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ABSTRACT 
 
This study had as goal to determine heavy metals and other elements (Ba, Br, Ca, Pb, Cl, Cr, Sr, Fe, Mn, Ni, K, 
Si, Ti and Zn) in atmospheric pollutants generated by an automotive industry located in the city of Engenheiro 
Coelho, state of São Paulo, Brazil. The sampling and sample preparation procedures were based on methods 
established by the Company of Sanitation and Technology (CETESB L9.234) and also by the Environmental 
Protection Agency (EPA - Method 29). The analysis was performed at XRF Beamline (D09B-XRF) in the 
Synchrotron Light Source Laboratory (Campinas/SP). A white beam of synchrotron radiation was used for 
sample and standard excitation which were irradiated by 100 seconds. For X-ray lines detection, a Ge (HP) 
detector with 150 eV of resolution at 5.9 keV was employed. For zinc, iron, barium, calcium and potassium, the 
values obtained were in the range of 30 mg/Nm³ and, for other elements, the concentrations were approximately 
1 mg/Nm³. The sum of As, Be, Co, Cr, Cu, Mn, Ni, Pb, Sb, Se, Sn, Te and Zn concentration was compared with 
the limits established by CONAMA 264/1999 and SEMA 041/2002 resolutions (7.0 mg/Nm³) and it was 
observed that, for all samples, sums are higher than the permissive value mainly due to the high concentration of 
zinc. Detection limits for SR-TXRF technique were 0.10 µg/Nm3 for Pb and 0.02 µg/Nm3 for Zn.  
 
 

1. INTRODUCTION 
 
 
Nowadays subjects related with the environment are of great concern for society and, among 
them, the issue with air quality, mainly due to the pollutants launched in the atmosphere 
which can promote changes in the environmental quality. 
 
Population growth, the increase of industries and the accelerated increase of vehicular fleets 
are factors that directly affect air quality [1,2]. 
 
Air is denominated polluted when it contains one or more chemical substances in 
concentrations enough to cause damage to the flora and fauna, that is, causing imbalance in 
the ecosystem. 
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One of mainly sources of pollution present in the atmosphere is the particulate matter, which 
is not a defined chemical species, but rather a set of particles in solid or liquid state, able to 
remain in suspension in the atmosphere. Depending on the type of emission, the particulate 
matter can have toxic substances which can be detached from heavy metals [3,4]. 
 
Heavy metals are present in the environment in different forms and in the air they are 
originated by anthropogenic activities associated mainly to combustion process. Atmospheric 
emissions, with further deposition in the soil can be the entrance door for metals in food 
chains, through exposure by routes, such as inhalation, ingestion and skin, with several 
effects onto the organism [5]. 
 
The methods used for sampling of stationary sources in Brazil are adjusted from USEPA 
rules (United States Environmental Protection Agency). The method used for sampling 
metals in stationary sources is based on isokinetic sampling in points located in traverse 
section in the sampling duct.  
 
The Total Reflection X-Ray Fluorescence technique is employed in several areas in 
environmental studies, in the analysis of water, aerosols, soils, sediments, etc. This technique 
is based on the measurement of characteristic X-rays intensities emitted by elements present 
in samples, when they are properly excited. 
 
 

2. MATERIAL AND METHODS 
 

2.1. Characterization of Sampling Location 
 
This study was developed in an automotive industry located in the city of Engenheiro Coelho 
in the Campinas region, state of São Paulo (22°25'55" South and 46°57'28" West). 
 
Engenheiro Coelho is located at 520 m of altitude, total area of 110.1 Km2, 170 Km far from 
the capital of São Paulo, with 10,500 inhabitants, whose economy is typically agricultural 
(orange, sugar cane and cassava), with two big industries (automotive and citric). The city 
shares borders with the following cities: Artur Nogueira, Conchal, Araras, Limeira and Mogi 
Mirim. 
 

2.2. Sampling 
 

Procedures adopted for sampling, performance, determination and validation of the sampling 
were based on CETESB norm (L9.234/1995 – Ducts and chimney of stationary sources – 
Determination of inorganic lead) [6] and also on EPA (Method 29/1991 – Determination of 
metals emissions from stationary sources) [7]. 
 
The isokinetic sampling is accomplished in conditions under which gas flows in the 
equipment inlet has the same velocity as the gas flow that is intended to analyze [8-15].  
 
The sampling time was 60 minutes, at least, and two samplings by emission source were 
performed. The metals as particulate remained in the filter and probe, and gaseous fraction 
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was absorbed in a set of bubbles that contains the absorber solution compound by nitric acid 
and hydrogen peroxide.  
 
The system employed in the isokinetic sampling provided information such as: volume of gas 
collected, entrance and exit temperatures and gas pressure as shown in Figure 1. The 
sampling in course can be seen in Figure 2. 
 
 
 

 
 

Figure 1. System employed for isokinetic sampling 
of atmospheric emissions. 

 
 
 

 
 

Figure 2. Sampling in course. 
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2.3. Sample Preparation 
 
The samples were put in a becker and then placed in a heat plate maintained at 95ºC for metal 
solubilization with the aid of nitric acid (30 mL, 50% v/v) and hydrogen peroxide (10 mL, 
3% v/v) solutions. The samples were maintained in heating until the volume was reduced to 5 
mL. Then, the samples were cooled at ambient temperature and so the volume reached 100 
mL [16].  
 

For SR-TXRF analysis an aliquot of 1 mL of each sample was taken, then 100 L of Ga 
solution were added (102.5 mg.L-1), as internal standard. After homogenization 5 L were 
put into a Perspex holder (Lucite) and later submitted to evaporation with infrared lamp [17].   
 
 

3. RESULTS AND DISCUSSION 
 
3.1. System Calibration 
 
For system calibration it was necessary to determine the relative sensitivities for K and L 
series, so ten standard solutions were prepared, five for K series and five for L series. The 
standard solutions employed contain known elements in different concentrations with the 
addition of Ga used as internal standard.  
 
After determining the relative sensitivities, adjustment on the experimental points was 
performed in order to get a curve for the elements contained in the energy range of interest, 
including those elements for which standards were not available. 
 
Figures 3 and 4 showed the experimental and adjusted curves of relative sensitivities for K 
and L series, respectively.  
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Figure 3. Relative sensitivity for K series 
determined by SR-TXRF. 
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Figure 4. Relative sensitivity for L series 
determined by SR-TXRF. 
 

 
 
Equations 1 and 2 represent the relationship between the atomic number and the relative 
sensitivity for K and L series, respectively. 
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3.2 Method Validation 

  
In order to check the methodology employed some standard reference materials were 
analyzed. Samples were prepared in triplicate and each one was measured five times, 
totalizing 15 lectures (n=15). Then, the confidence interval with 95% significance level (α 
=0.05) was calculated. 

 
Table 2 showed the measured and certified values for a standard reference material called 
Drinking Water Pollutants which contain elements considered as pollutants in drinking water. 

 
 
 
 
 
 
 
 



INAC 2009, Rio de Janeiro, RJ, Brazil. 
 

Table 2. Comparison of measured and certified values for Drinking 
 Water Pollutants standard reference material. 

 

Element Measured Value (mg.L-1) Certified Value (mg.L-1) 

Cr 9.21  0.18 9.09  0.45 
As 8.46  0.17 9.09  0.45 
Se 4.26  0.07 4.54  0.23 
Cd 4.74 ± 0.64 4.54  0.23 
Ba 83.23 ± 0.76 90.91  4.55 
Pb 9.77  1.01 9.09  0.45 

     n=15,   α=0.05 

 

The measured values showed relative deviation smaller than 9% for most elements, 
indicating good adjustment of the calibration curve. 

 
Another standard reference material analyzed was supplied by the National Institute of 
Standards and Technology (NIST) which contain Trace Elements in Natural Water (SRM 
1640). Values measured by SR-TXRF and certified values were compared and shown in 
Table 3. 
 
 
 

Table 3. Comparison between measured and certified values for Trace Elements in 
Natural Water (NIST/SRM 1640) standard reference material. 

 

Element Measured Value (µg.kg-1) Certified Value (µg.kg-1) 

Ca* 6.34 ± 0.03* 6.40 ± 0.08* 
K 825.24 ± 7.18 903.64 ± 24.00 
V 11.78 ± 2.07 11.81 ± 0.33 
Cr 36.17 ± 0.85 35.09 ± 0.91 
Mn 99.66 ± 5.63 110.45 ± 1.00 
Co 15.67 ± 0.74 18.44 ± 0.28 
Ni 18.89 ± 1.5 24.9 1± 0.73 
Cu 68.93 ± 1.68 77.45 ± 1.09 
Zn 49.85 ± 0.96 48.36 ± 0.91 
Rb 21.11 ± 0.88 19.96 ± 0.20 
Sr 102.72 ± 5.51 112.91 ± 0.64 

           * in mg.kg-1 
 
 

3.2. Minimum Detection Limit 
 

After adjustment of the sample spectra, background intensities were obtained in order to 
determine the minimum detection limits (LMD) presented in Table 1. 
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Table 1.  Minimum Detection Limits for atmospheric samples  
determined by SR-TXRF. 

 
 

Element Atomic Number (Z) LMD (µg.Nm-3) 

Si 14 2.58 
Cl 17 0.55 
K 19 0.23 
Ca 20 0.16 
Ti 22 0.07 
Cr 24 0.03 
Mn 25 0.02 
Fe 26 0.02 
Ni 28 0.02 
Cu 29 0.02 
Zn 30 0.02 
Br 35 0.06 
Sr 38 0.12 
Ba 56 0.10 
Pb 82 0.10 

 

3.4. Concentrations for Atmospheric Emission Sources determined by SR-TXRF 
 
Samples of atmospheric emissions were collected in several production stages from the 
automotive industry and results for Si, Cl, K, Ca, Fe, Zn and Ba are presented in Table 4 
while Ti, Cr, Mn, Ni, Cu, Br, Se and Pb concentrations were shown in Table 5. 
 

 
 

Table 4. Concentrations of Si, Cl, K, Ca, Fe, Zn and Ba for  
atmospheric emission sources determined by SR-TXRF 

 
 Concentration (mg.Nm-3) 

Point Si Cl K Ca Fe Zn BA 
1 0.70±0.20 21.12±0.50 38.20±0.53 20.88±0.41 6.78±0.70 60.71±0.18 23.09±0.94 
2 nd nd 8.50±0.03 6.65±0.02 2.62±0.01 31.36±0.03 6.15±0.01 
3 nd 26.36±1.90 11.06±0.28 11.54±0.45 29.48±0.26 59.03±0.50 17.53±0.11 
4 nd 10.60±0.57 10.72±0.25 16.06±0.25 6.69±0.06 60.05±0.45 21.68±0.37 
5 1.64±0.14 nd 13.20±0.65 39.58±0.21 16.56±0.61 69.18±0.34 16.72±0.27 
6 1.51±0.90 nd 7.30±0.23 8.32±0.41 2.82±0.04 40.57±0.37 11.77±0.16 
7 nd nd 21.52±0.70 25.66±0.19 3.80±0.15 46.06±0.46 19.76±0.17 
8 nd nd 9.73±0.34 7.33±0.11 8.68±0.12 53.60±0.52 17.35±0.18 

nd = lower than minimum detection limit 
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Table 5. Concentrations of Ti, Cr, Mn, Ni, Cu, Br, Sr and Pb for  
atmospheric emission sources determined by SR-TXRF 

 
 

 Concentration (mg.Nm-3) 
Point Ti Cr Mn Ni Cu Sr Pb 
1 1.74±0.13 0.34±0.03 0.13±0.02 0.09±0.01 0.15±0.01 0.34±0.02 0.07±0.02 
2 0.38±0.01 0.11±0.01 0.08±0.01 0.21±0.01 0.08±0.01 0.16±0.01 0.15±0.03 
3 0.56±0.12 0.15±0.03 0.45±0.06 0.22±0.01 0.33±0.01 0.28±0.02 0.08±0.01 
4 0.37±0.01 0.04±0.01 nd 0.14±0.01 0.14±0.01 0.28±0.02 0.06±0.01 
5 0.62±0.22 0.16±0.01 nd 0.34±0.01 0.48±0.01 0.38±0.06 0.08±0.03 
6 0.42±0.06 0.10±0.01 0.08±0.02 0.29±0.01 0.12±0.01 0.17±0.01 0.13±0.01 
7 nd 0.17±0.001 0.61±0.05 0.04±0.01 0.23±0.01 0.13±0.01 0.08±0.01 
8 0.42±0.26 0.10±0.02 0.11±0.01 0.12±0.01 0.15±0.01 0.19±0.01 0.06±0.01 
nd = lower than minimum detection limit 

 

Nowadays in Brazil, the norms for atmospheric emissions establishing limits of concentration 
or emission rates of pollutants are nonexistent. So in this work the results were compared 
with resolutions, such as CONAMA 382/2006 (criteria for boiler emissions) [18], CONAMA 
264/1999 [19] (exclusive for heavy metal emissions for co-processing furnaces) and SEMA 
54/2006 [20] (norms for Paraná state). 
 
In this study, the results were compared to CONAMA 264/99 (Table 6). The emission limits 
are specific for some metals such as Mercury, Lead, Cadmium and Thallium and also for 
other metals group together.  
 
 

Table 6. Limits of Emission for co-processing Furnaces. 
 

Pollutant CONAMA* SEMA** 
Hg 0.05 mg/Nm³ 0.05 mg/Nm³ 
Pb 0.35 mg/Nm³ 0.35 mg/Nm³ 
Cd 0.10 mg/Nm³ 0.10 mg/Nm³ 
Tl 0.10 mg/Nm³ 0.10 mg/Nm³ 
As+Be+Co+Ni+Se+Te 1.4 mg/Nm³ - 
As+Be+Co+Cr+Cu+Mn+Ni 
+Pb+Sb+Se+Sn+Te+Zn 

7.0 mg/Nm³ 7.0 mg/Nm³ 

As+Co+Ni+Se+Te+Be - 1.4 mg/Nm³ 
    (*) Resolution CONAMA 264/99               (**) Resolution SEMA 54/06 

 
 
Comparing the results with the limits established by CONAMA 264/1999 and SEMA 
041/2002 norms which define as 7.0 mg/Nm3 for the sum of As, Be, Co, Cr, Cu, Mn, Ni, Pb, 
Sb, Se, Sn, Te and Zn, all sources were higher than the limits mainly due to high 
concentrations of Zn found in all samples analyzed, limited by the red line in Figure 5. 
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Figure 5. Sum of Cr, Mn, Ni, Cu, Zn and Pb concentrations 

compared with the emission limits. 
 
 
For Lead the emissions are in accordance with the limit established by the Brazilian 
legislation (0.35 mg/Nm³) practically in all processes except for the furnace exhaustion stage 
(process stage 8). 
 
Combustion of fuels in stationary sources was the main emission source for As, Cd, Cr, and 
Ni (more than a half of the total anthropogenic emissions), while combustion of gasoline was 
the main source of for lead. There is a continuous reduction of heavy metal emissions in 
Europe during the last 40 years. Better knowledge of heavy metal sources, emissions, 
pathways, and fate in the environment and progress in developing efficient emission control 
equipment has resulted in more efficient regulatory efforts to curb heavy metal emissions 
from anthropogenic sources very substantially. There is a potential for further reduction of 
these emissions until the year 2010 up to about 40% for As, Cd, Cr, and Ni and about 57% 
for Pb [21]. 
 
A comprehensive and spatial emission inventory was carried out for sulphur dioxide (SO2), 
particulate matter (PM) and toxic metals from industrial sources in Greater Mumbai, India. 
Fuel consumption database was developed for industrial sources. Amongst the industries, 
thermal power plants were the major source of emissions in the region contributing 27% 
share towards SO2, 19% PM and 62% metals. Projected scenario for 2010 indicates that there 
would be substantial reduction in PM and metal emission load while the gaseous pollutant 
concentration would show a decreasing trend [22] 
 
Total suspended particulate matter (TSP) and lead (Pb) concentrations were monitored at 
three sampling stations in Cartagena, Spain, from February 1990 to December 1998, and 
copper (Cu), zinc (Zn), and cadmium (Cd) atmospheric concentrations were measured from 
January 1991 to December 1998. The geographical and temporal distribution patterns were 
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investigated. There was a trend to find the highest TSP levels during winter and autumn, and 
the highest Pb concentrations during the winter season. The Pb/Cd average ratios for each 
sampling point showed a direct anthropogenic contribution for the industrial areas, when 
compared with Pb/Cd ratio reported for global natural emissions. The correlation among 
heavy metals displayed similar results, differing from the residential area to the urban and 
industrial ones [23]. 
 
The characteristics of particulate matter (PM) emission such as the estimation of emission 
factors, size distributions and of heavy metal emission from small-size incinerators and 
boilers have been investigated. The emission ratios of PM-10 to TPM (total PM) from boilers 
and incinerators ranged from 29% to 62% and 10% to 84%, respectively, which resulted in 
more and larger sized PM emission due to poorer combustion from solid waste incinerators 
than boilers. Cadmium, copper, lead and zinc on the fine PM under 2.5 µm accounted for 
approximately 90% of the total mass of each metal in PM-10 [24].  
 
In Rio de Janeiro city a study shows that the contribution of stationary sources is majority in 
relation two parameters: inhalavel particulate matter and sulphur dioxide, 58% and 88%, 
respectively. The information obtained by the inventory indicates that mobile sources were 
responsible for 77% of the total pollutants emitted in the atmosphere and stationary sources, 33% 
[25].  
 
The manual monitoring in Limeira (Bairro Boa Vista) shows an increase in the days with 
good quality since 2005, although this can not considered yet as a tendency [26]. 
 
According to CETESB [26] in Santa Gerturdes (Jardim Luciana) was observed the 
occurrence of episodes of inadequate and bad quality in 2008. 
 
 

4. CONCLUSIONS  
 
 
Determining heavy metals in atmospheric emission sources is very important because these 
metals are very toxic and a great number of industries use these metals in industrial 
processes. However, studies in this area are still insufficient. 
 
The SR-TXRF technique employed to quantify the elements present in atmospheric 
emissions showed that detection limits smaller to permissive values established by 
legislation, showing that the SR-TXRF methodology was appropriate for this purpose. 
 
Results showed concentrations higher than the limits established by CONAMA 264/1999 and 
SEMA 041/2002 legislations (7.0 mg/Nm³) for the sum of Cr, Mn, Cu, Ni, Zn and Pb mainly 
due to the high concentrations of zinc in all samples analyzed. The high concentration of zinc 
in the samples is related to the utilization of metallic scraps in the fusion process. Other 
elements such as K, Ca, Ba and Fe reached concentrations up to 30 mg/Nm³. 
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