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Ever since the research of Kehoe et al. (1933), with each passing 
day food is being attributed with a greater role as one of the 
major sources in the exposure of man to lead. Lead and cadmium 
are found in all foods, in widely varying amounts (Reilly 1980). 
Vegetables absorb these metals from the ground, as well as from 
deposits on the parts of the vegetables exposed to air from the 
polluted environment. In the case of lead, the principal source 
of contamination in vegetables comes from the atmosphere, due to 
the use of alkyl-lead derivates, such as antidetonators in liquid 
carburants (Ganje and Page 1972). The use of residual waters for 
the irrigation of the vegetables, as well as the use of certain 
fertilizers constitute the principal source of cadmium pollution 
in vegetables according to Jaakkola et al. (1979). For Buchauer 
(1973), the air-exposed parts, and, more specifically, the 
leaves, are the principal entrance ways of lead and cadmium; 
nevertheless, Haghiri (1973) feels that the principal access is 

through the root. 

Plants absorb lead and cadmium from the earth and atmosphere, 
although the differences between species are enormous (Dedolph et 
al. 1970). Jaakkola et al. (1979) stress the great capacity of 
spinach to accumulate cadmium. 

The objective of this research is to reveal the level of lead and 
cadmium pollution in fresh vegetable samples from the Cordovan 
fertile lowland region of the Guadalquivir River and to establish 
a base level of contamination to serve as a reference point in 
further studies. At the same time, the possible health risks for 
the consumer are discussed. 

MATERIALS AND METHODS 

A total of 235 vegetable samples belonging to 20 different 
species have been analyzed: chard (Beta vulgaris var. cicla L.); 
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artichoke (Cynara Scolymus L.); garlic (Allium sativum L.); 
celery (Apium graveolens L.); cardoon (Cynara cardunculus L.); 
onion (Allium ceDa L.); cauliflower (Brassica oleracea var. 
botrytis De); endive (Chichorium endivia L.); spinach (SDinacea 
oleracea L.); green beans (Phaseolus vulgaris SAVI); lettuce 
(Latuca sativa L.); potato (Solanum tuberosum L.); parsley 
(Petroselinum sativum HOFFM); green pepper (Capsicum anuum L.); 
leek ~Allium porrum L.); radish (Raphanus sativus L.); beetroot 
(Beta vulgaris var. rap____~a DUM); cabbage (Brassica oleraeea var. 
capitata DC); tomato (Lycopersicon esculentum MILL); and carrot 
(Daucus carota vat. sativa L.). 

We have established five groups based on the edible parts 
according to the Spanish Alimentary Code (Cddigo Alimentario 
Espa~ol 1967). 

Group i.- Roots and Tubercles (carrot, beetroot, radish, celery, 
and potato). 

Group 2.- Bulbs (onion, leek, and garlic). 
Group 3.- Leaves and Soft Stalks (spinach, lettuce, parsley, 

chard, endive, and cardoon). 
Group 4.- Cabbages (different types of cabbages and cauliflower). 
Group 5.- Fruits and Similar Garden Produce (tomato, pepper, 

green bean, and artichoke). 

The different anatomical parts are considered separately in some 
of these products, for example, leaves, roots, stalks, pulp, 
skin, etc. 

The vegetables were washed in fresh running water to eliminate 
dust, dirt, possible parasites or their eggs and then they were 
washed again with deionized water. The washed samples were placed 
on filter paper to eliminate excess moisture. Once dry, each 
sample was weighed (20 grams) and dried in a oven at a 
temperature lower than 80~C for 24-36 hours (Torija Isasa 1982). 
From the dried sample, 1 gram was placed in a muffle furnace at 
450~C for 24-36 hours. The ashes were collected with a CIH-NO_H 
mixture at 50 %, at a I~: ratio and filtered in Whatman GF~C 
paper (Martfnez Para 1979). The filtering was carried out to a 
volume of 5 mL with the acid mixture used and was followed by 
atomic absorption spectrophotometry. In the nebulization system, 
the impact bead was used and the sample solution was aspirated 
into an air-acetylene flame. The determinations were carried out 
on a Perkin-Elmer Model 2380 atomic-absorption spectrophotometer 
equipped with a lead hollow cathode lamp, operated at 283.3 nm 
and a cadmium hollow cathode lamp, operated at 228.8 nm. 

The sensitivity obtained was 0.29 mg/L for lead and 0.019 mg/L 
for cadmium. The criteria of the American Chemical Society (1980) 
and Mottola (1984) were used to calculate the detection limit. 
The concentration limits (minimum detectable concentrations on 
the fresh weight) obtained were 52 ug/kg for lead and 6.04 ug/kg 
for cadmium. 
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The lead and cadmium concentrations in the sample, expressed in 
mg/kg of fresh weight, are obtained through the expression: 

5 x dry weight x A 

Pb or Cd concentration (mg/kg) = 
a x fresh weight 

where: 
dry weight = weight in g of the dry sample at 80 ~C 
fresh weight = weight in g of the sample before drying at 80 ~C 

A = absorbance reading 
a = slope of the standard curve 

RESULTS AND DISCUSSION 

A summary of the results are in Table i. 

A variance analysis reveals that the differences found in 
contamination levels among the vegetable species being studied 
are highly significant in the case of lead (F = 12.4) and cadmium 
(F = 9.42). As a result, we emphasize the importance of the 
species factor in the accumulation of both heavy metals in the 
place of origin and coincide with the observations previously 
made by Dedolph et al. (1970) and Jaakkola et al. (1979). Even 
within the same vegetable species, the differences in the level 
of contamination in the different anatomical parts have been 
pointed out (Buchauer 1973; Haghiri 1973). In this sense, and 

through a statistical study at a specified level usin~ the 
Student's t-test we found statistically significant differences 
(p ~ 0.001) in the lead and cadmium levels in the different 
anatomical parts of the beetroot samples (t ~ 5.52 for the Pb and 
t ~ 6.01 for the Cd), radish (t ~ 4.07 for the Pb and t ~ 3.97 
for the Cd), potato (t m 5.35 for the Pb and t ~ 5.61 for the 
Cd), and celery (t m 5.48 for the Pb and t ~ 4.41 for the Cd). We 
would like to point out that we have not found an explanation for 
this in the bibliography consulted. In any case, we think that 
the existence of said differences at an intraspecific level is a 
consequence of a specified source of contamination of natural or 
anthropogenic origin. In general terms, we believe this to be of 
natural origin, since the low levels found (Table I) and the 
existence of highly significant correlations (p e 0.001) between 
the lead and cadmium content in the vegetables analyzed, 
eliminate the possibility of the existence of important 
anthropogenic contaminating sources and suggest irrigation water 
as the contaminating vehicle. 

According to Pozo et al. (1985) the average pollution of the 
Guadalquivir River water in 1984-85 at it passed through Cordova 
was 2.30 ~ 1.56 ug/L in the case of lead and 0.49 t 0.13 ug/L for 
cadmium. 

Of the five groups established according to the C6digo 
Alimentario Espa~ol (1967), the group presenting the highest 

levels of lead and cadmium contamination was actually that made 
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Figure I. Mean concentrations (mg/kg) of the five established 
groups of vegetables: A (leaves and soft stalks), B 
(bulbs), C (cabbages), D (roots and tubercles), E 
(fruit and similar garden produce). 

up of leaves and soft stems (Figure i). This fact agrees with the 
observations of Havre and Underdal (1976) in the consideration of 
the aerial vegetable zones as the most important entry point for 
the metals under study. However, as can be observed in the same 
figure, the next lower contamination level corresponds to the 
group of roots and tubercles. Due to this, it is necessary to 
take into account the theory of Haghiri (.1973) to a certain point 
in considering the root as an important entry point for these 
metals into the vegetables. NevertheleSs, this only occurs in the 
leek samples, and for this reason we consider that the 
contamination in the vegetables being studied seems to be 
produced to a greater degree by the aerial zone than by the root. 
This could be explained by irrigation by sprinkling in the zone 
from which the samples proceed. 

Bowen (1966) found that vegetables cultivated in pollution free 
areas have a cadmium level oscillating between 0.01 and 0.i 
mg/kg. These levels are 3 or 4 times higher in those vegetables 
from intensively cultivated zones of great productivity maintai- 
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ned by the addition of fertilizers and insecticides (Hutchinson 
et al. 1974). Based on the results obtained in our present 
research, we consider that the point of origin of the vegetables 
analyzed shows slight contamination with respect to the heavy 
metals which are the object of this study. 

Noting the average contamination levels obtained for lead and 
cadmium and keeping in mind that the estimations with repect to 
the percentage of vegetables forming part of the average 
nutritional portion of 1500 g are 27 % in Spain (Instituto 
Nacional de Estadfstica 1985), we can deduce that the daily 
intake of lead and cadmium through these vegetables is on the 
order of 113 ug per day for lead and 7 ug/day for cadmium. The 
majority of the estimates made in various countries suggests that 
the daily intake in adults, between food and beverages, 
oscillates between i00 to 500 ug of lead and I0 to 30 ug of 
cadmium (Reilly 1980). We feel that reasonable consumption of 
these vegetables does not pose a health risk for the consumer 
since their levels are much lower than the levels proposed by 
FAO/WHO (1978). 
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