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ABSTRACT 

 
Air pollution has become one of the leading quality degradation factors of life for people in large urban centers. 

Studies indicate that the suspended particulate matter in the atmosphere is directly associated with risks to 

public health, in addition, it can cause damage to fauna, flora and public / cultural patrimonies. The inhalable 

particulate materials can cause the emergence and / or worsening of chronic diseases related to respiratory 

system and other diseases, such as reduced physical strength. In this study, we propose a new method to 

measure the concentration of total suspended particulate matter (TSP) in the air using an impinger as an air 

cleaning apparatus, preconcentration with APDC and Total Reflection X-ray Fluorescence technique (TXRF) to 

analyze the heavy metals present in the air. The samples were collected from five random points in the city of 

Rio de Janeiro/Brazil. Analyses of TXRF were performed at the Brazilian Synchrotron Light Laboratory 

(LNLS). The technique proved viable because it was able to detect five important metallic elements to 

environmental studies: Cr, Fe, Ni, Cu and Zn. This technique presented substantial efficiency in determining the 

elementary concentration of air pollutants, in addition to low cost. It can be concluded that the metals analysis 

technique in air samples using an impinger as sample collection instrument associated with a complexing agent 

(APDC) was viable because it is a low-cost technique, moreover, it was possible the detection of five important 

metal elements in environmental studies associated with industrial emissions and urban traffic. 

 
 

1. INTRODUCTION 

 

Air pollution has become a major factor of life quality degradation in large urban centers. It 

can be defined as the situation in which the substances in the atmosphere, depending on their 

concentrations, are able to produce measurable damage to humans, animals, plants and / or 

materials [1]. Thus, the study of air pollution in urban areas becomes of great interest in 

evaluating the possible effects that the continuous exposure to these pollutants can have on 

health [2 – 5]. 

 

Atmospheric particulate matter (PM) consists of solid and liquid particles that can be emitted 

by natural (wind-blown dust, sea salt, volcanic ash, pollens, fungal spores, soil particles) or 

anthropogenic (fossil fuel combustion, industrial processes, construction work, cigarette 

smoking and wood stove burning) sources. 

 

The inhalable particles are particles with a diameter ≤ 10 μm (PM10) that can be divided into 

coarse fraction (particles with diameter between 2.5 and 10 μm – PM2.5-10), fine fraction 

(particle with diameter ≤ 2.5 μm – PM2.5) and ultra-fine fraction (particle with diameter ≤ 0.1 
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μm – PM0.1) [6]. Depending on their size, the inhalable particules can deposit on different 

parts of the respiratory tract [7]. The coarse particles (PM2.5-10) tend to deposit on the nose, 

throat and bronchial region. On the other hand, the fine particles (PM2.5) tend to penetrate the 

bronchial tube and the ultrafine particles (PM0.1) can reach the alveoli and enter the 

bloodstream. 

 

Several epidemiological studies indicate that exposure to atmospheric particulate matter is 

directly associated with risks to public health, such as increased mortality and morbidity (or 

hospitalization) from cardiovascular and respiratory diseases [3, 8, 9, 10], and decreased lung 

function [8]. 

 

The chemical components also influence the toxicity of the particulate materials. The main 

chemical components of PM are: polycyclic aromatic hydrocarbons - PAHs, metals, 

elemental carbon, other organic carbon, nitrate and sulfate salts [11]. According to 

Hassanvand (2015), some studies have shown that PAHs and metals are the two main 

components of the PM associated with adverse health effects [7, 12, 13, 14]. In addition, 

Kelly (2012) reports that metals, particularly metals in fine particle size, are often listed as 

the most susceptible to exert hazardous effects on health [15]. 

 

The studies of metals in TSP focus on the transition metals such as iron (Fe), vanadium (V), 

nickel (Ni), chromium (Cr) and copper (Cu), due to their toxic potential in the biological 

tissues. However, the TSP can contain other metals, such as zinc (Zn), aluminum (Al) and 

lead (Pb), which may influence the toxic effects caused by the transition metals, worsening or 

lowering the production of free radicals [15]. 

 

Particulate metals present in the air are usually found in trace levels (concentrations of ng.m
-

3
), in both, urban areas and remote areas [16]. Therefore, due to this extremely low 

concentration, direct application of Total Reflection X-ray fluorescence technique (TXRF) 

for analysis of metals in TSP is inadequate. Therefore, it is indispensable to use a 

preconcentration procedure to improve the detection of metallic air pollutants. The 

preconcentration of these metals can be achieved by adding a complexing agent to the sample 

and retaining the metal complexes in membranes [17]. 

 

The preconcentration technique with APDC (ammonium pyrrolidine dithiocarbamate) is 

widely used in the analysis of water samples when it is desired to determine the 

concentrations of transition elements. APDC reacts with metal ions to form stable and 

insoluble complexes with most transition metals. However, this complexing agent has no 

affinity with alkali and alkaline earth metals [18]. The high stability and low solubility of 

dithiocarbamate metal complexes are sufficient to enable the quantitative recovery of many 

metals [19]. 

 

Total Reflection X-Ray Fluorescence (TXRF) is a multielemental technique widely used in 

the analysis of low concentrations (ng.g
-1

) in environmental, medical and biological samples. 

TXRF analysis is a well-established analytical technique for the detection of major, minor 

and trace elements, especially suited for samples, whenever only small specimen mass is 

available [20]. 

 

In this study we propose a low cost method to measure the concentration of metals in the air 

through the Total Reflection X-ray Fluorescence technique (TXRF) using an impinger as an 
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apparatus for collecting samples, along with the complexing agent APDC for sample 

preconcentration. 

 

 

2. MATERIALS AND METHODS 

2.1. Samples site 

 

Five sites were randomly selected in the city of Rio de Janeiro. Fig. 1 shows the sampling 

sites. The sampling sites are part of the metropolitan area of Rio de Janeiro (RMRJ) which is 

composed of 19 municipalities and has the second largest concentration of population (11 

million), vehicles (mobile sources), industries and emission sources of pollutants in the 

country. These factors tend to generate local air pollution problems, since the massifs of 

Tijuca and Pedra Branca, parallel to the coastline, act as physical barriers to predominant sea 

winds, which may influence the dispersion of pollutants [21]. 

 

In this region, 77 % air emissions are from vehicular sources, the remaining 23 % comes 

from stationary sources, where sectors such as petrochemicals, shipbuilding, chemical, food 

and energy transformation, are the most important [21]. 

 

 
 

Figure 1: Sampling sites 
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2.2. Impinger 

 

Samples were collected with the use of an impinger. Fig. 2 shows the experimental scheme of 

the impinger. The impinger is a particulate collecting device, based on the deposition of 

particulates in water. When the air passes through the impinger, the air pollutants are 

deposited in the water, "contaminating" it. By analyzing the water, qualitative and 

quantitative information of the elements present in the air is obtained 

 

 
 

Figure 2: Impinger experimental scheme 

 

2.3. Sample collection 

 

The impinger was filled with 500 mL of Milli-Q water (ultrapure water) and remained in 

operation for 24 h in the collection site. The air circulated by the impinger with a volumetric 

flow rate of 1.8 L/min. Then, a 100 mL sample of water was removed and its pH corrected to 

3.0. Thereafter, 4.0 mL of 1 % APDC solution were added to complex the metals and agitated 

for 20 min. After stirring, the sample was filtered on a cellulose ester membrane with 

porosity of 45 m and diameter of 47 mm and dried at room temperature. Triplicates of all 

samples were performed. The filtered sample was diluted in acetone. Then, the standard 

solution of Germanium (Ge) was added and that solution was homogenized by shaking and a 

small aliquot of 5 L was pipetted on a precleaned Lucite carrier. The samples were left to dry 

very slowly under an infrared lamp. The samples were analyzed by Total Reflection X-Ray 

Fluorescence with Synchrotron Radiation (SRTXRF). 

 

2.4. Instrumentation 

 

The Total Reflection X-Ray Fluorescence technique using Synchrotron Radiation (SRTXRF) 

was performed at the X-Ray Fluorescence Beamline at Brazilian National Synchrotron Light 

Laboratory (LNLS), in Campinas, São Paulo, using a polychromatic beam with maximum 

energy of 20 keV for the excitation [22]. This beam was directed to the sample at an angle of 

approximately 1.0 mrad. The detector was of HPGe with energy resolution of 140 eV at 5.9 

keV. The Perspex carrier-detector distance was of 12 mm. All samples were excited for 100 s 

and X-ray fluorescence spectra obtained were evaluated by the QXAS software package, 
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distributed by the International Atomic Energy Agency, in order to obtain the X-ray 

fluorescence intensities [23]. All analyses were performed in natural atmosphere. 

 

 

3. RESULTS AND DISCUSSIONS 

 

Fig. 3 shows a SRTXRF spectrum of an analyzed sample. It is possible to detect nine 

elements: S, Ar, Ca, Cr, Fe, Ni, Cu, Zn and Ge. Argon is due to the presence of this element 

in the atmospheric air. Germanium comes from the standard solution used in SRTXRF 

analysis.  Sulfur is part of the chemical composition of complexing agent APDC. On the 

other hand, calcium will not be analyzed in this study because APDC is not efficient in this 

element preconcentration (Ca belongs to the alkaline-earth family). Thus, the concentrations 

of the elements Cr, Fe, Ni, Cu and Zn were determined in this analysis. 

 

 
Figure 3: SRTXRF spectrum of an analyzed sample 

 

Table 1 shows the average volumetric concentrations (ng.m
-3

), standard deviation and 

coefficient of variation of the elements Cr, Fe, Ni, Cu and Zn in the samples. 

 

All detected elements presented volumetric concentrations in the order of  ng.m
-3

. It was not 

possible to detect all the elements in the five points. Some elements were below the detection 

limit, such as Cr in point 1 and Zn in points 1, 3 and 5. 

 

The volumetric concentrations of Cr varied from 6.6 to 8.6 ng.m
-3

 in three points. On the 

other hand, point 2 showed volumetric concentration about two times higher than in the other 

points, 18 ng.m
-3

. In a study conducted in Ulsan (Korea), Ny (2011) found that metals such as 

Cd, Zn, Mn, Ni, and Cr were in higher concentrations as fine particles (<2.1 μm) than as 

coarse particles (>2.1 μm). The presence of fine particles of these toxic metals, can increase 

respiratory symptoms and diseases because they can reach deep into the alveolar region of the 

lungs [24]. 

 



INAC 2015, São Paulo, SP, Brazil. 

 

 

Table 1: Volumetric concentration (ng.m
-3

) 

 

Elements 
Sites 

Point 1 Point 2 Point 3 Point 4 Point 5 

Cr 
Average DL

2
 18 ± 4.3 8.6 ± 1.5- 6.9 ± 1.7 6.6 ± 1.3 

CV
1
 DL 0.2 0.2 0.2 1.3 

Fe 
Average 106 ± 23 89 ± 14 34 ± 5.1 42 ± 6.8 7.5 ± 2.0 

CV 0.2 0.2 0.1 0.2 0.3 

Ni 
Average 9.0 ± 1.3 25 ± 4.5 2.1 ± 0.5 11 ± 1.5 4.2 ± 1.0 

CV 0.2 0.2 0.2 0.1 0.2 

Cu 
Average 9.1 ± 1.9 7.6 ± 1.7 2.5 ± 0.6 88 ± 15 18 ± 3.1 

CV 0.2 0.2 0.2 0.2 0.2 

Zn 
Average DL DL 157 ± 25 201 ± 36 DL 

CV DL DL 0.2 0.2 DL 

1.CV = Coefficient of variation 

2. DL = Detection Limit, Values below the detection limit 

 

Fe is an element mentioned in the literature as possibly originated from two mineral sources, 

soil dust [5, 24], and vehicle exhaust such as wear of the internal parts of vehicles and tires 

and friction braking [5, 24, 25, 26]. It was detected in all sampling points. Fe volumetric 

concentrations were 7.5 ng.m
-3

 in point 5 and 34 – 106 ng.m
-3

 in the other points. The sample 

of point 5 was collected approximately 20 m from the ground; this may be the reason for its 

Fe volumetric concentration being below that of the other points. 

 

Cu was detected at all sampling sites. Cu concentration ranged between 2.5 – 18 ng.m
-3

 in 4 

points. Cadle (1999) showed that Zn and Cu originate mainly from anthropogenic sources, 

ranging from car parts to industrial activities [27]. However, Deng (2006) in his study 

suggested that Cu and Zn were not sourced from vehicle emissions, but that Cu and Zn 

emissions were due to the burning of electronic waste and industrial processes, particularly 

the heating circuit and the burning of metal and plastic scrap boards [28]. 

 

Cu has been used as an indicator of atmospheric emissions from the foundry industry [29, 30, 

31]. Moreover, Zn has been cited in the literature as source associated with industrial 

processes [5, 25, 26]. 

 

Zn was detected in only two sampling sites (point 3 and point 4). Zn concentration was 157 

ng.m
-3

 and 201 ng.m
-3

, in points 3 and 4, respectively. Point 3 is very close to where it is 

being built a major expressway (Transolímpica), this may have been the reason for the 

presence of zinc in this point. On the other hand, point 4 is a residential building located next 

to a street with heavy flow of cars / buses. In addition, this location is near a bus depot. This 

may have been the reason for the detection of Zn and Cu in this place. However, Fe, which is 

an element often used as traffic marker, was not in high concentration in these sampling sites. 
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Ni was detected in all sampling points. Its concentration ranged from 2.1-25 ng.m
-3

. The 

highest concentration of Ni was found in point 2. Ni is an element commonly cited as an oil 

combustion marker [24, 32, 33, 34]. 

 

 

4. CONCLUSIONS  

 

The technique of metal analysis in air samples using an impinger as sample collection 

instrument, associated with a complexing agent (APDC) was able to detect five important 

metallic elements to environmental studies. The elements Cr, Fe, Ni, Cu and Zn were 

detected on the five sampling sites. The concentrations of these elements varied from 2.0 - 

200 ng.m-3. The concentrations values found were within the range of concentrations cited 

by the IAEA (1997) and similar to values reported in the literature. These metals are widely 

cited in the literature as emitted from anthropogenic sources such as vehicular and industrial 

emissions. Thus, detection and knowledge of metal concentration in the TSP becomes very 

relevant due to several health problems that these metals can cause to people  living or 

working in regions with high total suspended particulate levels.  
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