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ABSTRACT

With the issuance of one-week fine dust emergency reduction measures in March 2019, the public’s anxiety about
fine dust is increasingly growing. In order to assess the application of air purifying plant-based bio-filters to public facilities,
this study presented a method for measuring pollutant reduction effects by creating an indoor environment for continuous
discharge of particle pollutants and conducted basic studies to verify whether indoor air quality has improved through the
system. In this study conducted in a lecture room in spring, the background concentration was created by using mosquito
repellent incense as a pollutant one hour before monitoring. Then, according to the schedule, the fine dust reduction capacity
was monitored by irrigating for two hours and venting air for one hour. PM;o, PM, 5, and temperature & humidity sensors
were installed two meters front of the bio-filters, and velocity probes were installed at the center of the three air vents
to conduct time-series monitoring. The average face velocity of three air vents set up in the bio-filter was 0.38+0.16 m/s.
Total air-conditioning air volume was calculated at 776.89+320.16m’h by applying an air vent area of 0.29mx0.65m after
deducing damper area. With the system in operation, average temperature and average relative humidity were maintained
at 21.5-22.3C, and 63.79-73.6%, respectively, which indicates that it satisfies temperature and humidity range of various
conditions of preceding studies. When the effects of raising relatively humidity rapidly by operating system’s air-conditioning
function are used efficiently, it would be possible to reduce indoor fine dust and maintain appropriate relative humidity
seasonally. Concentration of fine dust increased the same in all cycles before operating the bio-filter system. After operating
the system, in cycle 1 blast section (C-1, 3=—3.83, 3=—2.45), particulate matters (PM10) were lowered by up to 28.8%
or 560.3pg/m’ and fine particulate matters (PM,s) were reduced by up to 28.0% or 350.0pg/m’>. Then, the concentration
of find dust (PM,o, PM,s) was reduced by up to 32.6% or 647.0ug/m’ and 32.4% or 401.3pg/m’ respectively through
reduction in cycle 2 blast section (C-2, 3=—5.50, B=—3.30) and up to 30.8% or 732.711g/m3 and 31.0% or 459.311g/m3
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respectively through reduction in cycle 3 blast section (C-3, 3=5.48, B=—3.51). By referring to standards and regulations
related to the installation of vegetation bio-filters in public facilities, this study provided plans on how to set up objective
performance evaluation environment. By doing so, it was possible to create monitoring infrastructure more objective than
a regular lecture room environment and secure relatively reliable data.

Key Words: Particulate Matter, Temperature and Humidity Change, Required Ventilation Volume, Standard Téest Method,
Air-Purifying Plant
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Figure 1. Drawing of vegetation biofilter system mockup
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Table 1. Vegetation model planted on the biofilter panel

Species Quantity Species Quantity Species Quantity
Asplenium nidus L. 1 Rhapis excelsa 4 Flcus benghalensis 1
Dracaena marginata 1 Dracaena fragrans var. massangeana 15 Syngonium podophyllum 24
Chamaedorea elegans 10 FEuonymus japonicus Thunb., 7 Epipremnum aureun 35
Ficus elastica Robusta’ 43 Spathiphyllum wallisi 19 Euonymus japonica " Albomarginata’ 7
Dracaena concinna “Tricolor Rainbow’ 2 Hoya carnasa 66 Ardisia japonica 1
Dracaena sanderiana ‘Victoria’ 24 Nephrolepis exaltata 1 Columnea gloriosa 2
Fodocarpus macrophyllus 4 Schetflera arboricola 1 Ardisia pusilla 7
2. Ay B2 AdWg7]E wikste] wiAuA =5 dds skt
(KS C 9314:2013 &=x). 327] +& A5 me} tiz=+ 4
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Aol A 628m’, AH 33273m'e] BEASOR A g 272 33 whisle] 9AHS B9 RUH R 44t
2E g7kl 2040] FH|EFCH, vo] 2BE UL FHS th o]= o o] Quk WH=Eol nlo] QWE] A]AE ¢
e HEE 95 Al AXE At Figure 2 #3). ZUE 27 FEZAS AT Hwsly] 98 4R Aoy, 337
B HelBH AT A1 LU BE FEOR e pRE AAY BUEY A9aL v Pt
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2 Fx). vo| Y A% RUHHS 3X2FF e T ) BUHF oz} Fok] 7u|E 1, 28 A} ol dAk Al
54 YAV SHEEE PMy, PMys 2 AUl 2550 dieh 471(SidePak Personal Aerosol Monitor, TSI AM520) 2
AAE WstES FFEIT LA BEE s 2713 3l e 47 PMs, PMy 22 271 A" 2T
= FAl ﬂié Ao, Aoy 2715 A 2ol st ) A4 wtel R BH B¢ FFlA AR Ao 2EE A
of, A% WEHe A L9 AW 1Y Y s A(Temperature and Humidity, ALMEMO)& 717+ 2m
g #A2 9 392 2YHE 099 AZ7] % o|A8lT, 34 AMRE AN 15m Eolo] TH w0
71¢] #ol& 1hmE 371347 57k#E(KS C 9314:2013) = (KS C 9314:2013).
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Figure 2. Performance evaluation testing room for vegetation biofilter system
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Table 2. Specifications of the monitoring system

Mlﬂtifunction measuring Air flow probe Personal aerosol monitor Multifunction measuring Temperature and humidity
instrument 1 instrument 2
Image 1 e ——
) =
Model TESTO 480 gi‘go%ggmoi‘g TSI AM520 ALMEMO 2890-9 ALM;%%S;@TYNW
Range 100 - +100hPa 0 - +5 m/s 0.001 to 100 mg/m’ ! inpu;ﬁ;f; V12K Terﬁiﬁi; ;f%g;,gﬁ?c
0628 0143) & tiFAls 89l F9 SHAE S W Q= Vx Ax1,000 (41
sk, $FT Tl AXTH(SAREK A101-2011). o714, Q= Air flow rate( £/s)
e) $3F 7+ FYo IAE MY ZZHE dolg ZA V= Average wind speed(m/s)
(Multifunction Measuring Instrument 1, TESTO 480) ]l A= Duct cross section(nf)
Adgit
f) A AR 1AZE Aol 2718 Hstste] A Ldd 255 2 vAYRA RUEES 53 E2E APAHY &
S WESAL AEECIEE I $EE Jhgete] AulE AEole sy ARY S A&t T4 ol A&
718 74A S8AZITHKS C 9314:2013 =), A ARE HEOE SHHss TEHUT 71 FeAE 4
g) YA L9=4 WEH T RUHE QlZgE +F ke 7o R, vt 2ol AT 4 AUtHChol ef al, 2012
o}oq AAEG dolE 1S Azl A8 AR A
H 2AE(Table 3 #2) ol wet TAHHOE AFH o} Y=pX+e€ (2] 2)
Hlo| o JE| FZxA;MS et o}7]4, Y= Dependent variable
h) & 9A17ke] &9 EUEde]l 55 § 15417 52 14] = Independent variable
Zh AR, 2N RS WY, FUs A7kl T B B = Regression coefficient
UEHS 33 A& $ AdS TERIT € = Error term
) AE TE F 207 S Al2E AsS TA|ske] 2
o] Hgst 2 AHE R, 717 T £HE velH F B SHHT 29 IAAFoIH, X7t 3 &Y S7HE o
A DA 2E QA0 7 Qe QFE A3 33] HbE- TEUT YO B WS onjett AAT p= AR
dolelE A A8t 39 71271E %atH, SARY 25k ¥ 29Ed Fke
AAE kS B A9, poll mE Ay AFelE &
TERZTHE B8 AT ZHE It APH e g3k 28 F 9lo] BUEE A} B &gl
719 AH g onlstn, FEFTFH AILH Y A 7HsE B
2 H|F gt} ulo] S LE Q] FXFHL =Y &% T -
;i];i]ﬂ:f; ; 7]4] ) ;l C‘]]E;—E‘ ZOEL%Q OZC;‘:’;OPSZR(I)EIL( W. 2z = ad
= _— [¢] 10 0o H
A101-2011) oA Algahe thar AFE2lel Widste, 9 £33 | Z& gl Zat
Tl A BAE = TS A= ol A" FHE &
379 $FTE e, T FXRETHS TESACH Hlo] QPE O] FRF RS T RUHHEE £33 EE F
Table 3. Operation time table of the vegetation biofilter mockup
S?ri;?ttiic?r? 9:00~10:00 | 10:00~11:00 | 11:00~12:00 | 12:00~13:00 | 13:00~14:00 | 14:00~15:00 | 15:00~16:00 | 16:00~17:00 | 17:00~18:00
Pump On Off On Off On Off
Fan Off On Off On Off On
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Figure 3. Variation monitoring of exhaust air velocity during system operation

Legend: 00 1st @ 2nd 4 3rd ====- Average
A-1, A-2 and A-3 are not operating biofilters, B-1, B-2 and B-3 are operating biofilters.
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Figure 4. Temperature variation monitoring in testing room

Legend: —#&— Temperature ---@-- Air flow rate PPFD
Operation point of vegetation biofilter fan

A-1, A-2 and A-3 are not operating biofilters, B-1, B-2 and B-3 are ope-

rating biofilters.

(%RH) (m'/h)
3,000

% HH“ o
2,000

1,500

Hi 1,000
% §. 500

;fﬁi‘"“'i 0

) ‘iéb.o‘

0 i -500

R S S M S . @ R
RSN SN L RN AR BRI RN A A I N NPT (Time)

Figure 5. Relative humidity variation monitoring in testing room
Legend: —#&— Humidity --—-@-- Air flow rate

Operation point of vegetation biofilter fan
A-1, A-2 and A-3 are not operating biofilters, B-1, B-2 and B-3 are ope-
rating biofilters,
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Figure 6. PMyo variation monitoring in testing room
Legend: —&— PMyy --@- Air flow rate
Operation point of vegetation biofilter fan
A-1, A-2 and A-3 are not operating hiofilters, B-1, B-2 and B-3 are ope-
rating biofilters.
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Figure 7. PM,5 variation monitoring in testing room
Legend: —#&— PM,; --@-- Air flow rate
Operation point of vegetation biofilter fan
A-1, A-2 and A-3 are not operating biofilters, B-1, B-2 and B-3 are ope-
rating biofilters,
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