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INTRODUCTION 
 

 The assessment of air quality is essential to ensure adequate living conditions, both in health and economics. There is 

consensus among experts that the current atmospheric levels found in urban regions can exacerbate morbidity, especially concerning 

respiratory and cardiovascular diseases, and can lead to premature mortality (WHO, 2016). There are significant correlations 

ABSTRACT 
 
In this study biomonitoring was used as a tool for assessing air quality in an industrial area in Pomerode, Santa Catarina State, 
southern Brazil, through the determination of polycyclic aromatic hydrocarbon (PAH) concentrations.  The industrial area in 
Pomerode is of great relevance in this context since it hosts various types of industry: slaughterhouse, ceramic plant, cement 
plant, foundry, textile plant, mining activities and asphalt plant, among others. Part of the SC 418 highway runs through the 
industrial district of Pomerode. This study showed that it is possible to monitor the levels of the compounds of interest in the 
atmosphere by means of biomonitoring using lichens and bromeliads. The most significant amounts of PAHs found in this 
study are derived essentially from combustion processes which may be stationary sources, such as smokestacks, or mobile 
sources, such as vehicles. The concentration of PAHs found in the lichens represents an accumulation over time. The overall 
sum of the PAH concentrations (ΣPAH) found in the lichens was 6,264.6 ng kg-1, and at each site the sums of the PAH 
concentrations were: site 01 – 2,000.86 ng kg-1, site 02 – 256.93 ng kg-1, site 03 – 375.15 ng kg-1, site 04 – 411.77 ng kg-1 , site 
05 -1,632.30 ng kg-1, site 06 – 140.10 ng kg-1, site 07 – 1,064.,50 ng kg-1 e site 08 – 382.80 ng kg-1. The variation among the 
sites evaluated was 140.10 ng kg-1 to 2,000.86 ng kg-1.The overall ∑PAH for the bromeliads was 707.73 ng kg-1 and the 
following values were obtained for the sites: site 01 - 55.39 ng kg-1, site 02 - 67.21 ng kg-1, site 03 – 301.59 ng kg-1, site 04 - 
27.49 ng kg-1, site 05 - 62.57 ng kg-1, site 06 – 18.58 ng kg-1, site 07 - 134.00 ng kg-1 and site 08 – 36.09 ng kg-1. The ∑PAH 
varied from 18.58 ng kg-1 to 301.59 ng kg-1. However, all of the study sites were probably contaminated with PAHs originating 
from the industrial areas of Pomerode. The PAH values obtained in this study can be considered similar to those of remote 
regions of the globe, which characterizes low PAH contamination in the industrial area of Pomerode, especially when 
compared with older industrial and urban areas in Brazil, such as Cubatão, São Paulo State, Brazil. Air monitoring with the 
use of these bioindicators is effective and inexpensive, and this can be an important tool for the control and verification of 
environmental toxicity 
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between air pollutants and the occurrence of different types of cancer, with 14% of lung cancer cases attributable to this type of 

pollution (Gouveia and Junger, 2018; Pruss-Ustun et al., 2016). 

 

Several different sampling and analysis techniques have been employed in studies to determine chemical species in the 

atmosphere. However, many difficulties have been reported, especially concerning the sampling conditions, which often reduce the 

results' quality. Another complication is identifying the emission sources, as it is not always possible to verify the geographic 

allocation of the sources of emissions and atmospheric emissions (Cetesb,2020). 

 

Biomonitoring is a tool for measuring environmental quality, notably in investigations on atmospheric contamination, 

within defined temporal and spatial scales. The effect of contamination can be studied at various levels, ranging from the response 

of an individual to the community as a whole (García-Fernández et al., 2013; Garty, 2001). Essential features of effective 

bioindicators include the following: they should be abundant in the survey area, they should be present all year round, they should 

not be affected by climate change, and their collection should be rapid and easy (Lehndorff and Schwark, 2010). 

 

Of the various types of organisms used as bioindicators of atmospheric pollution, trees, lichens, mosses and bromeliads are 

considered the most effective, these being used to determine the distribution and level of the effects of pollutants in the long-term 

and over large areas. Besides, it may be possible to determine the concentrations of contaminants they were exposed to (González 

et al., 2003). They offer easy handling, cultivation, and care at relatively low cost and quickly provide a reliable assessment response. 

Lichens are exclusively dependent on the atmosphere to capture nutrients as they have no structures such as roots or cuticles. Their 

geographical distribution is broad and they accumulate minerals; therefore, they are good indicators of air quality (Garty et al., 

2002). Many researchers consider lichens to be the bioindicator most widely used to verify air quality. 

 

Bioindicators for evaluating air pollution are defined as permanent control systems due to their high sensitivity to specific 

pollutants and large storage capacity for contaminants in their biological tissues (Aslan et al., 2011; Markert et al., 2012; Petrescu-

Mag et al., 2010). Some pollutants are found in the environment in deficient concentrations, which can hinder their determination 

by chemical or physical methods, but bioindicator plants can efficiently detect some of these concentrations (Pedruzi, 2016). Lichens 

are examples of bioindicators or bio accumulators. In numerous studies, the determination of heavy metals, PAHs and other chemical 

species has been carried out using lichens (Aslan et al., 2011; Garty et al., 2002; Petrescu-Mag et al., 2010; Sawicka-Kapusta et al., 

2007; Styers and Chappelka, 2009). 

 

Bromeliads have physiological and morphological structures that favor the absorption of chemical species since they feed 

directly from the atmosphere, using their roots only for fixation onto trees or substrates. They can be found in all climates, either in 

epiphytic form, with sources that favor their attachment to the host plant, or in terrestrial form, with functional roots that allow 

extension and the uptake of water and nutrients from the soil (Chaparro and Ticktin, 2011; Rocha-Pessoa et al., 2008; Zanella et al., 

2012). Studies using bromeliads to evaluate environmental pollution's impact began in the first decades of the XX century (Saiki et 

al., 2007). The bromeliad family members Tillandsia were used as bioindicators for heavy metals and PAHs (Figueiredo et al., 

2007). The bromeliad species Tllandsia usneoide was first evaluated as a biomonitor for fluoride in rainwater. It has since been used 

as an atmospheric biomonitor to determine the composition of particulate materials and metals in addition to diagnosing the presence 

of PAHs (Martins et al., 2017). The old beard easily adapts to hot dry conditions and is efficient in mercury (Hg) (Gadsdon et al., 

2010; Lu et al., 2005). Several techniques are used for biomonitoring (Citterio et al., 2002; Lang and Murphy, 2012; Markert, 2008; 

Markert et al., 2012), including those which consider variations in community diversity and/or species abundance, physiological 

variations, or simply the accumulation of pollutants. 

 

PAHs result from the incomplete combustion or pyrolysis of organic matter sources. They are ubiquitous in the global 

environment and are typically more concentrated in urban centers' vicinity (Oguntimehin et al., 2010a; Oguntimehin et al., 2010b). 

The occurrence of PAHs is essentially a result of anthropogenic emissions from, for instance, motor vehicles, burning of fossil fuels, 

incinerators, oil refining and the production of coke, asphalt and aluminum. Of the various PAH emission sources, motor vehicles 

are the most significant contributor (Tsai and Chen, 2004; Tsai et al., 2004). PAHs can be important indicators of anthropogenic 

pollution because they are not found in biosynthetic processes since their concentration in the natural environment is very low. In 

Brazil, interest in the use of biomonitors to detect environmental agents has increased gradually over the past four decades (Lovett 

et al., 2009). Researchers have reported the testing of hundreds of species, including lichens, fungi, bryophytes, gymnosperms and 

angiosperms (Ferreira et al., 2012; Leonardo et al., 2008; Li et al., 2012; Mota Filho et al., 2007). 

 

Air monitoring using these bioindicators is effective and inexpensive, and this can be an essential tool for the control and 

verification of environmental toxicity. The industrial area in Pomerode is of great relevance in this context since it hosts various 

types of industry: slaughterhouse, ceramic plant, cement plant, foundry, textile plant, mining activities and asphalt plant, among 

others. Part of the SC 418 highway runs through the industrial district of Pomerode. This is important because this road truck traffic 

is heavy since it plays a role in the logistics of the supply and distribution of materials for the industrial area. 

 

Evaluate the efficiency of strategies to control atmospheric emissions from industrial and mobile sources through 

biomonitoring using lichens and bromeliads. 
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MATERIALS AND METHODS 

Study Area 

Pomerode is located on the eastern side of the Itajaí Valley at a distance of 162 km from the state capital Florianópolis. It 

has a total area of 216 km2 comprised of urban areas (76.5 km2) and rural areas (139.5 km2). It has a population of approximately 

27,759 inhabitants. The climate is humid mesothermal with an average annual rainfall of 1.7 mm year-1. The economy is based on 

the industrial area (72%). It lies in 14th place in the national ranking based on the human development index (HDI), and the 

unemployment rate does not exceed 4.82% (IBGE, 2010). 

 

Sample Collection 

The sampling areas were defined according to maps that show that 90% of the municipality's industrial activities are located 

in two industrial districts. Collections from the sample sites occurred from October 2010 to June 2011, performing one collection 

per month (Figure 1). 

 

 
Figure 1: Location of study sites (Google maps) 

Source: Google Maps 

 

The sampling sites were defined according to stationary and mobile sources of air pollution in industrial centers and their 

surrounding neighborhoods. The sampling sites were distributed around the industrial area according to Table 1, taking into account 

the predominant wind direction due to the dispersion of plumes of air pollutants from the stationary industrial pole sources, as in 

other environmental studies. 

 

Table 1: Geographic location of sites 

Sites Coordinates 

1 
684644 

7033129 

2 
684652 

7033128 

3 
684625 

7032126 

4 
683633 

7031452 

5 
682919 

7031643 

6 
682816 

7031882 

7 
682445 

7032472 

8 
682985 

7032211 

Source: authors (2021) 

Sampling of lichens and bromeliads 
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A Garmim GPS was used to obtain details on the sites from which the samples were taken. For the collection of lichens 

and bromeliads a clamp and a plastic knife were used to prevent contamination. Sterile plastic (polyethylene) containers with a 

capacity of 80 mL were used to transport and store the samples. The containers were labeled with the geographical coordinates and 

date of collection and stored in a freezer at -5 ºC. 

 

Laboratory Analysis 

Cleaning 

All glassware used in the experiment was washed with detergent and rinsed in deionized water with hexane added and 

dried in an oven at 120 oC for 1 h. The solvents and reagents used for the experiment were: acetonitrile (HPLC Grade, JT Baker) 

and dichloromethane (HPLC Grade, JT Baker). The standard solution containing PAHs used in the experiments was obtained from 

SUPELCO 595 North Harrison Road Lot no. 24238 Lb, catalog no. 47940-U. 

 

Extraction 

Lichen and bromeliads contain a range of organic substances. To achieve the best performance in the extraction of organic 

pollutants with different polarities, it is necessary to use organic solvents with intermediate polarity. Dichloromethane and 

acetonitrile are widely used as solvents in extracting these substances (Bonny et al., 2011; Pavlikova et al., 2004). We used an Anton 

Paar microwave reaction system for the extraction of PAHs from the lichens and bromeliads. The Mussel Tissell technique available 

for this equipment was used as the extraction mode. Samples of the dry mass (0.5 g) of the lichens and bromeliads were weighed, 

crushed and placed in tubes sealed with Teflon caps and marked for identification. A mixture of 7.5 mL of acetonitrile and 2.5 mL 

of dichloromethane was added to each sample. Samples were then placed in the microwave oven carousel and subjected to Mussel 

Tissell extraction. 

 

For each extraction batch a blank was included. In the microwave program, a temperature of 125 oC and a pressure of 18 bar was 

applied for 50 min. After the extraction, a 1 mL aliquot of sample was removed, placed in a rotary evaporator (Rotavapor ® R II 

Buchi) and subjected to a rotation of 180 rpm at 40 °C for 3 min. After evaporation, the sample was completely recovered with 1 

mL of acetonitrile. The volume obtained was transferred to a vial with an automatic pipette. The flask was washed a few times with 

acetonitrile for the complete removal of the sample. 

 

Chromatographic analysis 

The chromatographic separation was performed in liquid chromatography (Dionex® Ultimate 3000) equipped with an 

isocratic pump (pump 3000), molecular absorption detector (3000 RP variable wavelength detector), 3000 column compartment, 

analytical C-18 column (Dionex Acclaim ® 120) (250 x 4.6 mm, 5 μm), manual injection system with a fixed volume of 10 μL and 

data acquisition system equipped with Chromeleon® software. In the optimized method, a wavelength of 254 nm, a flow rate of 1 

mL min-1, oven temperature of 25 °C, injection volume of 10 μL, and total running time of 44 min was applied. A total of 16 PAHs 

were investigated: naphthalene, acenaphthalene, acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene, 

benzo[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene, indeno[1,2,3-cd]pyrene, 

dibenzo[a,h]anthracene, benzo[g,h,i]perylene. To ensure the quality of the method used, all samples were processed in triplicate. 

 

Calibration 

A standard solution containing known concentrations of PAHs certified by Supelco™ was used as the external standard. 

Calibration curves were constructed using five points with concentrations ranging from 5 to 254 ng ml-1. Under these conditions, 

the characteristic peaks of the 16 PAHs in the mixture (Figure 2), with retention times ranging from 9.9 to 42.8 min, were identified.  

 

 
Figure 2: Chromatogram of the calibration curve (amounts expressed in ng mL-1) 

Source: authors (2021) 
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The limit of detection (LOD) was determined based on the standard deviation of the calibration curve and the slope of the 

line using the following formula: 

 

LOD = (3.3*a)/S (1) 

 

Where a is the standard deviation of the calibration curve and S is the angle of the slope of the calibration curve. The 

detection limits for the standards ranged from 0.12 mg mL-1 (acenaphthalene and anthracene) to 0.36 ng mL-1 (benzo[b]fluoranthene) 

(Table 2). 

 

 

Table 2: Analytical results for the reference PAH standards and their LOD and LOQ values expressed in ngmL-1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: authors (2021) 

 

The limit of quantification (LOQ) was determined based on the standard deviation of the calibration curve and the slope of 

the line using the following formula: 

 

LOQ = (10*a)/S (2) 

 

The quantification limits were between 0.40 ng mL-1 (acenaphthalene and anthracene) and 1.21 ng mL-1 

(benzo[b]fluoranthene) (Table 2). 

Processing of data  

The programming language chosen for the development was R (R Core Team, 2017). The choice was mainly due to its 

architecture strongly focused on statistical computing, providing a wide range of libraries for carrying out statistical analysis routines 

and having an active community of developers who implement and support new packages that expand the environment's 

functionality. (Ke et al., 2015). This study's statistical techniques were principal coordinate analysis (PCoA) and multivariate 

statistical methods (software R) to check the trends of the species studied in the sampled areas. To visualize the dissimilarity of the 

samples in relation to the types of dispersion, a Principal Coordinate Analysis (PCoA) was performed using the vegan package's 

pcoa function (Oksanen et al., 2017). This analysis tests the null hypothesis that the average dispersion within the group (distance 

to the centroid) is equal between the groups of the samples and allows to analyze the variation in the composition between the 

dispersion modes, using the beta function dispersed vegan package (Oksanen et al., 2017) in the R statistical software (R Core Team, 

2017). 

 

PAH SLOPE SD LOD LOQ   R2 

Naphthalene 0.36040 0.01800 0.15 0.50 99.95 

Acenaphthalene 0.27760 0.01100 0.12 0.40 99.97 

Acenaphthene 0.16740 0.00800 0.14 0.48 99.96 

Fluorene 1.60560 0.09600 0.18 0.60 99.93 

Phenanthrene 4.35100 0.42300 0.29 0.97 99.82 

Anthracene 9.60140 0.38700 0.12 0.40 99.97 

Fluoranthene 1.10860 0.07200 0.19 0.65 99.92 

Pyrene 0.96310 0.05900 0.18 0.61 99.92 

Chrysene 1.97340 0.14700 0.22 0.74 99.90 

Benzo[a]anthracene 1.16170 0.09900 0.26 0.85 99.86 

Benzo[b]fluoranthene 2.17750 0.26300 0.36 1.21 99.73 

Benzo[k]fluoranthene 1.64880 0.12400 0.23 0.75 99.89 

Benzo[a]pyrene 2.57030 0.20500 0.24 0.80 99.88 

Dibenzo[a,h]anthracene 0.57630 0.03700 0.19 0.64 99.92 

Indeno[1,2,3-cd]pyrene 2.24420 0.20000 0.27 0.89 99.85 

Benzo[g,h,i]perylene 0.68010 0.06900 0.30 1.01 99.80 
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RESULTS AND DISCUSSION 

 
Several PAHs were found in the lichens and bromeliads. To understand and interpret the results, we used the method of 

principal coordinates analysis (PcoA) and the Bray-Curtis distance index after applying Wisconsin double processing (Bocard et 

al., 2011; Oksanen et al., 2017) to the original data. To assess the PAH correlations with the scores obtained along the PCoA axes 

we considered the Pearson index. 

 

For this study, we needed to randomize the dates and places, prior to which it was necessary to calculate the mean of the 

two replicas and then randomly select three dates at each site to compose a sample. Thus, we obtained an ordination (PCoA) for 

samples with randomized dates and another for samples with randomized locations (Antiqueira et al., 2018). The processing of the 

data was performed using the R software. 

 

Results obtained for lichen samples 

The concentration of PAHs found in the lichens represents an accumulation over time. The overall sum of the PAH 

concentrations (ΣPAH) found in the lichens was 6,264.6 ng kg-1, and at each site the sums of the PAH concentrations were: site 01 

– 2,000.86 ng kg-1, site 02 – 256.93 ng kg-1, site 03 – 375.15 ng kg-1, site 04 – 411.77 ng kg-1 , site 05 -1,632.30 ng kg-1, site 06 – 

140.10 ng kg-1, site 07 – 1,064.,50 ng kg-1 e site 08 – 382.80 ng kg-1. The variation among the sites evaluated was 140.10 ng kg-1 to 

2,000.86 ng kg-1. 

The highest ΣPAH value was observed at site 01. This collection site is located in an area with little access to vehicles, 

primarily serving the industrial complex (Figure 3). 

 

 

 
Figure 3: Total monthly concentrations of PAHs in lichens for the period from October 2010 to June 2011 

Source: authors (2021) 

 

Another site with a higher ΣPAH, when compared to other locations, is site 05. This site lies near the industrial area and is 

located on the edge of the SC 418 highway. At the other sites, we found contamination by PAHs from the industrial area of 

Pomerode. Figure 4 shows the mean concentrations of the individual PAHs for the sampled sites. It can be observed that at site 01 

acenaphthalene is predominant with concentrations above 1800 ng mL-1. 
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Figure 4: Profiles for average PAH concentrations in lichens at the 8 sampling sites 

Source: authors (2021) 

 

At site 07 this same PAH prevailed with a concentration of close to 800 ng mL-1. At site 05, the predominant PAH was 

indeno[1,2,3-cd] pyrene, with attention of close to 1.400 ng kg-1. The concentrations of the other PAHs did not exceed 200 ng kg-1. 

The 16 priority PAHs, according to the United States Environmental Protection Agency (USEPA), not detected at all at the eight 

study sites were evaluated. 

 

Acenaphthalene is found mainly in coal tar, tobacco smoke, as an organic contaminant in groundwater, as a combustion 

product and following its release into the environment during natural fires (Fu et al., 2010; Kim et al., 2009). Emissions from 

petroleum refining and the distillation of coal tar are the main contributors of acenaphthalene to the environment. This compound 

is well known to have adverse effects on humans and aquatic organisms (Lederer, 1985). Indeno[1,2,3-cd)] pyrene is a chemical 

component of gasoline and tobacco smoke and it is hazardous to the environment and carcinogenic to humans (Fu et al., 2010; Tsai 

and Chen, 2004). 

 

Applying the method of principal coordinates analysis (PCoA) and the Bray-Curtis distance index after using Wisconsin double 

processing (Bocard et al., 2011) to the original data, with randomized dates, a recovery of 48% of the variance was observed for the 

PAH concentrations in the lichen samples along the first three axes, with approximately 20% along with the first and 16% and 12% 

along with the second and third, respectively (Figure 5), the influence of seasonality on air quality, (Ikram et al., 2015), as well as 

on the physiological behavior of plant species (Hetem and Andrade, 2016). 
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Figure 5: Ordering of lichen samples collected at each site using principal coordinates analysis (PCoA). Vectors indicate the 

correlations (r > 0.5) of PAHs with the ordination axes 

Source: authors (2021) 

 

With the randomized locations, PCoA recovered slightly less than 44% of the variance in the PAH concentrations in the 

lichen samples along the first three axes, with approximately 18% along the first and 14% and 13% along the second and third, 

respectively (Figure 6). 

 

 
Figure 6: Ordering of lichen samples collected on each date using principal coordinates analysis PCoA). Vectors indicate the 

correlations (r > 0.5) of PAHs with the ordination axes 

Source: authors (2021) 
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In terms of ordination, considering the first two axes of the PCoA, the samples of the first quarter were separated from each 

other due to the higher concentrations of acenaphthalene. 

 

Results obtained for bromeliad samples  

The overall ∑PAH for the bromeliads was 707.73 ng kg-1 and the following values were obtained for the sites: site 01 - 

55.39 ng kg-1, site 02 - 67.21 ng kg-1, site 03 – 301.59 ng kg-1, site 04 - 27.49 ng kg-1, site 05 - 62.57 ng kg-1, site 06 – 18.58 ng kg-

1, site 07 - 134.00 ng kg-1 and site 08 – 36.09 ng kg-1. The ∑PAH varied from 18.58 ng kg-1 to 301.59 ng kg-1. 

 

The ΣPAH values obtained for the bromeliads were below those observed for the lichens. Some varieties of bromeliads are 

excellent bioindicators for certain substances, such as heavy metals (Figueiredo et al., 2007; Figueiredo et al., 2004; Saiki et al., 

2007). 

 

The highest ΣPAH found at site 03 (Figure 7) was expected since this sampling site is located closest to activities with the 

greatest environmental impact, such as gneiss mining, an asphalt plant, and route vehicles supplying this industrial area. However, 

all of the study sites were probably contaminated with PAHs originating from the industrial regions in Pomerode. 

 

 
Figure 7: Total of monthly concentrations of PAHs in bromeliads for the period from October 2010 to June 2011 

Source: authors (2021) 

 

In the case of site 08 and close proximity to a major source of pollution (a cement plant), it is subjected to the environmental 

impact of the route that serves the industrial area of Pomerode, that is, SC 418 highway. As can be observed, this site has an extensive 

diversity of PAHs of pyrolytic and petrogenic origin (Figure 8). The site showed the presence of 07 PAHs originating from pyrolytic 

sources due to this site being located directly on the edge of the SC 418 highway, at one entrance to the industrial area of Pomerode. 

It was observed that the profile adopted for vehicular emissions is similar to profiles used by other simulation works in the region 

(Albuquerque et al., 2018). A possible source of pyrene, which was found in high concentrations at sites 01, 03 and 5 (Figure 8), is 

gasoline-powered and diesel-powered vehicles.  
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Figure 8: Individual profiles for average PAH concentrations in bromeliads at the 8 sampling sites 

Source: authors (2021) 

 

The sampling sites are close to heavy motor vehicle traffic, contributing to the concentration of this compound and others 

derived from these sources, such as chrysene and benzo[a]anthracene (Vasconcelos et al., 2003). Compounds of molecular weight 

228 and 276 (benzo[a]anthracene, chrysene and indeno[1,2,3-cd] pyrene) indicate contamination from the pitch used to manufacture 

asphalt. Benzo[a]anthracene in higher concentrations indicates contamination by combustion (Yunker et al., 2002) and chrysene 

and benzo[k]fluoranthene are indicators of the large-scale industrial burning of oil (Yang et al., 1998). With the dates randomized, 

the PCoA recovered more than 53% of the variance in the samples obtained from the first three axes for the bromeliads, with 

approximately 24% along the first, 16% along the second and 13% along the third. No local concentration of any hydrocarbon (or 

set of hydrocarbons) in particular (Figure 9) was characterized throughout the study period. This absence may be mainly related to 

the low concentration of PAHs found at the sample sites. 

 

 
Figure 9: Ordination of bromeliad samples collected at each site using principal coordinates analysis (PCoA). Vectors indicate the 

correlations (r> 0.5) of PAHs with the ordination axes 

Source: authors (2021) 
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Values above r > 0.2 indicate that in this period, there was an isolated event involving a significant emission of these 

compounds and high concentrations were not observed for the remainder of the collections. Thus, this area cannot be regarded as a 

location with a strong influence on contamination. Ten of the 16 registered hydrocarbons had correlations higher than r > 0.5 with 

the first two axes of the PCoA correlation. The factors justify being related to a wide distribution of these pollutants due to their 

sources (Bird et al., 2019). 

With the sites randomized, the PCoA recovered slightly less than 53% of the variance in the samples obtained for the 

bromeliad hydrocarbons along the first three axes, with approximately 24% along with the first 16% along with the second and 13% 

along with the third. 

In terms of ordination, considering the first two axes of the PCoA, samples collected in June were separated from the others 

due to the higher concentrations of acenaphthalene, chrysene and pyrene (Figure 10). Eight of the 16 registered PAHs had 

correlations higher than r > 0.5 with the first two axes of the PCoA. 

 

 
Figure 10: Ordination of bromeliad samples collected on each date using principal coordinates analysis (PCoA). Vectors indicate 

the correlations (r > 0.5) of PAHs with the ordination axes. 

Source: authors (2021) 

 

Impact at sample sites 

Sampling site 01 is not located near major pollution sources, but the atmospheric environment is affected by PAHs due to 

their dispersion plumes. A small concentration of anthracene was present at this site because, according to Figure 05, R > 0.2, and 

this value can be explained by the low molecular mass of this hydrocarbon. In general, PAHs with low molecular weight are 

associated with pollution sources, specifically of petrogenic origin. In this case, the value observed may be related to the presence 

of an asphalt plant and a blast furnace metal mechanical plant. The presence of indeno[1,2,3-cd]pyrene is attributable to the burning 

of fuels, such as diesel and gasoline, from vehicle traffic (Vasconcelos et al., 2003). 

 

The presence of dibenzo[a,h]anthracene and benzo[a]pyrene at sampling sites 02 and 03 can be explained by the proximity 

of a gneiss processing plant and concrete processing plant. In relation to sampling sites 04 (entrance to the gneiss mine), 05 (entrance 

I of the industrial district), 06 (in front of Olavo Bilac School), 07 (SC 418 after entrance II of the industrial community) and 08 (in 

front of the cement plant), the presence of low concentrations of PAHs with low molecular mass may be due to the ease of their 

degradation in the environment where they are generated. Besides having high volatility when handled by extraction and 

fractionation methods, significant losses may occur, which could mask the true values for the areas sampled (Chen et al., 2007). The 

transport sector has a marginally larger share of contribution than that represented by the industrial sector; a situation is closer to 

the estimates of emissions in Brazilian urban regions (Andrade et al., 2017). 

 

The low molecular weight PAHs indicate emissions from petrogenic sources, the presence of sewage, crude oil and 

petroleum refineries (Qian et al., 2001), or cement plants' presence as essential sources of fluoranthene and phenanthrene (Yang et 

al., 1998). 



30 

AUSTRALIAN JOURNAL OF BASIC AND APPLIED SCIENCES                                                    ARTICLES 

 
The low molecular weight PAHs found in high concentrations R > 0.2 to R > 0.5 in January-March 2011 indicates that this 

was an isolated event involving high emissions of these compounds. The sources of contamination can explain the presence of PAHs 

of higher molecular weight at the sample sites. However, these compounds' physicochemical characteristics also need to be taken 

into account since they are more easily adsorbed onto surfaces, leading to more excellent resistance to biodegradation and better 

response in procedures for the extraction and recovery of samples. 

 

In Figure 10, values of between r > 0.2 and r > 0.4 can be observed, indicating contamination from the combustion of 

petroleum products (e.g., at oil refineries and in car and truck emissions (Vasconcelos et al., 2003). Both sampling sites are close to 

highways and roads which carry heavy vehicle traffic, carry supplies and serving the logistical flow of the industrial area, thus 

representing important sources of PAHs to the study area. 

 

CONCLUSIONS 
 

This study showed that it is possible to monitor the compounds of interest in the atmosphere through biomonitoring using 

lichens and bromeliads. The PAH values obtained in this study can be considered similar to those of remote regions of the globe, 

which characterizes low PAH contamination in the industrial area of Pomerode, especially when compared with older industrial and 

urban areas in Brazil, such as Cubatão, São Paulo State, Brazil. The most significant amounts of PAHs found in this study are 

derived essentially from combustion processes which may be stationary sources, such as smokestacks, or mobile sources, such as 

vehicles. This method has several advantages which makes it ideal for use in developing countries like Brazil, since the use of a 

biomonitor together with an analytical technique is fast, inexpensive and versatile, and it requires only brief training, minimal use 

of technical equipment and can be used in a variety of studies. Monitoring of air pollution can be performed without requiring the 

use of high-cost tools with the contribution of bio-dicators (Calisto et al., 2018). This study leaves as a contribution the database of 

analysis of HPA´s in the municipality of Pomerode, since the industrial area was implanted in 2009 or is recent. This database will 

provide subsidies for further studies and for the control of atmospheric emissions in the region in question. What will guarantee the 

environmental health of the region as well as the community installed in its surroundings. 
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