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ABSTRACT 

 
The problem of solid waste in most countries is on the rise as a result of rapid population growth, urbanization, 

industrial development and changes in consumption habits. Amongst the various forms of waste disposals, 

landfills are today the most viable for the   Brazilian reality; both technically and economically. Constructive 

characteristics allow minimizing the effects of the two main sources of pollution from solid waste: landfill gas 

and slurry. However, minimizing is not synonymous with eliminating, consequently the landfill alone cannot 

resolve all the problems concerning solid waste disposal. The main goal of this work is to evaluate the content 

of trace elements in samples of groundwater, surface water and slurry arising from local solid waste disposals in 

the city of Campinas SP Brazil. Samples of surface and groundwater, slurry; were collected in the Delta, Santa 

Barbara and Pirelli landfills. At Delta and Santa Barbara values above the maximum permitted level established 

by CETESB for Cr, Ni and Pb in samples of groundwater were observed, while at Pirelli, "Pb concentrations 

were above the permitted. At Delta values above levels permitted by legislation CONAMA 357 were still 

observed in surface water samples for Cr and Cu; whereas in slurry samples, values above the levels permitted 

were observed for: Cr, Ni, Cu, Zn and Pb. Slurry samples were prepared in accordance with two extraction 

methodologies, EPA 3050B and EPA 200.8. Concentrations of Cr, Ni, Cu and Pb obtained were higher than the 

limit established by CONAMA 357 for most samples collected at different periods (dry and rainy) and also for 

the two extraction  methodologies employed. 

 

 

1. INTRODUCTION 

 

The degradation of environmental and reduction of animal and vegetable life arising from 

environmental changes are usually man-caused. Such results owe to accelerated development, 

which alongside a more consumerist logic lead to a rise in the speed of consumption of the 

natural resources, and consequently, the increase in generation of residues. 

 

The adverse effects of solid residues on the environment and health are associated with 

inadequate final disposal and flaws in the collection system.  

 

In an attempt to alleviate problems caused by poor disposal of waste, many processing 

techniques and waste disposal were created and / or changed throughout history. However, 

according to the National Sanitation Plan - IBGE [1] 63.6% of Brazilian municipalities still 
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disposing of their waste dumps, which are sites that do not ensure the protection of the 

environment and health. Only 32.2% of the municipalities have landfills, and there is still a 

percentage of 5% that did not say what the destination of their waste. 

 

In sites where the disposal is adequate, the liquid  resulting from  the decomposition of the 

mass of residues – slurry, may leak and reach surface hydro systems or even seep into the soil 

reaching underground waters, undermining the water quality and its potential uses. The 

composition of the slurry may vary, it may contain high concentration of metals, which in 

their majority can accumulate in the environment and be transported through the food web in 

various levels of the food chain. In the face of these findings, this study aims at determining 

the various levels of heavy metals in the slurry, surface and underground waters collected in 

the three main residue disposal sites in the city of Campinas, Brazil. The concentrations of 

metals present in the liquid collected were analyzed by the Total Reflection X-Ray 

Fluorescence with Synchrotron Radiation technique. 

 

 

2. MATERIAL AND METHODS 

2.1. Characterization of the Area of Study 

 

The city of Campinas is in the southeast of Brazil, in the interior of the state of Sao Paulo. In 

1972 Campinas had its first final residue disposal site the „Pirelli dump‟ (Fig. 1), whose 

objective was to recuperate the local topography. Unchecked disposal of rubbish in this site 

led to soil, surface and underground water pollution in the area, which was closed down in 

1984 [2]. The mass of waste deposited was covered with soil thickness ranging from 10 to 60 

cm. For nine years were taken to the recovery area that still had the occupation by families 

who came to live in the dump area [2]. 

 

 

 

 

 
 

Figure 1. Pirelli dump. 

 

 

 

Since the year 1984, the residues started being deposited in the Santa Barbara Sanitary 

Landfill (Fig. 2), which received approximately 1,260,000 tons of waste in an area no larger 
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than 420,000 m2. The landfill has a system of biogas exploitation that fueled the truck fleet of 

garbage collection.The population density in the areas around the sanitary landfill, given the 

absence of methods restricting the occupation and use of land, led to strong popular pressure 

towards the closure of the activity, which occurred in September 1992 [2].  

 

 

 

 
 

Figure 2. Santa Barbara sanitary landfill. 

 

 

 

Following the end of the activities in the Santa Barbara landfill, in 1992, Delta, a sanitary 

landfill was established as an emergency measure. The Delta landfill (Fig. 3) belongs to the 

municipal government of Campinas and has an area of 52 hectares, and 26 for the disposal of 

waste. They are placed in the landfill 27,000 ton of waste per month. 

 

 

 

 
 

Figure 3. Delta sanitary landfill. 
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2.2 Sampling 

 

The samplings were collected quarterly, starting in June 2009 and finished in January 2011. 

In the groundwater sampling, the method utilised was “Low Flow” (Fig. 4).  With a view to 

verifying the influence of the final disposal sites in study, the concentration of heavy metals 

upstream – before the landfills- as well as downstream –after the landfills- were monitored. 

As surface water is concerned, two sampling spots were defined in the hydrographic basin 

where each landfill is located, one upstream, before the contamination point (AS1), following 

the flow, and one downstream –after the contamination area (AS2). The samplings followed 

the techniques described in [3].  

 

 

 

  
 

Figure 4. Groundwater sampling. 

 

 

2.3 Preparation of the samples 

 

With a view to determining the concentration of the metals dissolved, the samples of surface 

as well as groundwater samples were filtered with the use of a vacuum pump, through a 

cellulose ester membrane filter of 0.45μm in porosity and 47mm in diameter, manufactured 

by Millipore®. On the other hand for the concentration of the total metals, the water samples 

and the slurry were digested according to the USEPA 200.8 and 3050 B methods [4, 5].  

 

2.4 Determination of the Liquid Samples by SR-TXRF 

 

In analysis by SR-TXRF, 100 µL of a „Ga‟ solution of 102.5 mg.L
-1 

was added to a fraction 

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

measured under total reflection condition for 100 seconds in the X- Ray Fluorescence 

Beamline in the Synchrotron Radiation Source  Laboratory (LNLS), in Campinas, Brazil.   
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2.5 Groundwater and Surface Waters – Reference Standards 

 

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 and revised and updated in 2005 according to a decision of the board of 

directors - CETESB No. 195–2005-E, of November 23, 2005[6].  

 

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 of  march 17 2005 [7] were used. 

2.6 Quantitative analysis by SR-TXRF 

 

The analyses of the samples were carried out in the X-Ray Fluorescence Beamline (D09B – 

XRF) at the Synchrotron Light Source Laboratory (LNLS) located in Campinas, SP, Brazil.  

 

The experimental setup geometry is arranged to provide the total reflection. In this 

arrangement, the reflector along with the prepared sample is allocated in a sample holder 

where he focuses a beam of synchrotron light on the rate paid on the plate, allowing the 

visualization of the elements contained in the sample. 

 

In this arrangement, the movements of adjustment to obtain the total reflection condition are 

made through three-dimensional movements. Fig. 5 shows the Perspex allocated in the 

sample holder. 

 

In the excitation, a white beam at an intensity of 4.10
9
 photons/s to 8 keV was used, whereas 

a Si (Li) detector with 165 eV resolution at 5.9 keV was employed in the detection. 

 

 

 
 

Figure 5. Experimental setup of total reflection condition. 
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3. RESULTS AND DISCUSSION 

3.1 Relative Sensitivity 

 

In order to calculate the relative sensitivity, standard solutions were used for each series, K 

and L, containing well known elements in different concentrations with Gallium addition 

used as an internal standard. The standard solutions were prepared in triplicate, as well as the 

analytical blank, and measured for 100 seconds in the D09B-XRF beamline. 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 some adjustments of the experimental values 

were made with a view to obtaining a sensitivity curve in function of the atomic number for 

the elements in the interest energy range, including those whose standards are not available, 

as shown in Fig. 6 and 7 for the K and L series, respectively.  

 

 

 

  
 

Figure 6. Sensitivity curve for K series. 

 

Figure 7. Sensitivity curve for L series. 

 

 

3.2 Detection Limit 

 

The detection limits for the TXRF technique are better than those presented by conventional 

fluorescence, due especially to three factors: 1- the low background intensity over the 

characteristic peaks, 2- the primary radiation flow available for exciting the sample is more 

effective, and 3- the proximity between the sample and the X-ray detector. 

 

The detection limit for each element is directly related to the background intensity as can be 

seen in the equation 1: 
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Where: 

t = counting time [seconds]. 
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Ii (BG) = background intensity [cps]. 

Cy = concentration of internal standard in samples. 

Iy = intensity of internal standard (Ga) in samples. 

SRi = relative sensitivity for element  „i‟. 

 

Figures 8, 9 and 10 present the limits of detection for the slurry samples, ground and surface 

waters, respectively.  

 

 

 

  
Figure 8. Detection limit for the slurry 

sample. 

Figure 9. Detection limit for the ground 

water. 

 
 

Figure 10. Detection limit for the surface water sample. 

 

 

3.3 Delta Landfill 

 

3.3.1 Groundwater 

 

The data highlighted in Table.1 and Table.2 are related to values above the Intervention 

Limits established by CETESB in the Board of Directors Decision Nº 195-2005- E of 

November 23, 2005, which concerns the approval of Orientation Values for Ground and 

Underground Waters in the State of Sao Paulo– 2005. 

 

The concentration of chromium, nickel, copper, zinc and lead stood below the intervention 

value for underground waters in the upstream wells (PM 101 and PM01B). 
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For chromium the downstream wells analyzed presented values above such limit, when  

PM107 presented a concentration 50 times higher than permissive value established by 

CETESB.  

 

The upstream well PM103, PM107, PM114, PM112 and PM 113 presented a nickel 

concentration above the limit set by legislation, and PM113 presented a concentration 15 

times higher than permissive value.  

 

For copper, all the wells analyzed stood below 2000 mg.L
-1

, being the highest value (PM110) 

95% below the limit. For lead, all the wells analyzed stood above 10 µg.L
-1

.  

 

 

Table 1. Concentration (µg.L-1) of of the elements in the groundwater samples 

collected in the monitoring wells at Delta Landfill. 

  

Wells S Cl K Ca Ti Cr Mn 

PM101* 2708 7266 10315 22289 834 21 66 

PM01B* 36868 8688 16785 95823 101 9 167 

PM02 14596 35866 5017 31136 272 32 587 

PM103 16804 -- 8057 22366 116 26 234 

PM105 26838 2095 4802 86785 42 30 728 

PM106 53147 17358 26790 122935 21081 12 8437 

PM107 8471 -- 67225 104994 218 2661 28696 

PM108 4265 87993 10936 58714 359 -- 5316 

PM110 7734 52617 10224 38037 823 144 2744 

PM112 8935 31037 1199668 42394 -- 218 194 

PM113 16472 56060 1119259 32637 285 242 351 

PM114 11238 45134 1164233 43860 94 95 481 

PM115 13448 53378 31372 64607 1829 98 7200 

MPV - - - - - 50 400 
* Upstream Well 

 

Table 2. Concentration (µg.L-1) of the elements in the groundwater samples collected 

in the monitoring wells at Delta Landfill. 

 

Wells Fe Ni Cu Zn Br Sr Pb 

PM101* 7161 24 8 314 -- 119 -- 

PM01B* 801 4 25 155 159 427 -- 

PM02 15378 -- 9 92 266 -- -- 

PM103 3906 41 15 321 134 59 -- 

PM105 502 5 35 200 167 370 -- 

PM106 21594 7 18 137 578 458 59 

PM107 4142 94 -- 162 833 645 91 

PM108 128844 -- 84 208 1101 156 456 

PM110 150865 -- 95 390 716 -- 525 

PM112 6859 287 11 541 1840 141 -- 

PM113 10279 314 -- 636 3438 -- 168 

PM114 21613 309 -- 2138 2866 158 151 

PM115 118323 23 92 375 735 215 258 

MPV 300 20 2000 5000 - - 10 
* Upstream Well 
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3.3.2 Surface water 

 

Table.3 and Table.4 show concentrations of same chemical elements detected and quantified 

by Synchrotron Radiation X-Ray Fluorescence by Total Reflexion (SR-TXRF) in surface 

waters. 

 

 

 

Table 3. Concentration (mg.L-1) of the elements in surface waters in the monitoring 

wells at Delta Landfill. 

Wells S Cl K Ca Ti Cr Mn 

AS1* 13.01 2.98 12.69 25.30 0.16 0.09 0.34 

AS2 19.98 4.75 32.00 55.32 0.05 -- 0.32 

VMP - - - - - 0.05 0.1 
* Upstream Well 

 

 

 

Table 4. Concentration (mg.L-1) of the elements in surface waters in the monitoring 

wells at Delta Landfill. 

Wells Fe Ni Cu Zn Br Sr Pb 

AS1* 3.01 - 0.01 0.09 0.04 0.08 - 

AS2 1.31 0.01 0.02 0.11 0.08 0.20 - 

VMP 0.3 0.025 0.009 0.18 - - 0.01 
* Upstream Well 

 

 

 

The element chromium presents values above permitted in the surface water sampled 

upstream at the Delta landfill. When it comes to the element nickel, it is noticeable that the 

waters collected upstream as well as downstream at the sanitary landfill do not reach the 

maximum value for rivers classified as Class 2.  

 

The values for the element copper are above the maximum value in the downstream waters, 

whereas for zinc, the concentration values stand below the maximum established index. 

3.3.2 Slurry 

 

Tables 5 and 6 present the concentrations of the metals detected in the slurry samples 

collected in Delta Landfill prepared by two different extraction procedures. The total contents 

were determined by the method 200.8 and the environmentally available contents by the 

method 3050B both established by the  Environmental Protection Agency (EPA). 
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Table 5. Concentration (mg.L
-1

) of the elements in the slurry samples in the dry and 

rainy seasons at Delta Landfill. 

 

Methodology 

 

Season 
S Cl K Ca Ti Cr Mn 

EPA 200.8 
Dry 11.20 22.07 883 23.41 0.21 0.11 0.21 

Rainy 13.49 28.41 840 54.53 0.18 0.15 0.30 

EPA 3050B 
Dry 4.13 27.51 331 3.98 0.07 - 0.05 

Rainy 15.49 35.52 395 17.78 0.13 0.01 0.10 

MPV  - - - - - 0.05 0.1 

 

 

 

Table 6. Concentration (mg.L
-1

) of the elements in the slurry samples in the dry and 

rainy seasons at Delta Landfill. 

 

Methodology Season Fe Ni Cu Zn Br Sr Pb 

EPA 200.8 
Dry 3.37 0.12 -- 0.17 2.47 0.23 0.21 

Rainy 4.03 0.13 0.37 0.70 2.47 0.44 0.20 

EPA 3050B 
Dry 0.48 -- 0.01  0.51 0.07 0.09 

Rainy 2.37 0.11 0.08 1.00 0.39 0.12 -- 

MPV  0.3 0.025 0.009 0.18 - - 0.01 

 

 

 

The total contents of chromium (EPA 200.8) stood above the maximum permitted in both 

rainy and dry season; however the concentration of chromium stood above the maximum 

permitted for the dry and rainy season alike. Therefore the concentration of chromium 

environmentally available (EPA 3050B) did not reach such limit in any of the seasons 

analyzed.  

 

For the element nickel, except for the dry season, the total content, as well as the 

environmentally available content presents concentrations above the maximum, as showed in 

the Table. 6.   

 

In the case of copper, one of the samples presented a concentration 40 times higher than the 

limit acceptable. 

 

For zinc, the concentration values for the dry season are below the permitted limit, however 

in the rainy season the values stand above 0.18 mg.L
-1

 in both extraction methodologies.   

 

For lead, except in the slurry in the rainy season and in the extraction of the elements 

environmental available (EPA 3050B) where the concentration fell lower than the detection 

limit for the technique,  all the other points are above the maximum permitted limit. 

3.4 Santa Barbara Landfill 

 

The concentrations of chromium, nickel, copper, zinc and lead detected and quantified by 

SR-TXRF in groundwater are shown in Table.7 and Table.8. 
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Table 7. Concentration  (g.L
-1

) of the elements in the groundwater samples collected in 

the monitoring wells at Santa Barbara Landfill. 

 

Well S Cl K Ca Ti Cr Mn Fe 

PM11* 4177 1661 24304 73490 1527 188 298 4744 

PM31* - - 7706 131888 103 25 4444 11828 

PM16 40004 8455 9517 162300 81 17 4297 11653 

PM17 13618 3019 5048 18309 - 2176 1836 6118 

PM24 33296 42203 28734 21901 - 2767 3197 236418 

PM33 7027 132362 63731 105495 1217 481 23015 301910 

PM35 18721 62651 107194 14930 12511 534 3914 161774 

PM36 9693 11588 26288 15157 - 1110 3000 207650 

PM37 3278 36130 20148 171584 356 284 1947 111602 

MPV - - - - - 50 400 300 
* Upstream Well 

 

 

 

Table 8. Concentration  (g.L
-1

) of the elements in the groundwater samples collected in 

the monitoring wells at Santa Barbara Landfill. 

 
Well Ni Cu Zn Br Rb Sr Ba Pb 

PM11* 62 331 1659 - 32 107 786 192 

PM31* 2  147 64 - 196 1262 105 

PM16 - - 622 215 - 737 372 127 

PM17 177 1 380 493 - 67 271 - 

PM24 175 675 657 151 534 - 5058 1121 

PM33 230 712 1449 530 - 677 6614 1232 

PM35 98 229 1136 141 309 112 5467 729 

PM36 98 653 581 240 277 - 6882 690 

PM37 43 1243 1237 2630 - 413 1512 632 

MPV 20 2000 5000 - - - - 10 
* Upstream Well 

 

 

 

For chromium, the well PM11 (upstream) presents concentrations above the limit, and the 

downstream values rise significantly in relation to the maximum permitted. The well PM33 

presents the highest concentration of nickel, reaching levels 10 times above the value the 

limit (20 μg.L
-1

). 

 

All the copper values stand below the limit, and the highest concentration found is 37% lower 

than permissive value of 2000 μg.L
-1

. For zinc, all the values are also below the maximum 

established limit.   

 

For all the Santa Barbara landfill samples analyzed, the concentration of lead was above the 

maximum permitted limit at the upstream as well as downstream wells, reaching values 120 

times higher than those permitted by legislation 
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3.5 Pirelli Landfill 

 

The concentrations of nickel, copper, zinc and lead detected and quantified by SR-TXRF in 

groundwater is shown in Table.9 and Table.10. 

 

 

 

Table 9. Concentration  (g.L
-1

) of the elements in the groundwater samples collected in 

the monitoring wells at Pirelli Landfill. 

 

Well S Cl K Ca Ti Cr Mn Fe 

PM04*  72 3279 15987 - 8 1302 992 

PM50* 494 1861 4894 11390 68 7 58 909 

PM57 906 1180 1632 7896 14 47 6 139 

MPV - - - - - 50 400 300 
* Upstream Well 

 

 

 

Table 10. Concentration  (g.L
-1

) of the elements in the groundwater samples collected 

in the monitoring wells at Pirelli Landfill. 

 
Well Ni Cu Zn Br Rb Sr Ba Pb 

PM04* 9 - 55 86 16 346 2198 - 

PM50* 7 20 113 9 - 17 80 13 

PM57 4 20 61 --  18 44 11 

MPV 20 2000 5000 - - - 700 10 
* Upstream Well 

 

 

For Ni, Cu and Zn the values present concentrations below the limit, and for Pb, the 

concentrations in wells PM50 and PM57 are slightly above the permissive limit.  

 

 

4. CONCLUSIONS  

 

The landfill had influence in the groundwater and slurry quality.  

 

At Delta landfill, the underground waters assessed presented concentrations above the 

maximum value permitted by CETESB for the elements: Cr, Ni and Pb. However in surface 

waters the concentrations above the maximum permitted values were verified for Cr and Cu. 

In the slurry samples, the elements Cr, Ni, Cu, Zn and Pb presented concentrations higher 

than the maximum permitted limits. 

 

At Santa Barbara landfill only underground water samples were analysed, and the elements 

with concentrations above the maximum permitted were: Cr, Ni and Pb. 

 

At Pirelli, although it has been closed down, the underground waters still present Pb 

concentrations above the permissive values. 
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