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Yeongcheol Han, Hyejin Jung, Jangil Moon, Jongmin Baek, Changhee Han and Soon Do Hur, 2019, Real-time
monitoring of cleanroom laboratories using low cost sensors. Journal of the Geological Society of Korea.
v. 55, no. 1, p. 141-148

ABSTRACT: An air filtration system (AFS) is necessary for laboratories that analyze trace components in natural
or artificial samples liable to be contaminated by airborne particulates. In general, an AFS employs multi-stage
air filters with a HEPA (high efficiency particulate air) or an ULPA (ultra-low penetration air) filter as the final
filter to supply particle-free air to a laboratory. However, using these filters does not guarantee the desired cleanliness
of air, and routine assessment of the particle levels in laboratory air is required especially given the potential increase
in atmospheric fine particles in Korea. In this context, we have developed a real-time particle monitor (PaMo) using
a low cost sensor module and a web based data logger. A temperature and humidity sensor was also included in
the PaMo. Two PaMo units have been installed in two cleanroom laboratories for ice core research at the Korea
Polar Research Institute. The number of particles larger than 0.3 pm, temperature and relative humidity were
monitored from 29th March to 24th June 2018. This real-time monitoring proved that, although the particle
concentrations in the room air increased with that in the outdoor air, the AFSs were able to achieve and maintain
the cleanliness required for each laboratory. The PaMo will be able to identify particle sources other than the outdoor
air, provide a guideline for when to replace filters and notify unexpected AFS failure. We suggest that the PaMo
is an easy and effective alternative to expensive particle counters for laboratories that operate AFS.

Key words: Arduino, cleanroom, fine dust, air filter, particle counter
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Table 1. Components of PaMo.

Parts Model (Manufacturer) Cost
Particle sensor PMS7003 (Plantower)
Temperature/Humidity sensor DHT22 (AM2302; Guangzhou Aosong Electronics)
Display LCD 1602 with 12C interface board ;11?0(1;(100KRW

Arduino UNO compatible board
Case, Cable, Fan

ESP8266EX (D1; WeMos)

[

(" Outdoor Air Air Handling
Control Unit Unit
- Pre filter - Pre&Medium

QT (RH) control -T&RH control

Fan Filter
Unit
- ULPA

Air Handling
Unit

- Pre&Medium
- T&RH control

« Ice Core
Analytical Laboratory

Fig. 1. A schematic diagram for the air flow for the two laboratories at KOPRI and the installed positions of PaMo

#1 and #2.
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particles L3} 2¢}gF 199 particles L' 2] A7+2 1
AHH 1b). FAAPE A Al BEh0) B
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Fig. 2. Hourly averaged airborne particle concentrations

(particles m™) in two ice core research laboratories at KOPRI

monitored by (a) PaMo#1 and (b) PaMo#2 from 29 March to 24 June 2018. The upper limits of cleanliness classes

defined by ISO14644-1 and FED-209E are indicated

with dashed red lines. (c) Outdoor air PM2.5 (g m”) de-

termined at three different sites (Songdo, Dongchun and Gojan) near the KOPRI building are displayed.
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Table 2. Correlation coefficient matrix for the airborne particle levels monitored at different sites. PaMo#1 and #2
counted the numbers of particles larger than 0.3 wm in two laboratories at Korea Polar Research Institute (KOPRI),
compared with PM2.5 measured at three different sites nearby the KOPRI building.

Correlation PaMot#l PaMo#2 Songdo Dongchun Gojan
coefficient
PaMo#1 1 0.61 0.51 0.52 0.47
PaMo#2 1 0.79 0.79 0.77
Songdo 1 0.94 0.88
Dongchun 1 0.93
Gojan 1
7] Ate] 9] &2 ] A= 979 WA w27t
N A BH) S WEATE 78 2900 A B
olEth
3% 32 9)7] PM259] H5& F7to] wh HshAl
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g 2 Uik 2 F2bel A PaMo#l19) = WS
54 A, A2, ABAHEG2L A 1%2F99% Fhe Bk
% T © 2 7= AR} 29 (box and whisker plot) 0.2 #
Astqick Wat g AL ©)7] PM257}15 ugm” o]
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B e T e AEEE R 9ol PM257} SpekEA A9
- A 2] A 7t 9] Z71813 01 IS0 5 (Class
<15 15t030 30t045 451060 >60 2 Hlglo = QA

PM2.5 of outdoor air (ug m3)

Fig. 3. Abox and whisker (1st and 99th percentiles) plot
showing the increase of the particle concentration in the
cleanroom laboratory due to outdoor airborne particles.
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Fig. 4. Relative humidity and temperature monitored by PaMo#1 and #2, compared with Automatic Weather Station
data at two different neighboring sites (SiHeung and SongDo).
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