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Abstract 
This study evaluates the concentration of PM10 and PM2.5 andidentifies the sources of pollution in the districts of San Juan de Lurigancho 
(SJL) and Puente Piedra (PPD) located in the eastern and northern zones of the Metropolitan area of Lima,Peru. The samples were collected 
between April and May 2017 by the National Meteorology and Hydrology Service of Peru (SENAMHI). The concentrations of PM10 and 
PM2.5, measured using gravimetric techniques, exceeded the international (WHO) and national reference values; with maximum values 
for PM10 and PM2.5 of 160 and 121.56 µg/ m3 in PPD and 295.06  and 154.58 µg/ m3 in SJL respectively. Pollution sources were 
identified using the Positive Matrix Factorization Model (PMF 5.0) and Principal Component Analysis (PCA), and showed similar sources 
for both districts. In SJL, sources were determined to be a combination of vehicular traffic and the resuspension of soil dust, marine aerosols 
and iron and steel industry by-products, while in PPD they consisted of the resuspension of soil dust, vehicular traffic, industrial activity 
and marine aerosols. 
 
Keywords: air quality; chemical species; identification of source; PMF; PCA. 

 
 

Caracterización química e identificación de fuentes PM10 en dos 
distritos de Lima, Perú 

 
Resumen 
El presente estudio evalúa la concentración de PM10 y PM2.5 e identifica las fuentes contaminantes en los distritos de San Juan de 
Lurigancho (SJL) y Puente Piedra (PPD), ubicados en la zona este y norte del área metropolitana de Lima, en Perú. Las muestras fueron 
colectadas por el servicio nacional de Meteorología e Hidrología del Perú en abril a mayo del 2017. La concentración de PM10 y PM2.5, 
registradas a través de técnicas gravimétricas, excedieron el estándar internacional (OMS) y nacional; encontrándose valores máximos para 
PM10 y PM2.5 de 160 y 121.56 µg/ m3 en PPD y 295.06 y 154.58 µg/ m3 en SJL. La identificación de fuentes contaminantes para PM10 
y PM2.5, obtenidas mediante el Modelo de Factorización de Matriz Positiva (PMF v. 5.0) y análisis por componentes principales (ACP), 
mostraron fuentes similares para ambos. En SJL se determinó la combinación de tráfico vehicular + resuspensión de polvo de suelo, aerosol 
marino e industria de hierro y acero; mientras que, en PPD se logró identificar la resuspensión de polvo del suelo, fuente vehicular, actividad 
industrial y aerosol marino. 
 
Palabras clave: calidad del aire; especies químicas; identificación de fuentes; FMP; ACP. 

 
 

1.  Introduction 
 
Atmospheric aerosols represent a major global concern, 

mainly due to their effects on atmospheric chemistry, 
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hydrological cycles, climate, and public health [1,2].  In 
2016, according to the World Health Organization (WHO, air 
pollution caused the deaths of 4.2 million people worldwide, 
with children being especially vulnerable [3,4]. 
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The Metropolitan area of Lima (which includes the 
contiguous port city of Callao) is considered one of the 10 
most polluted urban areas in the world, with a relative risk of 
cardiopulmonary death for its inhabitants calculated at 1.25. 
In addition, the excessive level of PM2.5 causes 
approximately 2,300 premature deaths annually [5]. 

Particulate matter (PM) is a mixture of organic and 
inorganic compounds of non-specific chemical composition 
[6], PM10 (particles with aerodynamic diameter ≤ 10 μm), 
can enter the human body through the respiratory tract and 
consequently have adverse effects on health. PM2.5 
(particles with aerodynamic diameter ≤ 2.5 μm) can become 
lodged in the pulmonary alveoli, cross the pulmonary barrier 
and enter the blood system, leading to cardiovascular and 
respiratory diseases as well as lung cancer [7-9]. Currently, 
the WHO’s air quality guidelines set a threshold for 
particulate matter of 50 μg m-3 for PM10 and 25 μg m-3 for 
PM2.5 [3]. Peruvian air quality standards (ECA), however, 
state maximum values for PM10 and PM2.5 of 100 μg m-3 
and 50 μg m-3 24-hour mean [10].   

Numerous sources of air pollution have been identified in 
Lima and Callao, among them vehicular traffic, the industrial 
sector, gas stations and restaurants. These sources are 
associated with SO2, NO2, PM2.5 and PM10 emissions [11]. 
In addition, the prevailing anticyclonic weather conditions 
throughout the year, and Lima’s abrupt topography, give rise 
to a temperature inversion layer over the city, resulting in 
stable atmospheric conditions [12], that do little to disperse 
pollutants.  

Fig. 1 shows the Lima and Callao monitoring network, 
which includes: San Juan de Lurigancho (SJL), San Borja 
(SBJ), Villa Maria del Triunfo (VMT), Jesús María (campo 
de marte, CDM), San Martín de Porres (SMP), Carabayllo 
(CRB) Puente Piedra (PPD), Huachipa (HCH) Santa Anita 
(STA), and  Ate (ATE) districts. 

Table 1, shows monthly historical information (2015-
2018) of PM10 and PM2.5 for both districts [13]. The 
reported concentrations of PM10 and PM2.5 have 
consistently exceeded the WHO reference values of 25 
µg/m3 for PM2.5 and 50 µg/m3 for PM10 [3].  

In 2017, the Universidad César Vallejo (SJL campus) 
collaborated with the air quality-monitoring program 
developed by the National Meteorology and Hydrology 
Service of Peru (SENAMHI), in order to evaluate PM10 and 
PM2.5 particulate matter for both districts, as well as to 
identify the principal pollution sources. 

The need to combat exposure to polluted air and thus 
reduce impact on the health of inhabitants requires the 
sources or activities that contribute to high levels of pollution 
to be identified. It is in this regard that this study aims to 
evaluate the chemical composition of atmospheric aerosols 
PM10 and PM2.5, and then identify the main sources of 
PM10 pollution, using information collected by SENAMHI 
air quality stations in both districts. The research employed 
EPA PMF 5.0 (Positive Matrix Factorization) Software and 
the Principal Component Analysis statistical procedure 
(PCA), using SPSS v. 25 software. 

 

 
Figure 1. Air quality monitoring stations, Lima and Callao. 
Source: The authors  
 
 
Table 1. 
Historical monitoring report for PM10 and PM2.5, (µg m-3), for the SJL and 
PPD stations. 

 Mont
h 

PM 10 (µg m-3) 
PM 2.5 (µg m-3) 
PM 2.5 (µg m-3) 

2015 2016 2017 2018 2015 2016 2017 2018 

  ECA 
(24h) 150 150 100 100 25 25 50 50 

S 
J 
L 

Jan 67.2 70.8 86.4 101 20.7 22.1 30.2 32.2 
Feb 92.2 73.4 97.5 80.1 22.1 22 29.7 25.9 
Mar 123 87.9 … 92.8 24.5 26.4 26.8 30.5 
Apr 115 109 96.1 97.1 34 34.5 29.6 51.5 
May 102 116 … 93 29.6 46.1 31.6 … 
Jun 148 135 89.3 72.7 31.4 45.2 36.9 … 
Jul 66 87.2 80.7 73.6 28.8 34.1 32.9 … 
Aug 69.3 … 86.1 77.6 31 … 36.7 34.8 
Sep 65.2 … 93.8 84.8 28 … 36.1 34.6 

Oct 41.5 … 113.
1 70.7 28.4 … 40.7 35 

Nov 79.2 100 80.0 71.5 26.4 30.5 25.8 36.3 

Dec 78.3 93 88.7   26.4 
26.4 32 31.2  

P 
P 
D 

Jan 120 111 130.
7 

121.
4 27.8 26.9 31.2 32.2 

Feb 138 125 130.
6 

109.
6 26.9 28.3 29.5 32 

Mar 159 164 116.
2 

111.
2 30.6 33 27.7 36 

April 134 152 120.
2 

130.
9 39.3 40.1 32.6 31.3 

May 128 134 107.
9 

120.
1 28.7 45.4 30.5 39.3 
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 Mont
h 

PM 10 (µg m-3) 
PM 2.5 (µg m-3) 
PM 2.5 (µg m-3) 

2015 2016 2017 2018 2015 2016 2017 2018 

Jun 286 … 101.
0 63.2 29.5 … 31.5 31.7 

Jul 104 102 90.5 68.5 28.1 38.3 30.6 31.8 
Aug 84.9 96.5 83.2 72.7 28.4 34.1 31 31.2 

Sep 80.2 116 104.
0 77.5 26 37.6 29.3 30.7 

Oct 111 122 117.
0 65.7 28.3 29.7 32.4 … 

Nov 112 137 110.
6 72.2 28.8 31.3 32.0 … 

Dec 131 132 123.
5   32.3 

32.3 32.5 31.0  

Source: The Authors. 
 
 
2.  Material and methods 
 
2.1.  Area of study 

 
In 2018 Lima and Callao had 9,320,000 inhabitants, 

representing 41.2% of Peru’s urban population. SJL is the 
most populated district in Peru, with 1,100,000 inhabitants, 
while PPD district, with 383,000 inhabitants, is 
representative of the population in the north of the city [14]. 
The PPD air quality monitoring station is located Lat. 11º 
51`47.71” S Long. 77º 4`26.88” W Alt. and 180 m a.s.l. while 
SJL station located at Lat. 11º 58`53.89” S Long. 76º 
59`57.29” W Alt. 240 m a.s.l. [15]. 

 
2.2.  Data collection and analysis 
 
2.2.1.  Sampling 

 
SENAMHI set up its sampling procedures according to 

WHO guidelines, using four low-volume Thermo Scientific 
Partisol™ 2000i Air Samplers (two per district, one for each 
particulate matter size) installed in the PPD and SJL stations. 
Pre-calibrated, this equipment permitted 24-hour continuous 
sampling for 25 consecutive days during the period April-
May 2017. The sample was collected in 37.5 mm diameter 
quartz and Teflon filters. The filters were changed according 
to the following SENAMHI schedule: Teflon filters 09:00 am 
- 08:00 am and quartz filters 09:00 am - 1:00 pm and 5:00 pm 
- 10:00 pm. 

The reduced times for the quartz filter ensured that the 
sample did not become saturated, thus making physical 
analysis easier. The volumetric air sampling was carried out 
at 25° C and 1 atmosphere. 

 
2.2.2.  Data analysis 

 
The concentration of particulate matter, expressed in μg 

m-3, was obtained by dividing the net mass of the sample, m 
(µg) by the volumetric flow rate of the sampler, Q (m3 h-1) 
and time, t (h). It is given by the equation (1). 

 

   𝐂𝐂 =
𝐦𝐦
𝐐𝐐 𝐱𝐱 𝐭𝐭   

(1) 

 
The samples were chemically analyzed using inductively 

coupled plasma mass spectrometry (ICP-MS) and the data 
generated subsequently analyzed using the freely available 
Software PMF 5.0, approved by the Environmental 
Protection Agency (EPA), in order to identify the type of 
polluting source and the contribution of each. Note that, due 
to the number of samples obtained in this study, the 
identification of sources using PMF and principal 
components analysis (PCA) was carried out only for PM10. 

The PMF receptor model is a statistical tool developed by 
Paatero in 1997 and is extensively used to determine source 
contributions in the composition of measurements taken from 
pollutants by establishing a relationship between each source 
and the samples obtained over a period of time [16,17]. In the 
PMF receptor model, the data set is represented as a matrix 
X of i by j dimensions, where: 

Xij is the concentration of the 𝒋𝒋𝒕𝒕𝒕𝒕 chemical species 
measured in sample I; 𝒇𝒇𝒌𝒌𝒋𝒋 is the concentration of the 𝒋𝒋𝒕𝒕𝒕𝒕 
chemical species from source factor k; 𝒈𝒈𝒊𝒊𝒌𝒌 is the relative 
contribution of the 𝒌𝒌𝒕𝒕𝒕𝒕source factor in sample I; and 𝒆𝒆𝒊𝒊𝒋𝒋 is the 
PMF receptor model error for the 𝒋𝒋𝒕𝒕𝒕𝒕 chemical species 
measured in sample i. 

A chemical mass balance analysis must be applied to 
receptor models in order to solve eq. (2) for the given 
chemical species and the source factors: 

 

       𝑿𝑿𝒊𝒊𝒋𝒋 = �𝒇𝒇𝒌𝒌𝒋𝒋𝒈𝒈𝒊𝒊𝒌𝒌 + 𝒆𝒆𝒊𝒊𝒋𝒋

𝒑𝒑

𝒌𝒌=𝟏𝟏

     
(2) 

 
The models available to solve this equation are EPA-

CMB, EPA-Unmix and EPA-PMF [18]; the PMF model has 
become a frequently used tool in recent years, with more than 
1,000 papers reporting this application [2,19-26].  

Equation (3) was used to calculate uncertainty [21]: 
 

   (𝟎𝟎.𝟎𝟎𝟎𝟎.𝑿𝑿𝒊𝒊𝒋𝒋)     + 𝑫𝑫𝑫𝑫 𝒊𝒊𝒋𝒋 (3) 

 
Where DLij is the lower limit of detection of the j 

chemical species in sample i.  
In addition, the use of PCA has been reported, for source 

identification probably due to the ease of application in many 
statistical software [21-25,27]. Thus, in this study the results 
obtained using PMF were corroborated by PCA. 

 
3.  Results and discussion 

 
3.1.  Concentration of PM10 y PM 2.5    
 

According to Figs. 2a and 2c, the highest concentration of 
PM10 was observed in PPD, with an average of 150.9 µg m-
3 compared to the highest value (110.08 µg m-3) recorded in 
SJL. Considering average values, both districts exceeded the 
national (100 µg m-3) and international thresholds (WHO, 50 
µg m-3) for 24 hours means. Figs. 2b and 2d show the 
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concentrations of PM 2.5. The values obtained are very 
similar for both districts and are on average lower than the 
national standard (50 µg m-3), though higher than the WHO 
threshold (25 µg m-3) [3,10]. Thus, the high concentrations 
reported have their origin in the different sources identified 
later in this study, intensified by local meteorological 
conditions that retard the dispersion of pollutants and 
promote their transport to the east and north of the city. 
SENAMHI reported that in the Southern Hemisphere 
summer and autumn months (February, March and April) the 
base of the inversion layer is at its lowest, causing the 
concentrations of particulate contaminants to reach their 
highest levels within the annual cycle [28]. 

 
3.2.  Wind roses 

 
 Fig. 3 shows some of the automatic stations 

belonging to the SENAMHI observational network as well as 
the wind roses based on two months of hourly wind data 
(April-May 2017). It may be observed that the predominant 
winds blow towards the north, the northeast and the east. 

 

 

 

 

 
Figure 2. PM10 Concentrations in the PPD (a, b) and SJL (c, d) districts. 
Source: The Authors.  
 

Therefore, the pollution generated in downtown Lima is 
transported to the district of SJL to the East. Similarly, 
pollutants generated in the south of the city are transported to 
the north, where PPD is located, contributing to increasing 
the PM10 and PM2.5 values observed in this study. 

 
3.3.  Chemical composition of particulate matter and  
        Identification of sources 

 
Table 2 shows the chemical composition of PM10 and 

PM2.5 in both districts and compares them with national and 
international thresholds. In the case of PM10 in SJL, the 
highest concentrations of metals expressed in µg/m-3 were 
obtained for calcium (Ca), sodium (Na), iron (Fe), silicon (Si) 
and aluminum (Al) with values of 3.63, 3.07, 2.19, 1.92 and 
1.09 µg m-3 respectively, while magnesium (Mg), 
manganese (Mn), potassium (K) and zinc (Zn) were found in 
lower concentrations.  

The chemical composition of PM10 particulate material 
in PPD showed slightly higher compositions of Ca, Na, Si, 
Al and Mg and lower concentrations of Fe; the presence of 
Zn with 0.21 and lead (Pb) with 0.16 µg m-3 should be noted. 

Regarding the chemical composition of PM2.5 in both 
districts, the presence of Ca, Fe, K, Na and Zn is evident, 
while in PPD lead concentrations of 0.11 µg m-3, stand out. 

 

 
Figure 3. SENAMHI Monitoring Network, wind roses for April-May 2017. 
D, N= daytime and night.  
Source: The Authors. 
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Table 2. 
Comparison of chemical species concentration ECA-Peru; United States; 
OMS-Europe. 
Mean Metal Concentration (µg m-3) ECA (EPA) OMS 
 SJL PPD PERU EU Europe 
 PM₁₀ PM₂.₅ PM₁₀ PM₂.₅ PM₁₀ PM₂.₅ PM₂.₅ 
As 0,01 0,009 0,01 0     0,00066 ᶜ 
Ba 0,1 0,015 0,04 0       
Ca 3,63 0,183 5,51 0,2       
Co 0 0,005 0 0       
Cu 0,01 0 0,02 0       
Cr 0,01 0 0 0     0,000025 ᶜ 
Fe 2,19 0,407 1,76 0,13       
Mn 0,09 0,038 0,06 0     0,15 
Mo 0 0,001 0 0       
Ni 0 0,004 0 0     0,0025 
Pb 0,04 0,023 0,16 0,11 0,5 ᵃ -1,5ᵇ  0,5   0,5 
K 0,79 0,265 0,8 0,26       
Si 1,92 0 2,62 0       
Na 3,07 0,567 3,95 0,58       
V 0,01 0,01 0,01 0,01     1,0 
Zn 0,2 0,103 0,21 0,11       
B 0 0 0,01 0       
Sr 0,01 0 0,02 0       
Al 1,09 0,061 1,53 0,093       
Ti 0,05 0,002 0,05 0,003       
Mg 0,9 0,083 1,37 0,085       

Source: The Authors. 
 
 
A comparison of the concentration of metals with the 

international standards shows that in SJL, for PM2.5, the 
concentration of arsenic (As) and nickel (Ni) surpass the 
WHO thresholds for Europe [28-30]. 

In terms of source identification, in order to obtain the 
optimal number of sources for PM10, between four and six 
factors were evaluated, using the FMP model and basing the 
analysis on the most reasonable results. Three factors were 
chosen for each district.  

The sources identified in PPD were: the resuspension of 
soil dust + tire wear associated with vehicular traffic (factor 
1), vehicular + industrial activity (factor 2) and marine aeroso 
(factor 3). The factors for the SJL district for PM10 were: 
brake and tire wear (vehicular traffic) sea salt and 
anthropogenic emissions + industrial activity (iron and steel 
industry). Similar results were found using PCA. The factors 
and groups for the PPD and SJL districts are shown in Figs. 
3 and 4, while the elements found and the emission sources 
for each district are presented in Tables 3 and 4. 

Below is an analysis of the main sources identified. 
 
3.3.1.  Vehicular traffic 
 

According to Figs. 4 and 5 (factors 1 and 2), for both of 
the districts evaluated, the presence of a representative factor 
linked to brake and tire wear (vehicular traffic) is evident. In 
Fig. 4, and factor 2, Zn and Pb are observed, both related to 
vehicular traffic. The presence of Pb, cadmium (Cd), Zn, 
copper (Cu), Ni, vanadium (V) and antimony (Sb), has been 
reported as the principal elements associated with the burning 
of fossil fuels [31]. 

 
Figure 4. Source factors for PM10 in the PPD district. 
Source: The Authors. 
 
 

 
Figure 5. Source factors for PM10 in the SJL district. 
Source: The Authors. 

 
 
In addition, vehicular emissions are correlated with the 

presence of elements such as Fe, barium (Ba), and Si, 
specifically associated with brake and tire wear [32]; other 
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studies also consider the presence of Zn, Ba, Sb, Cu and Fe 
to be linked to brake and tire wear. The presence of V is 
associated with petroleum combustion and Ca and Mn with 
additives added to fuel, mainly diesel [33]. Emissions from 
diesel vehicles are the main cause of the high levels of 
particulate matter in urban areas [34,35]. 

In the same way, in SJL (Fig. 5 and factor 1), Cu (80%), 
Mn (60%) and Pb (43%) are also associated with brake and 
vehicular traffic (tire wear).   

Vehicular traffic contributes 21% of PM10 air pollution 
and 16 % of PM2.5 pollution [25]. 

The effect of vehicular traffic emissions on healthy 
humans is strongly correlated with pulmonary inflammation, 

resulting from short-term acute exposure to diesel exhaust 
[36], and with increases in the occurrence of bronchitis and 
childhood asthma in locations near to main roads [37]. 

Metropolitan Lima has more vehicles circulating on its 
roads than any other region of the country [38], with the 
average age of public transport vehicles being 22.5 years 
compared to 15.5 years for private vehicles [39]. According 
to the Peruvian National Institute of Statistics and 
Informatics, the vehicle fleet in the country has, on average, 
grown 7% per year since 2012, reaching 2,462,321 vehicles 
circulating in Lima in 2017 [40].  

The PCA permitted the authors to corroborate the presence 
of such sources for PM10, as shown in Tables 3 and 4. 

 
Table 3. 
Rotated component matrix for PM10 in PPD  

Place Elements  
Component  

Source 1 2 3 

PPD 

Al 0.955   

Suspended ground dust + Tire wear 
Industrial tracers 

Ca 0.953   
Ti 0.951   
Si 0.934   
Fe 0.932   
Mn 0.929   
Sr 0.925   
K 0.906   
Ba 0.906   
Mg 0.865 0.405  
Zn 0.694 0.467 0.413 
As 0.52 0.427  
Ni  0.82 0.351 

Road traffic + Salt spray Na  0.772  
Pb  0.754  
V 0.495 0.635 0.38 
Sb   0.949 burning of fossil fuels Cu 0.34  0.866 

% of Variance 54.4 17.4 14.2   
% Cumulative 54.4 71.7 85.9  

Note. 'varimax' rotation was used, KMO= 0.667. 
Source: The Authors, 
 
 
Table 4. 
Rotated component matrix for PM10 in SJL  

Place  
Elements 

Component  
Source 1 2 3 

   SJL 

Ba 0.919   

Road traffic + burning of 
fossil 

Fe 0.88   
Mn 0.861 0.427  
Pb 0.759   
Ti 0.757 0.549  
Si 0.748 0.607  
Al 0.732 0.621  
Ca 0.682 0.599  
Zn 0.608 0.37 0.458 
Ni  0.785  

Tire wear 
Industrial tracers 

Sr 0.396 0.697 0.337 
Mo  0.681  
Sb 0.436 0.678  
Cu 0.6 0.621  
K  0.56 0.375 
As  0.403 0.39 
Na   0.926 Suspended ground dust Mg 0.592 0.5 0.6 

% of Variance 36 26 14.4  
% Cumulative 36 62 76.4  

Note. 'varimax' rotation was used, KMO= 0.518. 
Source: The Authors. 



Ilizarbe-Gonzáles et al / Revista DYNA, 87(215), pp. 57-65, October - December, 2020. 

63 

3.3.2.  Mineral factor 
 
For both districts, characteristic elements of soil 

resuspension or mineral factor were found for factor 1 (see 
Figs. 4 and 5). In PPD the presence of Al, Ca, Si, Fe and K 
was observed; while in SJL, Al, Si and Ca were found. It has 
been reported that high concentrations of Al, Si, Ca, Ti and 
Fe are soil characteristics [41].   

The mineral factor is characterized by the contribution of 
Ca, Zn, K, Mg, Fe and Mn, with a high correlation of these 
elements and compounds with PM10 levels [42]. The 
construction and soil resuspension sectors contribute more 
than 20% to PM10 air pollution [32] and 4.4 % to PM2.5 
pollution [35]. Other studies reported that soil dust is the 
main component of particulate matter, contributing 54% in 
air pollution. In addition, most of the metallic elements 
measured in particles depend on seasonal variations of the 
place; the contribution of this factor is also associated with 
paved and unpaved areas, so greater contributions are 
expected in times when there is very little rain [25,43,44,].   

 
3.3.3.  Marine aerosols 

 
Fig. 4, factor 3 (for the PPD district), shows Na and 

traces of Mg and K, characteristic elements of a natural 
source, demonstrating that marine aerosols contribute to the 
presence of PM10. Similarly, Na, Mg and K were found in 
PM10 in SJL. The results are similar to those reported by 
Satsangi et al. (2014) [45]; where the contribution of marine 
components such as Na, K, Cl and Mg was dominant in both 
sizes of particulate matter, with 58% for PM10 and 49% for 
PM2.5. Other studies report contributions of 7% to PM10 
and 6% to PM2.5 pollution [25]. When considering wind 
direction during the months of April and May (Fig. 3) the 
predominance of winds towards the east and north is 
observed. This explains the presence of sea salts in SJL and 
PPD. These results demonstrate the transport of particulate 
matter from the south and west to the north and east of 
Lima. 

 
3.3.4.  Industrial factors 

 
Fig. 4, factor 1, in PPD, illustrates a clear  presence of 

factors characteristic of industry, the predominant 
chemical elements for PM10 being Zn and Fe. 
Furthermore, in Fig. 5 (factor 3), corresponding to SJL, 
the presence of Fe, Zn and Ba in PM10 is clear. These are 
indicators of industrial activity, and in particular of metal 
smelting. However, for other authors, heavy metals such 
as As, Cd, Pb, Cu, As and Zn are are more frequently 
attributed to this factor [25, 46].  

During the smelting process, the emission of PM in the 
form of powder, metallic materials and metal oxide fumes 
varies depending on the type of furnace and fuel used, the 
metal to be smelted, and melting properties [46]. The 
contribution of this source is consistent with the numerous 
informal foundries that operate in both districts. 

 

4.  Conclusion 
 
PM10 and PM2.5 particulate matter pollution was 

verified in the districts of PPD and SJL. In the case of PM2.5, 
there is an increase in particulate matter values in a discrete 
but permanent manner, with PPD being the district with the 
highest aerosol reception, due to the geomorphology of the 
area and the direction of the winds that concentrate these 
pollutants in the district. Likewise, the analysis of the 
chemical composition, using PFM and PCA, allowed the 
main pollutant sources to be identified, vehicular traffic, 
resuspension of soil dust, industrial activity and marine salts 
being the main sources for both districts. 
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