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Abstract: Cities globally must make urgent decisions to ensure a sustainable future as rising pollution,
particularly PM2.5, poses severe health risks like respiratory and heart diseases. PM2.5’s harmful
composition also impacts vegetation and the environment. Immediate government intervention is
necessary to mitigate these effects. This study tackles the urgent problem of reducing PM2.5 levels
in Medellin’s urban and indoor environments, where pollution presents serious health risks. To
explore effective solutions, this research provides new data on the interaction between particulate
matter from various pollutants and negative ions under different temperature conditions, offering
valuable insights into air quality improvement strategies. Using a high-voltage system, ions bind to
pollutants, accelerating their removal. Experiments measured temperature, humidity, formaldehyde,
volatile organic compounds, negative ions, and PM2.5 in a 40 cm® chamber across various conditions.
Pollutants tested included cigarette smoke, incense, charcoal, and gasoline at two voltage levels and
three temperature ranges. The data, available in CSV format, were based on 36,000 samples and
repeated tests for reliability. This resource is designed to support studies investigating particulate
matter control in urban and indoor environments, as well as to improve our understanding of
negative ion-based air purification processes. The data are publicly available and structured in
formats compatible with leading data analysis platforms.

Keywords: air quality; particulate matter; ionization technology; electrostatic recombination; ion—
particle interaction database

1. Summary

The rising levels of particulate matter with a diameter of 2.5 pm (PM2.5) in urban
environments pose significant health risks, contributing to respiratory and cardiovascular
diseases [1]. This issue is particularly pressing in Medellin, Colombia, where air pollution,
compounded by the city’s unique geography, creates a persistent environmental challenge.
Medellin’s location in a valley, coupled with tropical mountainous weather, results in the
accumulation of pollutants, exacerbating the health impacts of airborne particles [2]. The
need for efficient, cost-effective air purification solutions is urgent, and the exploration
of novel technologies such as negative ion generation could offer a viable alternative to
traditional methods. This paper presents new data on the interaction between negative ions
and PM2.5 in controlled environments to reduce airborne PM2.5 concentrations through
electrostatic recombination. Negative ions, generated via a high-voltage system, bind
to pollutants, increasing particle mass and accelerating their removal from the air. The
experiments were conducted between March and August 2024 in a 40 cm?® test chamber
designed to simulate urban conditions, and included a range of common urban pollutants
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such as cigarette smoke, incense, charcoal, and gasoline [3]. The experiments measured
variables such as temperature, humidity, formaldehyde (HCHO), total volatile organic
compounds (TVOC), negative air ions (NAIs), and PM2.5 concentrations. Medellin’s
outdoor temperature ranges were mimicked in the chamber, covering low- (14-17 °C),
medium- (23-27 °C), and high-temperature (39-51 °C) scenarios. Pollutants used included
cigarette smoke, incense, charcoal, and gasoline [1], tested across two voltage levels (7500 V
and 30,000 V). A total of 24 unique conditions were examined, resulting in 36,000 samples.
The experimental setup involved two key devices: the KT-401 aerosol ion tester (for
NAI measurements) and the DM306 portable air quality monitor (for PM2.5 and other
parameters). The data, stored in CSV format, followed international standards and are
available for further analysis. Each test was repeated five times for reliability, ensuring
comprehensive coverage of the effect of negative ions on a reduction in PM2.5 under
various conditions.

2. Data Description

The objective of this study is to analyze the interaction between negative ions and
particulate matter in a controlled environment. This process is designed to reduce the con-
centration of PM2.5 in the air. This reduction occurs through an electrostatic recombination
mechanism, in which negative ions, which possess a negative electrical charge, are attracted
to particulate matter that often contains positive charges or is devoid of charge, making
them electrostatically susceptible [4].

Negative ions are produced by a high-voltage electronic circuit (see Figure 1) that
elevates the voltage to levels of 7500 V or 30,000 V. This increase in voltage generates an
electrical discharge that ionizes the surrounding air molecules. These voltage levels enable
adjustments in experimental conditions and ensure the efficient generation of negative ions,
which are crucial for the ionization process and their interaction with PM2.5 particles in the
controlled environment. In this process, negative ions bind to PM2.5 particles, increasing
their mass and significantly reducing their ability to stay airborne. This electrostatic
recombination leads to the formation of larger particle aggregates, which settle more
rapidly under the influence of gravity. By this mechanism, the interaction between negative
ions and particulate matter effectively accelerates the removal of pollutants from the air,
contributing to a more efficient reduction in air pollution.
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Figure 1. High-voltage electronic circuit that elevates the voltage to levels of 7500 V or 30,000 V.

Traditional methods of particulate removal in industrial settings often involve the
use of dust collectors and electrostatic precipitators (ESPs). ESPs are particularly effective
in capturing fine particles, such as PM, by inducing an electrostatic charge on the parti-
cles, which causes them to adhere to collection plates. While these systems are efficient
in large-scale industrial applications, they require substantial infrastructure and energy
consumption [5,6]. In contrast, the use of negative ions for air purification offers a more
energy-efficient solution, especially for urban and indoor environments. Negative ion
generators apply low energy primarily to the particulate matter, making them a promis-
ing technology for environments where air quality is critical, such as homes, offices, and
smaller industrial settings. This approach provides an efficient method for air quality
control [7,8]. Additionally, it offers a foundation for future research on the use of negative
ions in the mitigation of PM2.5 [9]. The data were collected in a 40 cm? test chamber. The
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measurements include temperature, relative humidity (RH), formaldehyde (HCHO), total
volatile organic compounds (TVOC), negative air ions (NAIs), and PM2.5 concentration.

2.1. Experimental Conditions

Experiments were conducted by adjusting three critical variables: the type of pollutant,
the voltage applied for negative ion generation, and the ambient temperature. Four pollu-
tants were selected as representative of urban and domestic environments: cigarette smoke,
incense, charcoal, and gasoline [3]. These selections reflect common sources of air contami-
nation, making this study highly relevant to real-world air quality challenges [10,11].

The experiments were conducted across three temperature ranges common to urban
environments: 14-17 °C (low range), 23-27 °C (medium range), and 39-51 °C (high range).
This combination of factors led to a total of 24 distinct experiments, resulting from the
interaction of four different pollutants, two voltage levels, and three temperature ranges.
Continuous measurements were recorded for each experiment over a duration of 300 s,
with a sampling frequency of one measurement per second. This methodology enables
the analysis of the temporal dynamics of the decontamination process in response to
the varying experimental conditions. To ensure the validity and reproducibility of the
results, each experimental combination was conducted five times, resulting in a total of
36,000 samples. This total is derived from 24 experiments, with each yielding 300 samples
across five repetitions. Such extensive data collection enables robust statistical analysis and
establishes a comprehensive database for evaluating the impact of negative ions on the
reduction of particulate matter in the air.

2.2. Recorded Variables

The variables measured in each experiment are outlined in Table 1. These include
elapsed time, PM2.5 concentration, formaldehyde levels, temperature, relative humidity,
volatile organic compounds, and negative ion concentration. Additionally, the type of
pollutant used and the voltage applied during the recombination process were recorded.

Table 1. Description of the columns in the database.

Variable Description Unit of Measurement
Time The elapsed time since the start of the Seconds
experiment.
PM2.5 Concentration of particulate matter with pg/m?
a diameter of 2.5 microns
HCHO Formaldehyde concentration mg/m3
Temperature Temperature °C
RH Relative humidity %
TVOC Concentration of volatile organic com- mg/m3
pounds
Ions Concentration of NAls ions/cm?
Pollutant Type of pollutant in the environment Text
IonGenerationVolt  Voltage emitted by the negative ion gen- Volts
erator

3. Materials and Methods

This section outlines the experimental setup and the experimental design used to
develop a comprehensive database analyzing the interaction between negative ions and
PM2.5 particles in a controlled environment.



Data 2024, 9,131

40f7

3.1. Equipment and Techniques

The data for this study were obtained using two measurement devices—the KT-401
aerosol ion tester and the portable air quality monitor DM306 (see Figure 2)—along with a
negative ion generation system utilizing voltage multiplication.

Figure 2. DM306 Portable monitor.

The KT-401 is a specialized instrument designed to measure the concentration of
negative air ions (NAls). Utilizing advanced electrode-based technology, it delivers precise
readings of ionization in terms of ions per cubic centimeter (ions/cm?). In contrast, the
portable monitor DM306 was employed to evaluate a range of air quality parameters. This
device measures the PM2.5 concentration, providing data on the micrograms of particulate
matter present in the air per cubic meter. Additionally, it records ambient temperature in
degrees Celsius (°C) and relative humidity as a percentage of water vapor content in the air.
The monitor also quantifies the concentration of formaldehyde (HCHO), a highly volatile
and flammable compound, expressed in milligrams per cubic meter (mg/m?). Lastly, it
assesses the total volatile organic compounds (TVOC) in the air, indicating the overall level
of these compounds present. Both devices, along with the ion generation system, were
housed in a controlled test cabinet (see Figure 3) constructed from transparent acrylic, with
a volume of 40 cm>. This setup facilitated direct observation of the measurement processes
while effectively minimizing external interference during the experiments.

Figure 3. Controlled test cabinet.
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3.2. Experimental Design

The experiment followed a factorial design with three primary factors: temperature,
negative ion generation voltage, and pollutant type (independent variables). Three temper-
ature ranges (low, medium, and high) and two voltage levels (7500 V and 30,000 V) were
chosen. The concentrations of PM2.5 and negative ions in the air (dependent variables)
were measured across four different pollutants [3], resulting in 24 distinct experimental
combinations. For each combination, the pollutant was introduced into a controlled test
cabinet, and the appropriate voltage was applied to generate negative ions. Throughout
the experiment, key variables, as outlined in Table 1, were continuously monitored. Each
test was repeated five times to ensure the consistency and reliability of the findings. To
provide a clearer understanding of the behavior discussed earlier, Figure 4 presents two
experimental realizations of the interaction between particulate material and negative ions
within the test cabinet. The figure highlights three distinct temperature ranges and two
voltage levels, while the quantity of negative ions was adjusted to observe how these
factors influence the sedimentation of particulate matter, with cigarette smoke used as the
pollutant.
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Figure 4. Effect of negative ions on particulate matter sedimentation across three temperature ranges.
(a) Ion generation at 30 kV with gasoline as the pollutant. (b) Ion generation at 7.5 kV with gasoline
as the pollutant.

As observed in Figure 4, expanding the temperature intervals could reveal even more
significant results. For example, at lower temperatures (e.g., 12-17 °C), we hypothesize that
particles possess less kinetic energy, which would reduce recombination between the par-
ticulate matter and ions. However, since air is more viscous at lower temperatures, particle
movement slows down, promoting sedimentation and adhesion to surfaces. Conversely, at
higher temperatures (e.g., 37-51 °C), the increased kinetic energy of particles leads to more
collisions and greater ion—particle recombination. Yet, the lower air viscosity at elevated
temperatures results in faster particle movement, making it harder for particles to adhere
to surfaces. Therefore, we propose that optimal decontamination through electrostatic
precipitation occurs when there is a balance between air viscosity and particle kinetics.

3.3. Formatting and Storage of Data

The generated database contains structured information in CSV format and was
stored following the international data interoperability standards to ensure accessibility
and reusability. Key parameters such as PM size and concentration, amount of negative
ions, and changes properties over time as a function of temperature were recorded. Each
row represents a sample, and each column corresponds to a variable. Data preprocessing
was conducted to remove outliers. The measurements were performed under controlled
environmental conditions, within the operational limits of measurement equipment.
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4. User Notes

The database from this study holds significant potential for a range of applications.
It provides a valuable resource for advancing air quality research by offering detailed
insights into the interaction between negative ions and PM2.5 particles under varying
environmental conditions. Researchers can leverage these data to investigate how factors
such as temperature and relative humidity impact ionization efficiency [12]. For instance,
higher humidity levels may diminish the recombination ability between ions and PM2.5
particles [13]. Moreover, the database enables an exploration of how different contaminants
influence reductions in particle levels via electrostatic recombination [14]. Beyond research,
the data can be instrumental for urban planners and environmental scientists in designing
more effective air purification systems, particularly for cities battling severe pollution. They
also serve as a valuable foundation for developing indoor air purification technologies
tailored to environments like homes or workplaces where common pollutants such as
smoke and gasoline are prevalent. Additionally, the data offer insights for optimizing
industrial pollution control strategies by fine-tuning ionization systems to address specific
pollutants and environmental conditions, such as varying temperature ranges.
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Abbreviations

The following abbreviations are used in this manuscript:

PM2.5  Particulate matter with a diameter less than 2.5 um
HCHO Formaldehyde
TVOC  Total volatile organic compounds

RH Relative humidity

°C Celsius (temperature)

\% Voltage

NAIs Negative air ions

CSVs Comma-separated values
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