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This research aims to calibrate and field-test a PM2.5
dust measurement station that operates using an electrostatic
sensor. The system is capable of measuring, recording, and
displaying data online through a web browser. The developed
prototype utilizes locally sourced materials and equipment,
replacing imported components. The system can measure and
collect dust samples within a range of 0.1 to 5,000 pg/m?, with a
processing time of less than 1 second. It is capable of continuous
operation for up to 3,000 hours without maintenance or component
replacement. The study focused on calibrating dust mass
concentration measurements. The measurements were validated
against a standard PM2.5 monitor using the Federal Equivalent
Method (FEM) Group 3, as specified by the United States
Environmental Protection Agency in 40 CFR Part 50, under
laboratory conditions. Field tests were also performed under
real-world conditions in Nakhon Phanom Province. The results
from both laboratory and field tests showed that the measured
dust concentration trends were consistent and comparable to
those obtained using the standard method (40 CFR Part 50,
U.S. EPA). Additionally, the system is capable of continuously
reporting real-time data via the MQTT protocol, with data

accurately stored in a time-series database (TSDB) without loss. The system enables rapid querying and retrieval of historical data, and

the dashboard loads data from the TSDB in less than 1 second, demonstrating its efficiency in data processing and visualization.
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Figure 1 Prototype of a PM2.5 monitoring station employing electrostatic principles
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Figure 2 Structural features of a Faraday cup

Table 1 Characteristics of the PM2.5 monitoring station utilizing the developed electrostatic sensor

Features

Details

Measurement technique

Particle size classification using the inertial impact method and
dust volume measurement through electrostatic charge

Particle size

PM2.5

Number of channels

1 measurement channel

Mass concentration range

0.1 to 5,000 micrograms per cubic meter

Resolution

0.1 micrograms per cubic meter

Total flow rate

7 liters per minute

Processing speed

Less than 1 second

Average dust reporting

30 minutes / 1/ 8 / 24 hours

Particle type and composition

Able to measure both solid and liquid particles

Communication

Message queuing telemetry transport protocol via 4G network

Data storage

Internal memory and time-series Database (TSDB)

Display

HMI display and online dashboard

Power supply

220 VAC 50 Hz

Operational duration

Working hours of at least 1,000 hours after cleaning

Size and characteristics

Width 45 cm x height 60 cm x depth 20 cm

Easy to move, suitable for fieldwork, and durable, it can be
installed and started immediately (plug and play) and can operate
in areas with vibration or movement
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Figure 3 Screenshot displaying measurement results
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Figure 4 The operational structure of the online real-time PM2.5 measurement reporting system
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Figure 7 Field testing location: Phraya Sri Satta Nakarat square, Mueang district, Nakhon Phanom province
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Figure 8 Comparison of the electrometer’s
voltage (V/m?3) and mass concentration
(ug/m?) using the federal equivalent

method.

Table 2 Experimental results comparing the electrometer’s voltage and mass concentration

Particle size (um) Intercept Slope R? Ratio pg/m?3 to V/m?3
0.5 -0.514 102.32 0.9974 86.20
1.0 2.485 95.057 0.9984 83.32
2.5 - 0.961 44.153 0.9993 4554
10.0 -3.872 33.527 0.9986 34.87
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Figure 9 Comparative analysis of electrometer voltage (V/m?) and mass concentration (ug/m?) across

various particle sizes
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Figure 11 Measurements comparison using the federal equivalent method with atmospheric PM2.5
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method
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Figure 13 Comparison of prototype station measurements and Nakhon Phanom meteorological station
data from March 11 to 19, 2025, from 00:00 to 23:59 hours
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Figure 14 Correlation of hourly PM2.5 values between the prototype station and the Nakhon Phanom

meteorological station
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Table 3 Comparison of PM2.5 dust values between InfluxDB and measurement station data

Timestamp Measurement station (ug/m3) InfluxDB (ug/m?3) % diff
2025-03-19 06:29:55 28.06 28.06 0
2025-03-19 06:35:58 29.79 29.79 0
2025-03-19 06:41:59 32.93 32.93 0
2025-03-19 06:48:01 31.77 31.77 0
2025-03-19 06:54:03 35.11 35.11 0
2025-03-19 07:00:05 32.23 32.23 0
2025-03-19 07:06:07 34.63 34.63 0
2025-03-19 07:12:09 35.12 35.12 0
2025-03-19 07:18:11 36.40 36.40 0
2025-03-19 07:24:13 35.34 35.34 0
2025-03-19 07:30:15 34.05 34.05 0
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Figure 15 Displaying real-time online PM2.5 measurement results on the dashboard

(Link: https://kku.world/971bf0)

Table 4 Retrieval time of data from InfluxDB for Grafana visualization

Query time range

Query execution time (ms)

1 hour
3 hours
6 hours
12 hours

24 hours

87
170
210
348
419
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