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ABSTRACT 

 
Among the many forms of waste disposal, landfills today are best suited to Brazilian conditions, this because 

their construction allows minimizing the negative effects of landfill gas and slurry produced. However, the 

confinement of pollutants from landfills is linked to its construction and operation and when the construction 

and/or is wrong they can endanger air, groundwater and surface waters qualities. Thus, the main objective of 

this study was to analyze the concentration of heavy metals in samples of groundwater, surface water and slurry 

coming from solid waste disposal locations in the city of Campinas, SP – Delta, Santa Barbara and Pirelli 

Landfills. The samples were analyzed at the Brazilian Synchrotron Light Laboratory using Synchrotron 

Radiation Total Reflection X-Ray Fluorescence technique (SR-TXRF). In Pirelli Landfill, the highest 

concentrations were observed in one of the wells located to downstream of the Landfill (in relation to the 

groundwater flux) – the monitoring well PM04, exceeding the intervention value defined by CETESB. For 

Santa Barbara landfill in one upstream monitoring well the concentrations of Ni, Mn, Pb and Cr, surpassed the 

maximum permissive values. The manganese in Landfill Delta showed to be higher in wells located 

downstream and 50% of the wells analyzed exceeded the maximum permissive value for groundwater samples. 

In the case of surface waters located in the vicinity of landfill sites, the metals that surpassed the maximum 

permissive values according the legislation in most of the points analyzed were Mn, Cu and Pb. For slurry 

samples collected in Delta Landfill, the average concentrations for Mn, Ni, Cu and Pb not exceeded the 

maximum permissive values during the period studied. Moreover for Santa Barbara the average concentration 

of Mn, Cu and Zn surpassed the permissive limits, as was observed for Mn in the Pirelli Landfill. 

 

 

1. INTRODUCTION 

 

With increasing consumption also increases the production of solid waste, causing several 

disorders to public health and environment. Thus, it becomes necessary to introduce measures 

to control the final disposal. Slurry trash is a typical disposal form in Brazil, and landfills are 

constructed to minimize the effects of landfill gas and leachate, however, also can pollute the 

soil, air and water. 
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Landfill leachates produced from these areas represent a dangerous source of pollution for the 

environment due to its toxic effects [1]. Landfill leachate mainly consists of heavy metals, 

organics with different biodegradation and inorganic matters [2], that can that each sources of 

drinking water and affect the health of the population. Thus, knowing the characteristics of 

the leachate is important for public health protection and realization of a treatment system 

specific to the site.  

 

The main objective of this study was to analyze the concentration of heavy metals in samples 

of groundwater, surface water and slurry coming from solid waste disposal locations in the 

city of Campinas, SP – Delta, Santa Barbara and Pirelli Landfills. The concentrations of 

metals present in the samples were analyzed by the Total Reflection X-Ray Fluorescence 

with Synchrotron Radiation technique (SR-TXRF). 

 

The main advantages for the evaluation of liquid samples as superficial water and 

groundwater using SR-TXRF are the easiness of sample preparation, direct analysis without 

pre-concentration procedures and low detection limits. 

 

 

 

2. EXPERIMENTAL 

 

2.1.  Sampling Site 

 

Samples were collected in the waste landfill in Delta and Santa Barbara in Campinas city, 

Brazil.  From 1984, the waste began to be deposited at the Santa Barbara landfill that has 

received approximately 1.26 million tonnes in an area of 420,000 m
2
, however the project 

has ended in 1992 due to political and administrative factors. 

 

Delta landfill has disposal area of 26 hectares and receives 20,000 tons of waste per month. 

The protection system has 1 meter compacted clay and blanket high-density polyethylene 

(2mm thick). The slurry collected (200 m
3
 per day) is sent to wastewater treatment plant 

(WWTP Piçarrão). 

 

 

2.2. Sampling and Sample Preparation  

 

The groundwater samples were collected by low-flow technique. This method ensures the 

collection of samples that are representative of actual in-situ conditions. In Low flow purging 

involves extracting groundwater at rates comparable to ambient groundwater flow (typically 

less than 500 ml/min), so that the drawdown of the water level is minimized, and the mixing 

of stagnant water with water from the screened intake area in a well is reduced. 

 

Stabilization of parameters (pH, D.O., conductivity, temperature, etc.) and turbidity of the 

purged water are monitored before a sample is taken, thus low flow methods facilitate 

equilibrium with the surrounding formation and produce samples that are truly representative 

of the formation water [3]. 
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The sampling techniques followed the CETESB guidelines [4] for surface water. The 

sampling was upstream (AS1) and downstream (AS2) of landfill. Thus, it is possible to 

compare results and determine the influence of the landfill. 

 

 

To determine the concentration of the dissolved metals, the surface and groundwater samples 

were filtered with the use of a vacuum pump through a 47 mm-diameter cellulose ester 

membrane filter with 0.45 μm porosity manufactured by Millipore®. On the other hand, to 

determine the concentration of the total metals, the water samples and the slurry were 

digested according to the USEPA 200.8 [3] method and USEPA 3050B [4] method. 

 

For analysis by SR-TXRF, 100 µL of a Ga solution of 102.5 mg·L
-1 

was added to a fraction 

of 1 mL of the sample as an internal standard. All samples were prepared in triplicate and 

measured under total reflection conditions for 100 s. 

 

The results of the analysis of the concentration of metals in the groundwater collected in the 

monitoring wells were compared to intervention orientation values (VI) established by 

CETESB in 2001 [5] and revised and updated in 2005 according to a decision of the board of 

directors — CETESB No. 195–2005-E, of November 23, 2005. In order to characterize the 

environmental quality concerning the concentration of heavy metals present in the bodies of 

surface waters, the reference values established by CONAMA Nº 357 [6] of March 17, 2005 

were used As reference for slurry was used the effluent discharge standards of Resolution 

established by CONAMA Nº 430 [7] of May, 2011. 

 

 

2.3. Measurements 

 

 

The SR-TXRF analysis was carried out in the X-ray Fluorescence Beamline at the Brazilian 

Synchrotron Light Source Laboratory, located in Campinas city, São Paulo State, Brazil. The 

standards and wood samples were measured for 100 s employing a white beam (2 to 24 keV), 

2 mm width and 1 mm height, operating under total reflection conditions. The X-ray 

detection was performed by a Si (Li) detector (FWHM: 165 eV at 5.9 keV). 

 

For system calibration multielemental standard solutions, in different concentrations, 

containing Al, Si, K, Ca, Ti, Cr, Fe, Ni, Zn, Ga, Se, Sr and Mo for K series and Mo, Cd, Ba, 

Sb, Pt, Tl and Pb for L series were prepared by an adequate dilution of stock solutions. 

Gallium was added as internal standard in all standard solutions and samples.  

 

 

3. RESULTS 

 

3.1 System Calibration 

 

To calculate the relative sensitivity, five standard solutions were used for each series, K and 

L, containing known elements and also Gallium (Ga), used as internal standard. These 

standard solutions were prepared in triplicate, as well as the analytical blank, and were 

measured for 100 s in the D09B-XRF line of the LNLS and the spectrum were fitted using 
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the application Quantitative X-ray Analysis System (QXAS). A total of 15 measurements 

were taken for each one of the series.  

 

The sensitivities for each element were determined from the standard solutions, and then the 

experimental values were fitted in order to obtain a sensitivity curve as a function of the 

atomic number for the elements in the energy range of interest, including those whose 

standards are not available. The results are shown in Figure 1 and 2 for K and L series, 

respectively. 

 

 

 
 

Figure 1: Sensitivity Curve for the K series. 

 

 

 
 

Figure 2: Sensitivity Curve for the L series. 
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3.2 Methodology Validation 

 

In order to check the validation of the SR-TXRF system calibration were analyzed two 

standard reference materials. The first one was the Drinking Water Pollutants (DWP) 

supplied by Aldrich containing pollutants in drinking water. Table 1 showed the comparison 

among measured values (n=15) with the confidence interval (95%) with the certified values. 

 

 

Table 1: Comparison of the measured and certified values (mg L
-1

) with the confidence 

interval for standard reference material of drinking water pollutants by SR-TXRF 

 

Element Measured Value  Certified Value 

Cr 9.72 ±0.03 9.09 ±0.45 

As 9.17 ±0.19 9.09 ±0.45 

Se 4.61 ±0.16 4.54 ±0.23 

Cd 3.97 ±0.38 4.54 ±0.23 

Ba 79.69 ±0.31 90.91 ±4.55 

Pb 9.08 ±0.35 9.09 ±0.45 

 

 

The second standard reference material analyzed was the domestic sludge (NIST 2781) 

supplied by National Institute of Standards & Technology. Table 2 showed the comparison 

among measured and certified values (n=15) with confidence interval (95%). 

 

 

Table 2: Comparison of the measured and certified values with the confidence interval 

of the standard reference material of domestic sludge (NIST 2781) by SR-TXRF 

 

 

Element Measured Values Certified Values 

Cr (ppm) 174±0.6 143±14 

Cu (ppm) 623±0.3 627.4±13.5 

Fe (%) 3.0±0.3 2.8 ± 0.1 

Mn (ppm) 992±0.8 745 ± 33 

Ni (ppm) 74.5±0.2 80.2 ± 2.3 

Pb (ppm) 232±0.4 202.1±6.5 

Zn (ppm) 1321±0.3 1273±53 

 

As can be seen by the Tables 1 and 2 the measured values of the standard reference material 

agree with the certified, indicating a good adjust of the sensitivity curves and the adequacy of 

the methodology. 

 

3.2 Delta Landfill 

 

Concentrations of groundwater, slurry and surface water from Delta landfill were analyzed. 
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3.2.1 Groundwater 

 

 

Table 3 show the concentrations of chromium, manganese, iron, nickel and zinc detected and 

quantified by SR-TXRF in groundwater samples collected around the Delta Landfill. Red 

values exceed the Intervention Orientation Values (VI) [5], and water above which has 

potential risks, direct or indirect, to human health.  

 

 

Table 3: Concentration (mg·L
-1

) of elements in groundwater samples collected in the 

monitoring wells at the Delta Landfill. 

 

 

Points 
Concentration( mg.L

-1
) 

Cr Mn Fe* Ni Zn 

PM101* <LD 0.06 1.40 0.04 1.37 

PM103 <LD 0.14 0.25 0.02 0.06 

PM105B 0.26 0.73 0.83 0.03 0.38 

PM01B* <LD 0.11 0.72 0.02 1.99 

PM114 0.27 0.28 9.76 0.09 3.59 

PM107 0.06 21.24 3.98 0.04 0.23 

PM110 <LD 2.34 82.19 <LD 0.26 

PM02 0.06 0.67 14.82 0.03 0.27 

PM112 0.36 0.27 9.02 0.15 2.44 

P113 0.18 0.39 7.42 0.41 0.63 

PM108 <LD 4.35 52.93 <LD 0.19 

PM115 0.04 6.43 10.55 0.01 0.27 

PM106B <LD 7.32 19.10 0.02 0.26 

MPV 0.05 0.40 0.30 0.02 5.00 

*Upstream well,    LD: Detection limit, MPV: Maximum Permissive Value 

 

 

To the well of the amount (PM101) the elements Fe and Ni were above the intervention 

values, and PM01B only Fe showed a value above the limit of 0.3 mg·L
-1

. 

 

The concentration of chromium was below the intervention value for groundwater in the 

upstream wells (PM101 and PM01B); however, ~50% of the downstream wells analyzed had 

values above the limit (0.05 mg·L
-1

), showing contamination by this element, since the 

amount wells were below the detection limit. 

 

The upstream well PM101 showed a nickel concentration above the limit set by legislation, 

as did downstream wells PM107, PM114 and PM113. For iron, all wells analyzed showed 

concentrations above 0.3 mg.L
-1

. For zinc, all of the wells analyzed complied with the limits 

established by legislation.  
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The results for Landfill Bandeirantes show that, even under control, Pb was detected in 9 

monitoring wells, and in four of them the values were above the maximum permissive value. 

In the supplying wells of UNICAMP high concentration of Cr (237 μg L
-1

) and Pb (13 μg L
-1

) 

were observed. So becomes necessary the monitoring of these wells to verify the permanency 

of these values. For the other analyzed wells located in the metropolitan region of Campinas, 

elements not expected as Cr and Pb had been detected. Fifteen wells with values above of the 

permissive for Pb were observed [8]. 

 

 

3.2.2 Surface Water 

 

Table 4 show concentrations of Cr, Mn, Fe, Ni, Cu and Zn detected and quantified by SR-

TXRF in surface waters around the Delta Landfill.  

 

Table 4: Concentration (mg·L
-1

) of elements in surface waters at the Delta Landfill. 

 

Concentration( mg.L
-1

) 

Points Cr Mn Fe* Ni Cu* Zn 

AS1 0.09 0.34 6.89 <LD <LD 0.09 

AS2 <LD 14.65 1.06 0.01 0.07 0.11 

MPV 0.05 0.1 0.3 0.025 0.009 0.18 

                                       *Dissolved values 

 

 

The elements Cr and Fe showed higher concentrations in the water upstream (AS1), that can 

be associated with contamination before the landfill. But for the elements Mn and Cu the 

concentrations were higher downstream indicating the influence of the landfill. For zinc and 

nickel values not reached the limit of legislation. 

 

 

3.2.3 Slurry 

 

Table 5 presents the concentrations of metals detected in the slurry samples under study for 

the Delta Landfill. For Mn, Fe and Cu was used method EPA 3050B and to Ni and Zn the 

EPA 200.8, and then compared with effluent discharge standards of Resolution established by 

CONAMA Nº 430 of May, 2011.  

 

Table 5: Concentration (mg·L
-1

) of elements in slurry samples collected at the Delta 

Landfill. 

 Concentration( mg.L
-1

) 

Slurry 
Mn* Fe* Ni Cu* Zn 

0.17 <LD 0.04 <LD 0.70 

MPV 1.0 15.0 2.0 1.0 5.0 

                                               *Dissolved value 
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For the elements analyzed, the concentrations did not reach the limits (MPV) in the period 

analyzed. 

 

3.3 Santa Barbara Landfill 

 

Concentrations of groundwater, slurry and surface water from Santa Barbara landfill were 

analyzed. 

 

 

3.3.1 Groundwater 

 

Table 6 show the concentration of chemical elements detected and quantified by SR-TXRF in 

groundwater samples around the Santa Barbara Landfill.  

 

 

Table 6:  Concentration (mg·L-1) of the elements in groundwater samples collected in 

the monitoring wells at the Santa Barbara Landfill. 

 

 

Points 
Concentration( mg.L

-1
) 

Cr Mn Fe* Ni Zn 

PM11* 0.24 0.26 3.51 0.04 0.64 

PM31 0.02 3.15 6.38 0.01 0.06 

PM37 0.02 1.47 67.45 <LD 0.61 

PM33 0.07 10.57 29.79 0.06 0.35 

PM16 0.03 3.28 9.78 0.03 1.22 

PM35 0.38 1.90 74.49 0.12 0.76 

PM36 0.09 1.75 14.98 0.05 0.77 

PM24 0.06 2.98 13.06 0.02 0.33 

PM17 0.07 1.20 3.56 0.12 1.22 

P1 0.02 3.29 9.40 0.03 0.66 

MPV 0.05 0.40 0.30 0.02 5.00 

                                      * Upstream Well 

 

 

For the upstream well (PM11) Cr, Fe and Ni showed concentrations above the limit. The 

concentrations of manganese and zinc are below the MPV, and the Cu concentration was 

below the detection limit.  

 

The copper’s limit has been reached in 50% of the wells examined, including the upstream 

well. For Mn and Fe 100% of the wells downstream showed values above the limit, 0.40 and 

0.30 mg.L
-1

, respectively. 

 

Approximately 30% of wells downstream showed nickel concentrations above the limit, and 

for zinc and Cu all of the values were below the maximum established limit.  
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3.3.2 Surface water 

Table 7 show concentrations of Cr, Mn, Fe, Ni, Cu and Zn quantified by SR-TXRF in surface 

waters around the Santa Barbara Landfill.  

 

Table 7:  Concentration (mg·L
-1

) of the elements in surface water samples collected at 

the Santa Barbara Landfill. 

 

Concentration ( mg.L
-1

) 

Points Cr Mn Fe* Ni Cu* Zn 

AS1 <LD <LD 2.14 <LD 0.029 <LD 

AS2 0.0824 <LD 0.43 <LD 0.023 <LD 

MPV 0.05 0.10 0.30 0.025 0.009 0.18 
                                      * Dissolved value 

 

The concentrations of Mn, Ni and Zn upstream and downstream surface water were below 

the detection limit, while Fe and Cu values extrapolated the legislation limits (0.3 and 0.009 

mg.L
-1

 respectively). 

 

For the Cr, the amount concentration was below the limit of detection, while downstream 

extrapolated the limit (0.05 mg.L
-1

), that may show the influence of the landfill on surface 

water in the region. 

 

 

3.3.3 Slurry 

 

Table 8 presents the concentrations of metals detected in the slurry samples under study for 

the Santa Barbara Landfill. For Mn, Fe and Cu was used method EPA 3050B and to Ni and 

Zn the EPA 200.8, and then compared with effluent discharge standards of Resolution 

established by CONAMA Nº 430 of May, 2011. 

 

 

Table 8: Concentration (mg·L
-1

) of the elements in slurry samples collected at the Santa 

Barbara Landfill. 

 

 Concentration( mg.L
-1

) 

 Mn* Fe* Ni Cu* Zn 

Slurry 1.03 10.40 0.03 0.61 1.45 

MPV 1.0 15.0 2.0 1.0 5.0 

                                               *Dissolved values 

 

 

For the period analyzed the concentrations of Fe, Ni, Cu and Zn were below the limit 

established by legislation, and only Mn had their value above the limit. 
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4. CONCLUSIONS 

 

For Delta e Santa Barbara landfill the underground water concentrations of Cr, Mn, Fe e Ni 

was above the limits and the limit for iron was achieved in almost 100% of the wells 

analyzed. But the MVP of zinc was not reached in landfill wells analyzed. 

 

There was influence of the landfill on surface water quality for Mn and Cu in the Delta 

landfill, because they showed high concentration in downstream wells the landfill. And for 

the Santa Barbara landfill limit was not reached in sections analyzed for Cr, Mn, Fe, Ni, Cu 

and Zn. 

 

In relation Delta and Santa Barbara landfill slurry the MPV (discharge standards of the 

CONAMA Resolution 430) was not reached for elements studied. 
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