PbDTPA 25.79 %). 

Nevertheless, opinion appears to differ as to whether Pb as a pollutant is a mobile 

(Poggio et al. 2009) or a stable soil component (Kabata-Pendias and Pendias 2011), 

since Pb extractability was found to vary widely between different studies (Antoniadis 

et al. 2017a). Such big differences in relation to metal availability would likely be due 

to their different origin and the different chemical forms in which they are present in 

soils. In MI soils, the high Pb extractability was in accordance with paints being the 

source of this metal, because Pb oxides and carbonate are the most soluble Pb 

compounds in soil environments, releasing small particles of Pb as the Pb-based paint 

weathers in soils (Defoe et al. 2014). Natural weathering during the long period 

following the disposal of demolition wastes on this site (>25 years, Table 1) would have 

favoured Pb release from the paints. Similar findings have been reported elsewhere; 



Walraven et al. (2016) explained the high oral Pb bio-accessibility of soil samples from 

Utrecht as being due to the small size and soluble primary Pb phases of Pb white paint 

particles. McBride (2016) noted that the extractable Pb fraction was larger in USA 

urban soils with greater total Pb. 

In order to find a direct connection between the Pb and its hypothesised source, 

the particles coarser than 5 mm in two 10 L MI soil samples were sorted by hand. Of 

these two soil samples, one corresponded with that which showed a high Pb 

concentration (410 mg kg
-1

), and the other corresponded with that of a moderate Pb 

concentration (245 mg kg
-1

). The coarse particles consisted mainly of fragments of 

bricks and tiles and some small stones. The weight of coarse fragments obtained from 

the high Pb content soil was greater than that corresponding with a moderate Pb content 

(Table 4). Samples of approximately 150 g of these coarse fragments were extracted 

with EDTA and the extracts were analysed for metals (Table S4). The ratios of the 

EDTA metal contents in these samples between coarse fragments and the corresponding 

fine soil (< 2 mm) are shown in Table 4. For the metals Zn, Ni, Cu, Mn, Ca, and Mg, 

these ratios were about 0.1-0.2. For Pb, the ratios were greater, 0.44 for the moderately 

Pb-polluted sample and 0.79 for the highly Pb-polluted sample. This indicated that Pb 

was associated with the debris occurring in the soils. Additionally, the element Ba also 

showed an elevated ratio debris/soil, that was greater than 1.1 in both samples. Average 

Ba concentration in MI soil (151 mg kg
-1

) was also greater than in MIg soil (99 mg kg
-1

) 

as well as in AL and UT soils (56 mg kg
-1

, see Table S2). However, all these values 

were lower than the average world concentration (Kabata-Pendias and Pendias 2011). 

Barium sulphate (barite) is a common component of white paint pigments, such as 

lithopone (a mixture of barium sulphate and zinc oxide) (Walker et al. 2011). It is 

common to find the metals Pb, Ba and also Zn, together in paints and paint-polluted 



soils (Harroun et al. 2011; Turner and Lewis 2018; Walker et al. 2011) with Pb and Ba 

being highly available (Turner and Lewis 2018). Hence, the higher availability of Pb 

and Ba (Table 4) reinforced the hypothesis that paint was the source of Pb for the MI 

soil. It is also likely that the relatively high concentration of Zn in MI soils (Figure 2) 

could have been due to paints, at least in part.   

[Insert Table 3 and Table 4 near here] 

   

Linear correlation coefficients of the extractable EDTA-Pb and soil properties 

are shown in Table 5. The extractable EDTA-Ba was also included in the table because 

of the likely relationship between these metals. In MI soils, the extractable EDTA-Pb 

concentration increased linearly as total-Pb concentration increased, and weakly also as 

pH increased. The available Olsen-P (NaHCO3 extractable) and SOM, on the contrary, 

were inversely related to EDTA-Pb concentration, and there was not apparent 

relationship with EDTA-Ba concentration. 

The positive relationship between EDTA-Pb and pH was contradictory to previous 

findings, because a high soil pH is known to favour Pb adsorption and this might 

promote Pb precipitation, making it less available for plant uptake but co-linearity 

effects would bias pH effect.  

The two inverse relationships between EDTA-Pb and SOM and EDTA-Pb with 

Olsen-P could be seen as a single relationship because both, SOM and Olsen-P showed 

a high degree of co-linearity between them.    

[Insert Figure 3 and Table 5 near here] 

EDTA-Pb was modelled by multiple linear regression using SOM and EDTA-

Ba concentrations as independent variables. A good fit (adjusted R
2
 = 0.852, p = 0.004) 

was obtained by means of the following equation: 



𝐸𝐷𝑇𝐴 − 𝑃𝑏 = 74.0 + 27.2 ∗ 𝐸𝐷𝑇𝐴 − 𝐵𝑎 − 1.47 𝑆𝑂𝑀            (1) 

and EDTA-Pb and EDTA-Ba expressed in mg kg
-1

 and SOM expressed in g kg
-1

. 

Equation 1 is plotted in Figure 4. The coefficient for the reverse relationship 

EDTA-Pb vs. SOM was highly significant (p = 0.002) while the coefficient for the 

effect of Ba-EDTA was slightly significant (p = 0.052). Equation 1 indicated that in MI 

soils, each gram of SOM reduced the Pb chemical availability by 1.5 mg kg
-1

. Thus, 

SOM played a role in protecting plants and people against Pb pollution. Equation 1 

again indicated the relation between Pb and Ba, suggesting a common origin.  

[Insert Figure 4near here] 

      

Metals in the edible portion of plant samples 

Cocentrations of the micronutrients Fe, Cu and Zn and the heavy metals Cr, Ni, 

Cd and Pb in the bean pods and in the leaves of lettuce for each site are shown in 

Table 6. The concentrations of Cd and Pb were also expressed on a fresh weight 

basis (Cd FW and Pb FW) in Table 7 in order to compare with the limits 

established in the European regulation for foodstuffs (European Commission 

2006b).  

In general, comparing the 4 urban gardens, MI bean and lettuce samples showed 

the highest concentrations of Zn (Table 6). The average Zn concentration in lettuce from 

the AL, UT and OS sites were close to the lower limit of the sufficiency range given by 

Mills and Jones (1996) for this lettuce variety. The Zn contents of all lettuce samples 

from the MI site were found in the sufficiency range. Concentrations of Pb and Pb FW 

in lettuce from the MI were also the highest compared with the other sites (though the 

differences were only significant when comparing with those from the OS site. In MI 



bean pods, concentrations of Pb and Pb FW were also the highest, although due to the 

variability of the results they were not statistically significant (at p < 0.05). One sample 

of MI pods exceeded the maximum allowable limit value established in the European 

regulation (0.10 mg kg
-1

 FW; European Commission 2006b). Two samples of MI 

lettuce also showed values greater than the allowable limit for lettuce (0.30 mg kg
-1

 

FW). The samples showing these high values were taken from the plots which also 

showed the highest Pb soil concentrations, some exceeding 400 mg kg
-1

. These results 

were consistent with the higher Zn and Pb concentrations observed in the corresponding 

MI soils, which was concluded to have originated from painted demolition debris.  

Concentrations of Cd and Cd FW in lettuce from the MI site (Table 6 and Table 

7) were also the highest among the four garden sites, but in the case of Cd FW, the 

average value (0.03 mg kg
-1

 FW) was one order of magnitude lower than the allowable 

limit (0.20 mg kg
-1

 FW). Average Cd concentrations in lettuce from the MI site 

exceeded the common background range given by Kabata-Pendias and Pendias (2011). 

The concentrations of Cd in all of the samples from AL, OS and UT sites were below 

the tolerable concentrations for agronomic crops, in accordance with Kabata-Pendias 

and Pendias (2011). 

Bean pod samples from OS and MI samples had a greater concentrations of Ni 

than AL and UT samples, in accordance with the Ni content of the soils (Table 6 and 

Figure 2). In general, the contents of Ni in all of the samples were below the tolerable 

concentrations for agronomic crops (Kabata-Pendias and Pendias 2011). 

There were no significant differences between Cr concentrations in the plants 

from the different sites (Table 6). A number of samples of lettuce in all of the sites had a 

Cr concentration that was greater than the tolerable limit (2 mg kg
-1

), as indicated by 



Kabata-Pendias and Pendias (2011), although the concentrations were far below the 

excessive or toxic values (5-30 mg kg
-1

), as indicated by the same authors.  

In lettuce, Fe and Cu concentrations showed a high variability (from 95 to 913 

mg kg
-1

 and from 5 to 525 mg kg
-1

, respectively). With regards to the Fe concentration, 

this could be due to dust deposition on the samples, corresponding to the UT site 

whichwere taken a few days after an event known as “red rain”, a meteorological event 

carrying the aforementioned dust from North African sources. These rains are relatively 

frequent in Spain (on average 3 times per year) and other Mediterranean countries. A 

figure showing the intense dry deposition of dust in Spain, corresponding to 22 

February 2016 (two days before sampling was undertaken at the UT site) obtained from 

the Barcelona Dust Forecast Center (2016) is included as supplementary material 

(Figure S7). Díaz-Hernández and Párraga (2008) monitored the atmospheric dust 

deposition for the period 1999–2005 in the city of Granada (192 km away from UT site) 

and they indicated that the bulk mineralogical composition of the dust in all of the 

events consisted largely of dolomite and quartz (>30%), accompanied by calcite, 

gypsum, halite and illite in lower proportions (12–2%); minor phases included 

beidellite, hematite, kaolinite, montmorillonite and albite (<2%). There is large body of 

information concerning the Saharan dust transport (Karanasiou et al. 2012). In general, 

the composition of the red dust reflects that of the Earth’s crustal composition in “pure” 

Saharan dust. Trace metals are generally depleted in the source material (values in the 

range 10-20 mg kg
-1

 for Cr, Zn and Pb and about 0.1 mg kg
-1

 Cd) (Guerzoni et al. 

1997). Depending on its pathway, the original desert dust could change its composition 

and be enriched in anthropogenic components such as heavy metals. However, in a 

study on air quality (Consejería de Medio Ambiente 2012), it was indicated that the 

heavy metal concentrations in atmospheric particulate matter (PM10) taken during the 



period 2009-2012 in several sampling sites in Andalucía (Southern Spain) were 

relatively low and did not exceed the threshold legislative limits, which is in agreement 

with the low metal concentrations (except Fe) found in the UT plant samples (Table 6).  

The red rain did not affect AL samples because they were taken before the event 

occurred (Table 1). In the case of OS and MI samples, they were taken after the Spring 

(clean) rain, which probably washed away the red rain deposits.       

As indicated in the previous section, the large variability and high values 

obtained for Cu concentrations were likely to be due to the use of copper-based 

fungicides. Therefore, the higher measured Cu concentrations in the leaves were likely 

to have been caused by foliar contamination from the applied spray. Although Cu found 

in urban plants is generally considered to be an element that is related to traffic 

pollution, any Cu enrichment due to traffic, if at all, was probably masked by that from 

the Cu fungicide. Because the inorganic forms of copper are relatively water-insoluble, 

they do not wash easily from foliage (Fishel 2014). European laws do not limit Cu 

concentrations in vegetables in relation to human consumption, although concentrations 

in plants greater than 20-100 mg kg
-1

 are considered as excessive or even as toxic to 

plants (Kabata-Pendias and Pendias 2011). No sign of plant toxicity, either due to Cu 

use or other metals, was observed in the urban vegetables during this work. This 

confirmed that measured Cu in the leaves must have been foliar contamination from an 

applied spray.  

[Insert Table 6 and Table 7 near here] 

Average concentrations of other nutrients (such as P, S, Ca, Mg, K, Na, B, V, 

Co) as well as Ba and Sr determined in the plant samples are shown in Figure 5. In the 

bean pods, concentrations of P, S, Ca, Mg, K and B were relatively similar between the 

sites, with small differences attributable to the different sampling times between the 



sites. Concentrations of Ba in the pods from the AL sitewere abnormally high and there 

was no explanation for this. Concentrations of Sr in the bean pods and lettuce from the 

OS site were higher than those in the other sites, which was in agreement with the 

higher concentration of this element in the corresponding soil (Table S2). 

In general terms, the average concentration of nutrients in the lettuce samples 

(Figure 5) from the urban gardens was higher than those in the commercial (market) 

lettuce samples used as a comparison. This fact could be due to the high fertility status 

of the urban garden soils which were rich in soil organic matter and available nutrients 

(see Table 2). The exception is P, due to the calcic nature of the urban garden soils 

containing moderate concentrations of calcium carbonate (Table 2). The average 

nutrient concentrations were in the ranges recommended for lettuce, in accordance with 

Mills and Jones (1996). 

 [Insert Figure 5near here] 

Aerial deposition and direct plant uptake in Miraflores garden 

Despite the fact that the plant samples were always washed prior to analysis, the 

maximum Fe concentrations in lettuce samples from all sites (Table 6) were rather 

higher than the recommended range reported by Mills and Jones (1996) for longifolia 

variety. Such high values could indicate that the washing procedure was unable to 

completely remove the fine dust from “red rain” or soil particles that were bonded to the 

rough and very exposed surface of the wrapper leaves of the lettuce.  

In order to assess the relative contribution of metals supplied to lettuce plants by 

aerial deposition and root absorption, two sets of comparisons were carried out in MI 

lettuce samples (Table 8). The first set compared wrapper leaves vs. inner leaves. 

Likely, the draped inner leaves would be free of metals that were supplied by aerial 



deposition. Accordingly, wrapper lettuce leaves showed significantly higher 

concentrations of several elements compared with the inner leaves (Table 8). The 

concentrations of Fe, Mn, Cd and Cd FW were twice as high in the wrapper leaves in 

relation to the inner leaves, while Pb and Pb FW were three times greater in the wrapper 

leaves. Although the wrapper leaves may tend to accumulate nutrients and metals due to 

the fact that they are older than the inner leaves, such big differences were thought 

likely to be due to soil deposition on the outer part of the plants. Even so, the average 

Cd FW obtained in the group of wrapper samples was one order of magnitude lower 

than the maximum permitted level by European laws. In the case of Pb FW, the average 

concentration in the wrapper leaves was also four times lower than the allowed limit 

but, it should therefore be taken into account that this group of lettuce samples were 

taken from moderately polluted plots (170 to 245 mg Pb kg
-1

). Random physical 

contamination of plants by both soil and airborne particles is a common analytical 

problem for studies dealing with plant nutrition. It is also an important mechanism of Pb 

transfer to vegetables and other crops because of the fact that only minimal soil particle 

contamination of vegetables by high-Pb soil particles could greatly increase 

concentrations of Pb in the edible portion of the crop (McBride et al. 2013). 

Nevertheless, from a toxicological point of view, the risk from Pb for the edible portion 

of vegetables is a result of both lead-contaminated particles attached to the plant surface 

and direct uptake into the plant tissue (Finster et al. 2004). From the average Pb FW 

concentrations in inner and wrapper leaves of lettuce (Table 8), an estimate of Pb due to 

direct plant uptake would be 8.7 % and that due to soil deposition would be 15.7 % 

(average soil Pb concentration 210 mg kg
-1

) in relation to the European permitted limit 

in foodstuffs (0.30 mg kg
-1

 FW.).   



A second comparison was carried out between inner lettuce leaves from MI 

garden and commercial lettuces in the marketplace that were cultivated in conventional 

non-organic farms in the same province. Inner leaves of MI lettuces showed higher Pb 

concentrations but lower Ni concentrations than market lettuce (Table 8). Although it 

was considered that the uptake of Pb via roots is usually very low in neutral and 

organic-rich soils (McBride et al. 2013), in the moderately Pb-polluted MI-soils, the 

uptake in lettuce was three times the actual uptake in lettuce grown in agricultural soils 

that are likely to be unpolluted. The origin of the Pb problem, that is the paints, and the 

high chemical Pb-extractability explained the physiological increase in Pb content.  

Concentrations of Zn and Cu were also greater in MI samples, but differences in 

relation to market samples were not significant due to data variability. For Pb FW, the 

MI samples showed more than twice the average concentration than that in the  market 

samples, but the differences were not significant due to the varied moisture content of 

market lettuces.    

[Insert Table 8 near here] 

General comments 

Several ways of affecting the metal concentrations of vegetables grown in urban farms 

have been determined, some of which have rarely been reported to date in European 

cities and which are able to cause important threats to consumers of urban products. The 

aerial deposition of airborne particles coming from long distances (e.g. Saharan dust) 

affected the metal composition of vegetables under the semiarid conditions prevailing in 

southern Spain. Currently, this “red dust” added crustal elements and produced small 

increases in some heavy metals, though unlikely to pose any risk to human health. A 

second pathway leading to soil Cu enrichment was traced to the continued use of copper 

fungicides, which are allowed under the organic farming system.    



Nevertheless, in the present study, spotty soil pollution due to Pb (and Zn) was 

also observed in the MI urban farm located in Sevilla city. The soil was likely polluted 

by the disposal of demolition waste containing lead-based white paints in the former 

farmland soil. As a result, lettuce and broad bean showed high Pb content due to current 

Pb transfer through airborne particulate deposition of soil particles, and root absorption. 

Plant Pb concentrations may reach potentially dangerous levels in the more polluted soil 

(~400 mg kg
-1

). Generally, in the case of the vegetables grown in urban gardens and 

courtyards, several factors may raise the likelihood of Pb (as well as other metals) 

ingestion by humans: (1) vegetables are not marketed through conventional supply 

chains and they do not undergo factory washing, (2) transport distances and times are 

short and the external damage of the vegetables is therefore minimal, which avoids 

unnecessary discarding of external parts of the vegetables, (3) growers are confident 

that their products do not contain pesticides, hence, they could avoid careful rinsing of 

vegetables, (4) growers often “hand” prepare their products in the garden, thus 

increasing the probability of contact with soil (usually, the reason for this practice is to 

recycle vegetable wastes by “in situ” composting). The risks could increase in arid or 

semiarid weather conditions, such as those prevailing in Mediterranean countries for 

most of the year, which favours the generation of airborne dust. Under these 

circumstances, Pb pollution would pose a serious risk, taking into consideration that in 

community gardens the growers retain their plots for several years, thus they are 

consuming their own vegetables on a continuous basis. Soil pollution due to paints has 

been reported many times in the U.S.A., but rarely elsewhere to date. However, it could 

be a more widespread problem which is affecting the increasing number of urban farms 

all over the world.  

Conclusions 



In three of the four investigated urban farms, corresponding to smaller cities, metal 

concentrations were low in the soils than the limits set by national and international 

legislations. As a result, the concentrations of metals in the edible plant parts were also 

low. 

Nevertheless, in the farm located in the largest city (Sevilla, 700,000 

inhabitants), there was evidence of Cu accumulation in the soil, due to the continuous 

use of Cu-based fungicides for over 25 years, and there is also evidence of Pb pollution, 

in soil and vegetables, due to the disposal of paint waste. Even after a prior assessment 

of metal pollution on a farm, this form of Pb pollution could be difficult to detect due to 

its random nature. Of course, the knowledge of land use history could help detect 

similar problems due to non-homogeneous sources of pollution. 

Obviously, Pb pollution creates an undesirable situation in this garden 

environment, requiring corrective actions, but the results of the present study 

highlighted how soil organic matter decreased Pb extractability in the soil. Hence, 

organic farming methods, and specifically practices enhancing soil organic matter 

concentrations, can be recommended as a precautionary action on urban farms. The high 

extractability-bioavailability of Pb, which originated from white paints, as well as other 

heavy metals, would need the research of methods of immobilisation or detoxification 

to be highly effective on polluted farms or alternatively, methods which isolate the 

polluted soil (e.g. raised beds). 
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Table 1. Overview of urban farms 

Urban Farm MI
a
 UT OS AL 

City Sevilla Utrera Osuna Almensilla 

Population in 2015 693,878 52,558 17,801 5,861 

Distance to urban 

boundary (km)
b
 

-0.5 -0.1 +0.5 0.0 

Distance to road (km) 0.1 0.1 0.0 0.2 

Traffic density very high medium low low 

Nearby infrastructures  

(distance, km) 

Railway (0.8) 

Industrial park 

(0.3) 

Railway 

(0.2) 

Raft for 

brine (0.2) 

Industrial 

park (0.5) 

highway  

construction 

(1.6) 

Plot surface (m
2
) 140 90 100 45 

Time in use (years) 25 9 8 4 

Sampling dates 17/05/2016 

08/06/2016 

27/06/2016 

24/02/2016 

29/03/2016 

27/04/2016 05/02/2016 

a
 MI: Miraflores Park; 

b 
– indicates inside the city, + indicates outside the city

 

 

 

 

 

 



 

Table 2. Characteristics of the soil (±standard deviation) in the 4 urban gardens 

  AL UT OS MI 

pH
 a
  8.2 ± 0.2 7.8 ± 0.3 7.8 ± 0.2 7.9 ± 0.1 

E.C.
 b

  mS cm
-1

 0.23  ± 0.14  0.83 ± 0.66 0.22 ± 0.04 0.20± 0.07 

CaCO3 g kg
-1

 18.7 ± 8.2 8.8 ± 7.7 47.7 ± 4.5 13.6 ± 2.7 

O.M.
 c
 g kg

-1
 35.7 ± 19.9 38.6 ± 19.9 47.0 ± 7.6 49.2 ± 14.3 

Kjeldahl-N g kg
-1

 0.19 ± 0.09 0.20 ± 0.11 0.25 ± 0.04 0.29 ± 0.08 

Olsen-P mg kg
-1

 133 ± 127 115 ± 127 72 ± 21 93 ± 65 

Fine sand g kg
-1

 35.9 ± 2.6 10.8 ± 1.7 12.1 ± 1.0 12.3 ± 2.4 

Coarse sand g kg
-1

 20.8 ± 2.6 70.0 ± 10.7 29.4 ± 4.4 35.2 ± 4.8 

Silt g kg
-1

 26.8 ± 2.2 7.0 ± 5.4 34.2 ± 1.3 27.0 ± 2.0 

Clay g kg
-1

 16.5 ± 2.3 12.2 ± 5.2 24.2 ± 2.6 25.4 ± 2.6 

Textural class  Sandy loam Loamy sand Loam Loam 

a
 pH in 1:2.5 soil:water extract; 

b 
Electrical conductivity in 1:5 soil:water extract; 

c 
Organic Matter concentration in soil 

 

 

 

 

 



Table 3. Extractable metal concentration in soils of Miraflores urban garden 

Concentration  EDTA-Cr EDTA-Ni EDTA-Mn EDTA-Zn EDTA-Cu EDTA-Pb EDTA-Cd EDTA-Ba 

Mean mg kg
-1

 0.13 0.59 56.2 23.5 33.0 90.1 0.12 3.26 

Minimum mg kg
-1

 0.09 0.48 47.4 18.8 23.5 50.6 0.09 2.58 

Maximum mg kg
-1

 0.18 0.70 73.2 28.6 59.3 130.9 0.15 3.58 

Extractability
a
  

Mean  % 0.41 3.09 11.9 14.1 31.6 31.7 34.7 2.19 

Minimum % 0.22 2.40 6.7 10.7 26.0 25.7 27.8 1.45 

Maximum % 0.64 4.65 15.0 17.4 39.0 43.3 44.7 2.55 

a 
Extractability= 100 x [extractable concentration]/[total concentration] 

 

 

 

 
 

 

 
 

 



 

Table 4. Ratios of EDTA extractable metal concentration in coarse material (> 5 mm) 

to soil (< 2 mm) in two allotments of Miraflores urban garden 

   Sample 1
a
  Sample 2

b
 

Total-Pb mg kg
-1

  410  245 

Coarse fraction (> 5 mm) g L
-1

  110  82 

Pb ratio   0.792  0.440 

Zn ratio   0.091  0.116 

Ni ratio   0.082  0.112 

Cu ratio   0.063  0.105 

Mn ratio   0.176  0.180 

Ca ratio   0.122  0.241 

Mg ratio   0.153  0.180 

Ba ratio   1.174  1.275 

a
 Sample with a high Pb content; 

b 
Sample with a moderate Pb content 

 

 

 
 

 

 
 

 

 

 



Table 5.  Pearson Correlations among Pb fractions and soil properties in Miraflores park soil 

samples 

 EDTA-Pb Total-Pb pH CaCO3 SOM
 a
 Olsen-P EDTA-Ba 

EDTA-Pb 1 0.870
**

 0.707
*
 -0.311 -0.870

**
 -0.898

**
 0.479 

Total-Pb  1 0.890
**

 0.021 -0.719
*
 -0.778

*
 0.469 

pH   1 -0.020 -0.469 -0.592 0.579 

CaCO3    1 0.238 0.308 -0.650 

SOM
 a
     1 0.975

**
 -0.129 

Olsen-P      1 -0.277 

a  
SOM: Soil organic matter; 

*Correlation is significant at the 0.05 level (2-tailed),  

** Correlation is significant at the 0.01 level (2-tailed). 

  

 

 

 

 
 

 

 
 

 



 

Table 6. Metal concentrations (mg kg
-1

 dry basis) in pods of broad bean and lettuce taken from the 

urban gardens.
 

  Broad (field) bean Lettuce
 

Site
a
 Range Mean ± sd Test

b
 Range Mean ± sd Test

b
 

Test
b
 

Fe AL 58.1  - 78.5 65.9 ± 7.9 b 95  - 280 208 ± 85  

 OS 34.6  - 45.6 39.9 ± 5.3 a 109  - 409 212 ± 125 ns 

 UT 53.7  - 75.4 62.3 ± 10.5 b 114  - 913 392 ± 326  

 MI 49.1  - 80.4 65.0 ± 11.5 b 144  - 472 284 ± 123  

Cu AL 9.6  - 16.7 12.5 ± 2.6  7.88  - 154 45.5 ± 62.0  

 OS 8.5  - 40.1 18.0 ± 12.7 ns 6.44  - 525 112 ± 231 ns 

 UT 6.7  - 12.9 10.4 ± 2.7  4.88  - 17.7 9.3 ± 4.8  

 MI 9.5  - 16.3 13.2 ± 2.5  7.08  - 36.2 14.5 ± 10.0  

Zn AL 21.4  - 26.4 23.7 ± 2.2 a 16.4  - 38.5 22.2 ± 9.3 a 

 OS 17.5  - 39.4 29.6 ± 8.5 a 19.1  - 28.3 23.0 ± 3.6 a 

 UT 27.6  - 34.7 29.5 ± 3.5 a 14.1  - 26.7 19.7 ± 4.5 a 

 MI 36.4  - 51.0 43.0 ± 6.7 b 27.2  - 59.6 43.1 ± 12.3 b 

Cr AL 0.34  - 1.57 0.60 ± 0.55  1.26  - 3.26 2.24 ± 0.96  

 OS 0.36  - 1.09 0.62 ± 0.30 ns 0.57  - 2.72 1.26 ± 0.84 ns 

 UT 0.23  - 0.46 0.35 ± 0.13  0.48  - 5.55 2.21 ± 1.95  

 MI 0.30  - 0.81 0.43 ± 0.21  0.68  - 2.90 1.50 ± 0.78  

Ni AL 0.73  - 1.53 1.16 ± 0.30 a 0.72  - 1.50 1.12 ± 0.36  

 OS 1.69  - 3.03 2.20 ± 0.55 b 0.46  - 2.55 1.11 ± 0.84 ns 

 UT 0.73  - 1.07 0.94 ± 0.15 a 0.58  - 2.46 1.21 ± 0.74  

 MI 1.16  - 2.57 1.77 ± 0.68 ab 0.45  - 1.54 0.91 ± 0.37  

Cd AL 0.026  - 0.075 0.044 ± 0.019  0.048  - 0.237 0.177 ± 0.076 a 

 OS 0.012  - 0.047 0.027 ± 0.016 ns 0.108 - 0.228 0.171 ± 0.053 a 

 UT 0.000  - 0.084 0.033 ± 0.036  0.091 - 0.224 0.186 ± 0.055 a 

 MI 0.009  - 0.050 0.031 ± 0.016  0.393 - 0.802 0.584 ± 0.162 b 

Pb AL 0.00  - 0.21 0.09 ± 0.10  0.62  - 1.33 1.00 ± 0.25 ab 

 OS 0.22  - 0.82 0.46 ± 0.25 ns 0.25  - 1.40 0.68 ± 0.50 a 

 UT 0.00  - 0.38 0.25 ± 0.17  0.51  - 1.21 0.80 ± 0.33 a 

 MI 0.21  - 2.93 0.94 ± 1.14  0.61  - 6.50 3.14 ± 2.35 b 
a
 AL: Almensilla; OS: Osuna; UT: Utrera; MI: Miraflores Park in Sevilla city.  

b 
For each metal, mean values followed by the same letter do not differ significantly (p>0.05), 

Tukey (Tu), log transform or Tamhane test was used depending on data normality; ns: non-

significant. 

 

 



 

 

Table 7. Concentrations of Pb and Cd (mg kg
-1

) expressed on a fresh weight basis (FW), in pods 

of broad bean and lettuce taken from the urban gardens.
 

  Broad (field) bean 
 

Lettuce
 

 Site
a
 Range Mean ± sd Test

b
 Range Mean ± sd Test

b
 

Cd AL 0.004 - 0.010 0.006 ± 0.003  0.003 - 0.014 0.010 ± 0.004 a 

FW OS 0.001 - 0.006 

01 

0.004 ± 0.002 n.s. 0.006 - 0.011 0.008 ± 0.002 a 

 UT 0.001 - 0.011 0.004 ± 0.005  0.005 - 0.014 0.011 ± 0.004 a 

 MI 0.001 - 0.006 0.004 ± 0.002  0.021 - 0.035 0.028 ± 0.006 b 

  
c
Limit   0.05   

c
Limit 0.20   

Pb AL 0.000 - 0.027 0.01 ± 0.01  0.04 - 0.08 0.06 ± 0.01 ab 

F W OS 0.030 - 0.090 0.06 ± 0.03 n.s. 0.01 - 0.07 0.03 ± 0.03 a 

 UT 0.000 - 0.050 0.03 ± 0.02  0.03 - 0.08 0.05 ± 0.02 ab 

 MI 0.014 - 0.510 0.13 ± 0.21  0.03 - 0.35 0.16 ± 0.13 b 

  
c
Limit   0.10   

c
Limit 0.30   

a
 AL: Almensilla; OS: Osuna; UT: Utrera; MI: Miraflores Park in Sevilla city.  

b 
For each metal, mean values followed by the same letter do not differ significantly (p>0.05), 

Tukey (Tu), log transform or Tamhane test was used depending on data normality; n.s.: non-

significant;  

c
 Maximum permitted levels by European Community legislation (European Commission, 2006). 

 

 

 

 

 

 

 



 

Table 8. Comparison of metal concentrations (mg kg
-1

 dry basis except Cd FW and Pb 

FW expressed in a fresh weight basis) of inner leaves of lettuce purchased at 

supermarkets (n=3) and grown in Miraflores urban garden (n=5) 

 Wrapper 

leaves 

p
a
 

 

Inner 

leaves 

t-test p
b
 Supermarket 

Fe 179 ± 81 0.044* 94.6 ± 24.7 0.469 109 ± 26 

Mn 59.1 ± 21.6 0.038* 32.8 ± 10.6 0.428 42.4 ± 16.1 

Cu 9.92 ± 4.10 0.761 9.46 ± 3.55 0.061 5.02 ± 1.91 

Zn 44.3 ± 13.3 0.314 50.2 ± 12.4 0.206 32.3 ± 17.2 

Cr 1.01 ± 0.64 0.139 0.56 ± 0.22 0.393 0.97 ± 0.67 

Ni 0.60 ± 0.26 0.458 0.49 ± 0.09 0.044 * 1.29 ± 0.32 

Cd 0.59 ± 0.11 0.022* 0.26 ± 0.14 0.676 0.22 ± 0.13 

Cd FW
 c
 0.03 ± 0.01 0.025* 0.01 ± 0.01 0.803 0.01 ± 0.01 

Pb 1.54 ± 0.81 0.035* 0.52 ± 0.21 0.017 * 0.13 ± 0.12 

Pb FW
 c
 0.07 ± 0.04 0.034* 0.03 ± 0.01 0.089 0.01 ± 0.01 

a
 paired t-test (2-tailed) 

b 
Independent samples t-test, equal variances nor assumed 

c
 Maximum permitted levels by European Community legislation (European 

Commission, 2006b): Cd FW< 0.20; Pb FW< 0.30 

 

 

 
 

 

 
 

 



Figure captions 

 

Figure 1. Location of the urban farms in Southern Spain. 



Figure 2. Soil metal concentrations (average, maximum, minimum and standard error in 

mg kg
-1

) in the urban farms (AL: Almensilla; OS: Osuna; UT: Utrera; MI: Miraflores 

Park in Sevilla city, MIg: garden area in Miraflores Park) and guideline values: TV 



(Threshold value indicates needing for further assessment) and TN, (Treatment needed) 

following Andalusian guidelines (Aguilar-Ruíz et al. 1999) and TV and LGV (Lower 

guideline value indicates ecological or health risks) following Finland regulation (MEF, 

2007). Different letters on top of the points indicated significant differences among 

mean values following Tukey test (p<0.05). 

Figure 3. Land transformation in Miraflores (MI) park from 1956 (left upper corner) to 

present time (right lower corner) (The images of the years 1956, 1977 and 1984 were 

adapted from Red Rediam (Consejería de Medio Ambiente, 2012); the image of 2016 

was taken from Google Earth, Google). 



Figure 4. Relationships of the EDTA-Pb extractable concentration for the Miraflores 

(MI) soil samples with soil organic matter concentration (left) and with soil EDTA-Ba 

extractable concentration (right) corresponding to equation 1. 



Figure 5. The average concentration of plant nutrients (± standard error) in the pods of 

beans and in lettuce samples corresponding to the different urban farms and commercial 

lettuce samples. Different letters on top of the bars indicated significant differences 

among mean values following Tukey test (p<0.05).   



Figure S1: Geological map of the area (obtained from Consejería de Medio Ambiente, 

2005). 



Figure S2: Almensilla urban garden. Surroundings and sampling points. 

Figure S3: Utrera urban garden. Surroundings and sampling points. 



Figure S4: Osuna periurban farm. Surroundings and sampling points. 

Figure S5: Miraflores urban garden at Sevilla city. Surroundings and sampling points. 



Figure S6: Wind direction and PM10 deposition in Spain (left) and Sevilla province 

(right) at February 22, 2016, 6:21 a.m. (obtained from Google Earth and Barcelona Dust 

Forecast Center- Agencia Estatal de Meteorología. 2016).  

 




