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Estimating the Impact of Plant Surface Area Increase and Physiological Activities

on Fine Dust Purification™
Deuk-Kyun Oh?, Sung-Soo Lim®, Jeong-Ho Kim*"

2 o

1 AT Aol ofg vl F7le) Alejago] nHRIA] sl ulAl Aake 4s] Slele] tETHContrl;
Type C)= AAslL, JJr A A E(Spathiphyllum wallisii; Type P)3} Q12 AlE(Artificial Plant; Shape of Spathiphyllum
wallisii; Type APy Z-§5to] nlAHA] Aok AT S4SHL vl - ‘d“é}oﬂq a 7:‘3} ZF A mAEA]
Aslo] A0 A]7P° Type o]l H]3lo] Type AP 57~64%, Type P 31~32% 2= F2519T} 0], LMM(Liner
Mix Model)& 2-8-5to] 2t A7l AlRbAstof whg we28-5 At 2y, 4%@%7@} AZHHSKPMIO : t=3.123,
p<0.05, PM2.5 : t=3.180, p<0.05), 2|27} AZFASHPMIO : £4.065, p<0.05, PM2.5 : t=4.307, p<0.05)= EA/H o=
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ABSTRACT

In this study, to estimate the effects of plant-induced surface area increase and physiological activity on fine
dust purification, a control group was set up. We utilized both foliage plants (Spathiphyllum wallisii) and
artificial plants (shaped like Spathiphyllum wallisii) to measure and compare the purification time for fine dust.
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The results showed that the time required for fine dust purification in each experimental group decreased by

57-64% for Type AP and 31-32% for Type P compared to the control group. Subsequently, using a Linear Mixed

Model (LMM), we tested the interaction between time and each experimental group, revealing statistically
significant interactions between surface area increase and time(PM10 : t=3.123, p<0.05, PM2.5 : t=3.180,
p<0.05), as well as physiological activity and time(PM10 : t=4.065, p<0.05, PM2.5 : t=4.307, p<0.05),
indicating the presence of interactions between each factor and the time variable. Finally, we estimated the

efficiency of fine dust purification by plant factors through nonlinear regression analysis. Compared to the

control group without purification factors (Type C), it was estimated that surface area increase shortened the

purification time by 1.40 times and physiological activity by an average of 1.95 times, resulting in a total 2.74

times shorter purification time. Based on these results, we hypothesized that physiological activity(transpiration

and absorption) has a greater impact on fine dust purification than surface area increase(biosorption).

Accordingly, we emphasize the importance of vegetation management practices such as pruning and irrigation

management in green spaces aimed at fine dust purification.

KEY WORDS: LINER MIX MODEL, DEPOSITION, ABSORPTION, PHYTOREMEDIATION
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U] A HA| = Ao wg} PM10, PM2.5 502 LHS}HH,
PM10< 1,00052] 10mmET} 22 WHx]o|n], PM2.5=
1,00029] 2.5mmXt} 2R WA 2, H7= 2 A9 1/20~
130 =7]Hc} 2R Qixpol). o|glA| A2 Yrjo] EAo=
glsto] 217t} 25715 &5 Az g B Ad4e
2 Aol FElo] 557 ek} A3t 9 27Arg
7ol & FFE A= AR HaEal ¢l on(Nawahda
et al., 2012; Bennett et al., 2019; Sarkodie et al., 2019),
oo tf-3st7] fIgk thekgt A7k K= ok

AW ol gt mAHA e A, 224 HEE
o] &3k X} AR e 7 F3rt 7, dEHE
o]-g3k o} 7S &8 A i) FEE FUIH R
WA oF Bz AAA EA7F Qlom BEZL AR wA|E
A gkow Hejof AE HAof| A thefet njAfEo] ity
o] 2z} @ &o] WA= EA7} QJthKim and Kim, 2023).
R Ao 1M - B2 AL R s vlAlH
Aol it J3t 9 30| A o® ZithEth

Syl ol Hgt mAA o gt tf-g-C2 HlAHA|
ZAE e, mAEA] A v v, mlAlHA] A 2
wejof] wek 5N A T ohFet WS- F(Ministry of
Environment, 2018)2 A|A|S}L Qlom, AklH, A2Algat
ok, =9 e 5 kRt 7)ol A EA] mlA A
AR O] mAle mAIE, 17 ol gt At
thoFslA 8= 1L Qlth(Koo, 2019; Korea Forest Service,

2014). AR = A 7|2 ol mlAlEA] A7 91t
thoFst o3-S A A|(Seoul Institute, 2018; Suwon City,
2019)8kaL Ql=t, TheFet Hale)] FeH o= AL Q=
Ao| AAAL 1#Tt Al &3 EY(phytoremediation) o]t}
(Woo et al., 2023).

g Edole, Aee] vt 28l s Hrled

=85 Aolole A& ©olw, Aeol sl vAHA|7}
Aotele iAvEeRe A S F2F 12a gEl

ot o7 Tt AAtEel Qs HarE]al gtk g7
2k2 9l 5o 7oA st AR uAHA| 7}
Qo] 7lFel Yol Sl AL ok, FER|AR
AlE 9 0] 9 FH, £719F 7HA] ] EHA uMHAIE
FrotEAY Habel= & Jn[gth(Cho, 2019). H]A|HX]|
AotsgolAe= AlE Foll wet Zole o, bW #HA
A aEmat Pl o) ) uAHAE HHA )= Tl
o7 d4HA QJtiMcDonald ef al, 2007). ufR|2to g2
of o3t nlAHA] F3te] A, A=Y B
482 7] F BEE =015 8R0EA £ HEs
7% AlAHA] JAre} dtsto] FAYA 7oA Ew
el Aom AR, I U AlE 2 AR 8l
AEEY S7H= vlAEA] AFAIZE G5 &t
Ao 7 HIEtHKwon and Park, 2017; Kim and
Kim, 2023). #9t op2} gedel ol Bk S0l
TAHAE A7]14 QlE o= tAstete] F7]|4gstantrt
Qleo] X|&AH o7 o] Yrh(Park et al, 1998; Lee,
2003; Lee and Yoon, 2003; Lee, 2004; Jin, 2005).
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Al=0] HlA|HA] Fotol] Bt X AEFCE, AleS (P.P)& 3H& 9 E¢Fof o3t WA F7L Al=9 d&dt
golo] AR ARE 9T S Koo, 2019 AKBH 24 5 chrE AARE Hasial] 9ijod
Cho, 2019), u|HqHX|7} A& u]x]+= %&KSon and Nam, 35(AAE 13.3cm, A& 10.7cm)2 AAs1H o, oz
2020; Woo et al., 2023), A1=2] u|AHA] A5 H7HLee Tole Ut FujH|E B ST S-S e A
et al., 2015; Kwon and Park, 2018; Kim ef al., 2018, Kim 2 vjA]3}h A RAET} AlE vR|of ok HHA =7}
and Kim, 2023)°] FAZ Tpoil chzolAln ok v, wke] BAE Sfaiol, AXABE AEoR Awe| FAS
QEF7E 9 A Fol A uAA A S8 e FTUS =27] A 9 T 23)sHl o w(Table 1), 44

o[ 88 W, B0 T W T4 vnE Fo ofn
wpAUZo] o= gi=e] Qg njX|x GiA] mefsh ol
= sl QR AlRgge] mE nwA) B3 9 84

S BA517] 913t A7 (Kwon et al., 2020)7} ZA5,

UZa ERAYZ0] 27 o=y me nlgR uAnAS
Hokstien] Yot Hoke A nlAIat Aotk

ofo] £ AT ML ARl o]Folx|t ulA XY o)
AUZS B} Yol agoR TRelo] A5 ulHu
Yok ofAUZE ESE BT nARd AdS g
SR D PARAY A L Tl e 124
22 ATl 1 =Ho] girt.

2 A7 AFA o] 48 WH(Vol.: 2.04m'; 1.43 x
0.73m x 1.95 m) 355 AX|sto] HdFit o =ig
© FF= FHAageilon, Be A 542 A9
85t A= giz(Control; ©]5} Type C), Q1%
A& vl 2|7 Artificial Plants; ©]3} Type A.P), AulE|LE

Hj 2| 7H(Plants; |3} Type P)2 23} 2m, Qx4 Hl
AL ARWATSL BUT 2utel B Spathiphyllum
wallisii) & €] 9] Z 3K Artificial Plant) 2 543517 A5
oh TS BIXE AES Al B A= flsto] 171
EREEe AR F Aol Baelsth

Type AP.SF 2] 20 B8l S Eepie A1

Table 1. Characteristic of Artificial Plants and Plants
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Average Characteristics of Plant each Pot

Average Area

. Number of
Division Plant Height(m) éerae?( H(l)z§ Nﬁgk;f;a)of of Leaf(izz;ch Pot Pot(ca) LAL
Type C - - - - - -
Type A.P 0.354+0.024 0.0075+0.0035 13.0£0.0 0.0979 57 5.3156
Type P 0.366+0.080 0.0074+0.0041 13.0+0.0 0.0964 57 5.2337
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Table 2. Experimental composition method of particulate matter purification efficiency

Division Type C Type A.P Type P
Chamber (L) 1.43 (W) 0.73(H) 1.95
standards (m) (Vol.) 2.04 m?
Temp. (°C) 25+0.5
[llumination 1300462
(Lux) o
Artificial ]
Plants Plants
Protocol Control (Shape of  (Spathiphyll
Spathiphyllu  um wallisii)
m wallisii)
Remarks - 30% of vol.
wslol] v FFE BAST £ WA BACIAE ol Hom BE FARAS Adustol AR 9l
2AAIRY nAvA ool ol Hasle] ERd  AE: 9oEHE %S Agshgrh
= Al A=) Afalgol mAHA] Ao mAl= 9%
o =35
= T o AN -
zd7nl ol F
OAITA 2 A RS ARITLee, 2004)E TT}o] st i H a3
HYog AXslglon] B ASS o 1okE EHE E35 ) _ .
e e T ST 1 2t e x| S ME 27| Y S
of UNFAAL] M A71Z G0cc AT AT st HES
Tk o], A ) AZ3 37 eeke flste] 2% 371k AR 2z ul WA BEEES Type C 949ug/m,
< = = = =lod 5 3 -
“7]? f/\]ﬂ @ 6?“1 71%;&“3;2 U]Aﬂ?j;]c(f:?/[j;’ Type A.P 999ug/m’, Type P 999ug/m’" ¢l o, Zwn|A|HA|
10) Hagumet 2L WS nF ASSAL LAEL S ge) e Type C 634uy/m, Type AP 638us/m,
2 Air Quality Monitor M2000 (Temtop, China)& &85 Type P 718ug/m'Ql 21 ZAEgich. & Ado A A4 2l

gom, 3& tAer SASH 4 Iy 7=
[2E] o]sl7} H= Aol £E(PM 10; 80 pg/m' o]3},
PM 2.5; 35 pg/m' oJshstlom, F 63] W24kl

2) EAurH
245 Aus A2 uARPMIO, 2.5) & W}

of thgt Zpolo] FAAQI HlwE fI5te] SPSS 27(IBM,
USA)e 285130ty &4 R A= ddufA ikt a
(ANOVA)< Fdto] Agtol FE 27] nlAHA 9 &
Lof Aok AR FAA AfolE AASHoH, APE
3tH & (Linear Mixed Model; LMM)S- £33} AgtdH E
AEEHASTE A nlAHA] Ak e AR L
28-S ARG ojnf, Y S WA St
(815=0. 3U==1), BAHQIE=0, U= = ®5F ¥
T2 QYstglon, ol g MY E Type C(0, 0),
Type A.P(1, 0), Type P(1, DE Hgsto] YJsgich o<,
LMMo| whe} A F3s; QA7 2pol7} w oAk
o Slol gl 7%, At 414 Zpol& &Rlsty| <
stof, v AR S AEA QA WA A)S Sl ARkt wE
HAHA] FEHste) B4 F7HE o R A ESIT 2F

1 O

© & BEQE= ulAHA| o] FUslof stEE FoH mlA|
Aol 2713 FAA SR vt A3}, PMI10(F=0.986,
p>0.05)3} PM2.5(F=2.394, p>0.05) L= Eleko] E4| 2]
o7 zpol7} ¢l Ao UERGTHTable 3).

Table 3. Air Environmental Characteristics Before and
After Fine Dust Introduction in Each Experimental

Type
Division Before” After”
Type C 28.2333a” 949.4667a"
PM10 Type A.P 29.9667a 999.0000a
Type P 32.4000a 999.0000a
Type C 18.6500a 634.3000a
PM2.5 Type A.P 20.4000a 638.0167a
Type P 22.3167a 717.6500a

z Means followed by different letters indicate significant
differences using Duncan's multiple range test at 5%
level(n=6).

*PM10:F=0.265(p>0.05,), PM2.5 : F=0.486 (p>0.05)
**PM10:F=0.986(p>0.05), PM2.5: F=2.394 (p>0.05)
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2. &8 DIMIHX| Fat et £

ZF A uHA7E Sy #4715 2E(PM 10; 80
pg/m' oJsk, PM 2.5; 35 pug/m’ o|sh o &2 WHalsh=t] 4~a%
A7+ PM10L Type C(215+35.335) > Type AP(138+13.55
) > Type P(66+3.315)2] 4209100, PM2.52] 7% Type
C(260+37.685) > Type A.P(149+13.515) > Type P(84+5.82
9] =o]lth(Table 4).

oAzl AsHE A8 A7 EAS YAHOE Aus
9, tjzto] Hste] Type AP 57~64%, Type P
31-32% $Z0 7 Aslo] AQEL A7to] 7hAst AL 3
ek &= ALt ol B W A FUHE g ulAHA]|
7} 52HE 71371 dA8] S| fEIA LR o AdE
2tk Type A.P9} Type PE H|WallS o, SUst A&
Fejot FUT FHHE 7HHSoll=E F3}F A8 A7ko] AA
3] Zpol7k = Mk AIZE HAFo A Type P7} t& Qg3
ol RIS YEHE A2 A1Ee] Aejakgo] olato] mAH

Al Aot He AR ;ﬁi}ﬂ‘ﬁé’. = T4k

3. *"='01I °I3JE o S7tet M2|2kE0| OIMITHX| Het

AR 74;40]'7] Hol’oﬁ AR(DJ SEARE RS
HIERO 2 3 LMM(Linear Mixed Model)S &-§-5}31, A9
7 $UEAISA—ERNY 271 S PPA-NIAE &
)3 A7PAsH wde] MBS AAFHATK Table 5)

O Ane Awuw, TEE Z7h 95 (= 598, p>0.05)
oF ARIHE $H(=-4T5, p-005)= FAHOE Holal
ke Moz BAEOL}, AZPESK=-10.006, p<0.05)
FOI8 AR et o, uAEA = F Akl
F4HOR Bl MRl 2t A Bt vl ol
g7] miEl ACR o= QU Wi, W Friek AR
WBH(PMI10 : t=3.123, p<0.05, PM2.5 : £=3.180,

p<0.05), Ay22-g1} AIZFHIH(PMIO : t=4.065,
p<0.05, PM2.5 : t=4,307, p<0.05)= EAH o= 9o
ghZAom FAEo] 7t Qluf AXHHO] WoARgo] Qs
= I 4= Uitk olof wheh AT §3 1t Al

£ AR FEHSHs FAH SR Fo3t 2ol7} itk
= HE7HEE A9 5 214 W A SR A
2k-g-o] BA A= WAL Fold 4 gl %1] OIL
‘EHA 7 glowA] Aejakgo] EAs T= &
A& 4= gleb= 24 A &gt Aoz 3 ﬂ%ﬂ E3t,
THFA 42 AR T (Figure 1) AR, 7}

AR nAEA] SE W ZAPHS =1 9lo] 4

S

4

Fl‘

oz et ed FAsk=t TA7E ol v AR
e B AEE FASHI
4, HIMHE|1HEMS 280t DIMTX| ot 2
22} Adrd AR sk S& Ao s LAs)
7] $isted l*doéﬁﬂf Ae AAlste] 22 A wEE
TE31913, 1 AVM= Table 33} 2ok o] s A %E
ey, BYa SAge] APes dyske duEe
PM109]| 4] 0.742~0.833, FZH-& 74.905~217.971(p<0.05)<!
o

ZoZ EXETt PM2.5 3 0.724~0.8422] A
UEN 1AL, FEE2 90.256~270.889(p<0.05)Z LFERY AA]
i HARGS AN £YTL ARSI Table 6)

A Ul A=l ol 212 F7P7F vjAHA Aot
U]l QRS AAoR Abn] Slske] Type CoF Type
AP WY ApE AHEH, vAWA] F3lge] 7H
2 g u|A]= 12} oA Type C= -17.7920]1 Type
AP+= 243522 I/PH-L} Type A.PoJA] €F 137%(1.374})
etago] o 2 A2 EAEU: 2uAwAe] A5
12} g}of| A Type C= -11.4110]H Type A.P= -16.364%
UHER Type APol|A] oF 143%(1.438)) Astagol o 22
7)4\9_; ‘:'/HFJ E]. u 4 /\ﬂa Jg)_o] u]/\ﬂni;q 7<4§]-oﬂ u]
A REe A7) 95kl Type AP} Type PO] mge]

Table 4. Time Required for Fine Dust Purification in Each Experimental Type

Time taken of fine dust pollution purification(min.)

Division M(SD)
Ist 2nd 3rd 4th Sth 6th

Type C 195 192 168 234 261 240 215.00(35.3270)
PM10 Type A.P 141 144 153 132 114 144 138.00(13.5499)

Type P 75 72 66 60 63 63 66.5(5.8224)

Type C 240 237 210 282 312 282 260.50(37.6816)
PM2.5 Type A.P 147 153 162 144 126 162 149.00(13.5055)

Type P 90 84 84 81 81 84 84.17(3.3116)
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A4-2 vlmws) Bw, PM10o] 4 1330] 2 Type AP - 5 FEAZ
24.352, Type P —48.6492 2F 200%(24}) *}[o]& LERHOH,
PM2.59|4] Type A.P ~16.364, Type P -31273.0.2 191% = Ol Al Sfgh $2b W A S7ket A
(L9188 ABHEE Xjol2 Lrepolc 2pgo] uAwA Aol mXE GaFS FHH7] Slstel
=, dxAE, Hes B85t nAuALdd Fe
Table 5. Final Model for Changes of Fine Dust Over time with Factors by LMM
Division Variables Estimate SE t P 95% CI
L.S.A. -55.1655 92.2445 -.598 554 -243.7304~133.3993
P.P.A. -46.8674 98.7489 -475 .638 -246.7986~153.0637
PMI0 ije -34.5517 3.4532 -10.006 >.001 -41.3847~-27.7186
IL.S.A." - Time 7.5615 24214 3.123 .003 2.6981~12.4249
P.P.A."" - Time 16.3309 4.0175 4.065 >.001 8.3613~24.3004
I.S.A. - P.P.A. . . .
L.S.A. -21.1606 75.0406 -.282 .780 -132.4704~174.7915
P.P.A. -27.7735 76.7468 -.362 720 -183.9732~128.4263
PM2.S Time -22.8770 1.9932 -11.477 >.001 -26.7978~-18.9562
I.S.A. - Time 5.0022 1.5729 3.180 .002 1.8843~8.1202
P.P.A. - Time 10.3306 2.3987 4.307 >.001 5.6062~15.0549
I.S.A. - P.P.A.

*LS.A=Increased Surface Area, = P.P.A.=Plant Physiological Action, Cl=confidence interval, SE=standard error.
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Figure 1. Horizontal Cumulative Quartile Box Plot by Experimental Composition Method.
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Table 6. Expectation Purification Efficiency Model Based on Experiment Type

Division R?adj F Model
Type C .833 217.971%** y = -17.792%%%y + 118***y2 + 759.466***
PM10 Type A.P 142 74.905%%* y = -24.352%%*y + 241¥¥*y2 + 693.037***
Type P .825 89.21 1%** y = -48.649%**y + 968***y2 + 667.799%***
Type C .842 270.889%** y = -11.411%%%y + .069***y2 + 506.976***
PM2.5 Type A.P 154 83.901 *** y = -16.364%**y + 160***y2 + 461.210%**
Type P 124 90.256*** y = -31.273%*%y + 606***y2 + 440.288***

* 1 (p<0.05), ** :

F SEHEE BEson], AU

=]
MM, WATHALAL TEolel, 2] T
Z719k Aeiargol uAHA Azl Ak GFE B4

ek

O A3, Z7F Y AE 870] 30% 2 B He ¥
2 S7HR gt vAEA] SRR izt ] oF 140%9]
Ao veglen, A5 Azl osiis o
& EHASTE Bk oF 200%9] FitasS Ui Zlew
A E QT Wk ofyel, o] ZUA|HA|ME FUT
AE e ST

LMM 751].% EH_Z\_rrLg]. Al E 4 I 457]. ol /\ga]xl-sl
of st 22 AdF7E Al ﬂoﬂ w2 mAEA]
Aot Apol7t B SAAC R fogtow L‘rEP"]rOﬂ HJr
g}, ®e AdTe nAA] AIEAC] B tas
o 5= SISl o] & Fsto] AlEo] §AF A Ul*ﬂ‘?i
£ Asst=dl 5 2.7499] AT Aee 7HAAL 9l
Aog AitEglon, Jot viAYZo| wE &2 FHH
Z712 1404}, A22Re-0 2 P4 1.958)9] ASAI7HS o
@6t Aor FAHEUT AT §E #ude Ad
W5 HEL W nAHAE JAA7|= sEol 2A4
u} o] Fuojr) W xjo]E Ho|7| ul&Eof(McDonald et

1, 2007), & 4 <l WA HAE Tefstr] flgk =71
ﬂ?ﬂ Jéﬂa Ao 2 AR E QT

o] volrl, Aol = mx]oA AE9] et
AUAA =2 735 A=Al ot et 572k <
Az Qlsto] Fstago] A4 4= lFo] Hilko], 174
Soll &gt A= o) T Zetellol & 291 Ao|
o} E3F v A= o] A A 9l Aslet Hkgof o]
5, o /\EEﬂ/\ Qo= A-&(Woo et al., 2023)3}
b2 nNHA Wl tigt A= A&EH 02 St
ofof ot Ao g T o|HTF AXko] AAF| o ® 1
AR 43} 75 FH O R sk l"-1101]/‘1 273t vlHg
9 IS Fote] Ao kg wE wAwA]
A3t 715w Sdstele Ao egad /\EE AL ] T}

r]r N r_

_\1

(p<0.01), ***: (p<0.001), y=PM 10 (¢g/m’), y=Time(minute), n=480
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2ol 2x] % ThE V19| GaES HAEYcH Bdel

EABIGATE. B offe), G| A9, 9 weln ) s
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