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Abstract: The Pantanal region in the state of Mato Grosso suffers from intensive biomass burning at the dry 

season. A great volume of anthropogenic emissions affects the ecosystem, damaging the richest fauna and flora 

internationally recognized. The collect and characterization of natural aerosols is important to accompany the 

variations in the composition and concentration of these particles, this work determined the total mass 

concentration of fine inhalable particles, concentration of aerosol compound Black Carbon (BC) and the 

presence of 25 chemical elements in the samples. Maximum total mass inhalable fine (PM2.5) and BC 

concentration was, respectively, 83.66 μg m-3 and 4.52 μg m-3, and the median values of both was 36.62 ± 31.69 

μg m-3 and 1.83 ± 1.65 μg m-3. The Pb element concentration demonstrated a great maximum value of 25 ng m-

3, around twenty-one times bigger than a similar study realized ten years ago in the same area. The results 

indicate a low correlation between aerosols concentration and environmental parameters, nonetheless, we 

verify a considerable increase in concentration of PM2.5, BC and chemical elements S, K, Fe, Si and heavy metals 

compared with previous studies. 

Keywords: aerosol; AOD; EDXRF; biomass burning; black carbon 

 

1. Introduction 

Extreme weather events and climate changes were modifying the stability of global climate 

quickly [1]. Biomass burning is a significant anthropogenic source of aerosols, the area and the type 

of vegetation can influence in the composition and concentration of emitted aerosols, the heating of 

surface by burning process and the floatability of smoke plume makes the particulate matter affect 

directly the regional air quality and promote climate impacts globally [2]. Other studies in Mato 

Grosso and Brazil evidenced the effect of environmental parameters in the growth of viral 

transmission and mortality risk by respiratory diseases[3,4]. Currently, there is a scientific effort in 

the characterization of aerosols under ambient conditions [5]. Nevertheless, Pantanal of Mato Grosso 

lacks studies related with physicochemical characterization of aerosols [6]. 

Brazilian Pantanal has an extension about 140 thousand km2, and are positioned in the Upper 

Paraguay Bacin in the Middle-West distributed in the states of Mato Grosso (35%) and Mato Grosso 

do Sul (65%), the weather is seasonal and well defined by a dry season and a wet season. Since 2000 

the Pantanal biome is considered Natural Patrimony of Humanity and World Biosphere Reserve by 

UNESCO, furthermore, the biome is considered the largest floodplain on the planet [7,8]. Despite the 

recognized importance of ecosystem, the human actions like biomass burning and gold digging affect 
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the Pantanal, promoting contamination by heavy metals, changes in natural landscape and in the air 

quality [6,9,10]. In the year 2020 a large biomass burning have been recorded, the burned area was 

equivalent of 5.6 million of soccer fields, more than 25% of Brazilian Pantanal territory was consumed 

by fire, this year’s fires were the most devastating in the last two decades [11]. O material emitted is 

composed mainly of carbonaceous compounds, these aerosols it is based on carbon and belongs the 

fine inhalable particles with less than 2.5 μm of diameter size (PM2.5), at tropical regions these aerosols 

can contribute equal up 90% of total mass [2]. The carbon present in the aerosols is not homogenous, 

this means that exist a variety of carbon species. The Black Carbon (BC) and the Organic Carbon (OC) 

are compounds of these aerosols and must be present in the same sample [12,13]. 

Although a rise number of emissions sources makes the aerosol concentration increase, Earth’s 

atmosphere uses deposit mechanisms to retire aerosols and decrease it concentration [14]. During the 

dry season, between April and September, the dry deposition is the main responsible to retire aerosols 

from atmosphere, through mechanisms like turbulent transference, impaction, interception by 

vegetation and fall of aerosols by gravidity in soil [15]. During the wet season, which spans from 

October to March, the trend is a low aerosol concentration. This is because the processes of wet 

deposition, such as the incorporation of aerosols into raindrops and droplets, aid in removing 

aerosols from the atmosphere [14]. The larges fires that achieve Pantanal in the year’s 2020 affected 

areas that never was burned before, changing the weather like a unique shape [11], this episode 

motive us to study the changes in physicochemical characteristics of aerosols. Therefore, we propose 

a work to characterize the aerosols in this region with few studies in this way, the samples were 

collected in Pantanal of Mato Grosso during the dry season in the year’s 2022, and results compared 

with previous studies realized in the same site and other Brazilian regions. 

2. Materials and Methods 

2.1. Study Site and Sampling 

The atmospheric aerosols samples were collected in the Advanced Pantanal Research Base of the 

Federal University of Mato Grosso (BAPP - UFMT). Research site placed at in the SESC Private 

Reserve of Natural Heritage (PRNH SESC), 160 km south far from state capital Cuiabá, in the Park 

SESC Pantanal – Baía das Pedras (16º29’56’’ S, 56º24’47’’ W) in the city of Poconé (Figure 1). Pantanal 

of Mato Grosso is located in the north of biome, the weather is classified Humid Tropical with rainy 

summers and dry winters, Aw into Köppen-Geiger classification [16]. Climatological factors make 

the Pantanal a rare ecosystem, such as the plain relief and the seasonal dynamics of rain, corroborate 

to flood part of biome [6]. From the analysis of time series between 1981 and 2018, considering only 

the cities within Pantanal of Mato Grosso, the median annual precipitation is around 1360 mm [17]. 
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Figure 1. Sampling site BAPP – UFMT, Private Reserve of Natural Heritage of Social Service of 

Commerce – Baía das Pedras, state of Mato Grosso, north of Brazilian Pantanal. 

The research group Física Aplicada, Detectores e Automação (FADA) of Programa de Pós-

Graduação em Física Ambiental do Universidade Federal do Mato Grosso (PGFA - UFMT) operate 

the sample collect. Aerosol samples can be made by mechanisms of impaction, interception and 

diffusion to deposit the particulate matter in filters. This mechanism depends on the characteristics 

of air flux, filter pore diameter and particle sizes, these methods are consolidated to sampling aerosols 

[18]. Sampling campaigns of this work are based on inertial impaction (Figure 2) it was realized 

through a Thermo Scientific collector, in Whatman filters of polytetrafluoroethylene (PTFE) with 47 

mm of diameter and 1 μm of porosity. Initial flux adjusted at 17 L min-1, as stipulated at ISO 7708:1995 

to aerosols sampling [19]. Additionally, an automated system connected to the vacuum pump was 

programmed to shut off if the flow rate dropped below 16 L min-1. 
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Figure 2. Representative scheme of sampling system of atmospheric aerosols. 

Each filter was left sampling during seven days or until the shut off system by low pump flow 

rate. The collection campaign occurs between 25 August 2022 and 14 October 2022, about two months, 

7 periods had aerosols concentration and composition determined. We classified the samples 

collected by periods, being rom 25 August to 1st September period 1, from 2 September to 8 

September period 2, from 9 September to 15 September period 3, from 16 September to 22 from 

September period 4, from September 23 to September 30 period 5, from October 1 to October 7 period 

6 and from October 8 to October 14 period 7. This study collected samples during the dry season of 

Pantanal of Mato Grosso, historically marked by few rains and high concentrations of aerosols with 

significant biomass burning emissions [20]. 

2.2. Measurements and Environmental Parameters 

Characterization of collected aerosols was realized in the Laboratório de Física Atmosférica da 

Universidade de São Paulo (LFA - USP). Gravimetry determined the accumulation mass in each 

sample we used an electronic scale Mettler Toledo model XP6U with nominal reading of 1 μg, the 

mass accumulate in white filter was discounted of other filters. The detection limit of aerosols is 0.3 

μg m-3 and the precision estimated at 10% [21]. 

To determine the concentration of BC, its optical proprieties was used through a reflectometer 

of Diffusion System model M43D with higher photoptic response efficiency at 550 nm and maximum 

emission at 650 nm. White filter fixed the standard of total reflection of light (100%), to calculate the 

equivalent BC concentration we used [12] equation (1), as shown: 

BC = [(88.3 – (77.5 * log R)) + (16.7 ∗ (log R)2)] ∗ A/V (1) 

Where R is the measured reflection, A is the filter area (in this case, 13.85 cm2), V is the volume 

of air in m3 and BC concentration is given in μg m-3. 

The chemical concentration of aerosols uses Energy Dispersive X-ray Fluorescence (EDXRF) 

analytical technique, on the device of PANalytical model Epsilon 5, having as main target the 

scandium/tungsten (Sc/W) anode. Analyzes determined the concentration of 25 chemical elements 

(Na, Mg, Al, Si, P, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, As, Se, Br, Rb, Sr, Cd, Sb e Pb) in the 

samples.  
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The use of specific mass of few elements calculates the mass of Dust in the samples, the 

calculation presented by [22] can be seen at equation: 

Dust = 1.16*(1.90Al+2.15Si+1.41Ca+1.67Ti+2.09Fe) (2) 

To assist in the comprehension of variability in aerosols concentration, were utilized 

micrometeorological data referent to relative humidity (RH), accumulate rain (AR), radiation balance 

(Rn), air temperature (AT) and direction and intensity of wind. The data of environmental parameters 

was acquired by sensors installed at a tower above 20 m of soil, localized at BAPP – UFMT. Another 

data referent a fire outbreaks (FO) and the sum of fire radiative power (FRP), obtained through online 

platform BDQueimadas, available at (https://queimadas.dgi.inpe.br/queimadas/bdqueimadas) 

database managed by Instituto Nacional de Pesquisas Espaciais (INPE). To each period the filters 

used was South America as continent, Brazil as country, Mato Grosso as state, AQUA_M-T like 

reference satellite and Pantanal as biome, to limit the region only cities of Mato Grosso belonging to 

Pantanal was considered.  

We collected data from aerosols remote sensing to descript Aerosol Optical Deep (AOD), to 

compare with the concentration of PM2.5 determined by characterization. The AOD data is measured 

by a solar photometer CIMEL of monitoring network AEtosol RObotic NETwork (AERONET) and 

represents the quantity of aerosols optically active in the vertical column in the Earth’s atmosphere 

with determined wavelength [23]. Thus, we analyzed the available data in wavelength 500 nm of total 

AOD (AODtotal), AOD fine mode (AODfine) and AOD course mode (AODcourse) both products from 

version 3.0 and processing lvl 1.5 of CUIABÁ-MIRANDA site, localized around 90 km of BAPP - 

UFMT. 

We apply statistics test to data to assess the relation between PM2.5 and BC concentration 

concomitant to micrometeorological parameters and aerosols remote sensing. The Shapiro-Wilk 

Normality Test accused a non-parametric distribution, therefore, opted to perform a Spearman 

Correlation Test to determine the degree of association between the variables. The coefficient of 

Spearman correlation (ρ) varies from -1 to 1 and indicate the force and direction of relation between 

two parameters, the intervals defined by Cohen (1988) consider a weak correlation to |0.1| < ρ ≤ |0.3|, 

moderate to |0.3| < ρ ≤ |0.5| and strong to |0.5| < ρ ≤ |1.0| [24]. 

3. Results 

3.1. Aerosol Concentration and Composition 

Accumulate mass average of samples was 1374.3 μg, during the initial periods more mass was 

accumulated and nearest the rain season accumulate mass decreases. The total mass concentration of 

PM2.5 and BC compound determined by gravimetry, and optical reflectance (Figure 3) presents a great 

variability. To sampling period, the variation on concentration usually is associate to natural factors 

like wind and humidity deposition caused by rains, as well anthropogenic factors such as biomass 

burning [14]. The average of PM2.5 concentration during all period was 36.62 ± 31.69 μg m-3 (Table 1). 

In another research realized by [6] at the same site, with identical collecting and characterization 

equipment, from 2012 to 2013, the average value of concentration to dry season was 8.66 μg m-3, 

wherefore, over the ten years between the studies the average concentration growth significantly. 

Maximum value of PM2.5 concentration determined by other study in the same site and season [6] 

was 18.2 μg m-3, while in this work the maximum was 83.66 μg m-3 an increase greater than four and 

a half times. Regarding the BC concentration, this work the maximum value was 4.52 μg m-3 and at 

[6] work, it was 1.68 μg m-3. The comparison of two results indicates a significant increase in the 

concentration of aerosols in the Pantanal wetland region. 
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Figure 3. Concentration variation of PM2.5 and BC concentration measured in the BAPP – UFMT 

between August and October 2022. 

Table 1. Statistical summary of the physical and chemical properties of aerosols in the Pantanal dry 

season in 2022*. 

 Fine particulate matter BAPP - UFMT  

 Avg σ Min Max 

PM 36.62 31.69 7.02 83.66 

BC 1.83 1.65 0.37 4.52 

Na 94.05 95.33 19.68 279.87 

Mg 28.12 27.45 0.86 81.81 

Al 167.60 113.47 53.82 377.72 

Si 243.52 181.99 71.59 500.15 

P 33.54 38.88 5.74 98.82 

S 688.32 627.43 200.90 1693.09 

Cl 2.19 3.13 0.05 8.55 

K 582.71 524.06 106.69 1392.17 

Ca 49.07 45.44 11.56 132.15 

Ti 18.93 21.01 0.02 53.30 

Cr 2.05 1.71 0.42 4.62 

Mn 3.86 3.30 0.74 8.65 

Fe 238.28 172.63 56.47 582.40 

Ni 0.53 0.49 0.11 1.45 

Cu 2.65 3.15 0.69 9.16 

Zn 7.66 7.22 1.33 22.49 

As 0.14 0.10 0.01 0.31 

Se 0.12 0.16 0.00 0.45 

Br 8.62 7.47 2.36 18.84 

Rb 0.98 0.80 0.20 2.53 

Sr 2.27 3.96 0.00 11.00 

Cd 8.56 8.48 0.85 22.37 
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Sb 5.47 4.55 1.78 13.39 

Pb 4.28 9.16 0.08 24.93 

*The PM2.5 and BC concentrations expressed in μg m-3 and the elements expressed in ng m-3. Only 

elements with concentration above the detection limit were considered at average and standard 

deviation (σ) calculation. 

Brazilian territory has a region called arc of deforestation (DOMINGUES and BERMANN, 2012) 

a severe number of biomass burnings affects it, promoting a large volume of emission that modify 

the atmosphere of these places. The study of Maenhaut et al. (2002) realized at city of Alta Floresta, 

in the north of Mato Grosso state, the PM2.5 concentration stayed between 20 - 200 μg m-3 during dry 

season, with average value of 47 μg m-3. In Rondônia, during dry season, the work of [21] measured 

the maximum of PM2.5 concentration as 250 μg m-3, while the average was 66.9 μg m-3. Therefore, the 

concentration of PM2.5 determined in this work at BAPP - UFMT remained below other regions that 

belong to the arc of deforestation and close to the Amazon. 

The concentrations of BC remained less than 1 μg m-3 to four periods (1, 3, 4 and 7), despite that, 

the average concentration was 1.83 ± 1.65 μg m-3. The peaks in the concentration match with periods 

of higher total mass concentration, it occurs because the carbonaceous aerosols belong predominantly 

to PM2.5 [2]. In the study of [6], [25] and [21] the average concentration of BC on the dry season was, 

respectively, 0.76, 7.7 e 3.6 μg m-3. In this sense, the BC concentration exhibited an increase of 240% 

in the Pantanal, although it remains lower compared to areas in the Amazon and its vicinity. 

Chemical elements with higher concentration were S, K, Fe and Si, comparing the concentration 

of these elements with the results of [6], there are a significant increase. Regarding the maximum 

value, elements Fe and Si showed close concentration, nevertheless, the maximum concentration of S 

and K exhibited value three times higher. Due to their toxicity and harmful to health the heavy metals 

Pb and Cd stand out [26], it averages was, respectively, 4.28 e 8.56 ng m-3. In the case of Pb the 

maximum concentration reaches 24.93 ng m-3, this peak of concentration occurs at period 5, a value 

six times higher than the average concentration of this element (Table 1). The presence of Pb can be 

related with anthropic factors, above all activities of mining that contaminate the soil with heavy 

metals and increase the contaminated soil suspension [26]. Compared to the study by [6] the 

concentration of Pb in PM2.5 during dry season demonstrated a great average increase, it could be 

related with the rise of anthropogenic influence in the region of north Pantanal. The periods with 

high variation on elementary concentration were 5 and 6 followed by period 2, the remaining 

maintain the concentration of PM2.5 below 2 μg m-3 with negligible variation in elemental 

concentration. The results indicate a change in the composition of PM2.5 in the Pantanal region, it is 

not possible to attribute this change to a direct factor but considering the elements with greatest 

variation in the period of ten years, human activities may be responsible for this alteration. 

The dust compound, calculated from the concentration of Al, Si, Ca, Ti and Fe elements 

(Equation 2), is the main constituent of natural atmospheric aerosols. Annually the Amazon receives 

a substantial load of dust from the African continent, which carries tons across the Pacific Ocean [27]. 

In the Pantanal, the uses of soil by agricultural activities, mining, and vehicular traffic are responsible 

for the suspension of dust, which, depending on the soil composition, can pose health risks [6,9]. This 

work calculated the maximum dust concentration in 3.7 μg m-3, while in the study by [12] during dry 

season at Amazon Tall Tower Observatory (ATTO) the maximum concentration was 1.4 μg m-3, it 

reinforces that areas with more human activities promote a greater soil suspension. 
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Figure 4. Temporal serie of mainly chemical elements concentration in the BAPP – UFMT aerosols 

samples. 

The adimensional value of AOD is a parameter that indirectly indicate the quantity of aerosols 

and evaluate how it change over a long period of time (Figure 5). The AOD at 500 nm is usefull to 

analyze the particulate matter emitted from biomass burning, once this wavelength has a strong 

interaction with BC [28], it is the reason, the AODfine represents the greater part of AODtotal at 500 nm 

(Figure 5 (A)). The values stay above 0.4 at five initial periods to AODtotal and period three registered 

the higher average of AODfine being of 0.93. We reinforce that AODfine were linked with quantity of 

atmospheric aerosols there is a difference between the measure of PM2.5 concentration determined by 

filters, this discrepancy could be associated with the distance of the two sites and potential differences 

in the atmospheric conditions encountered by each sample. In the period 4 exist a cohesion between 

increase of AR and decrease of PM2.5 and BC concentration, it indicates the acting of wet deposition. 
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Figure 5. Average by period diary measurements of AODtotal, AODfine and AODcourse at wavelength 500 

nm and AR (A) and median by period of environmental parameters (B) between August and October 

2022. 

The FO are a recurrent problem at Mato Grosso state, due the environmental impact and health 

damage it could cause [9]. During the dry season, the burnings are constants (Figure 6), the wind acts 

as a dissipator of aerosols that could cross long distances, the FRP index could be used to estimate 

the size and intensity of wildfires. 

 

Figure 6. Geographical distribution of fires by period in the municipalities of Mato Grosso in the 

Pantanal biome between August and October 2022. 
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The period one got the higher value to FRP reaching 16711 W, nervertheless, the distance of 

BAPP - UFMT and FO (Figure 6), wind direction (Figure 7) and concentration of PM2.5 (Figure 3) 

suggest a low influence of burnings at collected aerosols at first period. The greatest peaks of PM2.5 

occurs at period two and five, with the value of FRP 3561 and 8606 W, respectively, considering the 

position of FO and wind velocity and direction, the samples collected in these periods may have been 

directly influenced by regional wildfires. Furthermore, the period five shown the highest number of 

FO (Figure 6) and at the same time the maximum concentration of dust of 3.7 μg m-3 (Figure 3), highest 

concentration of chemical elements, including, the maximum concentration of Pb of 25 ng m-3 of 

collecting campaign. 

 

Figure 7. Roses of wind indicating the mean velocity and direction of the wind thorough the period 

between August and October 2022 measured at the micrometeorological tower in the BAPP – UFMT. 

To verify the correlation between the variables this work uses the Spearman test, the results are 

available at Table 2. Although the concentrations of BC and AODfine 500 nm are linked to biomass 

burning, there is no significant correlation between the two, in general, a greater number of samples 

could provide better statistical analyzes. The variables AODtotal, AODfine and AODcourse represents 

strong correlation with RH, the AT demonstrate a strong correlation with AODcourse and AR, and 

likewise, Rn had a strong correlation with BC. Nonetheless, the p-value were above 0.05 to these 

variables with high correlation coefficient, indicating any significant statistic. The PM2.5 and BC 

concentration demonstrate a correlation coefficient of 0.929 and p-value < 0.05, indicating in a strong, 

positive and significant correlation between the variables. Another significant correlation 

encountered were although AR and AODcourse with coefficient -0.852, confirming a strong and inverse 

correlation. 

Table 2. Correlation coefficient to concentration and environmental variables. 

 PM2,5 BC AODtotal AODfina AODcourse FRP UR AC Rn Ta 

PM2,5 1          

BC 0.929* 1         

AODtotal -0.214 -0.214 1        

AODfine -0.214 -0.214 1 1       

AODcourse 0.500 0.357 0.071 0.071 1      

FRP 0.393 0.321 -0.357 -0.357 0.286 1     

RH -0.036 0.214 -0.536 -0.536 -0.571 -0.143 1    
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AR -0.297 -0.185 -0.556 -0.556 -0.852* -0.148 0.704 1   

Rn -0.429 -0.643 -0.357 -0.357 -0.107 -0.179 -0.214 0.259 1  

AT -0.143 -0.143 0.143 0.143 -0.536 0.429 -0.107 0.593 -0.071 1 

*p-value < 0.05. 

4. Conclusions 

At this study the concentrations of PM2.5 total mass and of the compound BC was determined by 

gravimetry analyzes and optical reflectance. It presents a great variability between the seven periods 

sampled. To year 2022 dry season, the average concentration of PM2.5 were 36.62 ± 31.69 μg m-3 as the 

compound BC presents an average concentration of 1.83 ± 1.65 μg m-3. These results when compared 

with measurements realized one decade later in the same study site and in the dry season as well 

indicate an increase of 422% in the average concentration of PM2.5 and 240% in the average 

concentration of BC compound. The greatest average elementary concentration of PM2.5 and dust 

concentration was during period five follow by period six and two. The elements with highest 

concentration were S, K, Fe and Si being 688.32 ± 627.43 ng m-3, 582.71 ± 524.06 ng m-3, 238.28 ± 172.63 

ng m-3, 243.52 ± 181.99 ng m-3, respectively, and comparing with registers of the same season and site 

one decade ago it shows a significant increase. Furthermore, the results indicate a significant increase 

of heavy metals in the composition of aerosols we highlight Pb average concentration compared with 

other study. The investigating of relations between average values by period of BC and PM2.5 

concentration and environmental parameters pointed a strong and significant correlation between 

PM2.5 and BC compound with correlation coefficient 0.929, and in the relationship between AR and 

AODcourse with correlation coefficient -0.852, there is no other interesting relation between other 

variables. The results, both for the elemental composition and the BC component in the interval of 

ten years, indicate a change in the regional dynamics of Pantanal. We suspect that the increasing of 

anthropic activities in the biome in the last decade are responsible for this alteration in the 

atmospheric aerosol concentration and composition of the Mato Grosso Pantanal and we expect to 

explore better this question in a future study. 
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