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ABSTRACT 

 
Some plants are used in the detection of the air pollutants due to leaves ability to absorb the pollutants through 

their stomata and the cuticle, thus, the plants leaves work as a natural sample of the air emissions that are deposited 

in their self. However, the foliar analysis of these vegetal species can be used to environmental monitoring. The 

Nerium oleander L. is a specie of plant commonly used as an environmental biomonitor. In this study, Nerium 

oleander L. leaves were used as biomonitors to evaluate the levels of environmental pollutants in a sub-region in 

the Metropolitan Region of Rio de Janeiro-Brazil through Energy Dispersive X-ray Fluorescence technique - 

EDXRF. The EDXRF system was developed in the own laboratory and consist of a portable XRF system formed 

by a mini X-ray tube of low power (anode of Ag and operated in 15 kV/50 μA and 35 kV/50 μA) and a SiPIN 

detector. Samples of Nerium oleander L. were collected from adult plants drawn randomly so as not favoring one 

side of the plant. The samples were collected during the year seasons (summer and winter). It was detected the 

concentration of 13 elements: S, Cl, K, Ca, Mn, Fe, Cu, Zn, Br, Rb, Sr, Ba and Pb, and obtain elemental maps of 

the regions of study. The study shows that the use of EDXRF technique associated to the Nerium oleander L. 

leaves used as biomonitor is an efficient, precise, fast and low-cost option for air pollutants analysis. 

 

 

1. INTRODUCTION 

 

Since the early 20th century, the air pollution in the great urban areas has worsened as the result 

of industrialization and urbanization processes, jointly with rapid population growth and 

motorized transport [1]. 

 

Air pollutants can be generated by natural or anthropogenic sources. The main sources of 

emissions are: urban traffic, industrial activities, fuel burning, construction/demolition of civil 

industries, fires and natural phenomena. Once released into the air, the air pollutants are 

dispersed in the wind, through convection currents, and finally tend to be deposited in plants, 

soil, waters, living organisms and cultural heritage. In human beings, the air pollutants 

continually enter in the body causing diseases as skin problems, asthma, bronchitis, pulmonary 

diseases, and eye irritation [2]. Trace elements in plants, animals and soil can influence the 

structure and function of the ecosystem, including its ability of self-regularization, thus 

affecting the live quality. 

 



Nowadays, many researchers are increasingly interested in using indirect monitoring methods, 

as the use of organisms that can act as bioaccumulators [3]. The biological indicators have been 

used to detect the deposition, accumulation and distribution of metals pollutants through 

changes of the vital functions or chemical composition of these organisms. Many animal and 

vegetable species, like lichens mosses, plant leaves, tree barks, growth rings and some species 

of fish have been used as biomonitors/bioindicators of environmental pollution [4]. 

 

Some plants are used in the detection of air pollutants due to the leaf ability to absorb the 

pollutants through their stomata and cuticle. Thus, plant leaves work as a natural sampler of air 

emissions deposited in them. Among the plants used as biomonitors, Nerium oleander L. stands 

out, due to its ability to absorb some chemical elements present in the environment, and because 

it is easily found in both, rural and urban areas [5]. 

 

X-ray fluorescence is a multielement analytical technique very popular and applied in many 

scientific and technological areas, and, in recent years has been used mainly in environmental 

sample analysis (air, sediment, water, soil, plants). Its main advantages over other techniques 

are: non-destructive chemical analysis, fast qualitative analysis, little interference between X-

ray fluorescence lines, simplicity in the preparation of samples, wide range of elements that 

can be analyzed (Al - U) and the detection limits (from percentage  to µgg-1 and in some cases 

it may reach ngg-1) [6 – 8]. 

 

In this study, Nerium oleander L. leaves were used to assess the environmental pollution levels 

in the Metropolitan Region of Rio de Janeiro through energy dispersive X-ray fluorescence 

(EDXRF). 

 

 

2. MATERIALS AND METHOD 

 

2.1. Study Area 

 

Samples of Nerium oleander L. leaves were collected in a sub-region of the Metropolitan 

Region of Rio de Janeiro / RJ. The logistics demand and identification of the plant was 

performed using the "Street View" tool available on Google Earth. Through this tool it was 

possible the identification of the plants and location coordinates. Fig. 1 shows the distribution 

of the sampling sites. Sampling points were around the Maracanã Stadium in the central region 

of Rio de Janeiro city at an average distance of about 4.0 km. The region is located between 

the Guanabara Bay and the Tijuca massif. Moreover, it has important features for the 

environmental study: is densely populated, has high index of urban traffic and some small 

industries. 

 

Control samples were collected in a region next to the Parque Estadual da Pedra Branca/RJ. 

Parque Estadual da Pedra Branca is located westward of Rio de Janeiro city, and is considered 

one of the biggest urban parks in the world and the biggest urban forest in Brazil, occupying 

about 10% of the total area of the city of Rio de Janeiro. 

 



 
 

Figure 1: Spatial distribution of the sampling sites of Nerium oleander L. leaves around 

the Maracanã Stadium 

 

2.2. Sampling 

 

The samples of Nerium oleander L. leaves were randomly collected from entire adult plants so 

as not to favor one of the sides of the plant. All leaves were collected at a distance of 1.5 m 

from the ground to minimize soil contamination [9]. Usually adult plants have an average 

height of 4.0-6.0 m and the average diameter of the canopy is around 3.0 m. 

Nerium oleander L. belongs to the Apocynaceae family and is from the Mediterranean area. It 

is a very common shrub found in gardens, parks and urban forests of many cities (landscaping 

and decorative use). 

 

All the samples were collected in a drought period of at least 7 (seven) days, to prevent the 

influence of the rainy season on the deposition of pollutants on the leaves. Traffic flow, rainfall, 

relative humidity, maximum/minimum temperature and wind speed were observed during 

sampling. After collection, the leaves were packed in plastic bags (zip lock) and stored at 5° C 

until sample preparation. The collection of samples took place during the four seasons of 2013. 



 

2.3. Sample Preparation 

 

In the laboratory, the Nerium oleander L. leaf samples were cleaned using a soft brush with 

silk bristles to remove coarse particulate materials. The maximum length and the width of each 

leave was measured. After that, the samples were placed in an oven at a temperature of 60º C 

for 48h. Then the dried leaves were mechanically crushed using mill blades, until obtaining a 

granulometry about 325 mesh (44 μm). The granulometry control process was made through a 

nylon mesh sieve. After this process, a 500 mg aliquot was removed, placed inside a compactor 

and pressed at a pressure of 2.32 ×108 Pa for 15 minutes in order to obtain thin pellets with a 

diameter of 2.54 cm and superficial density of 100 mg/cm². All samples were prepared in 

triplicate. 

 

2.4. Analytical Method 

 

The Nerium oleander L. leaf samples were analyzed by energy dispersive X-ray fluorescence 

(EDXRF). The instrumental apparatus used was developed in our own laboratory and consists 

of a portable XRF formed by a low power X-ray tube with a silver anode (40 kV, 200 µA) and 

a SDD detector (Silicon Drift Detector), model XR-100SDD. Fig. 2 shows the experimental 

system. 

 

 
 

Figure 2: Portable EDXRF system developed in the Laboratory for XRF analysis. 

 

2.5. Experimental Conditions 

 

Two different experimental conditions were used in the analysis of Nerium oleander L. leaf 

samples. The first experimental condition privileged low atomic number element excitation (S 

to Ca), using 15 kV, 50 µA current and an acquisition time of 300 s. The second experimental 

condition privileged the excitation of the high atomic number elements (Ca to Pb), using 35 

kV, 50 µA current, 500 s and TiO2 filter. The high Z experimental condition was used to excite 

the elements with an atomic number higher than that of Ca. 

Sample 

Detector X-ray tube 



 

 

3. RESULTS AND DISCUSSION 

 

For the purpose of checking the precision and the accuracy of the EDXRF system we carried 

out the elemental analysis of a reference material: IAEA-V-10 (Trace Elements in Hay 

Powder). The sample was measured in triplicate. Table 1 shows the average concentrations, the 

certified values, confidence interval, coefficient of variation and relative error. 

 

The relative errors were lower than 10 % (except for Mn and Cu, 21 % and 28 %, respectively). 

These results show that the EDXRF system presented good accuracy. On the other hand, the 

coefficient of variation varied from 1.0 – 13.0 % (except for Rb 38 %). This result indicates a 

small dispersion around the average values. The high CV (coefficient of variation) for the Rb 

can be associated to the low concentration in the sample and the great contribution of the X-

ray continuous spectrum in the Rb K-lines energy in the XRF spectrum. 

 

Table 1: Comparison between the experimental results and the IAEA-V-10 reference 

sample. Concentration values in μg.g-1. 

 

Elements 
Certified Experimentalb 

(n=3) 
CV (%)c 

Relative 

error (%) Average  Confid. Intervala 

K 21000 19600 – 22500 22303 ± 216 0.9 6.2 

Ca 21600 21000 – 22200 20084 ± 169 0.8 7.0 

Mn 47 44 – 51 57 ± 5 9.2 21 

Fe 186 177 – 190 179 ± 9 5.0 3.9 

Cu 9.4 8.8 – 9.7 12 ± 1 8.9 25 

Zn 24 23 – 25 24.2 ± 1.8 7.6 0.7 

Br 8 7 – 11 7.6 ± 0.9 13 5.4 

Rb 7.6 7.3 – 7.8 8 ± 3 38 7.6 

Sr 40 37 – 44 44 ± 4 8.9 10 

a. Confidence interval (95 %) 

b. Average ± Standard deviation 

c. Coefficient of variation 

 

Fig. 3 shows the X-ray fluorescence normalized spectrum of Nerium oleander L. obtained 

through EDXRF where it is possible to observe 13 (thirteen) elements: S, Cl, K, Ca, Mn, Fe, 

Cu, Zn, Br, Rb, Sr, Ba and Pb. 

 

The Pearson`s correlation coefficient analysis and elemental distribution maps were performed 

with the elemental concentrations of the sites discounting the elemental concentration of the 

control sample and normalized by the control sample, as shown in equation 1. This factor can 

be represented as enrichment factor of the element i (Fi) in a sampling site compared to the 

same element i in the control sample 

 

𝐹𝑖 =
𝐶𝑠𝑎𝑚𝑝𝑙𝑒−𝐶𝑐𝑜𝑛𝑡𝑟𝑜𝑙

𝐶𝑐𝑜𝑛𝑡𝑟𝑜𝑙
     (1) 

 

Where, 

Csample = Elemental concentration of Nerium oleander L. samples to the element i; 



Ccontrol = Average elemental concentration of the control sample to the element i with a 

confidence interval upper than 95%. 

 

Tables 2 and 3 show Pearson`s correlation coefficient performed for the found elements in the 

Nerium oleander L. samples, obtained through the SPSS 20.0 software for Windows. In 

addition, flow of vehicles (flow of vehicles estimated) was analyzed in Pearson´s correlation 

coefficient. 

 

 
 

Figure 3: X-ray fluorescence spectrum of a Nerium oleander L. sample 

 

 

Table 2: Pearson’s correlation coefficient (summer) 

 

 Cl K Ca Fe Cu Zn Rb Sr Ba Pb 
Flow of 

vehicles 

Cl 1           

K 0,728** 1          

Ca -0,703** -0,810** 1         

Fe 0,041 -0,135 -0,059 1        

Cu 0,530** 0,583** -0,581** 0,393** 1       

Zn 0,243 0,180 -0,228 0,589** 0,432** 1      

Rb 0,529** 0,755** -0,636** -0,311* 0,423** 0,007 1     

Sr -0,553** -0,690** 0,818** -0,073 -0,516** -0,282* -0,487** 1    

Ba 0,221 0,157 -0,110 0,428** 0,304* 0,500** -0,022 -0,096 1   

Pb -0,036 -0,126 0,153 0,661** 0,298* 0,536** -0,346** 0,137 0,511** 1  

Flow of 

vehicles 
0,108 -0,039 -0,093 0,612** 0,214 0,433** -0,263* -0,094 0,326* 0,355** 1 

 

 



Table 3: Pearson’s correlation coefficient (winter) 
 

 Cl K Ca Fe Cu Zn Rb Sr Ba Pb 
Flow of 

vehicles 

Cl 1           

K 0,457** 1          

Ca -0,558** -0,703** 1         

Fe 0,085 0,101 -0,184 1        

Cu 0,343* 0,479** -0,510** 0,482** 1       

Zn 0,136 -0,033 -0,184 0,645** 0,470** 1      

Rb 0,355** 0,731** -0,479** -0,107 0,229 -0,041 1     

Sr -0,337* -0,569** 0,816** -0,142 -0,325* -0,159 -0,408** 1    

Ba -0,030 -0,155 0,133 0,715** 0,130 0,510** -0,095 0,182 1   

Pb -0,045 -0,122 0,132 0,636** 0,250 0,501** -0,185 0,133 0,599** 1  

Flow of 

vehicles 
-0,063 -0,042 -0,047 0,491** 0,299* 0,423** -0,282* 0,045 0,383** 0,293* 1 

 

Heavy metals Fe, Zn, Cu, Ba and Pb show a strongly correlation each other. In addition, the Fe 

and Zn show strongly correlation with flow of vehicles. 

 

Figs. 4 – 13 show elemental concentration distribution maps of heavy metals (Fe, Cu, Zn, Ba 

and Pb). The elemental concentration distribution maps were made using the SURFER 

11.0.642 for Windows from Golden Software, Inc. By analysis of elemental concentration 

distribution maps is noticed that these elements have a similar distribution among themselves. 

The sites with higher concentrations of these elements were next to roads of intense flow of 

vehicles and with higher concentration of industries in study area. Elements like Fe, Zn and Ba 

are widely quote in the literature as “elements related to traffic” [10 – 14]. 

 

Maps of Fe concentration distribution (Figs. 4 and 5) show that this element has concentration 

above the background across the region, with some "peaks" of higher concentration. These sites 

of higher Fe concentration were in the regions next to the intense flow roads. The intensity of 

Fe concentration was similar in both seasons. 

 

Maps of Cu concentration distribution (Figs. 6 and 7) has occurred of similar way the 

distribution of other metals. On the other hand, the point of maximum concentration of Cu was 

at the sampling site of the city center. The collection site of the city center was on a pathway 

of intense flow of car with a daily traffic. According to Ball (1991), vehicle braking can be one 

of the most important sources of Cu particles [15]. 

 

Maps of Ba concentration distribution (Figs. 10 and 11) show higher concentration during 

winter. Distribution of Ba has "peaks" of higher concentration similar the points of the other 

metals. Monaci (2000) has associated the elements Fe, Cu and Ba as being from both vehicular 

exhaust emissions as wear vehicles internal parts, the friction and braking tire [11]. Besides 

that, Zn and Ba are elements in the literature that are associated with high traffic and industrial 

sources [11, 13, 14]. 

 

The highest Zn concentration (Figs. 8 and 9) occurred at the point of higher concentration of 

industries and of most intense flow of vehicles of the entire study area. Zn concentration was 

more intense during winter. At some sites, the Zn concentration was in background level, 



showing that this concentration is well located at the emission source. The Zn concentration 

distribution was very similar to the Pb concentration distribution. 

 

Maps of Pb concentration distribution (Figs. 12 and 13) show a concentration on background 

level, except for one point with a very high Pb concentration. This point is the same point of 

maximum Zn concentration (site of higher concentration of industries and flow of vehicles 

most intense of the entire study area). Pb is found in the literature as related to industrial and 

vehicles emissions. On the other hand, the gasoline for automobiles in Brazil does not contain 

Pb (tetraethyl lead compound) since 1989. Brazil was one of the first countries to remove lead 

of their automotive gasoline. The tetraethyl lead compound was, for many years, incorporated 

to gasoline in many countries to increase its octane rating. With the growing concern for the 

environment, these compounds were removed from the composition of gasoline, mainly 

because they are toxic to humans, but also because they make unfeasible the adoption of 

catalytic vehicles. Nowadays, Pb continues present only in airplane and helicopter fuel [16]. 

Thus, Pb concentration may be associated with the proximity of the sampling sites to the Rio 

de Janeiro International Airport. Besides that, Pb can also be associated with the resuspension 

process of the soil due to high traffic. 

 

These metals showed higher concentrations during winter, with the exception of Fe, which has 

similar concentrations in both seasons. In winter, weather conditions are less favorable to 

dispersion of the pollutants. Therefore, these elements tend to accumulate near their emission 

sources. Metals such as Pb, Cu, Zn and Fe may become a serious threat to human health and 

environment. At the right concentrations, many metals are essential to life. In excess, these 

elements can be poisonous. Similarly, chronic exposure to low levels of heavy metals can have 

serious health effects in the long run [17]. 

 

 

4. CONCLUSIONS 

 

 

The X-ray Fluorescence portable system developed in our laboratory proved to be efficient, 

fast and low-cost for the multielemental analysis of the leaves of Nerium oleander L.. The use 

of Nerium oleander L. as a biomonitor can be an excellent strategy to assess the environmental 

pollution in great urban areas. Besides, it can be indicated as a low-cost option for 

ornamentation in industries with polluting potential aiming at preserving and warning in case 

of an incident with the release of polluting material. It was possible to detect and quantify 

thirteen elements in the leaf samples analyzed by XRF: S, Cl, K, Ca, Mn, Fe, Cu, Zn, Br, Rb, 

Sr, Ba and Pb. All elements show higher concentration than the control samples. This result 

can indicate that the biggest source of pollution in this region comes from anthropogenic 

origins such as fossil fuel burning in internal combustion engines of motor vehicles and 

industry. It was possible to verify the elemental concentration of the heavy metals during the 

summer and winter by checking the seasonal variation. 



 

  
Fig. 4 Map of Fe concentration distribution in Nerium oleander 

L. (Summer) 

Fig. 5 Map of Fe concentration distribution in Nerium oleander 

L. (Winter) 

  
Fig. 6 Map of Cu concentration distribution in Nerium oleander 

L. (Summer) 

Fig. 7 Map of Cu concentration distribution in Nerium oleander 

L. (Winter) 
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Fig. 8 Map of Zn concentration distribution in Nerium oleander 

L. (Summer) 

Fig. 9 Map of Zn concentration distribution in Nerium oleander 

L. (Winter) 

  
Fig. 10 Map of Ba concentration distribution in Nerium oleander 

L. (Summer) 

Fig. 11 Map of Ba concentration distribution in Nerium oleander 

L. (Winter) 
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Fig. 12 Map of Pb concentration distribution in Nerium oleander 

L. (Summer) 

Fig. 13 Map of Pb concentration distribution in Nerium oleander 

L. (Winter) 
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