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ABSTRACT 
 
Fertilizer industries are considered the main environmental polluting of fluoride (F) and the 
industrial complex of the city of Cubatão, SP, Brazil, is an important fertilizer producer. This 
study aimed to evaluate the local pollution for toxic elements and its comparison with 
fluoride concentration using the urban vegetation as biomarker. For this, leaves of Terminalia 
catappa (popularly known for Hat-of-sun or Almond tree of the beach) were tested. The 
leaves were collected in the winter of 2007 in the industrial region around the fertilizer plants 
and other industries, in the municipal urban areas of Cubatão and Santos cities. The samples 
were dehydrated, powdered and submitted to an acid digestion for multi-elemental 
determination by Synchrotron Radiation Total Reflection X-Ray Fluorescence (SR-TXRF). 
All the measurements were performed at Synchrotron Light Source Laboratory. The results 
obtained by SR-TXRF were compared to fluoride determinations. The variance analysis 
showed the correlation between F and S concentrations (p<0.05). The concentrations of these 
elements are concentrated around the fertilizer industries (p< 0.05). Using SR-TXRF was 
possible to determine several elements as: Si, K, Ca, Ti, Cr, Fe, Ni, Cu, Zn, Br, Rb, Sr and Pb 
in the leaves of Terminalia catappa. Chromium in the areas near to fertilizer industries and 



INAC 2009, Rio de Janeiro, RJ, Brazil. 
 

also in Santos city which is considered as a control area, present concentrations higher than 
18 mg kg-1, this is considered a toxic value.  
 

 
1. INTRODUCTION 

 
The Cubatão city is located in the coast south of the São Paulo state, Brazil, at an 
approximate distance of 60 Km from the Capital. It occupies an area of 162 Km2, where it 
shelters 23 industries of the petrochemical, metallurgical, petroleum refining, cement, 
fertilizers and no-ferrous metals fields. 
 
About 260 pollutants are released for the atmosphere by these industries [1] and 
meteorological and topographic characteristics of the difficulty the dispersion of these 
pollutants became it the principal environmental problem [2].  
 
Since 1980, Cubatão city purchase international reputation, due to the great amount of 
chemical pollutants released without control in the environmental, injured the local 
ecosystem. In 1984, the Companhia de Tecnologia de Saneamento Ambiental (CETESB) 
introduced, in the district, the Environmental Control Program [3] with the purpose to reduce 
or eliminate the main 320 identified pollution sources, which 230 air, 46 soil pollution and 44 
water pollution sources. Before the implantation of this program, the 44 water pollution 
sources emitted 64 ton by day of pollutants, at this time reduced in 93.8% [4]. As result of 
this control, there was a return of fish to the Cubatão Rivers in 1988. Ever since the fishes 
and others organisms of the aquatic biota of Cubatão come being consumed, mainly by the 
population with smaller socioeconomic conditions. 
 
This pollution can be associated to the agricultural development of Brazil and the fertilizer 
production that was 958 thousand tons in 1970 reached 7.77 millions in 2002 [5]. However it 
has happened a decline in the production from 2004 up to 2005, and there was an increase in 
2005-2007 [6]. This production follow a seasonal standard due to the demand of fertilizers, 
which is better from July to November, period of plantation of the principal culture 
agricultural Brazilians [7]. So, the fertilizer productions arrive before the necessities of the 
agricultural market, and coincidentally, the period of March to September is considered the 
worst of air quality in Cubatão city [8].  
  
The purpose of this work was evaluated the pollution by metals in Cubatão city, SP, Brazil, 
using leaves of Terminalia catappa (Hat-of-Sun) as bioindicator of the environmental 
pollution. 
 
 

2. MATERIAL AND METHODS 

2.1. Sampling 
 
Cubatão, municipal district of São Paulo state, Brazil, is located in the coast of the  Serra do 
Mar (23º45’ – 23º55’ S 46º30’– 46º30’ W). The climate of the area is subtropical, annual 
medium temperature of 23ºC, air humidity around 80% and it pluviometric rates from 2500 to 
4000 mm. Tree leaves of Terminalia catappa specie, name popular Hat-of-sun or almond tree 
of the beach, incorporated in the urban vegetation of the Cubatão city, they were collected in 



INAC 2009, Rio de Janeiro, RJ, Brazil. 
 

the industrial and urban zone of this city, during the winter of 2007. In the industrial zone the 
collection was accomplished in 8 local near of the fertilizers industries and in 4 in a control 
area (Table 1). In the urban zone they were chosen 4 located points at different distances of 
the industrial pole (Table 1). Also were collected leaves in four locations in Santos, SP, 
Brazil, as control (Table 1). 
 
 

Table 1. Identification of the sampling locations of Terminalia catappa leaves. 
 

Location Description of sampling location 
Cubatão City hall 
Cubatão Av. 9 de Abril (500 m from city hall) 
Cubatão Bairro Vila Natal 
Cubatão Bairro Casqueiro 
Cubatão Metallurgical Industry 
Cubatão Electric Industry 
Cubatão Petrochemical Industry 
Cubatão Chlorine Industry 
Cubatão Fertilizer Industry 
Cubatão Fertilizer Industry 
Cubatão Fertilizer Industry 
Cubatão Fertilizer Industry 
Cubatão Fertilizer Industry 
Cubatão Fertilizer Industry 
Cubatão Fertilizer Industry 
Cubatão Fertilizer Industry 
Santos Praça das Bandeiras 
Santos Ponta da Praia 
Santos José Menino 
Santos Aparecida 

 
 
Sampling was carried out during the winter of 2007, in days without rain and morning period. 
The leaves collected were three leaves of the third ramification of the branch more lowly, to 
approximately 1.70 m height. As criterion of leaves choices was avoided to collect the 
youngest leaves (clear green color and small) and the oldest (dry and burned).  
 

2.2. Sampling Preparation 
 
The collected leaves were dehydrated at 90oC even until constant weight and crushed. About 
500 mg of each sample was placed in a tube of rehearsal of 75 mL 6 mL of acid nitric 
concentrated was added (HNO3) and taken to the digestion block staying for 40 minutes at 
130ºC, until that volatilization of the nitric acid. During the digestion drops of hydrogen 
peroxide were added (H2O2) until the solution to exhale a white smoke and to become 
colorless after. Afterwards the tubes were retired and cold at 25ºC. The volume was 
completed to 10 mL with deionized and demineralized water (Mili-Q) [9]. 
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For SR-TXRF analysis, an aliquot of 200 µL of each sample and 20 L of a Ga standard 
solution (102.5 mg.L-1) were added. So 5 L of the mixture was putted onto a Perspex holder 
and follow the holder containing the sample was submitted to evaporation with an infrared 
lamp [10].  
 

2.3.Instrumentation 
 
The measurements were performed at Synchrotron Light Source Laboratory (LNLS), 
Campinas (SP). An excitation of a monochromatic beam of 16.5 keV was employed, under 
total reflection condition. For X-ray characteristic detection a hyper pure Ge detector with 
resolution of 150 eV at 5.9 keV was used. 
 

2.4.Statistics Analysis 
 
The factors in study were the regions of Cubatão city, in 4 levels (around the fertilizer 
industries, other industries, in the urban zones of Cubatão and Santos cities). The variable 
was the concentration of several elements in the leaves, according the sampling location. The 
data were tested as the presuppositions of homogeneity of variances and normality of the 
residues that were assisted after the logarithmic transformation of the data. The data were 
analyzed by the variance analysis, followed by the Tukey test (Origin software).   
 
 

3. RESULTS AND DISCUSSION 
 
 
3.1. System Calibration 
 
Standard solutions containing elements in different concentrations, and Gallium used as 
internal standard were employed for system calibration. To obtain the experimental 
sensitivities for each element present in the standard solutions, points were adjusted for 
elements in the interest range of energy. 
 
The standards were measured by 100 s and the spectra were adjusted in order to get the 
fluorescent intensities. A Quantitative X-ray Analysis System (QXAS) software, supplied by 
International Atomic Energy Agency (IAEA) was employed [11]. 
 
When the experimental fluorescent intensities were gotten and calculated, the experimental 
points were adjustment by the equations 1 and 2 (that represent the relationship between the 
relative sensitivity and the atomic number). 
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3.2. Detection Limits 
 
Detection limits were showed in the Table 2.  
 

 
Table 2. Detection limits (µg g-1) for Terminalia catappa 

leaves determined by SR-TXRF. 
 

Element Atomic Number LMD (µg.g-1) 
Si 14 0.610 
S 16 0.236 
K 19 0.082 
Ca 20 0.066 
Ti 22 0.046 
Cr 24 0.036 
Fe 26 0.030 
Ni 28 0.036 
Cu 29 0.033 
Zn 30 0.030 
Ga 31 0.027 
Br 35 0.013 
Rb 37 0.009 
Sr 38 0.008 
Pb 82 0.029 

 

3.3. Methodology Validation 
 
A standard reference material was employed to validate the methodology (Drinking Water 
Pollutants). The results for certified material are presented in the Table 3.  
 

 
Table 3. Certified values in material of Drinking Water Pollutants. 

 
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 (fifteen determinations), α=0.05 (95% confidence level) 
 
 
As can be seen in the table 3, the measured values showed a good agreement with the 
certified values and the relative standard deviation is lower than 9%. 
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3.4. Results of the Quantitative Analysis of Terminalia Cattapa leaves by SR-TXRF 
 
Table 4 shows concentrations for leaves of Terminalia catappa determined by SR-TXRF. 
 
 
 

Table 4. Concentration of Terminalia catappa leaves determined by SR-TXRF. 
 

Concentration (µg g-1 dry material) 

Element 
Cubatão 

Fertilizer industries 
Cubatão 

Other industries 
Cubatão 

Urban region 
Santos 

Urban region 
Si 406.6±341.8 347.5±200.3 493.0±385.9 265.4±117.4 
S 895.2±509.4 744.5±400.1 394.8±223.2 292.2±148.7 
K 5818.7±1867.4 6469.1±3020.7 6501.8±1979.1 2792.8±1856.6 
Ca 14618.0±6784.4 13140.1±1256.2 9839.7±4679.1 14816.3±4926.9 
Ti 46.1±24.1 43.7±15.7 38.3±25.3 32.9±7.3 
Cr 69.8±100.7 46.2±31.1 47.6±56.2 74.9±68.9 
Fe 1852.8±795.0 1378.0±239.0 1344.9±813.9 891.0±294.7 
Ni 18.5±26.2 5.0±2.3 14.6±11.4 18.0±12.2 
Cu 9.6±6.2 16.9±8.3 21.7±8.6 17.8±7.6 
Zn 52.9±21.7 55.8±4.1 73.0±49.1 100.7±75.4 
Rb 10.2±6.6 15.1±4.4 12.9±7.8 7.3±3.6 
Sr 86.0±66.1 34.1±12.8 18.4±9.7 37.6±15.1 
Pb 5.0±1.9 3.0±1.4 2.6±0.8 3.4±1.8 
F* 388.2±111.0* 33.5±26.1* 15.9±5.6* 14.3±6.0* 

 * determined by potentiometry method  

 

Fluoride was determined by specific electrode (Orion 96-09) and ion analyzer (Orion EA-
940), previous calibrated with standards from 0.05 to 20 g F/mL. The analysis was 
performed in duplicates and the variability was smaller than 3%.  
 
The correlations between the elements determined by SR-TXRF were showed in the Table 5 
with the Pearson correlation coefficient (r) and p values. 
 

 
 

Table 5. Pearson correlation (r) and significant statistics (p values) for the elements in 
leaves of Terminalia Catappa. 

 
Elements Pearson correlation (r) p value 
F and S 0.7645 0.015 
S and Ti 0.972 0.028 
Ti and Fe 0.925 0.075 
S and Sr 0.729 0.039 
Sr and Pb 0.995 0.005 
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A cluster analysis was performed (Figure 1). The cluster analysis assembles the elements in 
four groups, the first one with major similarities: F, Sr, Pb, S, Ti and Fe. The second with 
high similarity (Si, K and Rb), the third group were composed by Ca, Cr and Ni and the last 
one, with are composed by Cu and Zn. The results for cluster analysis confirm the statistical 
tests presented on the Table 5. 
 
 

ZnCuNiCrCaFeTiSPbSrFRbKSi

26.34

50.89

75.45

100.00

Variables

Si
m

ila
ri

ty

Dendrogram

 
 
 

Figure 1. Dendogram of elements detected in leaves of Terminalia Cattapa. 
 

 
The results indicate that the fertilizer industries should be the mainly source of pollution in 
Cubatão. And the pollution is mainly concentrated around the fertilizer industries (Table 4). 
We can conclude that the leaves of Terminalia catappa are a good indicator of the pollution  
and the concentration of F in the leaves was 11 times higher than around other industries and 
24 times higher than the concentrations determined in urban areas of Cubatão and Santos 
cities.   

 
The concentration of S near to fertilizer industries was 895.2 µg g-1 and was not statistically 
different for other industries (744.5 µg g-1) but the concentration in urban areas of Cubatão 
and Santos was 2 times lower than the area near to fertilizer industries. Ti, Fe, Sr and Pb 
present the same behaviors.  

 

 
4. CONCLUSION  

 
 
Using leaves of Terminalia catappa as a bioindicator of the environmental pollution is 
possible to note that the pollution is concentrated around the fertilizer industries in Cubatão 
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and that pollution had not a decreasing in the last years. There is a correlation among the 
elements (F, S, Ti, Fe, Sr and Pb) and they are found around the fertilizer industries. 
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