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Incineration is often proposed as the treatment of choice for processing municipal
solid wastes (MSW) and hazardous wastes. In spite of the known advantages of
incineration, this process produces residues, mainly the bottom ash, hazardous filter
ash, and additional products of flue gas cleaning operations (Jakob et al. 1995). In
relation to those residues, the filter ash contains high concentrations of heavy metals
and polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs),
whereas the bottom ash contains high concentrations of heavy metals and
PCDD/PCDFs (Stern et al. 1989: Jakob et al. 1995). Moreover, some metals can be
also found as suspended particulates in air resulting from incineration of MSW (Lisk
1988).

Heavy metals exert a broad range of toxic effects. Elements such as cadmium or
chromium are carcinogenic, other metals such as lead, mercury or thallium possess
a wide spectrum of toxicity that includes neurotoxic, hepatotoxic, nephrotoxic,
teratogenic or mutagenic effects.

MSW incinerators represent a significant source of heavy metals released into the
environment. Soils can be contaminated by these metals, which can then
bioaccumulate in plants and animals eventually making their way to humans by way
of the food chain or contamination of drinking water (Schuhmacher et al.
1991,1993,1994; Frink 1996).

Soil ingestion is usually the most significant route of exposure to soil-bound
environmental contaminants, especially in residential areas (Kimbrough et al. 1984).
It is particularly important for pollutants that may be consumed by children in the
form of dust and dirt originating from soil. Although metal emissions from MSW
incinerators are strictly controlled, data on metal deposition in soil samples collected
near those facilities are very limited. Particularly scarce is the information on the
human health risks derived from ingestion of metal-polluted soils by individuals
living in the vicinity of those plants. It should be taken into account that humans may
be exposed to soil-borne metals by multiple routes including inhalation, oral and
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dermal (Felter and Dourson 1997). For metal emissions from MSW incinerators,
human exposure via intake can dominate exposure by inhalation. The purpose of the
present study was to determine the current levels of metals in soils taken near an old
(more than 20 years operating) MSW incinerator placed in Montcada (Catalonia,
Spain), as well as to assess the health risks derived from metal ingestion through
soils by subjects living in the neigborhood of the facility.

MATERIALS AND METHODS

Soil samples were collected in the vicinity of a MSW incinerator located in
Montcada (Spain) at approximately 10 km from Barcelona. The plant is placed in a
residential area with important industrial activity and began operating in 1975. There
are some small mountains at the south and south-east of the facility. A motorway
with a heavy traffic is near to the incinerator. A close metereological station provides
data on the wind. The impact area under the influence of the facility was defined by
the US EPA dispersion model Industrial Source Complex Long-Term (ISC-LT).
Twent- four sites were selected for sampling, taking into account considerations on
the prediction of the time averaged emission plume obtained from the gaussian
model (ISC-LT). Duplicate soil samples were taken at 100, 250, 500, 750, 1000,
1500, 2000 and 3000 m from the stack in each of the three directions that the wind
blows normally in that area (S, NW, NE). At each site sampling, soils were taken
from the upper 3 cm of solum and scrapped into polyethylene sampling bags. To
avoid possible contamination, special care was taken during the sampling and
subsequent handling. Soil samples were dried at 30°C until constant weight and
sieved to pass a 2 mm mesh. About 0.5 g of soil were treated with 6 ml of HNO3

(65% Suprapur, E. Merck, Darmstadt, Germany) and 1 ml H2O2 in teflon bombs.
Samples were subsequently heated at 100°C for 8 h. After cooling, solutions were
filtered and made up to 25 ml with deionized water (Schuhmacher et al. 1996).
Berillium (Be), cadmium (Cd), chromium (Cr), manganese (Mn), nickel (Ni), lead
(Pb), tin (Sn), thallium (Tl) and vanadium (V) were determined by inductively
coupled plasma spectrometry (ICP-MS, Perkin Elmer Elan 8000). Arsenic (As) and
mercury (Hg) were determined by using hydride generation. Rhodium was used as
internal standard. The accuracy of the instrumental methods and analytical
procedures used was checked by duplication of the samples, as well as by using a
reference solution (NIST 1643c), which was run after every 10 samples to check for
drift in the sensitivity of the instrument. For each element, quantification was based
on the most abundant isotope of that element free from analytical interferences.

Statistical significance of the results was computed by the Kruskal-Wallis test or by
Mann-Whitney U test. A probability of 0.05 or less was considered as significant.
Linear regression analysis (Pearson’s correlation coefficient) was also applied.

RESULTS AND DISCUSSION

Table 1 summarizes the levels of metals in soil samples collected at increasing
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Table 1. Concentrations (mg/kg) of metals in soils at increasing distances (m) from the MSW incinerator

Metal 100-200 500-700 1000-1500 2000-3000 p

As

Be

Cd

Cr

Hg

Mn

Ni

Pb

Sn

Tl

V

NS

NS

NS

NS

NS

< 0.05

NS

NS

NS

NS

NS

NS: not statistically significant (p > 0.05). Values in the same row not showing a common superscript indicate significant differences at p < 0.05



distances from the MSW incinerator. Concentrations of most metals increased with
distance from the stack. This is a logical finding taking into account that for longer
distances particles need more time to settle out from the air. In relation to the specific
case of cadmium and lead, our results differ from those reported by Hutton et al.
(1988), who found decreased concentrations of both metals in soils with the distance
from a refuse incinerator. However, it should be taken into account that a series of
factors can affect the metal emission and the subsequent deposition in soils. Those
factors include the composition and amount of MSW burned, as well as
characteristics of the incinerator such as design, operating conditions during
combustion, efficiency of emission control devices, and wind.

In general, the mean levels of metals in the soil samples were similar or even lower
than those found in some recent surveys on trace element pollution of soils from
different countries. Recently, Frink (1996) reported the most likely concentrations
of EPA target analytes in uncontaminated soils of the northeast. These
concentrations were of the same order of magnitude than the mean levels found in
the present study. Moreover, for some of the most toxic elements, the current levels
were similar to the concentrations previously reported for natural uncontaminated
soils (Cd: 0.1-0.2 mg/kg; Hg: 0.05-0.08 mg/kg) (Denison and Silbergeld 1988).

The risk to human health posed by contaminated soil in a residential area depends
on the potential extent of exposure to soil, as well as the toxic properties of the
pollutants. Based on the Hawley model of exposure (Hawley 1985) the assessment
of the health risks for the individuals living near the facility here examined shows
that metal intake from soils would not exceed (with the exception of As and V) more
than 1.1% of their estimated average daily intakes (Table 3). A heavy traffic in the
area could increase the predicted exposure to vanadium. With regard to As, in a
recent wide review on the total elemental composition of soils, the most likely mean
concentration for As in uncontaminated soils was estimated to be 7.6 mg/kg (dry
weight) (Frink 1996), value that is similar to the mean concentration of As in the
soils examined here. It means that the MSW incinerator under evaluation should
not contribute in a significant way to increase the arsenic risk for that population.

The presence and distribution of metals in soils observed here are very similar to
those recently found in an assessment of the magnitude and distribution of a number
of metals around a newer MSW incinerator located in an industrial area of Tarragona
(Catalonia, Spain), which began to operate in 1991 (Schuhmacher et al. 1996). In
both studies, the relatively elevated lead levels found in the soil samples collected
at the greatest distances from the facilities was considered as an additional fallout of
lead from motor vehicles emissions. However, most metal concentrations in soils
found in the current survey were within the ranges reported in previous studies. The
metal concentrations in soil samples given according to each of the three main wind
directions are shown in Table 2. Although for some elements (Be, Hg, Pb, Tl and V)
the highest levels in soils corresponded to the north-east direction, the observed
differences were not statistically significant for any of the analyzed metals.
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Table 2. Concentrations of metals in soil samples at the predominant wind directions

Metal  north-east  north-west  south p

Results are presented as mean values in mg/kg (dry weight ) ± SD. NS: not statistically
significant (p > 0.05).

Table 3. Predicted daily exposure to metals from soil on the study site and comparison with
the average daily intake by the population living in the area under the influence of the MSW
incinerator

1According to the Hawley model of exposure (body weight = 70 kg). 2Data from Smith
(1996). 3Data from Coyer (1991 ). 4,5,6Data from Schuhmacher et al. (1991,1993,1994).
7Data from Keen and Zidenberg-Cerr (1 994). 8As methyl-Hg. NA: not available.
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With regard to the relationship between metal levels and the physicochemical
characteristics of the soil, only As (r = 0.7093, p < 0.001), Ni (r = 0.5246, p < 0.01)
and Tl (r = 0.5378, p < 0.001) showed a significant correlation with the organic
matter content (mean value: 5.88%, range: 2.25-12.08%) of the soil samples. No
significant correlations between metal concentrations and the pH values (mean: 7.51,
range: 6.85-7.96) of the soils could be established. The low variability in the pH
values would suggest a low mobility of the metals in soils. According to the levels
of most metals in soil samples found in the vicinity of the MSW incinerator, and
taking into account the contribution to human daily intake derived from soil
ingestion, the health impact of metal emission on the population living in the area
under the influence of the plant seems to be very small.
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