
Data in Brief 54 (2024) 110411 

Contents lists available at ScienceDirect 

Data in Brief 

journal homepage: www.elsevier.com/locate/dib 

Data Article 

Particulate matter 1μm (PM1 

) dataset 

collected by low-cost sensors in residential 

and industrial areas at the neighborhood level 

Luis A. Garcia-Garza 

a , Edgar Tello-Leal b , ∗, 
Bárbara A. Macías-Hernández 

b , Gerardo Romero 

a , 
Jaciel David Hernandez-Resendiz 

a 

a Multidisciplinary Academic Unit Reynosa-Rodhe, Autonomous University of Tamaulipas, Reynosa 88779, Mexico 
b Faculty of Engineering and Science, Autonomous University of Tamaulipas, Victoria 870 0 0, Mexico 

a r t i c l e i n f o 

Article history: 

Received 13 March 2024 

Revised 4 April 2024 

Accepted 8 April 2024 

Available online 15 April 2024 

Dataset link: Particulate matter with 

aerodynamic diameters ≤1μm (PM1) 

dataset (Original data) 

Keywords: 

Air pollution 

Air quality 

LCS 

IoT 

Data science 

a b s t r a c t 

The incursion of low-cost sensors (LCS) for monitoring par- 

ticulate matter in different fractions of particles (PM10 , PM2.5 , 

and PM1 ) allows the characterization of the concentration 

levels of specific sources or events, including the analysis of 

ultrafine fractions (PM1 ). Several studies have documented 

adverse effects on human health due to exposure to PM1 , 

such as morbidity and mortality from respiratory, cardio- 

vascular, and, in some cases, carcinogenic diseases. Hence, 

studying the concentration levels and the sources that cause 

PM1 is imperative. LCS is an alternative to understanding 

contaminant concentration levels by considering spatial and 

temporal community dynamics by monitoring critical zones. 

Furthermore, collecting and managing large amounts of data 

through automatic processing and analysis generates infor- 

mation to support decision-making to reduce exposure and 

risks to people’s health. The dataset presents the concentra- 

tion level of PM1 (μg/m3 ) calculated from the particles of size 

0.03 μm, 0.05 μm, and 1.0 μm recorded and counted by the 

sensor in a sample per minute for 24 h for seven continu- 

ous days. The values of the meteorological factors of relative 

humidity, temperature, and heat index complement these at- 

tributes. 
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The dataset comprises records collected (in the same period) 

at four particulate matter monitoring stations, which com- 

pose an LCS network supported by Internet of Things (IoT) 

technologies. The data collection points were located in dif- 

ferent areas of Reynosa, Mexico, considering strategic places 

for monitoring environmental pollution, such as industrial 

parks, residential areas, avenues with high vehicular traffic 

and transportation of heavy cargo, and an airport. 

© 2024 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC license 

( http://creativecommons.org/licenses/by-nc/4.0/ ) 
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i  
pecifications Table 

Subject Environmental science-pollution 

Specific subject area Air pollution, low-cost sensor, air quality monitoring network, data analytics 

Type of data Table, Figure 

Raw, Analysed 

Data collection Collecting data on particulate matter and meteorological factors was carried out using 

low-cost monitoring equipment installed in each air quality monitoring station (4) at a 

height of 8 m from ground level. The equipment comprises a calibrated PMS7003 

low-cost sensor (LCS) for particulate matter. This sensor allows for measuring the mass 

concentration of particulate matter of the PM1 , PM2.5 , and PM10 fractions. Relative 

humidity and air temperature were measured using a high-precision, 

low-power-consumption sensor. The values were collected every minute and 

transmitted automatically and in real-time to a database hosted in a repository 

available in private cloud storage over the Internet. 

Data source location • Institution: Autonomus University of Tamaulipas 

• City/Town/Region: Reynosa, Tamaulipas 

• Country: México 

• Latitude and longitude: 26.02937321240764, −98.27578996495555 

Data accessibility Repository name: Particulate matter with aerodynamic diameters ≤1 μm (PM1 ) dataset 

DOI: 10.17632/djnkmx3tzn.2 

Direct URL to data: https://data.mendeley.com/datasets/djnkmx3tzn/2 

. Value of the Data 

• The air pollutant PM1 dataset can be considered the first available online from the north-

eastern area of Mexico. 

• The data is cataloged by the areas of Reynosa, Mexico, characterized by high vehicular traffic,

heavy transportation traffic, industry, and residential. This information is valuable for under-

standing and evaluating local air quality. 

• The value data were collected and prepared at different time granularities (minute/hour),

which makes it possible to carry out different analyses of air pollution through time series

models and predictive models. 

• This dataset can be a starting point for studies to determine how the air pollutant PM1 affects

human health. 

• The dataset contains attributes on the size of particles considered within the PM1 fraction,

which can be linked to the emission sources that generate the air pollutant PM1 . 

. Background 

In recent years, the use of low-cost sensors to measure the concentration of air pollutants has

ncreased. Several studies in the state of the art describe the advantages, benefits, efficiency, and

http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.17632/djnkmx3tzn.2
https://data.mendeley.com/datasets/djnkmx3tzn/2
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challenges of using low-cost sensors [ 1 , 2 ]. In this way, low-cost sensors to monitor the pres-

ence of particulate matter in the environment or inside buildings, both in fractions of 1 μm

(PM1 ), 2.5 μm (PM2.5 ) and 10 μm (PM10 ), have increased considerably [ 3 , 4 ]. The United States

Environmental Protection Agency (US EPA) study concluded that prolonged exposure to air par-

ticles smaller than 2.5 μm (PM2.5 ) increases cardiovascular morbidity, mortality, and respiratory

diseases [5] . Ultrafine particles with aerodynamic diameters of ≤0.1 μm (PM1 ) can cross the air-

blood barrier of the lungs to enter people’s blood, causing respiratory and cardiovascular prob-

lems and damaging the nervous system [ 6 , 7 ]. In conjunction with Internet of Things (IoT) tech-

nologies, LCS makes it possible to build real-time air quality monitoring networks, expanding

spatial visualization, and facilitating the dispersion of information on measurements of specific

air pollutants in your neighborhood [8] . An important aspect to consider is that the LCS requires

a correction method (calibration) to improve the precision of the measured data, which can be

determined from the values measured by a scientific-level reference instrument [ 9 , 10 ], which

allows for improvement in the reliability of the measurements made by the LCS, considering the

operating context of the LCS, that is, the meteorological factors recorded in the area of operation.

3. Data Description 

The air pollution and meteorological parameter dataset was collected from four air quality

monitoring stations in Reynosa, Tamaulipas, in northeastern Mexico (see Fig. 1 ). Monitoring sta-

tion 1 (AQ-IoT-01) is located next to an industrial park (west of the city) and near two ample

avenues with high vehicular traffic and heavy cargo transportation. Monitoring Station 2 is lo-

cated in a residential area (north of the town) near the Bravo (Grande) River, which marks the

border with the southern United States. The third monitoring station is in the city’s southern

zone, near a large industrial park and international airport, surrounded by ample avenues with

high vehicular traffic and heavy cargo transportation. Finally, the monitoring station 4 is located

northwest of the city, in a residential area near an avenue with high vehicular traffic. 

The dataset is made up of two CSV files. The raw_pm1_full.csv file contains raw data (34,475

records) collected from February 22 to 28, 2022, from the four air quality monitoring stations.
Fig. 1. Location of air quality monitoring stations (red map pointers) over a close view of Reynosa, Mexico. The main 

roads are shown in yellow. 
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Table 1 

Extract from the dataset collected on February 22, 2022, at the four air quality monitoring stations. 

idsample Place Date Hour PM1 

(μg/m3 ) 

Particle- 

03um 

Particle- 

05um 

Particle- 

10um 

RH (%) T ( °C) Heat_index 

( °C) 

751,188 AQ-IoT-01 22/02/2022 00:02:34 24 4680 1332 220 86.9 21.6 22.08 

751,189 AQ-IoT-02 22/02/2022 00:02:35 23 5046 1387 254 88.3 21.1 21.57 

751,190 AQ-IoT-04 22/02/2022 00:02:39 15 2793 788 157 86.6 21.8 22.3 

751,191 AQ-IoT-03 22/02/2022 00:02:55 22 4482 1228 258 99.9 21.6 22.42 

751,196 AQ-IoT-01 22/02/2022 00:03:31 23 4719 1334 264 86.7 21.6 22.08 

751,197 AQ-IoT-02 22/02/2022 00:03:37 24 5181 1442 242 88.3 21.2 21.68 

751,198 AQ-IoT-04 22/02/2022 00:03:44 12 2439 693 125 86.8 21.7 22.19 

751,199 AQ-IoT-03 22/02/2022 00:03:58 22 4662 1281 262 99.9 21.6 22.42 
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his file contains values in the following attributes: idsample (unique record identifier), Place

name of the monitoring station), date, time, PM1 (concentration of the air pollutant, measured

n μg/m3 ), particle03um, particle05um, particle10um show the quantities of particles recorded of

izes 0.3, 0.5, and 1.0 μm (from these values the concentration of the PM1 pollutant is calcu-

ated). The RH and T values contain the recorded values of the percentage of relative humidity

nd air temperature ( °C) and the Heat_index variable, which is calculated from the T and RH

alues. The PM1_dataset_Average_Hour.csv file contains the hourly mean of each of the above

ariables in the same period and for the four monitoring stations. This data range was selected

ecause it presents meteorological conditions with high variability, which can be observed in

he characteristic weather of each of the four seasons in the study area. These conditions oc-

urred within the ninth week of the winter season. For example, on the first day, a relative

umidity between 35 % and 90 % and a temperature between 20 °C and 40 °C were recorded,

ypical summer weather conditions. On the second day, there was an ambient temperature be-

ween 6 °C and 30 °C with a relative humidity between 60 % and 99 %. On the other hand, the

ourth and fifth days are characteristic of the winter period, with temperatures between 5 °C
nd 10 °C with a range in relative humidity values between 75 % and 99 %. Finally, the seventh

ay presents a behaviour typically observed in the first weeks of the spring season with cold

awn (around 6 °C) and relative humidity with a value of 95 %, and in the early afternoon with

 maximum temperature of 28 °C and relative humidity around 20 %. Continuing with a sunset

ith an increase in relative humidity and a decrease in the temperature value. These drastic

hanges in relative humidity are due to constant high wind speeds during the day, which causes

 rapid decrease in the percentage of ambient relative humidity due to less water evaporation. 

An example of the records contained in the raw_pm1_full.csv file is shown in Table 1 . These

ata are displayed as collected by low-cost sensors installed at air quality monitoring stations.

he records are sorted by the time and date they were stored in the repository by the software

ystem that automatically manages the operation of the monitoring station. 

Table 2 shows the statistical analysis of the data of each variable considered in the

M1_dataset_Average_Hour.csv dataset of the four-monitoring station. This analysis allows us

o know the data’s distribution and central tendency and the values’ dispersion through the in-

erquartile range or the standard deviation according to the presence or non-presence of atypical

ata values. These atypical data are also called outliers and are characterized by values that are

oticeably different from the rest of the data contained in the variable or attribute of the dataset.

he descriptive analysis is presented split by an air quality monitoring station (see station col-

mn in the Table 2 ), making it possible to observe the concentration of the pollutant by area of

he city, as well as the number of particles classified by their size and that were collected by

he sensor in the same period. 

In the following figures ( Figs. 2–5 ) shows the relationship between particulate matter PM1

μg/m3 ) and meteorological variables. This matrix of graphs (see Fig. 2 ) allows you to visualize

he data dispersion of the relationship between the air pollutant PM1 and each variable inde-

endently, considering the four filtering conditions for the data. 
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Table 2 

Descriptive statistics of meteorological factor data and particulate matter concentration. 

Station Variable Mean SD Median IQR Min 25 % 75 % Max 

AQ-IoT-01 PM1 18.36 12.96 17 9.25 3 11 20.25 91 

Particle03um 3878 3399.69 3139 1857 726 2144 40 0 0 22415 

Particle05um 1098.2 985.44 885.5 525.5 200 594.8 1120.2 6544 

Particle10um 189.05 218.66 140.5 104.25 16 82.75 187 1468 

RH 80.5 17.8 87 13 21 79 92 96 

T 13.14 8.84 9 14 5 7 21 40 

Heat_index 12.84 9.97 8 15 4 6 21 45 

AQ-IoT-02 PM1 10.08 7.11 9 11 0 4 15 26 

Particle03um 2050.3 1415.25 1737.5 2110.5 199 882.5 2993 5855 

Particle05um 559.1 391.25 467.5 563 53 235.2 798.2 1615 

Particle10um 86.33 77.17 60 100.25 3 24.75 125 319 

RH 79.21 17.32 86 13.25 20 76.75 90 92 

T 13.28 8.22 10 13 5 7 20 37 

Heat_index 12.86 9.15 9 15 4 6 21 41 

AQ-IoT-03 PM1 16.42 11.6 15 11 0 9 20 73 

Particle03um 3499 2862.93 2999 2295 236 1852 4147 18993 

Particle05um 959.2 816.81 811.5 619 60 504.5 1123.5 5744 

Particle10um 172.84 208.06 133.5 113.75 4 71.75 185.5 1852 

RH 91.34 20.18 100 0 24 100 100 100 

T 13.75 8.1 10 13 6 8 21 37 

Heat_index 13.79 9.19 10 15 5 7 22 42 

AQ-IoT-04 PM1 6 4.7 5 7 0 2 9 26 

Particle03um 1272.5 892.96 1088.5 1151 90 606.8 1757.8 5567 

Particle05um 351.4 249.39 300.5 323.75 23 166.2 490 1550 

Particle10um 51.78 45.80 38 59.25 2 17 76.25 266 

RH 78.05 17.77 85 13.25 18 75.75 89 92 

T 13.69 8.38 10 14 5 7 21 37 

Heat_index 13.25 9.24 9 16 4 6 22 41 

Fig. 2. Scatter and density plots were generated with the values recorded at the AQ-IoT-01 monitoring station and repre- 

sent the association between the concentration of PM1 (μg/m3 ), particle sizes, and the meteorological variables measured 

by the PMS7003 low-cost sensor located in Reynosa, Mexico. Source: Author. Dataset: PM1_dataset_Average_Hour.csv. 
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Fig. 3. Scatter and density plots were generated with the values recorded at the AQ-IoT-02 monitoring station and repre- 

sent the association between the concentration of PM1 (μg/m3 ), particle sizes, and the meteorological variables measured 

by the PMS7003 low-cost sensor located in Reynosa, Mexico. Source: Author. Dataset: PM1_dataset_Average_Hour.csv. 

Fig. 4. Scatter and density plots were generated with the values recorded at the AQ-IoT-03 monitoring station and repre- 

sent the association between the concentration of PM1 (μg/m3 ), particle sizes, and the meteorological variables measured 

by the PMS7003 low-cost sensor located in Reynosa, Mexico. Source: Author. Dataset: PM1_dataset_Average_Hour.csv. 
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The scatter diagrams are shown at the top and bottom of the Figs 2 –5 , which illustrate the

elationship between two continuous variables through a representation of points; each point

epresents the intersection between the values of both continuous variables. The diagonal panel

f the figure shows the density plots of the continuous variables (see Fig. 3 ). These diagrams

how the data distribution in a continuous time interval, using the intervals on the abscissa axis

nd the density of the variable on the ordinate axis (see Fig. 4 ). Additionally, in these figures,
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Fig. 5. Scatter and density plots were generated with the values recorded at the AQ-IoT-04 monitoring station and repre- 

sent the association between the concentration of PM1 (μg/m3 ), particle sizes, and the meteorological variables measured 

by the PMS7003 low-cost sensor located in Reynosa, Mexico. Source: Author. Dataset: PM1_dataset_Average_Hour.csv. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the data were grouped by applying a set of conditions that allow the behaviour of the pollutant

PM1 to be identified from the combination of recorded values of RH and T. The dispersion and

density diagrams are filled according to the colour of the group to which that data belongs (see

Fig. 5 ). 

4. Experimental Design, Materials and Methods 

Each air monitoring station has a Plantower PMS7003 sensor (LCS) installed for particulate

matter, which is used to obtain the number of particles suspended in the air. This sensor is

based on the laser dispersion of light; the laser hits the particles, and the dispersed light is col-

lected and transmitted to the microprocessor. The microprocessor classifies the particles (report-

ing six size bins: > 0.3, > 0.5, > 1, > 2.5, > 5, and > 10 μm) by calculating their size and counting

the number of particles by their size, using an algorithm based on the MIE theory, as described

in [11] . 

The PM LCS was calibrated through a placement process with a regulatory grade reference

instrument or equivalent monitor (FRM/FEM) under real-world conditions over a defined eval-

uation period by current regulations and methodologies for LCS [ 12 , 13 ]. Then, considering local

meteorological factors before the experiment period, the PM LCS was calibrated, reaching a co-

efficient of determination (R2 ) of 0.96 for PM1 about the reference instrument. The calibration

procedure implemented was similar to that described in our previous work [11] . The LCS mon-

itoring equipment was installed on the buildings’ roofs at a height of 8 m above ground level,

with 6 feet free between the roof and the sensor and without obstacles (e.g., tree or shrub bar-

rier) that prevent the free flow of air towards the sensor. This will make it possible to obtain

more representative measurements of air quality at the neighborhood level. 

Then, at each LCS air monitoring station, data on particulate matter with diameters less than

1.0 μm (PM1 ), 2.5 μm (PM2.5 ), and 10 μm (PM10 ) can be sensed, as well as meteorological factors

of relative humidity and temperature, from these factors the heat index is calculated internally.

The data is automatically transmitted to storage in a private cloud mounted on Internet services.
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ata is sensed every minute and transmitted in real-time. On the private cloud side, software

omponents were implemented that deploy several web services (for more in-depth detail, see

14] ), which receive the data transmitted by the monitoring stations, validate the consistency

f the data using a set of predefined business rules, selecting the values of each attribute for

nsertion into the corresponding database table, automatically assigning a unique identifier and

 timestamp. If the value does not meet the requirements for storage (for example, a null value),

t is discarded; that is, it is not added to the database. The cloud storage was designed using a

QL-based database. 

imitations 

The dataset represents the concentration of the PM1 pollutant in a specific period in Reynosa,

exico, which presents a geographical limitation. Furthermore, due to the city’s geographic and

erritorial extension, it is advisable to install additional monitoring stations in other sectors at

he neighborhood level. The dataset was collected in real-time with low-cost IoT devices, which

ay have had some Internet connectivity failure due to the service provider’s intermittency or

nterference in WI-FI network communication. Therefore, some gaps in the pollutant concentra-

ion time series are possible. 
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