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ABSTRACT

The particles (PM 2.5) contain a series of contaminants present on their surface, including minerals released 
into the environment and microplastics, among others, which affect air quality and people’s health. The 
objective of the study was to evaluate the impact of particulate matter (PM2.5) on atmospheric quality in the 
Morales district of the city of Tarapoto. The design was non-experimental, applied and cross-sectional. For 
this purpose, 10 sampling stations were considered where air samples were collected for the measurement 
of PM2.5 by gravimetry and the characterization of PM2.5 by scanning electron microscopy (SEM) and Fourier 
transform infrared spectroscopy analysis. (FTIR); Climatological measurements were also made, such as 
temperature, relative humidity, wind direction and speed, during a period of 10 days in the month of March 
2022. The results indicated a range of PM2.5 between 71 µg/m3 (point: CA- 07) and 123 µg/m3 (point CA-10) 
and perfluorododecyl iodide type microplastic was identified, which suggests continuing with a monitoring 
program as an instrument to help control sources of pollution in the city.

Keywords: Microplastic; PM2.5; Meteorological Variables.

RESUMEN

Las partículas (PM 2.5) contienen una serie de contaminantes presentes en su superficie entre ellos los 
minerales desprendidos en el ambiente y microplásticos entre otros, estos afectan la condición del aire y 
la salud poblacional. El objetivo del estudio fue evaluar el impacto del material particulado (PM2.5) en la 
calidad atmosférica en el distrito Morales de la ciudad de Tarapoto. El diseño fue no experimental, de tipo 
aplicada y de nivel transversal. Se consideraron 10 estaciones de muestreo donde se colectaron muestras 
de aire para la medición de PM2.5 por gravimetría y la caracterización del PM2.5 mediante microscopía 
electrónica por barrido (SEM) y el análisis de espectroscopia infrarroja por transformada de Fourier (FTIR); 
también se hicieron mediciones climatológicas como dirección del viento, humedad relativa, temperatura y 
velocidad del viento, durante un periodo de 10 días en el mes de marzo del 2022. Los resultados indicaron un 
rango de PM2.5 entre 71 µg/m3 (punto: CA-07) y 123 µg/m3 (punto CA-10) y se identificaron micro plásticos 
de tipo yoduro de perfluorododecilo, lo cual sugiere continuar con un programa de monitoreo como un 
instrumento que ayude a controlar a las fuentes de contaminación de la ciudad.

Palabras clave: Microplástico; PM2.5; Variables Meteorológicas.
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INTRODUCTION
Air pollution is one of the most critical environmental problems worldwide due to its harmful effects on 

human health and the environment.(1,2) Among the most dangerous pollutants is fine particulate matter (PM2.5), 
whose particles, with an aerodynamic diameter equal to or less than 2,5 micrometers, can penetrate deep 
into the respiratory system and cause respiratory and cardiovascular diseases, as well as increase the risk 
of premature mortality.(3) The World Health Organization (WHO) has established strict reference values for 
this pollutant, recommending a daily average of no more than 15 µg/m³ in order to protect public health. 
However, in many urban and peri-urban areas, actual concentrations often exceed these values by a wide 
margin, highlighting the urgent need for monitoring and control.(4,5)

In the national context, the district of Morales, located in the province of San Martín, has socioeconomic and 
geographical characteristics that favor the generation and accumulation of particulate matter. Among the most 
relevant activities contributing to PM2.5 emissions are vehicular transport, commercial activity, brick kilns, 
rice mills, and other anthropogenic practices. In addition, meteorological factors such as temperature, relative 
humidity, wind speed, and wind direction significantly influence the dispersion or accumulation of particles in 
the air.(6,7,8)

Despite the importance of this pollutant, there are few studies in the district of Morales that systematically 
analyze its levels and compare them with national and international standards. This lack of information limits 
decision-making and the implementation of effective public policies to improve air quality. In recent years, a 
new component of concern has been identified within particulate matter: microplastics. These particles, which 
are less than 5 mm in size, can be found suspended in the atmosphere and act as vectors for other chemical 
pollutants, amplifying the risks to health and the environment.(9,10,11,12,13)

In this context, this research aims to evaluate PM2.5 concentrations in the district of Morales during 2022, 
determining their relationship with meteorological parameters and comparing the results with the standards 
established by the WHO, the Environmental Quality Standard (ECA), and the National Air Quality Index (INCA).
(14,15) Additionally, it seeks to identify the presence of microplastics in particulate matter, analyzing their 
characteristics and possible sources of emission. The aim is to provide scientific evidence that will serve as a 
basis for future strategies for control, mitigation, and awareness-raising among the population regarding the 
quality of the air they breathe.(16)

METHOD
Type of research 

Given that sampling, recording, and analysis of digital data have already been carried out, the research takes 
a quantitative approach. This falls under the application category, as it is necessary to gather new knowledge. 
Propose an alternative solution. The type of sampling for this study is non-probability convenience sampling. 
It is based on observations because it has an ab initio design due to the lack of manipulation of variables and 
occurs naturally for subsequent analysis.

The level of research was descriptive cross-sectional because we focused on studying a little-researched 
problematic reality. No intervention was made in the design, and the level is descriptive because information 
was collected and the characteristics and properties were investigated in detail.

This research is applied because theoretical approaches to MP transport and its presence in the environment 
generated by various anthropogenic activities in the district of Morales (PM2.5) have been used. These have 
been applied in the sampling of particulate matter, which determined the existence of microplastics generated 
in the environment of the aforementioned district.

Variables and operationalization
The following variables were used for this research project: 
Independent variable: Particulate matter (PM2.5) 
Intervening variable: Weather conditions. 
Dependent variable: Air quality.

Population, sample, and sampling
Population

A set of accessible, limited, and defined cases that serve to represent the sample and meet several specific 
criteria (Arias, et al. 2019) is defined. It consists of the atmospheric columns present in the district of Morales, 
which are located two meters above the ground surface.
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Table 1. Impact of particulate matter (PM2.5)   on air quality in the District of Morales – Province of San Martin – 2022

Problems Hypothesis Objective Variable Types of 
variables

Definition
Dimensions Indicators Scale

Conceptual Operational
Are concentrations 
of particulate 
matter 2,5 
comparable with 
international 
reference values?

Particulate 
matter 2,5 
concentrations are 
not comparable 
with international 
reference values.

Analyze 
concentrations 
of particulate 
matter 2,5 against 
international 
reference values.

Pa r t i cu l a te 
matter 2,5

Independent PM 2.5. These are 
very tiny particles 
suspended in the 
air, with a volume 
of 2,5 micrometers. 
Microplastics: 
Microplastics define 
particles (Thompson 
2019) plastic particles 
≤5 mm

Both parameters will 
be measured with Air 
Quality Monitoring 
equipment for a 
duration of 24 hours 
per Point, in order 
to determine the 
concentration and 
presence of the 
parameters.

PM2.5 
concentration 
level

PM 2.5 
concentration

Nominal

Weather 
conditions

Contributing Weather 
variables

Te m p e r a t u r e , 
relative humidity, 
wind speed and 
direction 

Are the 
concentrations of 
particulate matter 
2,5 comparable 
with national 
regulations?

Particulate 
matter 2,5 
concentrations are 
not comparable 
with national 
regulations

Analyze the 
influence of 
particulate matter 
2,5 concentrations 
on national 
regulations

Air quality Dependent This reflects when 
the air is free 
of atmospheric 
pollutants and 
therefore suitable for 
breathing (INEI).

Once the results have 
been obtained, in the 
case of particulate 
matter, we compare 
them with national 
regulations, and 
in the case of 
microplastics, we 
look at their presence 
and characteristics.

International 
reference values

WHO Nominal

National 
regulations

ECAs, INCA

Are concentrations 
of particulate 
matter 2,5 
comparable with 
international 
reference values?

Particulate 
matter 2,5 
concentrations are 
not comparable 
with international 
reference values.

Analyze 
concentrations 
of particulate 
matter 2,5 against 
international 
reference values.

Particulate 
matter 2,5

Independent PM 2.5. These are 
very tiny particles 
suspended in the 
air, with a volume 
of 2,5 micrometers. 
Microplastics: 
Microplastics define 
particles plastic 
particles ≤5 mm

Both parameters will 
be measured with Air 
Quality Monitoring 
equipment for a 
duration of 24 hours 
per Point, in order 
to determine the 
concentration and 
presence of the 
parameters.

PM2.5 
concentration 
level

PM 2.5 
concentration

Nominal

Weather 
conditions

Contributing Weather 
variables

Temperature, 
relative humidity, 
wind speed and 
direction 

Are the 
concentrations of 
particulate matter 
2,5 comparable 
with national 
regulations?

Particulate 
matter 2,5 
concentrations are 
not comparable 
with national 
regulations

Analyze the 
influence of 
particulate matter 
2,5 concentrations 
on national 
regulations

Air quality Dependent This reflects when 
the air is free 
of atmospheric 
pollutants and 
therefore suitable for 
breathing (INEI).

Once the results have 
been obtained, in the 
case of particulate 
matter, we compare 
them with national 
regulations, and 
in the case of 
microplastics, we 
look at their presence 
and characteristics.

International 
reference values

WHO Nominal

National 
regulations

ECAs, INCA
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Sample
For Toledo, the sample represents the portion of the population under investigation that reflects conditions 

similar to those of the population as a whole. The samples were taken over 10 days during the month of March 
2022. The samples obtained will depend on the relative humidity, wind direction, temperature, and flow 
velocity at the ten stations to be studied.

Air concentration formula
Calculation to obtain the volume of air absorbed by the PQ200 during the 24-hour sampling period:

Figure 1. Formula

Sampling
This is the group of elements or units of the population studied that show probabilities other than zero. It 

will consist of 10 points designated in accordance with the National Protocol for Air Quality Monitoring.

Sampling method
For the sampling of PM2.5 particulate matter, the method described in the Peruvian Technical Standard 

(NTP 900,069-2017) was used, which describes the correct way to obtain the results. An electronic analytical 
balance (RADWAG) was used, purchased in Florida, United States, and calibrated annually in Peru, with a 
maximum weighing capacity of 5100 mg. Polytetrafluoroethylene (PTFE Teflon) filters with an integral support 
ring, circular diameter of (46,2 ± 0,25) mm, and thickness of (30 µm to 50 µm) were provided. To weigh 
the filters before and after monitoring, the laboratory uses the same equipment, in this case the analytical 
balance, to obtain accurate data without any variation. All filters are placed in a conditioned environment 
with a temperature of 20 °C 23 °C. The balance used has a resolution of ±1 µg and is calibrated annually and 
recalibrated before each weighing. The analytical balance is located in the same controlled environment where 
the filters are conditioned, as the filters must be weighed immediately after the conditioning period (no less 
than 24 hours), without any intermediate explosions or other conditions or environments. With the results 
obtained for particulate matter (PM2.5) in g/filter, the results for particulate matter (PM2.5) were converted 
to µg/m3 by multiplying the results in the first table by the value (1 000 000).

Data collection techniques and instruments
According to a study, this step consists of collecting relevant data on the characteristics, perceptions, 

forms, and variables of the participants or subjects related to the research.

Data collection techniques 
•	 Direct observation in the field.
•	 Georeferencing (UTM).
•	 Particulate matter sampling.
•	 Instrument validation and reliability.

These techniques mainly require manual filter changes every 24 hours in accordance with EPA 40 CFR. to 
Part 50, Items 6 and 8.

Data collection instruments
•	 Field data sheets
•	 Particulate matter collection filter
•	 Chain of custody

Procedure
The flow chart provided for the process of the impact of particulate matter (PM2.5) on air quality in the 

district of Morales is shown below.
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Flowchart: Sampling process

Figure 2. Flowchart: Sampling process

The period during which the methods used to sample particulate matter (PM2.5) in the air quality of the 
Morales district were employed is shown below.

Research phases 
Phase 1: identification of sampling points. The most critical areas of the study area were characterized using 

the direct observation method, in which 10 sampling points were determined in the areas most influenced by 
businesses, gas stations, shopping centers, brick factories, rice mills, and the vehicle fleet. These significantly 
influence the district of Morales due to their economic and productive characteristics.

Phase 2: sampling and collection process Once the critical points were identified, they were geographically 
located using UTM coordinates with the help of a GPS.

1. Air quality measurement equipment (LOW VOL) manufactured by ECOTECH and (PQ200) manufactured by 
Mesa Labs was installed. Both devices were assembled and calibrated in Peru with the corresponding filters for 
capturing PM2.5 and with a constant flow in accordance with national regulations, corresponding to a value of 
10,44 L/min, and the weather station for wind strength and direction data.

2. The weather station used is model FWS 20N, which contains sensors for measuring wind direction, wind 
speed, temperature, and relative humidity. This data was very useful in determining whether the aforementioned 
parameters influenced the measurement of microplastics and particulate matter.

The equipment operated 24 hours per point in accordance with DS No. 003-2017 MINAM with a constant flow 
of 10,44 L/m.

EPA 40 CFR Appendix L. to Part 50, the method provided is the (Reference Method used to determine PM2.5),  
This method indicates how to measure  the  mass concentrations of fine particles  with a radius less than or 
equal to 2,5 micrometers in the air over a  24-hour period in order to determine  whether the concentration 
complies with the specified national air quality and fine particle standards (National Institute for Occupational 
Safety &amp; Health). 
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Figure 3. Map of the study area

Figure 4. Characterization of economic activities at the sampling sites
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Figure 5. Air Quality Standard (ECA)

Figure 6. Sample collection

Table 2. Sampling Measures
Chemical Agent Respirable dust/Microplastics
Methodology EPA 40 CFR Appendix L. top art 50
Equip BGI (PQ200)
Flow 10,44 L/m
Sampling period 24 hrs

An active sampler was used, and manual particle measurement methods were employed to ensure accuracy 
and safety.

Table 3. Materials and equipment used for particulate matter (PM2.5) measurement
Unit Equipment Brand Model Serial Function Image
1 Particle 

Sampler
MESA LABS BGI (PQ 

200)
285 Particulate Matter 

Sampler (PM10, PM2.5) 
with US EPA approval.
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1 37mm and 
5 µm Teflon 

filters

- - - Capture of particulate 
matter for subsequent 
analysis

10 Cellulose 
filter 

holders

- - - Cases to keep the filter 
in optimal condition

1 GPS GARMIN GPSMAP 
64 S

Provides information 
on the geographical 
location of the site.

1 Weather 
Station

PCE 
INSTRUMENT

FWS 20N - It measures and records 
meteorological data 
to enable preventive 
action to be taken in 
response to changes in 
factors.

Phase 3: the information obtained by the meteorological equipment was stored and the filters were carefully 
removed from the equipment and stored in cellulose filter holders for shipment and analysis at the laboratory. 
The same procedure was used at all 10 monitoring points once the monitoring period was complete.

The concentration of particulate matter will be analyzed by the gravimetric method, which consists of 
weighing the filter.

For the analysis of microplastics, the FTIR method was used, which consists of the use of infrared light.
Phase 4: we interpret the analyzed data. In the case of particulate matter, we look at the concentration at 

each monitoring point and compare it with the ECAs, LMPs, and WHO guidelines.
In the case of microplastics, after the corresponding analyses, we identify whether plastic particles are 

present, the size of the particles, and the type of plastic present, which allows us to determine their source.

Data analysis method 
In the process of analyzing the data obtained in this research project, descriptive statistics are used in Excel 

to present the weather conditions (parameters).

Technical aspects 
This research is based on integrity, responsibility, and respect for those who follow the principles established 

in the Code of Ethics set forth in Sectoral Resolution No. 0089-2019-UCV of the Cesar Vallejo University. Similarly, 
the use of Turnitin software to verify ownership and intellectual property upholds the principle of integrity. 

RESULTS 
The results obtained during the evaluation of particulate matter (PM2.5) in the district of Morales are shown 

in the following figures and tables concerning the objectives set.
Results of the calculation of particulate matter (PM2.5) obtained at the sampling sites.
Formula for determining the concentration of PM2.5 particulate matter absorbed by the PQ 200 equipment 

through the volume of air during the 24-hour sampling period.

Figure 7. Formula
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Table 4. Particulate Matter Results in g/filter

Particulate Matter results in g/filter

CA-01 (1st Ovalo de Morales) 0,001300 g/filter

CA-02 (Brickworks) 0,001791 g/filter

CA-03 (Discotheque-cinema front) 0,001132 g/filter

CA-04 (Plaza de Morales) 0,001077 g/filter

CA-05 (Fonavi Urban Development) 0,001165 g/filter

CA-06 (Front of Plaza Vea) 0,001542 g/filter

CA-07 (Outside UNSM) 0,001063 g/filter

CA-08 (Morales Bus Terminal) 0,001586 g/filter

CA-09 (Plastic Recycling Works) 0,001484 g/filter

CA-10 (Santa Anita Market) 0,001855 g/filter

Calculation of PM2.5 concentration in µg/m3 at site CA-01
Concentration = weight (µg) (multiply by 1,000,000) / air volume (m3)
Concentration = 1300 µg / 15,03 m3
Concentration = 86,4 µg/m3

Calculation of PM2.5 concentration in µg/m3 at site CA-02
Concentration = 1791 µg/ 15,03 m3
Concentration = 119,1mn µg/m3

Calculation of PM2.5 concentration in µg/m3 at site CA-03
Concentration = 1132 µg / 15,03 m3
Concentration = 75,3 µg/m3

Calculation of PM2.5 concentration in µg/m3 at site CA-04
Concentration = 1077 µg / 15,03 m3
Concentration = 72 µg/m3

Calculation of PM2.5 concentration in µg/m3 at site CA-05
Concentration = 1165 µg / 15,03 m3
Concentration = 78 µg/m3

Calculation of PM2.5 concentration in µg/m3 at site CA-06
Concentration = 1542 µg / 15,03 m3
Concentration = 103 µg/m3

Calculation of PM2.5 concentration in µg/m3 at site CA-07
Concentration = 1063 µg / 15,03 m3
Concentration = 71 µg/m3

Calculation of PM2.5 concentration in µg/m3 at site CA-08
Concentration = 1586 µg / 15,03 m3
Concentration = 106 µg/m3

Calculation of PM2.5 concentration in µg/m3 at site CA-09
Concentration = 1484 µg / 15,03 m3
Concentration = 99 µg/m3

Calculation of PM 2.5 concentration in µg/m3 at site CA-10
Concentration = 1855 µg / 15,03 m3
Concentration = 123,4 µg/m3.

Analyze particulate matter 2,5 concentrations against international reference values.
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Table 5. Comparison of PM 2.5 particulate matter 
results, according to the WHO

Monitoring points Final Values WHO Values
CA-01 86,4 µg/m3 15 μg/m3 daily 

averageCA-02 119,1 µg/m3

CA-03 75,3 µg/m3

CA-04 72 µg/m3

CA-05 78 µg/m3

CA-06 103 µg/m3

CA-07 71 µg/m3

CA-08 106 µg/m3

CA-09 99 µg/m3

CA-10 123,4 µg/m3

Figure 8. Final values at monitoring points compared to WHO values

Show the results obtained during the environmental monitoring of air quality in the district of Morales, 
referring to particulate matter (PM2.5), where the results from the sampling sites exceed the WHO standard 
of 15 ug/m3. 

Analyze the influence of particulate matter 2,5 concentrations compared to national regulations.

Table 6. Comparison of particulate matter results 
according to ECA

Monitoring Points Final Values ECA DS No. 
003-2017-MINAM

CA-01 86,4 µg/m3 50 µg/m3 over a 
24-hour period

CA-02 119,1 µg/m3

CA-03 75,3 µg/m3

CA-04 72 µg/m3

CA-05 78 µg/m3

CA-06 103 µg/m3

CA-07 71 µg/m3

CA-08 106 µg/m3

CA-09 99 µg/m3

CA-10 123,4 µg/m3
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Figure 9. Final values at monitoring points compared to the ECA

Show the data obtained during environmental monitoring of air quality in the district of Morales, referring 
to particulate matter (PM2.5), where the results from the monitoring sites EXCEED the values established by Air 
Quality Standards (ECAS) DS No. 003-2017-MINAM, which sets a value of 50ug/m3.

Table 7. Comparison of Particulate Matter Results according to the 
Air Quality Index (INCA)

Monitoring 
Points Final Values INCA-RM-No. 181-2016-MINAM

CA-01 345,6 µg/m3 0 – 50 ug/m3    (GOOD)
51-100 ug/m3  (MODERATE)
101-500 ug/m3  (POOR)
>500 (HEALTH ADVISORY LEVEL)

CA-02 476,4 µg/m3

CA-03 301,2 µg/m3

CA-04 288 µg/m3

CA-05 312 µg/m3

CA-06 412 µg/m3

CA-07 284 µg/m3

CA-08 424 µg/m3

CA-09 396 µg/m3

CA-10 493,6 µg/m3

Figure  10. PM2.5 particulate matter values using the Air Quality Index (INCA) formula
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Show the results obtained during environmental monitoring of air quality in the district of Morales, referring 
to particulate matter (PM2.5), where the results from the monitoring points EXCEED the limits established by 
INCA RM-N°181-2016-MINAM, which sets permissible values of 050 ug/m3.

Table 8. Calculation of the Air Quality Index (INCA)
Particulate Matter (PM2.5 ) 24-hour average

INCA range Concentration range (ug/m3) Equation
0 0 1(PM2.5)= [PM2.5)’ 100/25
5 12,6
101 25,1 – 125
>500 >125

According to the values found in air monitoring by INCA, concentrations exceed the established limits, 
indicating that air quality is not optimal, as it is in the range of >125 ug/m3, which corresponds to the color 
brown (care threshold), indicating that pollutant concentrations affect the health of vulnerable populations.

Analyze the impact of particulate matter 2,5 on air quality in the District of Morales, Province of San Martín, 
2022.

Figure 11. Particulate matter results at monitoring points

The concentration level of PM2.5 particulate matter in the samples. A value of 123,4 µg/m3 was obtained 
at the tenth sampling site (P10-M10), which was the highest concentration.

Table 9. Final average of meteorological variables
Final Average of Meteorological Variables

Station 
No. Temperature Relative 

Humidity
Wind Speed 

(m/s)
Wind 

Direction
Sampling 

Dates
CA-01 26,3 70,5 1,6 NNE 14-03-2022
CA-02 26,5 65,5 2,4 SWW 15-03-2022
CA-03 27,7°C 70,5 1,6 NNE 16-03-2022
CA-04 27,1 65,5 2,4 SW 17-03-2022
CA-05 27,2 58,3 3,5 SSW 18-03-2022
CA-06 27,5 59,9 4,5 SW 19-03-2022
CA-07 26,8 68,3 1,9 SSE 20-03-2022
CA-08 26,5 71,2 1,3 SE 21-03-2022
CA-09 27,1 69,1 0,5 SWW 22-03-2022
CA-10 27,7 62,5 0,5 SW 23-03-2022
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To verify the presence of particulate matter (PM2.5), meteorological parameters were analyzed on March 14, 
15, 16, 17, 18, 19, 20, 21, and 23, 2022.

Table 10. Average wind direction data
Average wind direction

CA-01 NNE 22,5 degrees
CA-02 SWW 247,5 degrees
CA-03 NNE 22,5 degrees
CA-04 SWW 247,5 degrees
CA-05 SSW 202,5 degrees
CA-06 SW 225 degrees
CA-07 SSE 157,5 degrees
CA-08 SE 135 degrees
CA-09 SWW 247,5 degrees
CA-10 SWW 247,5 degrees

Figure 12. Particulate matter (PM 2.5) concentration in relation to weather conditions in samples obtained during 
monitoring

Figure 13. Final average of meteorological variables in relation to temperature

According to these studies, the minimum climatic condition showed an average of 26,3 °C at monitoring 
point CA-01. The maximum temperature was at monitoring sites CA-03 and CA-10, where an average of 27,7 °C 

 13    Colichón Carranza RD, et al

https://doi.org/10.56294/evk202367 ISSN: 3072-7944

https://doi.org/10.56294/evk202367


https://doi.org/10.56294/evk202367

was obtained. The average relative humidity was 87,9 %. The minimum relative humidity was 78,4 %, while 
the maximum relative humidity was 97,1 %. The meteorological averages for wind direction are described. The 
prevailing wind directions during the monitoring period were SSW with 247,5 % at sites CA-02, CA-04, CA-09, 
and CA-10. This process was carried out using a wind rose, which is a hyperborean diagram that symbolizes the 
percentage of wind with the appropriate direction, with a simple observation on a graph where we will study 
the frequency and values of wind direction and speed.

Figure 13 shows the final average of the meteorological variables that were at the sampling sites, where the 
final average temperature was determined.

Figure 14. Final average of meteorological variables in relation to relative humidity

Figure 14 shows the final average of the meteorological variables in relation to relative humidity.

Figure 15. Final average of meteorological variables in relation to wind speed (m/s)

The final average wind speed (m/s) was also calculated for each sampling site (figure 15).
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Figure 16. Wind rose

During air monitoring, meteorological monitoring was also carried out, with wind roses predominantly pointing 
northwest at the sampling points. 

Characteristics of PM2.5
In this way, it was possible to identify the particularities of the particulate matter (PM 2.5) present in the air 

quality of the Morales district through scanning electron microscopy (SEM).
Figure 17 shows the particulate matter in the analysis sample at a microscopic level of 500x, where the 

transparent particles originating from PM 2.5 particulate matter can be distinguished.
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Figure 17. Image of sample CA-01 under the microscope (500x)

In figure 18, the microscope magnification was increased to 1500x, revealing light-colored, proportionally 
shaped particulate matter particles.

Figure 18. Image of sample CA-01 under the microscope (1500x)

In figure 19, the microscope magnification was 5000x, clearly showing the particulate matter with a defined 
shape.
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Figure 19. Image of sample CA-01 under the microscope (5000x)

The general composition of inorganic compounds is identified, presenting a composition of silicate minerals, 
vitreous material, wollastonite, aluminum oxide, iron, and particulate copper.

FTIR analysis results

Figure 20. Analysis of microplastics at point CA-01

Interpretation: regarding figure 20, an analysis was performed using FTIR (Fourier transform infrared 
spectroscopy) to identify the presence of microplastics. According to figure 20, elements of a certain plastic 
material were observed. For sample CA-01, the presence of perfluorododecyl iodide with wavelengths of 3343,58 
cm-1 and 2966,80 cm-1 was demonstrated.
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Figure 21. Analysis of microplastics at point CA-02

Interpretation: regarding figure 21, an analysis was performed using FTIR (Fourier transform infrared 
spectroscopy) to identify the presence of microplastics. According to figure 21, elements of a certain plastic 
material such as polytetrafluoroethylene were identified, which could be assumed to be exposed at the peaks 
of the Teflon filter for sample CA-02. Therefore, the lack of data does not allow the identification of elements 
of a certain plastic material for the sample studied.  

Figure 22. Analysis of microplastics at point CA-03

Interpretation: with regard to figure 22, an analysis was carried out using Fourier transform infrared 
spectroscopy (FTIR) to identify the presence of microplastics. According to figure 22, elements of certain 
plastic materials were identified, such as polytetrafluoroethylene, which could be assumed to be exposed at 
the peaks of the Teflon filter for sample CA-03. Therefore, the lack of data does not allow for the observation 
of elements of certain plastic materials for the sample.  
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Figure 23. Analysis of microplastics at point CA-04

Interpretation: with regard to figure 23, an analysis using Fourier transform infrared spectroscopy (FTIR) was 
used to identify the presence of microplastics. according to figure 23, elements of a certain plastic material 
were observed in sample CA-04, evidencing the existence of perfluorododecyl iodide with wavelengths of 1204,42 
cm-1 and 1095,91 cm-1

Figure 24. Analysis of microplastics at point CA-05

Interpretation: in figure 24, Fourier transform infrared spectroscopy (FTIR) was used to identify the presence 
of microplastics. according to figure 24, elements of a certain plastic material were identified for sample CA-
05, where the existence of perfluorododecyl iodide with wavelengths of 2969,75 cm-1 and 1212,43 cm-1 was 
evidenced.

Figure 25. Analysis of microplastics at point CA-06
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Interpretation: regarding figure 25, an analysis was performed using Fourier transform infrared spectroscopy 
(FTIR) to identify the presence of microplastics. According to figure 25, elements of a certain plastic material 
were observed. For sample CA-06, the presence of perfluorododecyl iodide with wavelengths of 1454,58 cm-1 
and 1096,96 cm-1 was evidenced.

Figure 26. Analysis of microplastics at point CA-07

Interpretation: regarding figure 26, an analysis was performed using Fourier transform infrared spectroscopy 
(FTIR) to identify the presence of microplastics. According to figure 26, elements of a certain plastic material 
were observed. For sample CA-07, evidence of perfluorododecyl iodide with wavelengths of 2963,86 cm-1 and 
1455,39 cm-1.

Figure 27. Analysis of microplastics at point CA-08

Interpretation: with regard to figure 27, using Fourier transform infrared spectroscopy (FTIR) to identify 
the presence of microplastics, according to figure 27, elements of a certain plastic material were identified 
for sample CA-08, where the existence of perfluorododecyl iodide was evidenced, with wavelengths of 2966,60 
cm-1 and 1412,59 cm-1.
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Figure 28. Analysis of microplastics at point CA-09

Interpretation: regarding figure 28, an analysis was performed using Fourier transform infrared spectroscopy 
(FTIR) to identify the presence of microplastics. According to figure 28, elements of a certain plastic material 
were observed in sample CA-09, the existence of perfluorododecyl iodide with wavelengths of 1149,09 cm-1 and 
1103,52 cm-1 was evidenced.

Figure 29. Analysis of microplastics at point CA-10

Interpretation: with regard to figure 29, Fourier transform infrared spectroscopy (FTIR) was used to identify 
the presence of microplastics. According to figure 29, elements of a certain plastic material were identified. 
For sample CA-10, elements of a certain plastic material such as polytetrafluoroethylene were identified, which 
could be assumed to have been exposed at the peaks of the Teflon filter. For sample CA-10, the lack of data does 
not allow the identification of elements of a certain plastic material for the sample studied.  

DISCUSSION
OE1: the values found during air quality monitoring in the Morales district at the 10 monitoring points show 

a maximum value of 123 ug/m3 at CA-10 and a minimum value of 71 ug/m3 at CA-07, values that EXCEED those 
established by the World Health Organization, which establishes a permissible concentration of 15 ug/m3. 
Similarly, a study monitored PM2.5 in Brazil and reported a maximum value of 60 mg/m3 evaluated over 24 
hours, which is higher than the WHO reference (10 ug/m3-annual and 25 ug/m3-24 hours).(17,18,19,20,21,22) On the 
other hand, a WHO report indicates that air pollution is one of the 10 main threats to global health. Exposure 
to particulate matter (PM) is associated with the global burden of disease and non-accidental mortality.(23,24,25) 
For its part, the Institute for Health Effects mentions that environmental pollution by PM2.5 accounts for 62 % 
of all deaths attributable to air pollution and 55 % of disability-adjusted life years (DALYs) lost, i.e., 4,14 (95 % 
uncertainty interval [UI]: 2,50–3,36) million deaths and 118 (95 % UI: 95,9–138) million DALYs. Thus, for all the 
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above reasons, it is clear that the PM2.5 particulate matter found at the points evaluated in the Morales district 
shows significant values that exceed the concentration established by the WHO, from which it can be deduced 
that the air quality is poor and that none of the points comply with the means to protect health, as it affects 
the vulnerable population, Since poor air quality exposes the population to acute and chronic diseases such as 
lung and cardiovascular diseases, cancer, pneumonia, bronchiolitis, and asthma, as evidenced in Mexico City 
by Matus and Oyarzun.(26,27,28,29,30,31) Peru has the lowest air quality in Latin America, ranking 26th (with 29,6 μg/
m³) out of 117 countries. Chile ranks 40th (21,7 µg/m³), Mexico 51st (19,3 µg/m³), Colombia 72nd (14,1 µg/
m³), and Brazil 75th (13,6 µg/m³), among others. The IQAir study evaluated air quality in 6,475 cities and 117 
countries around the world based on the presence of particulate matter or PM2.5, according to the World Air 
Quality Report. In Peru, the most common diseases caused by air pollution are asthma, bronchitis, lung cancer, 
acute respiratory infections (ARI), and pneumonia. These diseases usually indicate that the mortality rate 
affects people under 5 and over 60, according to the National Center for Epidemiology, Prevention, and Disease 
Control of the Ministry of Health (figure 30).(35,36,37,38,39,40)

Figure 30. Pneumonia mortality rate by age group, Peru 2018-2021

Within the district of Morales, the rate of respiratory diseases in relation to PM2.5 particulate matter was 
found at the Morales health center (figure 31).

SO2: analyze the influence of particulate matter 2,5 concentrations, compared to national regulations. in 
this case we refer to the INCA and ECA air regulations, in which we indicate that the concentrations at the 10 
monitoring points in the district of Morales exceed the values according to ECA air DS-N° 003-2017-MINAM with 
a value of 50 ug/m3 in a 24-hour period. the values of our monitoring represent concentrations of 71 ug/m3 in 
CA-07 to 123,4 ug/m3 in CA-10, which is why we refer to a study, which indicates that exposure to PM2.5 would 
increase lung susceptibility, despite a gradual recovery of lung damage after cessation of exposure to PM2.5, 
demonstrating that PM2.5 can be easily inhaled and deposited in the trachea, bronchi, and even the alveoli, 
causing adverse effects on the respiratory system and function. A study measured PM2.5 in three cities in Peru 
(Tarapoto, Lima, and Juliaca), demonstrating that the city of Tarapoto has a concentration of 30,91 μg/m3 of 
PM2.5, Juliaca a concentration of 19,80 μg/m3, and Lima a value of 14,58 μg/m3, values that did not exceed 
the (ECA) of (50 μg.m3); Given the above and the results found in the investigation, we know that air quality is 
poor in the sampling areas and is bad for health, as the particles that enter through the nose or mouth settle 
in the respiratory tract, affecting the airways.(41,42,43,44,45)

With regard to the results according to INCA RM-N° 181-2016-MINAM, we found values that exceed the 
acceptable standard of 0 to 100 ug/m3 in the respective monitoring (CA-01, CA-02, CA-03, CA-04, CA-05, 
CA-06, CA-07, CA-08, CA-09, CA-10) show values of 345,6; 476,4; 301,2; 288; 312; 412; 284; 424; 396; 493,6 
ug/m3, respectively, indicating that the air quality index in the district of Morales is very poor, as it exceeds 
the established concentration range of >125 ug/m3 according to INCA. It is classified as brown (threshold for 
concern), indicating that the concentrations of the pollutant affect the health of the vulnerable population. 
For his part, a study evaluated the air quality in the Huayco neighborhood in Tarapoto. The evaluation was 
carried out at two monitoring points over a period of one week in April, with the result of VERY POOR air quality 
according to the air quality index (INCA) at the first monitoring point and POOR at the second monitoring point.
(46,47,48,49,50)
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Figure 31. Rate of respiratory diseases per PM2.5 particulate matter at the Morales health center

The Air Quality Index (AQI) helped us identify the degree of air pollution in relation to the health threat in 
the Morales district. The results obtained at stations CA-01, CA-02, CA-03, CA-04, CA-05, CA-06, CA-07, CA-
08, CA-09, CA-10 were 360, 496,3, 313,8, 300,325, 429,2, 295,8, 441,7, 412,5, and 514,2 ug/m3, respectively, 
which indicates that pollution with respect to health is within the sixth range of the DANGEROUS category with 
concentrations above 250,5 ug/m3, which means a high risk of experiencing severe irritation and adverse health 
effects, and that everyone should avoid outdoor activities, as indicated in the following table of air pollutant 
limit concentrations according to the US EPA (table 11).(51,52,53,54)

Table 11. Air pollutant limit concentrations according to the US EPA
AQI score range AQI Category PM2.5 (μg/m³) Health risks
0 Good 0 Air quality is satisfactory and presents little or no risk.
5 Moderate 12,1 Sensitive individuals should avoid outdoor activity.
101 Unhealthy for 

sensitive groups
35,5 The general public and sensitive individuals in particular 

are at risk of
risk of irritation and respiratory problems.

151-200 Unhealthy 55,5 Increased likelihood of adverse effects and aggravation
of the heart and lungs among the general public.

201 Very unhealthy 150,5-250,4 The general public will be significantly affected.
Sensitive groups should restrict outdoor activities.

301 Dangerous 250,5 The general public is at high risk of experiencing severe
irritation and adverse health effects. Everyone
should avoid outdoor activities.
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Meanwhile, a study in their research evaluated India’s air quality in 240 cities with 342 monitoring stations. 
The air quality index (AQI) has been classified into different groups. To predict the AQI in the city of Chennai, 
the dataset was collected and then processed to replace missing values and remove redundant data, recording 
that the original dataset shows red for PM2.5 versus the AQI index value, indicating that the air quality is 
UNHEALTHY and that the population is exposed to adverse effects and aggravation of heart and lung conditions 
among the general public.(55,56,57,58)

 Analyzing the Impact of Particulate Matter 2,5 on Air Quality in the District of Morales, Province of San 
Martín, 2022, indicates that meteorological parameters such as temperature, relative humidity, wind speed, 
and wind direction were evaluated in order to verify the presence of PM2.5 at each monitoring point. A study 
investigated PM2.5 in Sambalpur, finding values ranging from 36,38 to 64,00 µg/m3, indicating that it is above 
the annual limit set by the CPCB. Meanwhile, a study, in their research, monitored meteorological parameters 
where temperature ranged from 26,3 °C to 27 °C; relative humidity from 58,3 % to 71,2 %; wind speed from 
0,5 m/s to 4,5 m/s with an average wind direction from 22,5 degrees to 247,5 degrees, in which the wind 
rose played a role in the dispersion and dilution of pollutants, in addition to being favored by the topography 
and anthropogenic activities in the area, where the highest average air temperature was recorded during the 
months of April (26,4 °C) and May (26,2 °C), and the lowest was (21,5 °C). A significant positive correlation 
between temperature and wind speed in our analysis reinforces this fact (r=+0,338, p&lt;0,05).(59,60,61,62,63) The 
air quality in the area ranged from light to moderate air pollution, which is mainly attributed to particulate 
matter (PM2.5). Meanwhile, when analyzing the presence of microplastics, for sample CA-01, the presence 
of perfluorooctyl iodide with wavelengths of 3343,58 cm-1 and 2966,80 cm-1 was detected. For sample CA-
02, no elements of a certain plastic material were identified. In sample CA-03, no elements of a certain 
plastic material were observed. For sample CA-04, the presence of perfluorodecyl iodide with wavelengths 
of 1204,42 cm-1 and 1095,91 cm-1 was detected. For sample CA-05, the presence of perfluorodecyl iodide 
with wavelengths of 2969,75 cm-1 and 1212,43 cm-1, in sample CA-06, the presence of perfluorodecyl 
iodide was detected with wavelengths of 1554,58 cm-1 and 1096,96 cm-1, in sample CA-07, the presence 
of perfluorodecyl iodide with wavelengths of 2963,86 cm-1 and 1455,39 cm-1 was detected in sample CA-
08, where the presence of perfluorodecyl iodide with wavelengths of 2966,60 cm-1 and 1412,59 cm-1 was 
detected-1. Meanwhile, in sample CA-09, the presence of perfluorodecyl iodide was detected at wavelengths 
of 1149,09 cm-1 and 1103,52 cm-1. Finally, in sample CA-10, no plastic materials were detected. A study 
explored the distributions, compositions, and morphology of microplastics in indoor and outdoor air in New 
Jersey, United States. Microplastic fibers, films, and fragments of polystyrene (PS), polyethylene terephthalate 
(PET), polyvinyl chloride (PVC), polyethylene (PE), and polypropylene (PP) with similar textures but different 
sizes were identified in both total atmospheric deposition and particle samples (PM2.5).  therefore these results 
reveal that the properties of airborne microplastics in urban environments are important for understanding 
their fate, transport, and potential health risks. Particles (PM2.5) and microplastics could act as carriers of 
polycyclic aromatic hydrocarbons (PAHs) that may increase the potential risk of cancer.(64,65,66)

CONCLUSIONS 
OE1: the concentration of PM2.5 particulate matter at the 10 monitoring points in the Morales district, 

identifying plastic particles and different components present in the environment, concerning the PM2.5 
parameter analyzed at the 10 monitoring points, comparing it with the WHO international standard of 15 µg/
m3 daily average, The final values obtained exceed the established limits, with the maximum value at point 
CA-10 (Santa Anita Market) at 123,4 µg/m3 and the minimum value at point CA-07 (Outside UNSM) at 71 µg/m3.

OE2: comparison of the final PM2.5 results with the Quality Standards (ECA), which have a total value of 50 
µg/m3, showed that the 10 monitoring points exceed the values established according to national standards, 
while according to the Air Quality Index (INCA) shows maximum values at station CA-10 with a value of 493,6 
ug/m3 and minimum values at point CA-04 with a concentration of 288 ug/m3. It is therefore concluded that 
the breathable air in the district of Morales is within the Threshold for Care, as pollutant concentrations affect 
everyone’s health and can have serious implications for vulnerable populations.

When evaluating meteorological parameters such as temperature, relative humidity, wind speed, and wind 
direction, their values varied according to the climatic factor. In addition, the stronger the wind, the more the 
PM2.5 concentrations can vary, since the wind carries suspended particles, thus influencing the concentrations 
of the samples. In addition, for the analysis of particulate matter, the scanning electron microscopy method 
was used at a scale of 500x, 1500x, and 5000x, which was an efficient tool for analysis as it identified the 
characteristics present, identifying aluminum oxide, glass material, iron, and particulate copper, concluding 
that the most abundant microplastic was perfluorododecyl iodide, which is an uncommon contaminant.

RECOMMENDATIONS
Future researchers are advised to conduct a more complex study of particulate matter, perhaps including 
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the entire city of Tarapoto, in order to have a broader and more specific database on this parameter and to be 
able to determine the air quality conditions, given that the city is experiencing rapid population growth and the 
various activities that generate particulate matter may influence its production.

The three levels of government (national, regional, and local) should carry out monthly monitoring to 
determine the conditions to which the population is exposed when in contact with these pollutants, which are 
harmful to humans, as they can be detrimental to human health in the short or long term, since these pollutants 
often exceed Environmental Quality Standards (ECAS).

Finally, given the influence of the district and its high population, we recommend that municipalities 
implement awareness programs and mitigation plans to reduce airborne particles, which over time can cause 
chronic diseases not only in vulnerable populations but also in low-risk individuals.
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