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ABSTRACT 

 
The rapid urban and industrial development in last decades has brought as one of the consequences, changes in 

the environment. The lack of planning of city growth is, today, one of the major causes of water pollution 

including residential, industrial, agricultural, and hospital waste. The metals contamination is a major problem, 

causing serious changes to the environment, causing harm to human health. The sludge generated at sewage 

treatment plants, is an important source of nutrients and organic matter, and therefore it can also be reused 

mainly for agricultural use, since contaminants are removed. The cities of Campinas and Jaguariúna are inserted 

in the Campinas Metropolitan Region (CMR), one of the most dynamic regions in the Brazilian economy. 

Therefore, to study the anthropogenic influences of the cities, evaluated the quality of raw and treated effluent 

and the sludge generated in sewage treatment plants, especially with regard to heavy metals. Measurements of 

metals were performed by Synchrotron Radiation Total Reflection X-ray Fluorescence. For treated effluent data 

were compared to CONAMA 357 law and Cr, Mn, Fe, Ni, Cu, Zn, Ba and Pb showed concentrations in 

according with the law. To reuse in agriculture the contents were compared to the limits defined by CETESB 

and some elements had concentrations above to the permitted preventing its reuse. For sludge, Cr, Ni, Cu, Zn, 

Ba and Pb, in the two treatment plants studied, the concentrations were lower than the maximum permissible 

values established by CONAMA 375 law allowing the sludge application sludge on agricultural land. 
 

 

1. INTRODUCTION 

 

The population growth in recent decades and the lack of planning the growth of cities led to 

the increased volume of sewage generated and is today one of the major causes of pollution 

of rivers. The accelerated degradation of water supplies is one of the biggest problems faced 

at the beginning of this century, and many other deficiencies in environmental issues, such as 

contamination by metals, which in addition to causing severe impact to the environment, can 

cause serious harm to human health. 

 

The treated sewage has a fundamental role in the planning and sustainable management of 

water resources, used as reuse, replacement of water intended for agricultural purposes and 

irrigation, among others. By preserving the sources of good quality water for public supply 

and other priorities, the use of sewage contributes to the conservation of water resources. In 

conflict with this critical situation, besides the good possibility of sewage to be treated and be 

released in the sources properly and / or the implementation of water reuse, there is also the 

possibility of the residue from the treatment of sewage sludge be a major source of organic 
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matter and nutrients for agriculture. Thus, reuse and sludge application on the ground, could 

be an important planning tool to ensure water sustainability. 

 

The cities of Campinas and Jaguariúna are inserted in the Campinas Metropolitan Region 

(CMR), one of the most dynamic regions in the Brazilian economy, accounting for 2.7% of 

Gross Domestic Product (GDP) and 7.83% of GDP Sao Paulo, or about $ 70.7 billion per 

year. Besides having a strong economy, the region also presents an infrastructure that 

provides the development of the entire metropolitan area. 

 

The proposed study is based on concern for the depletion and degradation of natural 

resources, because the water already presents a critical picture of imbalance due to misuse of 

these resources. Therefore, the aim of this study was to evaluate the quality of the raw 

wastewater, treated and sludge from sewage treatment plants in the city of Jaguariúna (STP 

Camanducaia) and Campinas (STP Anhumas), determining the elemental concentrations of 

potentially toxic elements using Synchrotron Radiation Total Reflection X-ray Fluorescence 

technique (SR-TXRF), aiming at the application of sludge for agricultural use [1,2]. 

 

 

2. INSTRUMENTAL 

 

This work was performed with Synchrotron Radiation Total Reflection X-Ray Fluorescence 

(SR-TXRF) technique due to high intensity of the primary beam of radiation enabling a 

analytical sensitivity adequate to the evaluation of the contamination level by inorganic 

potentially toxic substances in the raw and treated sewage and sludge samples of the 

treatment plants selected.  

  

2.1. Sampling and Sampling Sites  

  

The samples of raw and treated effluent were taken at the times of high and low flow, the 

sewage treatment plants in Camanducaia in the municipality of Jaguariúna and the sewage 

treatment plant Anhumas in the municipality of Campinas. The collection of the sewage 

sludge took place during the day period and at the time that it received the highest throughput  

in the sewage treatment plants.  

  

The treatment process adopted in Jaguariúna is activated sludge with extended aeration. The 

extended aeration process designed is used for treating effluents with good results by 

removing more than 90% of organic matter. In Campinas sewage treatment is done by a 

mixed technology, which combines biological treatment (anaerobic) and physicochemical 

treatment.  

  

For both sewage treatment plants the sampling of the raw sewage was done after the screens, 

and the treated sewage was collected after the treatment and before the final destination in the 

water body.  

 

  

2.2. Sample Preparation  

  

The samples of the raw and treated effluents were acidified and stored in refrigeration until 

the time of digestion. The sludge in turn was collected and taken to the greenhouse at a 
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temperature of 50°C (± 2°C) and kept for a minimum of 24 hours. The digestion of the 

samples was performed by using the method USEPA 3050B [3]. This methodology is a type 

of a very strong acid digestion, which dissolves nearly all the elements that can become 

environmentally available. The elements connected to the silicate structures are not usually 

extracted by this methodology.  

  

For the analysis by SR-TXRF, an aliquot of 1 mL was removed from each sample and 

transferred to the Eppendorf tubes, where 100 µL of a solution of gallium (Ga) with a 

concentration of 102.5 mg.L-1, used as internal standard.  

  

After this procedure, 5 µL of the solution was pipetted on the sample holder (perspex) and 

subjected to drying with an infrared lamp. The samples were prepared in triplicates and these, 

after drying, were stored in Petri dishes to avoid contact with the external environment, in 

order to prevent contamination. The samples placed in Petri dishes were stored in a 

desiccators. An analytical blank was prepared with the main purpose of eliminating possible 

contamination by the reagents employed.  

  

During the whole period, were collected in both cities a total of 16 samples of raw sewage in 

each one and 16 samples of treated sewage in each city, while for sludge samples were 

collected 12 samples in each city.  

 

  

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 samples were measured for 100 s employing a polychromatic (white) beam 

with 200µm height and 5mm width was utilized for excitation in the energy range of 4-22 

keV. The distance sample-detector was 11mm and the incidence angle was 1mrad. X-rays 

were detected with a Si(Li) semiconductor detector with 165 eV resolution 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 [4,5].  

 

 

 

3. RESULTS AND DISCUSSION 

 

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 

the application Quantitative X-ray Analysis System (QXAS). A total of 15 measurements 

were taken for each one of the series.  
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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 equations 1 and 2 showed the adjusted curve of the relative 

sensitivity for K and L series, respectively. 

 

 

                                              
          

(1) 

 

 

                                           
          

(2) 

 

 

  

The values of the determination coefficients were near to one indicating a good adjusted of 

the experimental points.  

 

3.1 Detection Limits 

 

Detection limits were calculated by the equation 3 [6,7] and the table 1 shows the detection 

limits obtained for raw and treated sewage and sludge samples.  

 

               
       

 
  

  

      
 (3) 

 

Where: 

Ii (BG) = intensity of the background; Cp = concentration of the internal standard; Ip = 

fluorescent intensity of the internal standard; SRi = relative sensitivity of the element i and t = 

measuring time. 

 

 

Table 1:  Detection limits (µg L
-1

) for raw and treated sewage and, sludge samples 

determined by SR-TXRF. 

 

 
Detection Limits (µg L

-1
) 

 Element Raw Sewage Treated Sewage Sludge 

Cr 0.197 0.228 0.265 

Mn 0.139 0.162 0.185 

Fe 0.105 0.126 0.137 

Ni 0.113 0.138 0.134 

Cu 0.114 0.139 0.123 

Zn 0.121 0.145 0.124 

Ba 0.908 0.985 2.002 

Pb 0.677 0.760 0.716 
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3.2. SR-TXRF validation procedure  

  

In order to validate the methodology used, an analysis of standard reference material was 

performed. The standard material used was domestic sludge provided by the National 

Institute of Standards & Technology (NIST 2781).  

  

Table 2 gives the comparison between the certified values and the values measured. Fifteen 

measurements were made, over 150 seconds. The confidence interval was calculated for a 

value of α=0.05 (95% confidence level) representing the level of significance, which varies 

from 0 to 1.  

 

 

Table 2: Comparison of measured and certified values with corresponding confidence 

intervals for the Domestic Sludge reference sample (NIST 2781) measured by 

SR-TXRF 
 

Element Measured Value (mg L
-1

) Certified Value (mg L
-1

) 

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 

 

 

3.3. Quantitative Analysis of Samples  

  

Based on the rainfall data for the year 2010 for the cities studied, the results were divided into  

two periods: dry and rainy. For the dry period were considered the months from April to 

September and rainy for two distinct periods: January to March and October to December. 

Thus, it was possible to evaluate the variation of the concentration of elements according to 

the rainfall. Therefore, the results presented in Tables 3, 4 and 5 represent the average 

concentrations of the elements for the dry and rainy periods defined above.  

 

The concentrations were determined by SR-TXRF were compared with the quality standards 

established by CONAMA Resolution N° 357, of March 17, 2005 [8] as amended by 

CONAMA Resolution N° 430 of 13 May 2011 [9] establishing the standards for effluent 

discharge standard technique N° 31 of CETESB of 20 October 2006 [10] establishing the 

standards of wastewater reuse.  

  

It is worth noting that CONAMA Resolution N° 430 of May 13, 2011 changed the limits for 

chromium which is now divided into hexavalent chromium, which is VMP 0.1 mg L
-1

, and 

trivalent chromium with VMP 1,0 mg L
-1

.  
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The sampling of sewage and sludge were performed in the periods of major and minor output 

flow, of the sewage treatment plants of Camanducaia (Jaguariúna) and Anhumas (Campinas), 

during 2009 and 2010 years. 

 

However, when the sampling of this research started, the legislation was the CONAMA 

357/2005, which did not differentiate tri and hexavalent chromium, and this was not carried 

out a sample preparation that allowed the determination of the two species, thus it was not 

possible determine the concentration of each of the forms of chromium present in the 

samples.  

 

 

 

Table 3: Concentration of potentially toxic elements in the sewage samples collected in 

the Camanducaia Sewage Treatment Plant in Jaguariúna city in 2010. 

In Bold - values above the Normative Instruction CETESB 31 

Considering Resolution N° 357, of March 17, 2005, the mean concentrations obtained for 

chromium were less than the maximum allowed value, indicating the possibility of release of 

effluent into waterways without causing contamination. However to meet the reuse of 

effluent, following the Normative Instruction N° 31 of CETESB note that it cannot be used 

because the results have mostly above the norm or very close to the maximum permissive 

value (MPV). 

 

Analyzing raw sewage, some elements such as Ni, Cu and Zn to the city of Campinas, 

showed higher concentrations in the rainy season compared to the dry season, which was not 

expected. This fact can be explained by a possible drag material caused by the rains, which 

wash the streets and rooftops, since illegal connections to storm water are a reality in our 

country. Another factor that may explain the increased concentrations of these elements are 

the possible clandestine industrial releases, which increase during the rainy season just 

because there is a "dilution" of the effluent. 

  

 

Concentration (mg.L
-1

) 

Raw sewage Treated sewage 
CONAMA 

 357 

CETESB 

31 

Period Period Maximum 

Permissive 

Value 

Maximum 

Permissive 

Value 
Element Dry Rainy Dry Rainy 

Ba 0.154±0.004 0.127±0.023 0.062±0.018 0.062±0.014 5.0 5.0 

Cr 0.215±0.013 0.129±0.007 0.242±0.008 0.130±0.005 0.5 0.1 

Fe 7.023±0942 3.461±0.241 8.039±0.718 4.496±0.269 15.0 5.0 

Mn 0.255±0.015 0.135±0.006 0.221±0.016 0.139±0.005 1.0 0.2 

Ni 0.133±0.029 0.060±0.011 0.161±0.102 0.054±0.003 2.0 0.2 

Cu 0.291±0.014 0.167±0.014 0.336±0.031 0.168±0.034 1.0 0.2 

Zn 1.419±0.054 0.714±0.043 2.100±0.117 0.759±0.058 5.0 2.0 

Pb 0.104±0.011 0.055±0.020 0.036±0.004 0.028±0.014 0.5 0.5 
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The increase in the concentration of Cr, Fe, Mn, Ni, Cu and Zn after the treatment in the 

sewage treatment plant of Camanducaia can be explained by the type of treatment performed 

this plant, which is by extended aeration activated sludge. Possibly the sludge age has 

influence on these concentrations. 

 

 

Table 4:   Concentration of potentially toxic elements in the sewage samples collected 

in the Anhumas Sewage Treatment Plant in Campinas city in 2010. 

* above the value established by CONAMA 357,    Bold - values above the Normative Instruction CETESB 31 

 

In the city of Campinas, also there was a small increase in concentrations in the treated 

effluent in 2010 in small proportions, possibly due to the low flow treated and thus increasing 

the time of detention cell. It is noticed a great increase in the treated effluent concentration of 

iron element, which can be explained by the use of ferric chloride coagulant in the treatment 

process, since the sewage treatment plant operates Anhumas UASB followed by flotation. 

 

Therefore, it is noted that the elements Ba and Pb are below the maximum permissive values 

established by CONAMA and CETESB for wastewater and treated, allowing the release of 

effluent for reuse as compared only these two parameters. However when we analyze the Cr, 

Fe, Ni, Cu, Zn and Pb in sewage treatment plants in Campinas and Jaguariúna, all are below 

the legislation CONAMA 357 but above the Technical Instruction N° 31 CETESB, so it was 

possible release the treated effluent, but it is not possible reuse. 

 

Since the concentrations of the sludge, which were also determined by SR-TXRF, were 

compared with the quality standards established by CONAMA Resolution N
o
 375 of August 

29, 2006 [11], which defines criteria and procedures for the agricultural use of sewage sludge 

generated in wastewater treatment of domestic sewage and its derivatives, and other 

measures. 

 

 

 

 

Concentration (mg.L
-1

) 

Raw sewage Treated sewage 
CONAMA 

 357 

CETESB 

 31 

Period Period Maximum 

Permissive 

Value 

Maximum 

Permissive 

Value Element Dry Rainy Dry Rainy 

Ba 0.184±0.038 0.058±0.002 0.266±0.013 0.007±0.005 5.0 5.0 

Cr 0.248±0.014 0.091±0.003 0.349±0.017 0.083±0.003 0.5 0.1 

Fe 10.127±0.900 1.995±0.091 * 15.923±0.800 3.829±0.366 15.0 5.0 

Mn 0.380±0.009 0.675±0.018 0.344±0.060 0.063±0.005 1.0 0.2 

Ni 0.137±0.011 0.023±0.0003 0.205±0.034 0.018±0.003 2.0 0.2 

Cu 0.355±0.034 0.121±0.004 0.720±0.066 0.095±0.005 1.0 0.2 

Zn 2.034±0.103 0.259±0.013 2.776±0.173 0.192±0.030 5.0 2.0 

Pb 0.052±0.012 0.128±0.001 0.066±0.002 0.056±0.002 0.5 0.5 
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Table 5:  Concentration of Cr, Ni, Cu, Zn, Ba and Pb in the sludge samples of Sewage 

Treatment Plants Camanducaia (Jaguariúna) and  Anhumas (Campinas ) in 2010. 

 

 

 
Concentration  (mg kg

-1
) 

Jaguariúna Campinas 

 Period Period 

Element Maximum Permissive Value Dry Rainy Dry Rainy 

Cr 1000 75±3 36±1 94±5 88±4 

Ni 420 21±1 6±1 87±3 49±1 

Cu 1500 144±6 51±1 377±7 176±3 

Zn 2800 925±15 390±4 786±11 448±4 

Ba 1300 8±1 12±1 173±1 321±54 

Pb 300 17±1 17±1 15±1 5±1 
          MPV= maximum permissive value 

 

By the table 5 can be observed that the concentrations for the majority of the elements in the 

dry period were higher than rainy period as expected, except for Ba.  

 

Barium concentrations in Campinas and Jaguariúna treatment plants present an increase in 

the rainy season. Comparing the results with the legislation CONAMA 375, were observed 

values below the limit, allowing the use in soils for agriculture. 

 

Note also that none of the elements in the Table 5 presented concentrations above the 

maximum permissive value (MPV) established by CONAMA 375 law and therefore are able 

to be applied to agricultural use, with regard to the parameters analyzed. 

 

 

4. CONCLUSIONS  

 

Some metals may have an increase in the concentration of the treated effluent relative to raw, 

especially when high loads are present organic matter and also due to illegal disposal in 

sewage collection system. Thus, it is clear the need for greater control of illegal discharges.  

  

The concentration of an element can be increased even after rainfall and air entrainment of 

the particles, and leaching in regions with large processing and mining enterprises, such as 

manganese, nickel and copper.  

  

It can be concluded that, taking into account parameters (concentration of potentially toxic 

elements), the raw and treated effluent treatment plants and sewage Camanducaia Anhumas 

can be released into water bodies without causing damage to environmental quality 

considering legislation CONAMA 357. As the sludge from sewage treatment plants analyzed 

can be used for agricultural use when referring to these parameters, according to the law 

CONAMA 375. But with respect to the reuse of treated effluent, this should not be used, 

according to the Technical Instruction N
0
 31 CETESB.  
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