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Abstract

The present study analyzes the composition and concentration of settleable particulate matter (SPM) in the urban
area of the Espíndola canton. It is based on the limited information available regarding air quality in small rural
communities, where vehicular emissions and material extraction represent sources of pollution. The objective is to
determine the concentration and chemical composition of SPM, specifically the presence of heavy metals such as cad-
mium (Cd), chromium (Cr), lead (Pb), and copper (Cu), comparing the SPM concentration results with Ecuador’s
environmental regulation (Ministerial Agreement 097-A), which establishes a limit value of 1 mg/cm2 over 30 days.
The methodology involved systematic sampling over five months at five points within the urban area. Using gravime-
tric methods and chemical analyses, results were obtained based on SPM concentrations. Although levels were below
the maximum permissible limit, the presence of heavy metals was identified in the SPM samples. The distribution of
these metals showed a stronger correlation with monthly variations than with land use. It is concluded that, while
SPM levels comply with environmental regulations, the presence of heavy metals cannot be ruled out. These findings
highlight the importance of continuously monitoring air quality in rural regions such as Espíndola, where human
activities, although limited, may contribute to atmospheric pollution and the dispersion of toxic elements.
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Resumen

El presente trabajo analiza la composición y concentración del material particulado sedimentable (MPS) en el área
urbana del cantón Espíndola, con base en la limitada información sobre la calidad del aire en pequeñas comunida-
des rurales donde las emisiones vehiculares y la extracción de materiales representan fuentes de contaminación. Se
planteó como objetivo determinar la concentración y composición química del MPS, específicamente la presencia de
metales pesados como el cadmio (Cd), cromo (Cr), plomo (Pb) y cobre (Cu), comparando los resultados de las con-
centraciones de MPS con la normativa ambiental del Ecuador (Acuerdo Ministerial 097-A), que establece un valor
límite de 1 mg/cm2 por 30 días. La metodología empleó un muestreo sistemático durante cinco meses en cinco pun-
tos del área urbana; por medio de métodos gravimétricos y análisis químicos se obtuvieron los resultados con base
en las concentraciones de MPS, los cuales, pese a encontrarse por debajo del límite máximo permisible, identificaron
la presencia de metales pesados en las muestras. La distribución de estos metales mostró mayor correlación con las
variaciones mensuales que con el uso del suelo. Se concluye que, si bien los niveles de MPS cumplen con la normativa
ambiental, no se exime la presencia de metales pesados. Estos hallazgos resaltan la relevancia de monitorear conti-
nuamente la calidad del aire en regiones rurales como Espíndola, donde las actividades humanas, aunque limitadas,
pueden contribuir a la contaminación atmosférica y a la dispersión de elementos tóxicos.
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1 Introduction
Air quality is a global issue that is not limited to a
specific region, as air knows no geographical boun-
daries (Pérez Cárdenas, 2017). Air pollutants, such
as settleable particulate matter (SPM), can be ca-
rried by the wind and affect less polluted areas,
causing adverse effects on human health, ecosys-
tems, and food security (OPS, 2018). SPM is defined,
according to Annex 4 of Ministerial Agreement 097-
A, as solid or liquid particles that, due to the force
of gravity, settle on a horizontal surface, and who-
se size allows them to be collected in static devices
over a specific period.

These particles are associated with various sour-
ces, both natural and anthropogenic. Among the
former are pollen, spores, wildfires, and volcanic
eruptions (Suárez and Vásquez, 2017). However,
human activities, such as the combustion of fossil
fuels, industrial activities, and vehicular transpor-
tation, generate the largest number of pollutants
(Morocho, 2024).

Settleable particulate matter (SPM) is an impor-
tant component of air pollution (P. Santillán et al.,
2021). This includes particles with an aerodyna-
mic diameter greater than 10 micrometers (PM>10),
which, due to their size, do not remain suspended
in the air for long, quickly settling on the ground
and other surfaces (Suárez and Vásquez, 2017). Its
chemical composition includes both heavy metals
(Cd, Cr, Pb, Cu, Mg, Zn, Al, Ni, Mn) and anions
(chlorides, nitrates, and sulfates), which pose a sig-
nificant risk to human health and the environment
due to their toxicity and ability to accumulate in the
food chain (Reyes et al., 2016; Mejía et al., 2018).

In Ecuador, air quality issues affect both large
cities and rural areas with less industrial develop-
ment (López et al., 2022). Cities such as Quito and
Cuenca have stood out for their investment in re-
sources dedicated to monitoring atmospheric pollu-
tants, including settleable particulate matter, which
has allowed for the identification of concentrations
of up to 2:86 mg/cm2 over 30 days in the city of

Quito, according to the 2013 environmental qua-
lity report (Municipio del Distrito Metropolitano
de Quito, 2015). On the other hand, in the city of
Cuenca, lower concentrations of settleable particu-
late matter have been recorded, ranging from 0:28

to 0:35 mg/cm2 over 30 days (EMOV EP, 2021), re-
flecting the presence of variable concentrations of
SPM, even in areas with more intensive monitoring.

Some studies have shown that factors such as
wind-blown resuspension of urban dust and vehi-
cular traffic are significant sources of settleable
particulate matter, especially in areas with poor
road infrastructure or slow-moving traffic, which,
in combination with seasonal factors, contribute
significantly to the distribution and concentration
of SPM and its components in the air (Valencia et
al., 2019; Villacis, 2023). Despite this, studies on air
pollution in small rural areas are limited or no-
nexistent, highlighting the importance of research
evaluating the composition and effects of settleable
particles in these locations (Solórzano, 2023).

The Espíndola canton, in the province of Loja,
presents a unique context as it is a border area with
constant heavy transport traffic, compounded by
the presence of extractive activities that could con-
tribute to the emission of air pollutants affecting the
health of the 1388 inhabitants residing in its urban
area (INEC, 2001). For this reason, the main objec-
tive of this study is to evaluate the composition of
settleable aerosols in the urban area of the Espíndo-
la canton, with an emphasis on identifying the con-
centration of settleable particulate matter and asses-
sing the presence of heavy metals in its composi-
tion.

2 Materials and Methods

2.1 Study Area
The study was conducted in the urban area of the
Espíndola canton, in the Amaluza parish, where fi-
ve representative areas were selected using strati-
fied random sampling.
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Table 1. Distribution of sampling areas

Sector Point Land Use Description

Center 1 CM Urban center with heavy vehicle traffic.
Terminal 2 EQ2 Characterized by a continuous flow of vehicles.
River 3 IND Presence of auto repair shops, spas, and nearby aggregate

mining.
Dolorosa 4 R1 Close to unpaved roads.
School 5 EQ1 High traffic volume associated with school hours.

Sampling points and distribution based on land use. Commercial (CM), Social Services Facilities (EQ1), Public Services Facilities
(EQ2), Industrial (IND), Residential (R1).

Figure 1. Map showing the location of sampling areas.
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2.2 Meteorological information for the
Espíndola canton

To complement the SPM sampling, available in-
formation on the prevailing meteorological condi-
tions in the Espíndola canton during the sampling
period was compiled. According to historical da-
ta from the National Institute of Meteorology and
Hydrology (Instituto Nacional de Meteorología e
Hidrología (INAMHI), 2024) and the Decentrali-
zed Autonomous Municipal Government of Espín-
dola (Gobierno Autónomo Descentralizado (GAD)
Municipal de Espíndola, 2015), during this period
(March–July), there is a marked transition between
the rainy and dry seasons in the region. Therefo-
re, variables such as precipitation, wind speed, and
wind direction were collected and considered in the

analysis of results, with the aim of relating them to
the dynamics of settleable particulate matter.

2.3 Design and installation of samplers

The settleable particulate matter (SPM) collectors
were designed in accordance with Method 502 of
the Methods of Air Sampling and Analysis (Inter-
society Committee, 1988) and in compliance with
Ministerial Agreement 097-A. They are made of
15:24 cm diameter PVC pipe and a funnel of the sa-
me size, connected to a one-gallon plastic contai-
ner. The top features an electro-welded mesh that
�lters out coarse contaminants, ensuring represen-
tative samples. The collectors were installed more
than 2:5 meters above ground level.

Figure 2. Settleable Particulate Matter Collector.

2.4 Sample Collection

The sampling period lasted �ve consecutive
months, covering two seasonal periods between
March and July 2024. Samples were collected every
30 days in accordance with the guidelines esta-
blished in Annex 4 of Ministerial Agreement 097-
A. Once this period had elapsed, the samples were
removed, after �rst washing them with distilled
water to dislodge the particles adhering to both the
walls of the collector tube and the funnel, directing
them into the collection container. Finally, a new
container was installed for collecting the following
month's sample.

The samples taken to the laboratory were sepa-

rated into soluble and insoluble fractions using the
gravimetric method.

2.5 Gravimetric Analysis

To quantify settleable particulate matter (SPM),
47 mm quartz �lters and porcelain capsules were
used, dried at 105 � C in an oven to be weighed befo-
re and after �ltration. The vacuum �ltration equip-
ment allowed for the ef�cient retention of particles
on the �lters. The SPM concentration was calcula-
ted in mg/cm 2 over 30 days, using the difference in
weight between the �lters and capsules before and
after the process, by applying the following formu-
las in Microsoft Excel:
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The settling rate of insoluble particles was deter-
mined using the equation (1):

Cf =
P f � P i

AT
(1)

Where: Cf is the concentration of insoluble par-
ticles; P i is the initial weight of the �lter before
�ltration; P f is the �nal weight of the �lter after �l-
tration; A represents the cross-sectional area of the
particle precipitation vessel, expressed in m 2; and
T is the duration of the monitoring period (30 days).

The equation was used to calculate the settling
rates of soluble particles (2):

Cs =
(Mfs � Mis)

AT
V 1
V 2

(2)

Where: Cs is the concentration of soluble particles;
Mis is the initial weight of the capsule before �l-
tration; Mfs is the �nal weight of the capsule after
�ltration; A is the cross-sectional area of the particle
precipitation vessel in m 2; T denotes the duration
of the monitoring period (30 days); V 1 corresponds
to the volume of all the �ltered liquid expressed in
litres; and V 2 is equivalent to the volume of all the
extracted liquid converted to litres.

Finally, the total particle fallout rate was calcula-
ted using the equation (3):

Ct = Cu + Cs (3)

Where: Ct represents the total particle deposition
rate expressed in g/m 2 per month; Cu is the depo-
sition rate of insoluble particles in g/m 2 per month;
and Cs is the deposition rate of soluble particles, al-
so expressed in g/m 2 per month.

2.6 Comparison with established limits
for SPM

To determine whether particulate matter concentra-
tions exceed the recommended limits, the values sti-
pulated in Annex 4 of Ministerial Agreement 097-A
were used as a reference, as detailed in Table 2.

Table 2. Maximum permissible limit for SPM

Ecuadorian Environmental Legislation

TULSMA AM - 097 Annex 4

1 mg/cm2 for 30 days

The reference value corresponds to a concentration accumulated
over 30 days.

2.7 Acid digestion and metal analysis

To assess heavy metals in settleable particulate mat-
ter (SPM), microwave-assisted acid digestion was
performed. The samples were incinerated at 500 � C
for three hours to remove organic matter, then trea-
ted with 9 ml of nitric acid (HNO3) and 3 ml of
hydro�uoric acid (HF). The mixture was digested
in a microwave following US EPA Method 3052,
cooled, �ltered, and diluted to 25 ml with distilled
water.

Heavy metal concentrations were determined
by atomic absorption spectroscopy (AA), using cer-
ti�ed standards to ensure the accuracy of the analy-
sis. Four metals were selected: copper (Cu), lead
(Pb), cadmium (Cd), and chromium (Cr), due to
their high toxicity and common presence in anth-
ropogenic sources associated with transportation
and extractive activities (Morales Tates et al., 2024;
Dall'Osto et al., 2014). Furthermore, this selec-
tion was based on the availability of supplies and
reagents and on the main objective of the study,
which aimed to identify the presence or absence of
heavy metals in settleable particulate matter.

3 Results and Discussion

The climatic conditions recorded in the Espíndo-
la Canton are described in Table 3. During the �-
ve months of monitoring, the canton underwent
a seasonal transition characteristic of Ecuador's
southern Andean region, shifting from a rainy sea-
son to a dry season, as re�ected in the decrease in
precipitation and the increase in wind speed begin-
ning in May.
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Table 3. Climatic conditions in the Espíndola Canton

Month
Average Precipitation

(mm)
Average Wind
Speed (km/h)

Predominant
Direction

March 160�200 8�12 East � Northeast

April 130�170 9�14 East � Northeast

May 60�90 11�16 East � Northeast

June 25�45 14�20 East � Northeast

July 10�25 15�22 East � Northeast

Precipitation intervals, wind speed and prevailing wind direction.

Table 4. Chemical characterization of SPM

Land Use Point Month
SPM

(mg/cm 2 � 30 days)
Cd (�g/L) Cu (�g/L) Pb (�g/L) Cr (�g/L)

CM 1

March

0.17 51.4 262.3 696.5 5.7
EQ1 2 0.22 217.4 282.1 1 042.2 21
IND 3 0.43 49.3 310.7 919.9 100.5
R1 4 0.28 41.2 234.1 872 7

EQ2 5 0.3 28.3 150.4 563.5 0

EQ1 2

April

0.39 31.4 157.2 662.5 69
IND 3 0.42 28.8 180.1 777.2 0
R1 4 0.22 25.1 131.8 580 0

EQ2 5 0.28 684 176.3 910.2 95.1

CM 1

May

0.3 46.3 320 908.7 8.3
EQ1 2 0.31 67.1 277.6 837.6 89
IND 3 0.35 81.7 257.6 836.3 87.1
R1 4 0.27 108 213.7 758.3 72.5

EQ2 5 0.38 130.9 353.6 1 235.2 163.1

CM 1

June

0.25 38 242.6 769.9 0
EQ1 2 0.27 39.2 192.9 771.3 76.9
IND 3 0.51 43.8 350.3 910.5 95.5
R1 4 0.33 41.3 365.1 1 075.2 38

EQ2 5 0.25 19 130.5 538.6 0.3

CM 1

July

0.21 20.1 116 538.5 0
EQ1 2 0.3 17.7 112.8 536.8 0
IND 3 0.33 9.2 111.8 537.3 0
R1 4 0.27 19 216.6 703 68

EQ2 5 0.23 19.3 109.6 509.8 29

SPM is expressed in mg/cm2 over 30 days, and Cd, Cu, Pb and Cr in �g/L. No SPM concentrations exceeding the regulatory limit of
1 mg/cm2 over 30 days were recorded.
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