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Abstract 

The purpose of this work was the quantitative analysis of bisphenol A (BPA), in 
soil of two sanitary landfills in Caxias do Sul and Farroupilha, RS-Brazil. The 
samples were collected from closed cells and extracted by Soxhlet. The organic 
extracts were analyzed by Gas Chromatography with Flame Ionization Detector 
(GC/FID) and BPA was quantified by the internal normalization method. 
Standard bisphenol A (Sigma-Aldrich, 99.00%) was used for qualitative and 
quantitative analysis. The average concentration of BPA was of 21.30 (0.61) µg 
g-1 of soil. The BPA concentration found in this work is much higher than the 
others reported in the literature. This result is worrying because there is a 
suspicion that bisphenol A disrupts the endocrine system.  
Keywords:  bisphenol A, sanitary landfill, gas chromatography. 

1 Introduction 

Around 15% (in volume) of the municipal solid wastes buried in both municipal 
landfills are polymeric materials. Depending on certain soil conditions, like 
humidity and pH, these polymeric materials can release a relatively high quantity 
of organic compounds with toxicological potential called plasticizers.  
     Plasticizers are organic esters added to polymers to facilitate processing and 
to increase flexibility and toughness of the final product by internal modification 
of the polymer molecule. Due to their use in packaging, clothes, films, paints, 
adhesives, cosmetics, ink printers and many other products, plasticizers 
compounds are widespread in all environments. Several plasticizers were 
detected in mineral, ultra pure and tap waters [1], municipal solid waste compost  
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[2], sewage and wastewater treatment sludge [3], river sediments [4], landfill 
leachate [5–7] and swine slaughterhouse wastewaters [8], among other 
environmental samples. 
     One of the main forms of exposure to plasticizers is through food, in addition 
to medical materials and by occupational contact [9]. Among the problems that 
can be caused by plasticizer compounds are: reproductive anomalies 
(morphological and functional gonadal dysfunction, e.g., infertility and 
decreased libido) and congenital malformations [10, 11]. The plasticizers can 
also influence the mobility and bioavailability of toxic substances like 
polychlorinated biphenyls and metal ions by changes in water or lipid 
solubility [4]. 
     Bisphenol A (BPA), 4,4´-(1-methylethylidene)bisphenol (CAS no 80-05-7) is 
largely applied as a monomer in the production of polycarbonate and some 
epoxy resins [12]. BPA improve some physical properties of the polymeric 
material, like resistance, hardness, and thermal stability. The ether bonds in the 
polymer also increase the chemical resistance. Figure 1 shows the chemical 
structure of BPA.  
 

 

Figure 1: Chemical structure of BPA. 

     Epoxy resins are commonly employed as adhesives and cover material. The 
environmental persistence of BPA can be due to the low vapor pressure, 
moderate water solubility and partition coefficient organic carbon/water. In the 
environment, most of the BPA (78 to 99.3%) is fixed in the soil. BPA can 
interfere in the functioning of the endocrine system, in the hormones’ action 
mechanism. They are called endocrine deregulators or endocrine disruptors [5, 
13].  BPA can also interfere in the action of steroid hormones inhibiting the 
proteins responsible for the liver metabolism [14]. 
     In sanitary landfills, the BPA leached from the wastes is mixed with the 
leachate formed by the microbiological degradation of the organic content of 
refuse. Due to the action of rainfall, the leachate goes down through the landfill, 
and can contaminate the soil, surface and groundwater [15]. Typically the 
plasticizer concentrations in the soil are between 30 and 50 µg g-1 [4]. 
     Despite the wide utilization and environmental relevance of BPA there is a 
lack of publications dealing with the study of this compound in soil. Therefore, 
the main objective of this work is the quantitative analysis of bisphenol A in 
samples of two landfill leachate soils, using Soxhlet extraction and Gas 
Chromatography with Flame Ionization Detector. 
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2 Materials and methods 

2.1 Samples 

Five soil samples (500 g each) were collected from the C10 cell of the São 
Giácomo sanitary landfill (Caxias do Sul, RS, Brazil) and one from the 
Farroupilha sanitary landfill (Farroupilha, RS, Brazil). Both cells were closed in 
2003. The samples were collected from a depth of 2 m below the landfill cover 
in glass flasks (500 mL) with the cap covered by aluminum foil. The flasks were 
previously washed with n-hexane and distilled water and dried at 300C.  The 
same purification procedures were adopted with all the glass material that had 
direct contact with the samples. The soil particle size was homogenized in a steel 
sieve with 2 mm mesh. The soil was stored at 4C, protected from light until 
extraction (no more than 24 h after collection). 

2.2 Reagents and solvents 

All the reagents and solvents were of p.a. grade and, when necessary, distilled 
twice in a glass apparatus.  

2.3 Physical-chemical analysis 

The main parameters tested were: pH (potentiometric method in humid base), 
moiety (gravimetry), total nitrogen (Kjeldahl and titrimetric methods), total 
carbon (Walkley-Black method) and phosphorous (humid digestion and 
colorimetry). 

2.4 Sample extraction 

After soil particle size homogenization, six soil aliquots with an average mass of 
10.32 g (0.24) were extracted by Soxhlet in 125 mL of n-hexane by 4 h. After 
this, the organic extracts were dried until constant mass and re-diluted with n-
hexane (1.0 mL) and analyzed by GC/FID. Throughout the extraction process, 
no plastic or rubber materials were allowed to come into contact with the 
samples. 

2.5 Instrumental analysis 

The organic extracts were analyzed by GC/FID in a PerkinElmer chromatograph 
(model Autosystem) equipped with a capillary column elite plot (30 m x 0.25 
mm x 0.25 m). The analysis conditions are shown in Table 1. 

2.6 Recovery grade and detection limit 

The recovery grade for BPA was measured by the extraction of a standard 
solution (20 g mL-1). The detection limit was evaluated by the analysis of 
successive dilutions of a standard solution at 100 g mL-1.  
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Table 1:  Instrumental analysis conditions.  

Parameter Condition 
Initial temperature 100C (hold 10 min) 
Heating ramp 10C/min 
Final Temperature 250C (hold 5 min) 
Carrier gas He 
Flux 1 mL/min 
Injection mode Splitless 
Injection volume 1 L 

3 Results and discussions 

The BPA was not detected in the Farroupilha sanitary landfill sample, suggesting 
that different residues were buried in the landfills. Thus, our discussion will be 
focused on the São Giacomo sanitary landfill samples. 
     Figure 2 shows the chromatogram of the extraction blank where no BPA peak 
was observed and a typical chromatogram of the real samples organic extract. 
     The recovery grade of BPA was 98.73% (±4.51). The detection limit was  
0.5 g mL-1 and the detector response was linear between 0.5 and 25 g g mL-1  
 
 

 

Figure 2: Chromatogram of the extraction blank (A) and the organic 
extract (B).  
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(R2 = 0.9184; equation: y = 3.4968x – 0.3898). The average BPA concentration 
in the samples was 21.30 (0.61) g g -1. Yamamoto et al. [12] had reported 
average BPA concentrations of 0.27 g mL-1 in hazardous waste landfill 
samples. Thus, a landfill that receives only municipal solid wastes, like the one 
studied in our work can be considered much more hazardous with regard to the 
underground water contamination by BPA, than a typical hazardous waste 
landfill.  
     Samples of soil located outside the São Giacomo landfill (where the residues 
were not buried) show an average BPA concentration of 3.16 (0.14) g g -1, i.e. 
far below that found in the closed cells. This reinforces the hypothesis that the 
high concentration of BPA can be explained by the high content of polymeric 
material buried in the São Giácomo landfill (Figure 3). The non observance of 
residue segregation (into organic and inorganic categories) could be the source of 
the high BPA concentration.   
 
 

 

Figure 3: Polymeric material buried in the São Giácomo landfill. 

     The physical-chemical and microbiological characteristics of the landfill soil 
can enhance the release of BPA from plastic residues The results of the physical-
chemical parameters (Table 2) show that both cells are in an unstable 
methanogenic phase [16]. In this phase the fermentation and hydrolysis of the 
residues generates, mainly, intermediary organic volatile acids. The leachate 
generated by this fermentation reduces the soil pH. Thus, at the pH found for our 
samples (Table 2), the BPA can be poorly ionized and must be adsorbed in the 
organic matter. This hypothesis is reinforced by the high organic matter content 
of the soil samples (Table 2).  
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Table 2:  Physical-Chemical characterization of the soil samples. 

Parameter Result Method 
pH 5.24 Potentiometric 
Humidity (%) 38.7 Gravimetric 
Nitrogen (%) 0;3 Kjeldahl – Titrimetric 
Phosphorus (%) <2.8 Humid digestion - Colorimetric 
Organic carbon (%) 16 Walkley-Black 

 
     Therefore, the low pH and high organic content conditions of the soil 
conjugated with the presence of plastic material in the municipal solid wastes, 
created a favorable environment for the BPA release into the sanitary landfill.  

4 Conclusions 

The BPA concentration in the in the soil of the São Giacomo landfill is far above 
that found in leachate of hazardous wastes. This is a worrying result since this 
contaminant can migrate to the superficial and underground waters, near the 
sanitary landfills. BPA is a pollutant suspected of estrogen activity. It is very 
reasonable to assume that the sources of most of the BPA found in this sanitary 
landfill are non segregated domestic wastes. Therefore, it is extremely important 
to re-link environmental education programs focusing on the segregation of 
domestic wastes in inorganic, organic and recyclable categories. Likewise, the 
environmental laws have to be reviewed and expanded to include the plasticizers 
concentrations in the environment as a parameter for the soil quality and the 
treatment of sources of potential water pollution. 
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