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Environmental studies have prompted interest in the determination of metals in
surface soil that can be considered the major recipient of pollutants (Alumaa et
al., 2002). Because of their capacity to enter the food chain through soil and
plants, metals are considered environmental indicators (Hamilton, 1995; Morselli
et al., 2002). Therefore, special attention should be paid to the metal levels in soil
in the vicinity of municipal solid waste landfills and medical waste incinerators.

In Brazil, about 228,413 ton/day of urban solid waste are generated all over the
country today (IBGE, 2000) and 72% of this volume is being dumped without any
previous treatment. Only 17% is going to planned landfill sites, while 11% is
going to treatment facilities. In Ribeirdo Preto, Sdo Paulo State, Brazil, a
municipal landfill site (MLS) for urban waste disposal integrated with a medical
waste incinerator plant (MWIP) has been operating since 1989. At present, the
MLS is receiving 500 ton/day of solid waste, while the MWIP is processing 9
ton/day of health services waste. This volume is generated by approximately
519,000 inhabitants. The purpose of the present study was to determine the levels
of Cd, Cr, Pb, Mn, Zn, Cu and Hg in soils collected in the area of a Ribeirdo Preto
MLS-MWIP.

MATERIALS AND METHODS

The MLS/MWIP is located in the South-Western region of Ribeirdo Preto, with
an extension of approximately 150.000 m?, surrounded by agricultural areas. The
soil in this area is classified as dusky latosol (Alvarenga et al., 1986). Duplicated
surface soils were sampled in 2000 along four transects established in the north
(N), east (E), west (W) and south (S) directions from the border of the
MLS/MWIP, for a total of 16 sampling points (Fig. 1). Also, duplicated soil
samples from the Santa Teresa Forest Ecological Station of Ribeirdo Preto were
collected as control samples I at six different points. This area is located 8 Km
away from the MSL/MWIP, is the best preserved forest in Ribeirdo Preto, and is
characterized by having the same soil type. All samples were transported in
polyethylene boxes. All materials used for sampling and storage were previously
soaked overnight in 30% (v/v) HNO; (65% Suprapur, E. Merck, Germany).
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Figure 1. Location of sampling points in the area of Ribeirdo Preto Municipal
Landfill Site (MLS)Medical Waste Incinerator Plant (MWIP),
Ribeirdo Preto, Sio Paulo, Brazil. Numbers are representing the
distance in meters from MLS limits.
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The samples were air-dried at room temperature for 2 weeks. The soils were then
hand-crushed in a mortar and sieved through a 2 mm mesh screen. Soil samples
were digested with aqua regia, according to the Australian Standard Method
(SAA, 1997). Total Cd, Cr, Pb and Mn were measured by Graphite Furnace
Atomic Absorption Spectrophotometry using an apparatus equipped with a
Zeeman effect-based background corrector (Varian 640-Zeeman, Australia). Zn
and Cu were analyzed by Atomic Absorption Spectrophotometry using an
acetylene flame (Perkin-Elmer 380. Germany). Hg was measured by Hydryde
Generation Atomic Spectrophotometry (Varian VGA-200. Australia). The
accuracy of the instrumental methods and analytical procedures was checked by
using certified soil samples (121-S, 127-S, 129-S, 131-S and 133-S) from Quality
Control Technologies Pty. Ltd., Queensland, Australia.

Statistical analysis was performed using the Statistical Program for Social
Science-SPSS (Windows version 10.0). The statistical significance of the metal
concentrations from MLS samples and control samples was verified using the
Mann-Whitney Rank Sum Test or Kruskal-Wallis Rank Sum Test followed by a
Multiple Comparisons Test (Zar, 1999). A probability of 0.05 or less was
considered to be significant. The results were compared with the Guidelines
Values for Intervention Levels established for Sdo Paulo State Soils by the Sio
Paulo Environmental Sanitation Company (CETESB, 2001)

RESULTS AND DISCUSSION

The spatial distribution of the six metal concentrations in the soil of MLS is
summarized in Fig 2, except for Hg whose concentration was below the detection
limit (<0.01mg kg'*) for all samples analyzed. In general, the findings allow us to
conclude that the soil around the MLS area is being polluted with metals if
compared with soil samples from the Santa Teresa Forest Ecological Station of
Ribeirdo Preto. The current metal concentrations in Santa Teresa Forest were
comparable to those commonly reported in the literature for non-contaminated
areas (HMSO, 1991). Results show that approximately 80% of the soils in the
vicinity of the MLS contained significantly higher concentrations of total Cr and
Cu when compared to the control samples (p<0.01). Cd levels in 73% of the soils,
Pb levels in 67% and Zn and Mn levels in 53% were significantly higher than in
the soil from Santa Teresa Forest (p<0.01).

The Cd content in soils ranged from 12.7 to 29.6 mg kg'. The Cd concentration
found in soil samples makes this area improper for agriculture, taking into
account that the maximum limit for Cd concentration accepted in Sdo Paulo State
is 10 mg kg' (CETESB, 2001). The current Cd concentrations were higher than
those reported previously for soils located at a distance of 100 to 200 m from
municipal solid waste incinerators in some European countries, where the Cd
concentrations were between 0.03 and 0.4 mg kg‘l (Schuhmacher et al.,1997;
Collet et al.,1998; Meneses et al., 1999). This may indicate that the municipal
solid waste disposal and medical waste treatment are causing soil contamination
with Cd in the area up to 200 m from the MLS. S3o Paulo State urban waste is

159



Cadmium Chromium

.20

mgKg

10

olk zh a s = bk ; 1 N F ;
s BRGSO CGST WP T A4 SR Sge M

Lead Manganese

)
Zinc Cooper
m 3
t -2
100 g Tl LGP

: i : | A HEHE
o ] o
¢ S A S8 A ¢ MBS S9SP Sa%C A

Figure 2. Metal concentration in soil samples collected in the area of Ribeirdo
Preto Municipal Landfill Site/Medical Waste Incinerator Plant,
Ribeirao Preto, Sdao Paulo, Brazil.

characterized by containing more than 15% of plastic material while medical
waste contains more than 40%, materials that may have Cd in their composition
(PRODAM, 2002). According to the Brazilian Electronic and Electric Industry
Association, today Brazil produces about 800 million batteries per year, with the
consumption of Ni-Cd batteries increasing over the last few years. Batteries used
in domestic and urban activities represent almost 50% of the Cd present in the
urban solid waste. Thus, the improper disposition of batteries may contaminate
with Cd and other toxic components the soil in the vicinities of sanitary landfill
sites (ABINEE, 2003).

In the present study, Mn concentration was 676 to 2032 mg kg". In Sao Paulo
State there are no established guidelines for Mn levels in surface soil (CETESB,
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2001). Our results are higher than those obtained by Schuhmacher et al. (1997)
and Llobet et al. (2002), who reported 307.6 and 234.2 mg kg, respectively, as
the highest Mn levels from soils collected in the vicinity of a Municipal Solid'
Waste Incinerator in Spain. Mn levels up to 1085 mg kg were also reported for
soils around an incineration plant in Italy (Morselli et al., 2002). Generally, Mn
has high natural concentrations and variability; however, when Mn is
accumulated in surface soils over a long period of time, toxic effects on some
plants are described (Kabata-Pendias & Pendias, 1992). Increased Mn levels were
observed in the MLS/MWIP area compared to control samples. Since Mn is
employed in steel, aluminium and copper alloys, it can be hypothetized that these
kind of products are being deposited and/or incinerated in the MSL/MWIP.

Cupper showed levels between 113.5 and 299.0 mg kg’ These results are higher
than those established as the maximum value of 100 mg kg™ for agricultural soils
in Sdo Paulo (CETESB, 2001). The maximum Cu concentration reported by
Molrselli et al. (2002) in soils in the vicinity of a MSW incinerator was 35.4 mg
kg™.

Chromium levels were between 14.9 and 54.2 mg kg''. These concentrations are
lower than the maximum Cr concentration accepted for agricultural soil in Sdo
Paulo; which is 300 mg kg‘l (CETESB, 2001). However, investigations on
municipal solid waste incinerators in Spain revealed Cr levels below 18.4 mg kg
(Schuhmacher et al., 1997; Llobet et al., 2002), while 94% of the samples
analyzed in the present study were above that value.

The Pb content in soils ranged from 21.1 to 33.9 mg kg, values below the
maximum level of 200 mg kg for agricultural soils in S3o Paulo State (CETESB,
2001). The Pb levels obtained in our study were also below 37.36 mg kg, the
mean level detected at a distance of 100-200 m from an MSW incinerator in Spain
(Schuhmacher et al. 1997). Our resuits indicate that Pb metal did not represent a
polluting agent at the site studied during the sampling time used.

The maximum Zn level was found at the N/50 sampling point (278.3 mg kg™).
The recommended Zn level for agricultural soils is 500 mg kg' in S3o Paulo
State. The concentrations of Zn found in soil samples taken from the MLS/MWIP
area are comparable to those reported in the literature for non-contaminated areas
(Steinbdrn & Breen, 1999). However, it should be kept in mind that the
worldwide mean for Zn in soil is estimated at 64 mg kg' (Kabata-Pendias &
Pendias, 1992).

Metal concentrations were significantly higher (p<0.05) in soil collected on the
North side of the MLS when compared to the other directions studied here.
Specifically, the N/0, N/50 and N/100 points showed the highest concentrations.
Several factors can determine this spatial distribution of metals.

The incinerator emissions can be assumed to be an important factor generating
these localized higher metal levels. The MWIP has no adequate standard pollution
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control system which can remove acids and heavy metals from the flue gases.
Since 1998, CETESB had reported intense emissions of black smoke from the
incinerator plant associated with problems in the operating conditions during
combustion. It can be hypothesized that incineration is a source of the studied
heavy metals in the area, considering that approximately 80% of biomedical waste
is composed of items such as paper, cans, bottles and plastic materials such as
vacutainer caps, plastic bags and packings (Weir, 2002). Metals such as Pb, Cd,
Mn, Cr, Zn and Cu are found in these materials, and during incineration they can
vaporize, forming fine fumes that enter the environment associated with the
prevailing winds in the region. According to Alvarenga et al. (1986), the

predominant direction of the wind in that area is to the N, with a velocity of 1.7
m/s.

Another possible explanation involves three elements. The MSW in Sdo Paulo
State is characterized by having almost 60% organic matter, 10% cellulose
products, 20% plastic materials and 10% metal and glass materials (PRODAM,
2002). The metal and plastic products can subsequently be an important source of
metals in the municipal solid waste disposed in the MLS. Taking into account the
topographic gradient in the area, that declines gently towards the N and NW
(Alvarenga et al., 1986) and the pH of the soil, between 4.8 and 5.7
(CETESB,2001), municipal solid waste degradation can generate superficial
leachates, rich in metals, that can suffer a horizontal mobilization towards the
North.

A global interpretation of the above data indicates that, in general terms, the
natural metal composition in the soil collected in the MLS and MWIP area is
being modified by the solid waste disposal and treatment processes when
compared to soil from a preserved area in Ribeirdo Preto. Among the metals
analyzed, particular attention should be paid to Cd, Cu and Mn, elements that
showed levels belonging to the “slight contaminated soil” and “contaminated
soil” categories according to the HMSO-London Classification of contaminated
soils (HMSO, 1991).

The current results constitute an instrument for the decision makers and public
managers. At present, the authorities are discussing the possibility of retrofitting
the incinerator with adequate scrubbers that remove and neutralize not only heavy
metals, but also potential dioxins, furans, hydrogen chloride and nitrogen oxides
or to replace the MWIP with an alternative medical waste treatment technology
such as a microwave system and plasma pyrolysis. The need to improve the
Municipal Waste Selective Collection and Recycling Programs already
established in the city is also being discussed, with the suggestion to reduce the
metals and plastic products in the incoming waste that is disposed of in the MLS
and burnt in the MWIP. Certainly, future studies should determine the health
impact of metals on the population living in the area under influence, taking into
account that agriculture (sugar cane) is the principal activity around the MLS and
metals can bioaccumulate in plants, making their way to humans through the food
chain.
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