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ABSTRACT

Microbial damage and contamination in apartment buildings causes respiratory and skin
diseases to occupants and may cause aesthetic damage to buildings. Remedying microbial
damage in apartment buildings requires a lot of time and money, expertise and the process is
complex. In this study, the possibility of microbial control was confirmed by applying the
405 nm LED module to the ventilation system for apartment buildings. The ventilation
system has been used for one year, and the contamination condition was confirmed visually.
A 405 nm LED module developed for ventilation systems was installed on the OA side to
confirm the reduction effect of airborne microorganisms from outdoor air and the microbial
contamination that may occur inside the ventilation system. The airborne microorganisms
were sampled from the outside air and supply air diffuser. Also, the surface microorganisms
were observed by sampling from the Pre, HEPA filter and the heat exchange element
surface. In terms of the overall reduction rate, surface bacteria were reduced by 45% and
surface mold by 90% after the LED was irradiated for 3 weeks. In the case of airborne
microorganisms, both bacteria and mold were reduced by 71%. The heat exchange
efficiency was 95% on average before and after LED module installation. Therefore, it was
confirmed that microorganism control is possible with an LED module using 405 nm visible
light, but long-term irradiation is required.

F820]: £7 & B3 0|4=, 405 nm LED 25, A&ds, 7142

Keywords: Airborne and surface microorganisms, 405 nm LED module, Reduction performance,
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Figure 1. Plan of experiment space and measurement target

405 nm LED Module
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Table 1. 405 nm LED module Specification

Measure Value

Peak Wavelength (nm) 403.8
Centroid Wavelength (nm) 406.1
FWHM (Full Width at Half Maximum) 12.29
Intensity (W/m?) at 10 cm 23.26

Dose (J/em?) for 7 days 1406.6
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Figure 2. Design and installing of 405 nm LED module
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Figure 3. Sampling for surface / airborne microorganisms and air flow rate
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Table 2. Reduction rate of airborne microorganisms according to experiment

reduction rate (%) bacteria mold
control case 19 38
1% week 99 (OA-TNTC) 53
2™ week 28 63
3" week 52 67
Airborne Bacteria mOA mSA Airborne Mold @OA mSA

Concentration(CFU/m™)
Concentration(CFU/m®)

m lm [m

Control st week 2nd week 3nd week Contral 13 week 2nd week 3rd week

(a) concentration of airborne bacteria (b) concentration of airborne mold

Figure 4, Concentration of airborne microorganisms according to experiment
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Figure 6. Reduction rate of surface microorganisms according to experiment
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Figure 7. Surface microorganisms according to experiment
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Table 3. Air flow rate of ventilation system by installing 405 nm LED module (before/after)
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Figure 8. Air temperature of ventilation system during experiment

764

Journal of KIAEBS Vol. 14, No. 6, 2020



Evaluation of Reduction Performance of 405 nm LED Module for Airborne and Surface Microorganisms on Ventilation System

28

2 AN IR E o= 77 2 39 nA=o] theh 405 nm LED 2-&9] A
s ARE Agetgit. oF 17 ARSSE wet 371X E tdo 2 spolom g A
QP E FHolsIItt. EH UAYE-LS Pre, HEPA ZE| U Qw3 42 EHo|| A A5
HUHH ol -7 nE2 9719t F7] bk AEHste] BUE st

H5 nPE2] 7H-2-olli= ZF case HTF OA tH] SACA] F-- Al 20~50% A7 = 3.2
™, B 380 40~67% AAEIGITE 405 nm LED 7+ AF= SACA 9] 555 7|2
= b F5 Al 2go] B 71% 7= Sl

B uEC] Feolis B Al Fgo] BF et Aokl AR HEEFS

LED 7Fgol whet H2} 45tk Pre e A2F Alo]of] 9213 HEPA EE{of|4+=LED
7hsel wet A2t Aastrt 232t S7Fohe kS et =T, oldle Al 5448
3 AA 0] gJgko 7 2AA T 71432 9 LEDY} 755 A] gtol et @At &7
LED 7HA[3go] 23421 0 = ZAME™ OAS2] 7 ofell 91213t Pre MEl= 2 52
ZJE$L 0L LED 7Fsol whet ZAa-shalet. 4214 0 2= W Alito] -9 45%, B 578
°]2] 79 90% A== A 02 Pt B nppE0] A, A9 ol A7
7IEARGER 0 H @ o] gho] H i Siaellt w2 A EJJ— UERHch E=SHLED B E
O A=A o) T FHE U Qe 5ol & YIS 1IRA] = A o= e

2 o= AA 71 49] 405 nm 7HAPE LED 2] 21§ P—** = mpefstalct. ARt
= BE-0 AJ§-8.0 2 ZR|71405 nm LED 7|33 ZAIS Sof] dA550] 27 ant= skelst
ot iES] A%} Fo| e A o= ek TS %749} H BES 7% UVAL,
UVC-LED 59| & 0] tldEate H|wgZo] ZIegk]ojop itk LEDO] AR/ 2 At
A& B2 HEs ARIsto] Hgdhtd AFARE Eet ARgo] olat 21 o = e,

of
i

Lrﬁ
»
e

% 7]

o] =20 2020WE FE wEE7|&REY dAH] 2 A(IAHS: 20RERF-B0822
04-07)°1| 2Jgt Ax}e] AFQ],

References

1. Bang, J.I., Kim, G.H., Jo, S., Sung, M. (2017). Investigation to establish guideline for
diagnosis of mold contamination in apartment buildings. Journal of Korean Institute of
Architectural Sustainable Environment and Building Systems, 11(1), 45-51.

2. Bang, I.I., Kim, J.H., Sung, M. (2019). Analysis of the Microorganism Sterilization

Effects of 405nm LED on the Heat Recovery Ventilation System. Journal of the
Korean Society of Living Environmental System, 26(6), 851-858.

Journal of KIAEBS Vol. 14, No. 6, 2020 ¢ 765



Evaluation of Reduction Performance of 405 nm LED Module for Airborne and Surface Microorganisms on Ventilation System

10.
11.
12.

13.

. Hwang, L.T., Kim, H.G., Kim, M.Y., Ann, T.K., Park, J.C. (2015). A survey on the

contamination of ventilation duct in apartment houses. Architectural Institute of
KOREA Planning & Design, 31(8), 113-120.

Kim, J.H., Bang, J.I., Choi, A., Sung, M. (2019). An Analysis on the Effect of Mold
Sterilization in Apartment Using 405 nm Visible Light LED. Journal of Korean

Institute of Architectural Sustainable Environment and Building System, 13(6),
590-598.

. Maclean, M., MacGregor, S.J., Anderson, J.G., Woolsey, G. (2009). Inactivation of

bacterial pathogens following exposure to light from a 405-nanometer light-emitting
diode array. Applied and environmental microbiology, 75(7), 1932-1937.

. Murdoch, L.E., Maclean, M., Endarko, E., MacGregor, S.J., Anderson, J.G. (2012).

Bacterial effects of 405 nm light exposure demonstrated by inactivation of Escherichia,
Salmonella, Shigella, Listeria, and Mycobacterium species in liquid suspensions and
on exposed surfaces. The Scientific World Journal, 2012, 137805.

. Bang, J.I., Kim, G.H., Jo, S.M., Sung, M. (2016). Experimental analysis on the

infiltration of airborne mold and particulate matter in newly-built apartment, 2016
Autumn conference, Architectural Institute of KOREA, Busan, 1302-1303.

. Kowalski, W. (2010). Ultraviolet germicidal irradiation handbook: UVGI for air and

surface disinfection. Berlin: Springer science & business media.

ISO 16000-17. (2008). Detection and enumeration of moulds: Culture-based method.
ISO 16000-18. (2011). Detection and enumeration of moulds: Sampling by impaction.
ISO 16000-19. (2012). Sampling strategy for moulds.

ISO 16000-20. (2014). Detection and enumeration of moulds: Determination of total
spore count.

ISO 16000-21. (2013). Detection and enumeration of moulds: Sampling from materials.

766

Journal of KIAEBS Vol. 14, No. 6, 2020



