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INTRODUCTION:  
Cadmium (Cd) and lead (Pb) are ubiquitous elements and are among the most dangerous metals in the 
environment. Long-term human exposure is an important public health problem and is associated with 
kidney failure, neurotoxicity and several types of cancer. The general population is exposed to these metals 
from several sources, namely food, air and water. Food is the dominant source of exposure to Cd and Pb [1, 
2]. Plants can uptake Cd and Pb present in the soil. The mobile fraction of Cd and Pb in soil is very low 
compared to other elements [3]. Various soil extraction procedures were developed for the determination of 
plant-available, mobile and potentially mobile pools of trace elements in soils. These procedures offer a 
reliable approach to investigate possible relationships between water, soil and plants [4]. 
 
OBJECTIVES:  
The aim of this work was to: (1) assess the Cd and Pb concentration of the groundwater used for irrigation; 
(2) evaluate the efficiency of three extraction methods (DTPA, Mehlich 3 and NH4NO3) to estimate the 
phytoavailability of Cd and Pb for lettuces; and (3) estimate the daily intake of Cd and Pb from lettuce 
consumption. 
 
MATERIALS AND METHODS:  
The study approach involved an experimental field with 100 lettuces ( ) planted in 3 different 
agricultural fields (A1, A2, A3). To avoid metals contamination from any other sources, groundwater was the 
only source of irrigation. Soil, water and plants were collected from January to February 2012 every 2 weeks. 
Determination of Cd and Pb content in groundwater, soil and harvested edible tissues was performed by ICP-
MS after microwave acid digestion. 
 
RESULTS AND DISCUSSION:  
Groundwater Cd concentration showed no significant spatial variations between the 3 experimental fields. 
Overall, Cd concentrations were below 0.1 µg/L. As regard to Pb, significant differences were observed 
between the 3 experimental fields; A1 groundwater showed the highest Pb concentration (1.48 µg/L), which 
was 25 times higher than the Pb concentration in A2 and A3 groundwaters. 
 
As regard to soil, the total Cd content was 1.12 ± 0.09, 0.68 ± 0.08 and 2.21 ± 0.12 mg/kg in A1, A2 and A3 
soils, respectively. A3 soil had the highest Cd content while A2 the lowest, which were significantly different. 
The total Pb content was 17.0 ± 0.73, 24.2 ± 0.93, 18.9 ± 0.73 mg/kg in A1, A2 and A3 soils, respectively. 
Significant differences were observed with A2 soil showing the highest Pb content, whereas A3 the lowest. 
 
Cd content showed a steady decreased during the plant growth period with a final mean content of 5.6, 8.6 
and 9.7 µg/kg in A1, A2 and A3 lettuces, respectively. However, it should be notice that Cd content in the 
initial stages of growth was around 40 µg/kg. In a similar way, Pb content decrease during the plant growth 
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period in both A1 and A3 lettuces (final Pb content of 6.5 and 4.8 µg/kg for A1 and A3 lettuces, respectively). 
By contrast, the level of Pb in A2 lettuces increased, reaching a Pb content in the final product of 35.6 µg/kg. 
 
Cd and Pb content in soil and lettuce were significantly and positively correlated with each other in all three 
soil extraction procedures (DTPA, Mehlich 3 and NH4NO3). The increased of Pb content in A2 lettuces seems 
to be related to the increase of Pb availability, estimated by the different extraction methods. 
 
A Provisional Tolerable Weekly Intake (PTWI) of 2.5 and 25 µg/kg body weight has been established for Cd 
and Pb, respectively [1, 2]. In the present study, lettuce consumption only contributes less than 1% of the 
established PTWIs. Therefore, the consumption of this plant food can be considered safe as long as Cd and 
Pb levels are around the values obtained in the present study. 
 
CONCLUSION: 
The content of Cd and Pb in the groundwater of all the experimental fields was very low and do not seem to 
contribute to the accumulation of these metals in soils or lettuces. Each extractant (DTPA, Mehlich 3 and 
NH4NO3) provide useful information in the study of Cd and Pb mobility in the groundwater-soil-plant system. 
However, the NH4NO3 extractant showed the higher correlation between the soil extractable Cd/Pb and the 
Cd/Pb content of lettuces. Thus, this extraction method was considered to be the most suitable to estimate 
Cd and Pb phytoavailability.  
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