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ABSTRACT

Anthropogenic atmospheric particles with a diameter of less than 2.5um (PM2.5), and between 2.5 to
10 um (PM10) are among the main contributors to air pollution and have become a serious pollution
threat in the Junin and Huancavelica region of Peru, this increase could be due to the burning of
vegetation in the Amazon region of Brazil. Therefore, data obtained with the low-cost PA-II Purpleair
sensor were analyzed to measure particulate matter (fine and coarse fashions) in Junin region
(Chanchamayo, station T. Huancayo, station T1 and Chupaca, station T3) and Huancavelica (Pampas,
station T2). Likewise, the Hysplit model was used to quantify the transboundary wind trajectories from
the Amazon region in Brazil to the Junin region in Peru. Shows that, during the rainy season, the
maximum concentrations of PM2.5 and PM10 are 151 pg/m? (station T1) and 178 pg/m? (station T1)
respectively. Finally, the results of the air quality index (AQI) for PM2.5 allow for the classification
of the Huancayo and Chanchamayo stations with "very bad" and "moderate to bad" air quality,
respectively. Also in Pampas and Chupaca the AQI is classified as very unhealthy and hazardous on
almost 50% and 43% of days respectively.
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INTRODUCTION

Atmospheric aerosols are a suspended mixture of solid particles or liquid droplets in the air, also known
as particulate matter (PM).(Rabha & Saikia 2019); these exert a broader effect on atmospheric
processes, radiative balance, climate, ecology, public health, and radiative forcing at both global and
regional scales (Chang et al. 2021). Currently, air pollution is dominated by fine particulate matter
whose aerodynamic diameter is less than or equal to 2.5 pm (PM2.5) resulting from the rapid
urbanization and industrialization of major cities (Vo, Wu & Lee 2020). It has been considered that
the increase of these particles is an important factor in the cooling of the earth-atmosphere system and
partially offsets the greenhouse effect. (Suazo et al. 2020; Tosca et al. 2017; Vo, Wu & Lee 2020).
Air pollution is becoming increasingly important in the environmental scene due to its effects on
health, as it has increased the risk of death and respiratory diseases among children (César et al. 2016;
Perlroth & Branco 2017). In 2016, globally, one in four child deaths was associated with the effects of
air pollution, this was responsible for 4.2 million premature deaths, of these, almost 300 000 were
children under 5 years old (Adair, Heather, Arroyo 2018). On the other hand, in Huancayo (a province
belonging to the Junin region, Peru), the mass concentration of PM2.5 from March to November 2017
shows the average annual mass concentration which ranged from 3.4 to 36.8. ug/m3 (De La Cruz et
al. 2019). However, in August 2007, and January, April, and May 2008 they reported results for PM10
(64.54 £ 30.87 pg/m?) and PM2.5 (34.47 + 14.75 pg/m?) which exceeded annual air quality standards.
Peruvian. They also showed a higher concentration of PM10 and PM2.5 in the dry period (Suérez-
Salas et al. 2017) .

However, meteorological parameters are a determining factor in PM concentrations, since the
dispersion processes and the mechanisms for removing atmospheric particles depend on wind speed
(Chakraborty et al. 2016; Dhar et al. 2019; Galindo et al. 2011; Haque, Kawamura & Kim 2016; Hu
et al. 2018; Jayamurugan et al. 2013; Owoade et al. 2015; Zu et al. 2017; Zyromski et al. 2014).

Poor green policies, socioeconomic conditions and weak governance practices may explain this,
including the lack of research in this field (Benegas et al. 2021; Dobbs et al. 2019). However, this
situation is changing globally and there is increasing concern about the relationship between the
presence of urban trees and the mitigation of pollution, noise and so-called heat island effects in cities
around the world (Pimienta-Barrios et al. 2018; Soto-Estrada 2019; Zardo et al. 2017). In this trend,
more and more studies and research highlight the need to integrate the benefits of urban trees into
urban planning and management, with the aim of improving the quality of life of citizens (Dobbs et al.
2018; de Mola et al. 2017; Mufioz-Pacheco & Villasefior 2022; Romero-Duque et al. 2020).

Therefore, this research consists of determining the concentration of particulate matter and its air
quality in the Junin region (Huancayo, Chupaca and La Merced) and Huancavelica (Ahuaycha), Peru
during the period 2020-2022 and 2024.

MATERIALS AND METHODS

Site study
The study area is in the Junin region, in the central Andes of Peru, and has different altitudes
ranging from the lowland jungle at 250 m above sea level (a.s.]) to the cold Andean mountains at 5



500 m as.l., giving rise to a great diversity of climates, landscapes, and ecosystems (Junin
Region(Flores-Rojas et al. 2019)al Government, 2016).

Precipitation in Peru is concentrated in the period between September and April, while in the period
between May and August, there is very little precipitation, which is why there is a marked seasonality
in the region (Aceituno 1989; Flores-Rojas et al. 2019; Garreaud 2009). The climate of the city of
Huancayo is presented regularly based on data collected at the Huancayo Observatory (IGP), where
the coldest temperatures are recorded in June and July (winter) and the highest values around October
and December. The average annual temperature is 11.9 + 1.2 °C. Precipitation from June to July is
recorded with the lowest amounts of rain, while from January to March the highest rainfall is recorded
(February = 129.1 mm) and presents an average annual accumulated rainfall of 752 + 44.3 mm (IGP,
2005). On the other hand, during the rainy season, humid air from the middle troposphere, coming
from the Amazon, flows over the Central Andes, where it is responsible for the occurrence of summer
convective storms in this region (Garreaud, Vuille & Clement 2003; Garreaud 1999; Vuille 1999;
Vuille, Bradley & Keimig 2000; Vuille, Kaser & Juen 2008). Various authors demonstrated that the
region is affected by the burning of biomass or anthropogenic emissions released from the city of
Huancayo, which are transported and dispersed over the Peruvian Andes (Magalhaes et al. 2019; Vuille
& Keimig 2004)

The Pampas District is located in the province of Tayacaja, in the department of Huancavelica. The
district is 3280 m above sea level and has an area of 90.96 km2, with a population density of 65.29
inhabitants/km2. The temperature varies according to the seasons of the year, ranging between 24°C
maximum and minus 12°C minimum. Precipitation varies from 8 mm to 124 mm, with rainfall
beginning to intensify from October to March (MINISTERIO DE VIVIENDA, 2002).

For the present study, the purple air sensor was used (data downloadable at:
https://map.purpleair.com/) for six continuous particulate matter monitoring stations. (see Table 1):

Table 1: Measurements of particulate matter sensor

State / Country Province Symbology Lati tu((lj:ordmi(t;sgi tude
Junin / Peru Chanchamayo T -11.05 -75.33
Junin / Peru Huancayo T1 -12.05 -75.22
Huancavelica / Peru Pampas T2 -12.39 -74.87
Junin / Peru Chupaca T3 -12.06 -75.28
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Fig. 1: A. Location of monitoring stations

2.2 The Purple Air PA-II Low-Cost PM Monitor

The PurpleAir sensor is a low-cost optical particle counter of PM1.0, PM2.5 and PM10 mass
concentrations in ug/m3, incorporating a temperature, relative humidity and pressure sensor with a
wireless network communication module, where it records and transmits data via Wi-Fi to a cloud-
based platform (Ardon-Dryer et al. 2020). Furthermore, the Purple Air PA-II monitors as a component
of a large-scale calibrated monitoring network where it can lead to integrated solutions for high-
resolution monitoring (Bi et al. 2020).

Air quality index

The air quality index (AQI) for particulate matter was calculated according to equation used for
(Beringui et al. 2022).

Daily AQIs were calculated from the 24-hour average particulate matter concentration, and are

classified into five classes, as presented in Table 2.

Table 2: Air quality index (AQI) range and air classification according to indexed values (Beringui et
al. 2022, 2023).

Classes Range Air Color
classification identification

I 0-40 Good green

II 41-81 Moderate yellow

III 81-120 unhealthy orange

v 121-200  Very unhealthy red

A% 201-400  hazardous purple

RESULTS AND DISCUSSIONS

Particulate matter
Huancayo/Junin



Fig. 2 shows that during the rainy season, the maximum mass concentrations of PM1, PM2.5, and
PMI10 are 97 pg/m? (station T1), 151 pg/m? (station T1) and 178 pg/m? (station T1) respectively.
These results indicate that high loads of fine particles affect the study region, due to the long-range
transport of regional fires driven by advection, so common during the dry season in the Amazon. At
station T1 located in the Huancayo area, the rains were late, and its precipitation rate was low. This
seasonal pattern is associated with differences in climatic conditions and emission sources
characteristic of the rainy and dry periods. Likewise, it is shown that they exceed the quality standards
established by Peru only for PM2.5 (PM2.5=50 pg/m?*; PM10=100 pg/m? for a period of 24 hours;
available SUPREME DECREE N° 003 -2017 -MINAM), however, for Brazil (PM2.5=25 pg/m?;
PM10=50 pg/m? for 24 hours; available Resolution CONAMA 491 of 11/19/2018) they exceed for
PM2.5 and PM 10, and the same would happen with the standards established by the World Health
Organization (PM2.5=15 pg/m?3; PM10=45 pg/m? for 24 hours; under the global air quality guidelines
of WHO available). Also show the time series of the monthly mean of PM2.5 and PM10 for the study
stations, illustrating the seasonal and monthly variability. All regions show maximum values before
and after partial confinement due to COVID-19 (after June 2020), also in the dry season and can be
attributed mainly to meteorological parameters (less precipitation) as happens in China, where in the
humid season, due to the deposition process it can reduce the particles suspended in the atmosphere
(Wang et al. 2018).
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Fig. 2: Time series of monthly average A. PM2.5 and B. PM10 concentrations at the stations during
2020
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La Merced/Junin

Likewise, in Fig. 3 during the period 2021 (November and December) and in the period 2022 (January
to August), very noticeable maximum values are presented (August) in La Merced (station T), which
exceed the ECAs established in the Peruvian regulations for the values of PM2.5 and PM10.
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Fig. 3: Time series of monthly average concentrations of A. PM2.5, B.PM10 and C. time series at the
La Merced station (T)

Pampas/Huancavelica

Likewise, in Fig. 4 during the period 2024 (February and July), very noticeable maximum values are
presented (July) in Pampas (station T2), which it doesn’t exceed the ECAs established in the Peruvian
regulations for the values of PM2.5 and PM10.
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Fig. 4: Time series of monthly average concentrations of A.PM2.5, B. PM10 and C. time series at
Pampas station (T2)

Chupaca/Junin

Also note that during February and March 2024 the concentrations of MP2.5 and MP10 (Fig. 5) present
maximum values of 40 and 49 ug/m3 respectively in month august.

50

40

40
L

ug/m3

20
ug/m3
30

20

- BE - B B2

= - @ | BeEses . —

10

10

T T T T T T T T T T
2024-04 2024-05 2024-06 2024-07 2024-08 2024-04 2024-05 2024-06 2024-07 2024-08

Fig. 5: Boxplot of A. PM2.5 and B. PM10 during february at august 2024 to Chupaca Station (T3)

Pollution roses due to particulate matter

Huancayo

The pollution rose diagrams (Fig. 6) show the relationship between WD and WS, and the concentration
of pollutants at the monitoring stations. The dispersion of particles towards the south and southeast of
Station T1 is indicated. Where it indicates that it can influence the increase in particulate matter
resulting from atmospheric dispersion. Likewise, meteorology drives large daily, seasonal, and
interannual variations in PM2.5, a clear example is in China by affects the transport of emissions and
chemical production [62—65]. The relationships between PM2.5 and meteorological variables are
complex and differ depending on the region and time of year (Shen, Mickley & Murray 2017). For
example, PM2.5 pollution events during winter in central and eastern China are associated with low
wind speed and high relative humidity (HR) [62], [67-70].
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Fig. 6: Influence of wind direction and wind speed on A. PM2.5 and B. PM10 concentrations during
2020 for Huancayo station (T1).

Air quality index

The AQI for MP2.5 and MP10 was calculated for stations T and T1, where it presented for La Merced
and Huancayo (Fig. 7 and 8 respectevely), AQI values lower than 40, classified as “good” 80% of the
time in both sites for MP10. The concentrations of PM2.5 were higher than the limit established by
Peruvian legislation. Likewise, in La Merced (Fig. 7) the air quality was classified as “moderate” to
“very poor”. The concentrations obtained in July-August-2022 were higher than those in January-June-
2022, indicating poor air quality. Some days during the partial confinement presented lower
concentrations of PM2.5 than at the beginning of March, which is related to the decrease in the vehicle
fleet for 2020 at station T1.

Overall, the air quality index ranged from “good” to “very bad” for both stations. However, during the
days of partial confinement (March 2020) the index varied from "good" to "moderate" for PM10-T1.
The T1 station is in a populated area, near roads with heavy traffic. Therefore, industrial activities,
which did not come to a standstill during the partial lockdown, could be the reason for the poor air
quality.

On most days the air quality for MP2.5 was classified as “terrible” since the concentrations were higher
than the quality standards established by MINAM. Also, mention that, on some days of the evaluated
period, data collection failed or was invalidated due to the monitoring station being maintained, so the
AQI was not carried out and the days are not filled in the calendar plots.

These AQI results agree with studies carried out in other cities around the world. In India, air pollution
decreased after the second week of lockdown and the AQI for a total of 91 cities was rated as “good”
and “satisfactory”, and no city was rated as “poor” (Anjum, 2020). AQI for three cities in China
(Wuhan, Jingmen, and Enshi) showed that 88% of days were classified as “moderate” or “good” during
the lockdown, while before the lockdown the percentage of days was 66% (Xu et al. 2020). It should
be noted that the AQI of Pampas (T2) (Fig. 9) presents 54.6% of days classified as good, 42.9%
moderate and 2.5% unhealthy for MP2.5. For AQI of MP10 it is classified as good due to the low
concentrations of MP10. Likewise, for the province of Chupaca, good air quality for coarse mode is



97.9 and moderate of 2.1% and unhealthy, moderate and good air quality for fine mode around 6.8%,
51.3% and 41.9% of days measurements (Fig. 10).

Therefore, based on the calculated values of the air quality index, we note that it is important to
measure the PM2.5 levels to better manage air quality. Additionally, it is proposed to use deep learning
and machine learning algorithms to forecast air quality and thus propose measures for the mitigation
and control of air pollution (e.g (Saminathan & Malathy 2024))

It is also worth mentioning that PM2.5 affects health; a clear example is that PM2.5 is inversely related
to hemoglobin and was positively associated with anemia, but the results were not statistically
significant at the alpha level of 0.05 (Deng et al. 2024). On the other hand, Alzheimer's disease (AD)
has been linked to air pollution, especially with particulate matter (PM); since PM is composed of
several elements, including iron-rich particles that can reach the brain through inhalation; in addition,
Lima, Peru, is one of the most polluted cities in Latin America, with a high rate of AD; exposure to Fe
through inhalation of PM10 may be associated with the presence of AD in Lima (Fano-Sizgorich et al.
2024). However, to mitigate the health effects due to air pollutants; There is limited knowledge about
the contribution of tree species and the general ecosystem services provided by urban trees under
public management, especially in Latin America; they demonstrated that urban tree cover is very
relevant to reduce these pollutants dangerous to public health by reducing PM, both PM2.5 and PM10
(Moreno et al. 2024).

Suspended particles, accepted as markers of air quality, are also indicators of health risks for the
population, especially for children, due to their greater susceptibility to the quality of the air they
breathe. There is a negative correlation with temperature and a positive correlation with humidity; the
correlation with temperature was also very weak, compared to humidity (Zender-Swiercz et al. 2024).
Also, seasonal variations in PM2.5 pollution levels are also closely related to changes in the thermal
stability of the planetary boundary layer (PBL). During winter, daily increases in PM2.5 concentrations
are often linked to atmospheric warming above 1500 m, as increasing thermal inversions and lower
PBL heights lead to the accumulation of pollutants (Liang et al. 2024).



Fig. 7: Air
index of A.
B. MP10 in
(T) during

Enero-2022

1 2 & & 8.6 7

. e 10 11 .14
15 16 S

Il mm j v
Ahl'lk2022

192021

m 2 IIIII

sd I mm j v
JI.IIIO—2022

23.56?8

9 10 11 12 13 14

23 24 25 26
30 31

sd |l mmj v

Enero-2022

1920 21
B
.
sdl mmjv

Abril—2022

Sd|l‘|’l|‘l‘l] v
Julro-2022

sdlmmjv

Febrero-2022

Hazardous

sdIlmmj v sdlmmjyv
Junlo-2022

very Unhealthy
Mayo-2022
III « sl - EEE
e
15 16 17
13 19 20 23 24

2s I =

Unhealthy

"
2324 I

sdIlmmjyv sd Il mmj v

Moderate
Agosto-2022

T2 e 4

N DS

14 15

Setiembre-2022

—7I=9 Good
10 11 12 13 14 15 18
21 22 . 17 18 |19 20 /21 |22 23
24 25 26 27 28 29 30

sdlmmijyw sdlilmmijyv

Febrero-2022

29 |3 2 3 4
!!I!!l
EEE -

sdlmmyjvw sd Il mmj v
Mayo-2022 Junio-2022

ErN
l. IIII
HECHH
2 18 18 T
KR IIIIII

sdlmmijvw sd Il mmj v
osto-2022 Senembfe-zozz

-.-... s JJEE e
16 17 18 10 11 12 13 14 15 18
24 25 28 17 18 19 20 21 22 23
27 @29 30 31 1+ > 24 25 26 27 28 29 %0

sd Il mmj v sd Il mmj v

quality
MP2.5 and
La Merced
2022



A

Enero-2020
e
sserasn
-

18 19 20 21 22 23 24
25 20 27 28 29 M N

sd |l mmj v
Mayo-2020

21 22

=M

24 28

sd Il mmjvw

Setiembre-2020

1 2 3 4

= ¢ 7 : [N
12 13 14 15 10 17 18
EEEEE T

sd Il mmjvw

Enero-2020
| |
4507890
2. -

18 19 20 21 22 23 24
25 20 27 28 25 W N

sd Il mmj v

Mayo-2020

1
2345878
8101 1213 14 18

.7
& 2 2 [B8aN 2 [
EE

sd |l mmjv

Setiembre-2020
1 2 3 4

5 8 7 E.'III‘II

12 13 14 15 [{i8] 17 18

sd |l mmijyv

Febrero-2020

1.2 3 4 5 8 7
& 8 10 11 12 13 14
16 18 17 18 19 20 21
22 23 24 25 20 27 28
29

sd Il mmj v

Junio-2020
1.2 3 &4 5

e 7 8 9 10 11 12

sd Il mmj v

Octubre-2020

sd Il mmj v

Febrero-2020

12 3 4587
8 9 10 11 12 13 14
15 16 17 18 19 20 21
22 23 24 25 20 27 28
29
sd |l mmj v
Junio-2020
1.2 3 4 8
e 7 8 9 10 11 12

e PR

sd |l mmj v
Octubre-2020

EIEY
EREEE: 8
10 1 12 12 12 RIS
mewRNnRA
“nBBABB N
31

sd |l mmjv

Marzo-2020
22 e
T & 9 10 11 12 13
14 15 18 17 18 19 20
21 22 23 24 28 M 27
28 29 30 AN

sd |l mmjuv

Julio-2020

sd |l mmjyv

Noviembre-2020

Marzo-2020
23 sl
T 8 9 10 11 12 13
17T 18 19 20
21 22 23 24 25 26 27
28 28 30 3

14 15 18

sd |l mmjv
Julio-2020

1 2
+ s ¢« [ EEE
1213 14 18 10 17

19 20 21 22 23 24

SRy

sd |l mmjv
Noviembre-2020
HaEEE -
7 8 9 10 11..
[ CREY CEdREY
...24-2527
EEE

sd |l mmjv

sd |l mmj v
Agosto-2020

EEE
sd |l mmjwv

Diciembre-2020

sd |l mmj v

sd |l mmj v
Agosto-2020

12 3 45687
g 9 10 11 [l e
15 [ - = B
[ | | | EJEdE

29 3 N

sd |l mmj v

Hazardous

very Unhealthy

Unhealthy

Moderate

Fig. 8. Air quality index of A. MP2.5 and B. MP10 in Huancayo (T1) during 2020
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CONCLUSIONS

This research concludes that, during the rainy season, the maximum mass concentrations of PM1,
PM2.5, and PM10 are 97 pg/m? (station T1), 151 pg/m?® (station T1) and 178 pg/m? (station T1)
respectively. Also, at station T1 located in the Huancayo area, the rains were late and the precipitation
rate was low. This seasonal pattern is associated with differences in climatic conditions and emission
sources characteristic of the rainy and dry periods.

Finally, the classification of the sites according to the AQI, where in 2020, Huancayo presented
the air quality classified as “good to moderate” for MP10, and for MP2.5 it was classified as very
unhealthy, while for La Merced it presented the days as “moderate” to “unhealthy” and 10% as very
unhealthy. PM2.5 was the pollutant responsible for the reduction in air quality at both monitoring
stations. Also, in Pampas and Chupaca the AQI is classified as moderate and good on almost 50% of
days to fine mode. In La Merced, Huancayo, Chupaca and Pampas, fine particles predominate; these



findings highlight the importance of implementing policies and measures to reduce particulate matter
emissions, especially those related to motor vehicle fleets and vegetation burning, to improve air
quality and reduce health risks.
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