Urban geochemistry of lead in gardens, playgrounds and schoolyards of Lisbon,

Portugal: a review
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In 2007 a target survey land-use (urban recreational
spaces) versus sensitive receptor (children aged 1-6
years) was carried out in Lisbon. From the 51 select-
ed sites, 5 correspond to schoolyards, 19 to play-
grounds and 22 to public parks and gardens. Two
road-side samples were collected in sites with high
traffic density and 3 sites are located at the Inter-
national Airport of Lisbon, area airport-air. Fifty one
topsoil and ground-level dust samples were collect-
ed. At each site, 1 uncontaminated moss transplant
was fixed to a horizontal tree limb, which remained
in situ for 6 months. All samples were dried in a fan
assisted oven at <40°C and sieved to provide the
<250 pm soil fraction and <500 um dust fraction.
Total concentrations of Pb were determined by ICP-
MS for soil, dust and moss. The bioaccessible frac-
tion was estimated using the Unified Bioaccessibility
Method (UBM) and lead isotope analysis were car-
ried out using multi-collector, plasma induced mass
spectrometry, for soil and dust. The solid-phase
distribution study of the urban soil was carried
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out using the Chemometric Identification of Sub-
strates and Element Distributions method (CISED),
a non-specific sequential extraction. The biomoni-
tors show higher Pb levels in the old part of the
city, with a maximum concentration of 75 mgkg-L.
For dust, the area with higher concentrations is the
airport, with values ranging from 259-634 mgkg-
1. Lead in soil reaches the higher concentrations
also in the old city. Lead isotope analysis of soils
and dust show that this element has both geogenic
(208p/206pp  ratios <2.095) and anthropogenic
sources (208pb/206pp ratios >2.100), with elevated
concentrations of Pb, Cu, Cr and Sb characterising
the highest ratios. The two road-side samples and
a garden adjacent to a petrol station have isotop-
ic signatures closer to the anthropogenic sources
(leaded petrol). The isotopic analysis of dust sam-
ples shows similar results. Nineteen soil samples
were selected for the bioaccessibility testing. The
bioaccessible fraction (Bf) of Pb in the soil raises
some concern in terms of public health as it show



values ranging from 24-100% (100% in a school-
yard near a highway). The solid-phase distribution
study indicates that the main Pb-phase is clay, but
carbonates and Al-Fe oxyhydroxides are also impor-
tant hosts. Only 8 dust samples were used in the
bioaccessibility estimation, although ingestion of
contaminated dust is also an important pathway of
exposure for children. The Bf of Pb in dusts ranges
from 35 to 100% and has an average value of 78%.

Although the number of samples under study is low,
the results indicate that Pb in soils in predominantly
in bioaccessible forms. None of the analysed sam-
ples correspond to road-side or airport dust, mean-
ing that it is reasonable to assume that exposure
through dust ingestion is likely to occur.
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