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Seasonal Changes in the Absorption of Particulate Matter and
the Fine Structure of Street Trees in the Southern Areas, Korea:
With a Reference to Quercus myrsinifolia, Quercus glauca,
Quercus salicina, Camellia japonica, and Prunus x yedoensis
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Abstract: The study investigates the correlation between the seasonal changes in the absorption of fine dusts and
the fine structure of surface on each type of street tree, such as Quercus myrsinifolia, Quercus glauca, Quercus
salicina, Camellia japonica, and Prunus x yedoensis in the southernareas of Korea. The absorption ranges of fine dust
were 31.51~110.44 pg/cni in January, 23.20~79.30 gg/cni in November, 22.68~76.90 pg/cn in May, and 9.88~49.91
pg/em’ in August. The absorption value was about 54.4% higher in January than in May. With the grooves and hairs
on the leaf surface and lots of wax, Q. salicina seems related to the high absorption rate of fine dust for each
fine dust particle size. The one with gloss and smooth leaf surface has a low amount of wax. C. japonica Pruwus
x yedoensisshowed a low absorption rate of fine dust in each season. Whereas the increase in porosity density,
length, and leaf area size can be related to the reduced PM and increasedabsorption rate, the leaf surface roughness,
total wax amount, and porosity width can be related to the increase in the PM absorption rate. There was also
a high correlation between the total wax amount and absorption rate of the leaf surface at the size of PMy, than
PM;y and PM,;s. These results imply that the quantitative and qualitative trais of leaf, such as wax amounts and
leaf surface,can increase the absorption of fine dusts, and the small-sized particles seem to be highly adsorbed with
the high wax amounts.
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Figure 1. The location of sampling points.
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Table 1. Atmospheric and meteorological factors at the survey sites during May 2019-January 2020.

Date of Sampling

Climate factors

May. 2019 Aug. 2019 Nov. 2019 Jan. 2020
Concentrations of PM,s (¢g/m’) 17.2+6.9 12.7+6.2 12.8+6.1 14.5+8.5
Concentrations of PM,;y (ug/m’) 49.4+15.7 29.549.9 43.7+16.3 37.0+£18.1
Air Temperature (°C) * 18.4£2.2 26.4+2.4 9.4+2.9 3.0£3.0
Relative humidity (%) * 64.3£11.6 78.4+5.6 71.1£10.3 69.7£11.6
Precipitation (mm) * 132.3 65.4 21.5 105.7
Wind speed (km/h), m/s * 3.8£1.0 3.5£1.5 2.7£1.5 2.7£1.9

* Data was obtained from the Jinju station (aws 194).

Figure 2. Pictures of the selected five plant species at sampling

sites in campus

(A: Q. myrsinifolia, B: Q. glauca, C: Q. salicina, D: Q. salicina, E: Prunus x yedoensis)

Table 2. The general characteristics of sample trees in the survey sites (SE£SD, n=3).

. Height Diameter at breast height Crown height Width of crown
Species
(m) (cm) (m) (m)

Q. myrsinaefolia 9.1+0.8 24.5+2.4 1.8+0.3 7.60.7
0. glauca 9.1x0.3 22.8+5.2 1.8+0.2 7.9+1.2

Q. salicina 11.6+0.5 29.3+5.3 1.7+0.4 8.1+1.3

C. japonica 3.6£0.9 4.6+0.3 0.5+0.1 3.4+0.5
Prunus x yedoensis 7.1+0.7 24.7+£3.9 1.8+0.2 1.0+0.6
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Table 3. Accumulation of particulate matter on leaves of S species in the survey sites during May 2019-January 2020, presented
as the sum of surface and wax-deposited particulate matter . Data are mean = SD, n = 10 (4 months with 3 replicates in each).

Total amount of PM(ug/cr)

Species Month
May. Aug. Nov. Jan. Average

Q. myrsinaefolia 76.14+29.39a' 49.91+8.86a 69.32+13.14a 75.24+11.58b 67.65
0. glauca 55.08+8.79b 28.80+4.53b 51.714£9.26b 43.5246.30c 44.78
Q. salicina 76.90+17.45a 46.02+13.23a 79.30+15.25a 110.44+36.40a 78.17
C. japonica 35.33+14.44¢ 17.25+6.64¢ 23.20+8.22¢ 31.51£9.58¢ 26.82
Prunus x yedoensis 22.68+7.54c 9.88+3.63¢ nd’ nd 16.28
Average for species 55.23 30.37 55.88 65.18 46.74

' Values in rows followed by different letters are significantly different (p<0.05).
2 Not determined in this year.
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Table 4. Species analyzed and results from the clustering analysis
with surface and wax solved fractions of PM,y, PM,s, PM,,
and total PM as variables. Cluster 1 had the smallest quantity
of deposited PM and Cluster 3 had the largest.

Species Family Cluster
Q. myrsinaefolia Fagaceae 2
0. glauca Fagaceae 2
Q. salicina Fagaceae 3
C. japonica Tea 1
Prunus x yedoensis Rosaceae 1
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Figure 3. Accumulation of particulate matter (means = SD) on
leaves within three different size fractions in the three clusters
found in the survey sites. Treatments with the same letter(a-i)
were not significantly differenttANOVA with Duncan test,
p<0.05). SE is standard erroe.
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Table S. Contribution(%) of surface PM and in-wax PM to total PM deposited on foliage of 5 species in the survey sites. Data

are mean = SD, n = 10 (4 months with 3 replicates in each).

Month
Species May. Aug. Nov. Jan.
sPM, % wPM, % sPM, % wPM, % sPM, % wPM, % sPM, % wPM, %
Q. myrsinaefolia 68.2 31.8 57.8 422 63.8 36.2 71.1 28.9
Q. glauca 72.9 271 53.0 47.0 53.8 46.2 68.2 31.8
Q. salicina 71.2 28.8 54.6 45.4 66.7 333 76.0 24.0
C. japonica 57.9 42.1 49.9 50.1 65.5 345 77.1 229
Prunus x yedoensis 54.6 45.4 60.7 39.3 nd nd nd nd
Average for species 65.0 35.0 55.2 44.8 62.5 37.6 73.1 26.9

' Values in rows followed by different letters are significantly different (p<0.05).

2Not determined in this year.
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Table 6. Total amount of surface PM and in-wax PM accumulated on foliage 5 species with respect to three size fractions. Data

are mean = SD, n = 10 (4 months with 3 replicates in each).

Total amount of surface PM(xg/cm)

Total amount in wax PM(ug/cm)

Species Month
PM;o(10-100¢m) PM,5(2.5-10gm) PMps(0.2-2.5um)  PMo(10-100/m)  PM,5(2.5-10pm)  PM2(0.2-2.5m)
May. 32.10+17.79b 13.974+9.59b 5.83+1.87cde 13.60+2.42ab 7.67+£1.35a 2.97+0.53cd
Aug.  15.70+4.83def 6.9442 45cdef 6.1943.72cd 11.48+2.35bc 5.63%1.14bc 3.96+0.90ab
Q. myrsinaefolia
Nov. 29.45+10.24b 8.3843.74cde 6.36+3.90cd 13.09+4.72ab 7.70+£2.44a 4.33+0.06ab
Jan. 29.26+5.75b 15.05+£2.75b 9.18+3.06b 13.03+3.10ab 4.96+1.33cd 3.74+1.50bc
May.  25.61£5.72bc  11.30+3.08bcd 3.27+0.13fgh 8.36+0.34d 4.72+0.19¢cde 1.82+0.08ef
Aug.  8.37£2.17fgh 4.21+1.05ef 2.68+1.27ghi 7.14+2.18de 3.714+0.88def 2.70+0.78de
Q. glauca Nov. 19.44+4 84cd 4.78+1.02ef 3.58+1.19fgh 14.03+2.74ab 7.174£0.96a 2.72+1.09de
Jan. 17.20£3.17de 8.46+2.08cde 4.02+0.96efg 8.75+1.89cd 3.14+0.93fgh 1.96+1.02ef
May. 31.63+9.22b 14.61£5.25b 8.49+1.87b 12.25£1.93ab 7.16£1.23a 2.76+0.48de
o Aug.  13.7743.10def 6.56+1.39cdef 4.82+1.54def 11.37+£5.62bc 5.5242.85bc 3.99+1.46ab
Q. walicina Nov. 33.46+7.39b 11.61+4.12bc 7.84+2.44bc 14.85+4.55a 6.96+2.28ab 4.58+1.18ab
Jan. 47.17¢17.61a  25.19+15.92a 11.53£3.09a 14.7843.62a 6.984+2.24ab 4.79+1.05a
May. 13.08+6.37defg 4.98+2.70ef 2.40+1.61ghi 8.34+2.76d 4.71+£1.56cde 1.81£0.60ef
Aug. 5.214£2.07gh 1.9940.90f 1.40+0.80hi 5.06+2.90efg 1.90+0.96ghi 1.69+0.66e
C. japonica
Nov. 9.50+£3.90efgh 4.16+0.87ef 1.54+0.76hi 4.57+2 .48efg 2.26+1.35fghi 1.17+0.67fg
Jan.  14.86+4.90def 6.1742.04def 3.26+1.08fgh 3.59+1.41fg 1.72+0.50hi 1.91+0.84ef
May.  7.46+4.56fgh 3.19+1.76ef 1.74+0.84hi 5.77+0.36def  3.26+0.21efg 1.26+0.08fg
Prunus Aug. 3.17£1.68h 1.82+0.86f 1.01+0.32hi 2.22+091g 1.07+0.59i 0.60+0.44¢g
x yedoensis Nowv. nd nd nd nd nd nd
Jan. nd nd nd nd nd nd
SpeCieS(S) koK sk ok sk ok sk ok sk ok sk ok sk
Month(M) sk sk sk sk — ook
SxM ok sk ok sk ok sk ok ok ok ok ok
4, o 2 HefH EM T2 HAI YRS A ol Aojw, AR mjAI YAk
S 9 EW YN BHS 2 AW 9 G GU b o] REET R QA /)3 2A|
4,9 By A7), 4a% T /1B UE W A7), ek QEel AT L PME BEIE o) £8
trichome Lxof wa} {295t x}o]lE R tH(Figure 4, HEoln, Zo] ZAL&4E ¢ e xr} &3 Mo
Table 7). 4% 910 Felshe] Pt o Bulol FHE et al, 2015). W, FARARE AT ABRAS F
PM St PM7E Wolxx] ol ek i Ao 9 Wl PM B3] 7 We C japonica®) e A
Uehgen, 53], o W9 7l A=, 9] A7, e 7h lem, eleell ol gle wigt S 2L lich
2 g 52 B 52 PM T2 So] 9FS FE Wang et al Q0152 tjTIele Q) HWS PM AR B2
fQolo@ oA QltKShao et al., 2019). SEMS £35}0] sk = e Sgo] oFshy, |} 73t vle] oF| A
S5 o) HUS PAYS , o WY PM FHo] 7P Wold 4 vk wishelom, Beckett et al(2000)9] ¢
U O salicinas Q) E3) TEIF AR, o A1F T ABIME BTG EWS A EEY 2L BGSE
Wwol /g FHoR 223} Fo| woul, oa% g wo} A3l 9 EWS 7P white beam(Sorbus aria)ol A
ES =2 AOE YERRTE Mo et al.(2015)9] Aol A] T 4 PMip FA
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Figure 4. SEM micrographs showing micro-morphological characteristics on leaves of 5 species
in the trees samples sampling sites in the survey sites.

Table 7. Leaf surface traits of 5 species in the survey sites.

Species LorI;;:\t;ity (szLll:af“) R (XAc?(nf) (300>§\]f)iew'l) SL(xm) SB(rm) (3003\11\ilew'1)
Q. myrsinaefolia Evergreen 15.5£3.9¢ 3¢ 7.88¢ 59.3£13.4a 16.342.9a  25.4+16.0ab 0.0c

0. glauca Evergreen 26.844.8¢c  4b 13.1b 51.0+13.9b 14.8+5.9a 29.3+13.7a 21.1+£6.7a
Q. salicina Evergreen 18.7+4.7d  5a 30.4a 63.8+18.8a 15.242.6a 21.8£10.0b 4.2+1.1b
C. japonica Evergreen 31.9£52b le 4.68d 26.3+£3.8d 11.0£2.1b 32.0+16.5a 0.0c
Prunus x yedoensis ~ Deciduous 41.1£5.5a 2d 1.97¢ 39.2+6.9¢ 12.6+4.6b 20.8+8.8b 0.0c

LA: leaf area per leaf; R: roughness of leaf surface; SD: stoma density of lower epidermis; SL: stoma length; SB: stoma breadth;
TN: trichome density of lower epidermis.
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Figure 5. Relationship between leaf surface wax content and
accumulation of particulate matter in the wax layer. A)
Accumulation of total PM in samples collected in the survey
sites. B) Accumulation of different PM fractions in relation to
wax concent. The linear regression of wax content on PM
accumulation is also shown. Significances of linear regression
models are all <0.001.

Table 8. Partial regression coefficients(B)and standardized regression coefficients(Beta) from a multiple regression analysis of the

leaf surface-trait effects on PM accumulation.

Ttem TOTPM PM;, PMys PMy,
B Beta P B Beta P B Beta P B Beta P

Constant 56.2 0.000 32.2 0.000 16.0 0.000 7.948 0.000
LA -1.048 -0.353  0.002 -0.592  -0.342  0.004 -0.131  -0.357  0.022 -0.143  -0.294  0.000
R 5.737  0.305 0.008 2.771 0.253  0.037 1.986 0.358  0.005 0980 0.318 0.003
Wax 0.884  0.338  0.000 0.515  0.337  0.000 0.213  0.276  0.000 0.157 0.366  0.000
SD -0.097 -0.065 0.303 -0.032  -0.037 0.574 -0.044 -0.100  0.150 -0.020 -0.084 0.159
SL -0.881 -0.131  0.037 -0.440 -0.112  0.089 -0.292  -0.147  0.032 -0.148 -0.134  0.023
SB 0226  0.122  0.036 0.116  0.108  0.080 0.084  0.155 0.016 0.025 0.184 0.026
TN 0.304  0.097 0.137 0.195 0.106  0.122 0.018  0.020  0.780 0.091 0.176  0.005
R? 0.968 0.936 0.912 0.997

LA: leaf area per leaf; R: roughness of leaf surface; SD: stoma density of lower epidermis; SL: stoma length; SB: stoma breadth;

TN: trichome density of lower epidermis.



138 BEILMARRIZ2EEE

o gk Q| acgel o Gt AL WALt $7
AR o3 AH o aRE FE2Fe SR A4S
2] 9ol A Fafol o £ Ao LA gl
(Sgrigna et al., 2015). PM Z&Fo] 712F =94 Q.
salicina®) &A% IFEECS. 30.4pg onglon, W kA

gheko] 71 pg cnrel SE2EZFO] O dlex sub. ballota (Desf)2]
ZAZHETh Yt (Martins et al,, 2001). 919] &A% Feyst
O] M54 FUT ARG thgFet 715 el MF

(

T A Fa%t g2 oy, 2ERL A9 uk
ALe] Az AT 2HEA

3k, EA|Q] S~Eo R)EHA 0]
oF 1l 7| e @y e AE
v S w(Abbey and Rathier, 2005),
e %_‘t&xﬂ,ii = 21 AW A3
A ’Hi o e IERS 7R3 Qrk= Ao] ZFRE Q)
1 A st

of w2 A ﬂa@r ol ol PM S2lekuto] AlalaA o

gl

o
:

>

o)
0111 l‘]l‘
a
I-Fﬂ

0,
mgl }-H

£ d7] % PM Al7ef Qo] $-5e) HAjelg o
S 9lglon, g7l & PM Fwel o mw PM SRt
AL AEA gob 7M. 1 712 AR, LA 3
trERol o

Q1 Prunus xyedoensis

O

g2 o e PM FAEe] A E

4 FLt. S
%#%EE} PM F&efo] wgton, of2igt 2}
Hofl l Lpebstch SEMS E3to] o ®H
2ol A Fo ‘E%ﬂ 72 geHE

TE o A= PM %iﬁ'ak = ®
o] n AP e s A1 PM 52 %M-J 4741 —Erm‘&
iy ] _1

ofi
o
iy
lo
e
£
1

A A1) AelolA ulAEA A
A5 A 7} e Agol

U B0 92 AU Y £FS SHHOR 1YY

A110E A2% (2021)

el sick & el AN P AT 5 4
AR SRS FHOR Mo}aisu%, gromy
8 ol ol SR AT 7S BREo R 1
o & 9 Aol 212 AN Bas Ut
S PR 50 AaFL 204U A7k
49l 4= Qleke AT WO B AYAFL Bt
S2o) PM FEupe] ARTHE BAE Bart
, E5EPM o] wE 520 A Ul 21
efat 22 e ol e Bag Ao g

Fi

flo & ol m2

ft v o lo &
=

88 jo | 2

References

Abhijith, K.V., Prashant Kumar., John Gallagher., Aonghus
McNabola.,
Broderick., Silvana Di Sabatino. and Beatrice Pulvirenti.

Richard Baldauf.,, Francesco Pilla.,, Brian

2017. Air pollution abatement performances of green
infrastructure in open road and built-up street canyon
environments — A review. Atmos. Environ 162: 71-86.

Abbey, T. and Rathier, T. 2005. Effects of Mycorrhizal Fungi,
Biostimulants and Water Absorbing Polymers on the
Growth and Survival of Four Landscape Plant Species.
Journal of Environmental Horticulture 23(2): 180-111.

Bakker, M.I., Casado, B., Koerselman, J.W., Tolls, J. and
Kolloffel, C. 2000. Polycyclic aromatic hydrocarbons in
soil and plant samples from the vicinity of an oil refinery.
Science of the Total Environment 263(1-3): 91-100.

Beckett, K.P., Freer-Smith, P.H. and Taylor, G. 2000. The
Capture of Particulate Pollution by Trees at Five
Contrasting Urban Sites. The International Journal of Urban
Forestry 24(2-3): 209-230.

Burkhardt, J. Hygroscopic particles on leaves: nutrients or
desiccants?. 2010. Ecol Monogr 80: 369-399.

Cavanagh, J-AE., Peyman, Z.R. and Wilson, J.G. 2009. Spatial
attenuation of ambient particulate matter air pollution
within an urbanised native forest patch. Urban Forestry
& Urban Greening 8(1): 21-30.

Cho, D.G. 2019. Prioritization of Species Selection Criteria
for Urban Fine Dust Reduction Planting. Korean Journal
of Environment and Ecology 33(4): 472-480.

Dzierzanowski, K. and Gawronski, S.W. 2011. Use of trees
for reducing particulate matter pollution in air. Challenges
of Modern Technology 2(1): 69-73.

Dzierzanowski, K., Popek, R., Gawronska, H., Sebeg, A.W.
and Gawronski, S.W. 2011. Deposition of Particulate
Matter of Different Size Fractions on Leaf Surfaces and
in Waxes of Urban Forest Species. International Journal
of Phytoremediation 13(10): 1037-1046.



A Ao Fhmas o) At v A FRee] AP sk 7P ST, IR, SHR R S4es 139

Escobedo, F.J., Wagner, J.E., Nowak, D.J., Maza, Carmen Luz
De la., Rodriguez, M., Daniel, E. and Crane, C. Analyzing
the cost effectiveness of Santiago, Chile's policy of using
urban forests to improve air quality. Journal of
Environmental Management 86(1): 148-157.

Freer-Smith, P.H., El-Khatib, A.A. and Taylor, G. 2004.
Capture of Particulate Pollution by Trees: A Comparison
of Species Typical of Semi-Arid Areas (Ficus Nitida and
Eucalyptus Globulus) with European and North American
Species. Water, Air, and Soil Pollution 155; 173-187.

Freer-Smith, P.H., Beckett, K.P., Taylor, G. 2005. Deposition
velocities to Sorbus aria, Acer campestre, Populus
deltoides x trichocarpa ‘Beaupré’, Pinus nigra and X
Cupressocyparis leylandii for coarse, fine and ultra-fine
particles in the urban environment. Environmental
Pollution 133(1): 157-167.

Gultz, P.G. 1994. Epicuticular leaf waxes in the evolution of
the plant kingdom. J. Plant Physiol. 143, 453e464.
Han, S.H. 2019. Fine Dust and Dementia: Is Ambient Air
Pollution Associated with Cognitive Health. Journal of the

Korean Neurological Association 37(2): 135-143.

Han, D., Shen, H., Duan, W. and Chen, L. 2020. A review
on particulate matter removal capacity by urban forests
at different scales. Urban Forestry & Urban Greening 48:
126565.

Kardel, F., Wuyts, K., Maher, B.A., Hansard, R., Samson, R.
2011. Leaf saturation isothermal remanent magnetization
(SIRM) as a proxy for particulate matter monitoring: Inter-
species differences and in-season variation. Atmospheric
Environment 45(29): 5164-5171.

Kim, K.J., Chintakunta, S., Kim, J.C., Jeong, N.R., Han, S.W.,
Kim, W.Y., You, S. and Kim, C. Analysis of particulate
matter(PM) reduction efficiency according to the content
of wax layer in leaves of landscaping plants. Journal of
Applied Biological Chemistry 63(2): 161-168.

Kwon, S.J., Cha, S.J., Lee, J.K. and Park, J.H. 2020. Evaluation
of accumulated particulate matter on roadside tree leaves
and its metal content. Journal of Applied Biological
Chemistry 63(2): 161-168.

Lara-Lopez, M.A., Cepa, J., Bongiovanni, A., Pérez Garcia,
A.M., Ederoclite, A., Castafieda, H., Fernandez Lorenzo,
M., Povi¢, M. and Séanchez-Portal, M. 2010. A fundamental
plane for field star-forming galaxies. Astron. Astrophys
521: L53.

Leonard, R.J., McArthur, C. and Hochuli, D.F. 2016. Particulate
matter deposition on roadside plants and the importance
of leaf trait combinations. Urban Forestry & Urban
Greening 20(1): 249-253.

Liu, Y., Chien, W.M., Medvedev, 1.0., Weldy, C.S., Luchtel,

D.L., Rosenfeld, M.E. and Chain, M.T. 2013. Inhalation
of diesel exhaust does not exacerbate cardiac hypertrophy
or heart failure in two mouse models of cardiac
hypertrophy. Part. Fibre Toxicol 10(1): 49.

Loomis, D., Yann, G., Lauby-Secretan, B., Ghissassi, F.E.,
Bouvard, V., Benbrahim-Tallaa, L., Guha, N., Baan, R.,
Mattock, H. and Straif, Kurt. 2013. The carcinogenicity
of outdoor air pollution. The Lancet Oncology 14(13):
1262-1263.

Martins, C.M.C., Mesquita, SM.M. and Vaz, W.L.C. 1999.
Cuticular waxes of the Holm(Quercus ilex L. subsp. ballota
(Dest.) Samp.) and Cork (Q. suber L.) Oaks. Phytochem
Anal. 10, 1le5.

McDonald, A.G., Bealey, W.J., Fowler D., Dragosits, U., Skiba,
U., Smith, R.I., Donovan, R.G., Brett, H.E., Hewitt, C.N.
and Nemitz, E. 2007. Quantifying the effect of urban tree
planting on concentrations and depositions of PM10 in two
UK conurbations. Atmospheric Environment 42(38): 8455-
8467.

McKinney, M.L. 2002. Urbanization, biodiversity, and con-
servation. Bioscience 52, 883e890.

Moreno, M.M., Azcérate, C. 2003. Concepciones Y Creencias
De Los Profesores Universitarios De Matematicas Acerca
De La Ense anza De Las Ecuaciones Diferenciales. Ense
anza De Las Ciencias 21(2): 265-280.

Mo, L,. Ma, Z,. Xu, Y,. Sun, F,. Lun, X,. Liu, X,. Chen, J.
and Yu, X. 2015. Assessing the capacity of plant species
to accumulate particulate matterin Beijing, China. PLoS
One 10(10): e0140664

Nawrot, T.S., Perez, L., Kiinzli, N., Munters, E. and Nemery,
B. 2011. Public health importance of triggers of myocardial
infarction: a comparative risk assessment. The Lancet
377(9767): 732-740.

Neinhuis, C. and Barthlitt, W. 1997. Purity of the sacred lotus,
or escape from contamination in biological surfaces. Planta
202; 1-8.

Nowak, D.J. 1994. Chicago’s Urban Forest Ecosystem: Re-
sulting of the Chicago Urban Forest Climate Project
Chapter 5 Air Pollution Removal by Chicago’s Urban
Forest.

Park, S.M., Moon, K.J., Park, J.S., Kim, H.J., Ahn, J.Y. and
Kim, J.S. 2012. Chemical Characteristics of Ambient
Aerosol during Asian Dusts and High PM Episodes at Seoul
Intensive Monitoring Site in 2009. Journal of Korean
Society for Atmospheric Environment 28(3): 282-293.

Popek, R., Gawronska, H., Wrochna, M., Gawronski, S.W. and
Sebe, A. 2013. Particulate Matter on Foliage of 13 Woody
Species: Deposition on Surfaces and Phytostabilisation in

Study. Journal of

Waxes—a 3-Year International



140 BREILAMRRIZ2 S5

Phytoremediation 15(3): 245-256.

Prajapati, S.K. and Tripathi, B.D. 2008. Seasonal Variation
of Leaf Dust Accumulation and Pigment Content in Plant
Species Exposed to Urban Particulates Pollution. Plant and
Environment Interaction 37(3): 865-870.

Sabga, A., Popek, R., Nawrot, B., Hanslin, H.M., Gawronska,
H. and Gawronski, S.W. 2012. Plant species differences
in particulate matter accumulation on leaf surfaces. Science
of The Total Environment 427-428; 347-354.

Sgrigna, G., Szbe, A., Gawronski, S., Popek, R. and
Calfapietra, C. Particulate Matter deposition on Quercus
ilex leaves in an industrial city of central Italy.
Environmental Pollution 197: 187-194.

Shahid, M., Dumat, C., Khalid, S., Schreck, E., Xiong, T. and
Niazi, N.K. 2017. Foliar heavy metal uptake, toxicity and
detoxification in plants: A comparison of foliar and root
metal uptake. Journal of Hazardous Materials 325(5): 36-58.

Shao, C., Meng, L., Wang, M., Cui, C., Wang, B., Han, C.R.,
Xu, F. and Yang, J. 2019. Mimicking Dynamic A-
dhesiveness and Strain-Stiffening Behavior of Biological
Tissues in and  Self-Healable
Nanocomposite Hydrogels. ACS Applied Materials &
Interfaces 11(6): 5885-5895.

Shi, Z., Li, J., Huang, L., Wang, P., Wu, L., Ying, Q., Zhang,
H., Lu, L., Liu, X., Liao, H. and Hu, J. 2017. Source
apportionment of fine particulate matter in China in 2013

Tough Cellulose

using a source-oriented chemical transport model. Science
of the Total Environment 601-602; 1476-1487.

Song, Y., Maher, B.A., Li, F., Wang, X., Sun, X. and Zhang,
H. 2015. Particulate matter deposited on leaf of five
evergreen species in Beijing, China: Source identification
and size distribution. Atmospheric Environment 105:
53-60.

Terzaghi, E., Wild, E., Zacchello, G., Bruno, E.L., Cerabolini.,
Jones, K.C. and Guardo, A.D. 2013. Forest Filter Effect:

A110E A2% (2021)

Role of leaves in capturing/releasing air particulate matter
and its associated PAHs. Atmospheric Environment 74:
378-384.

Thorpe, A. and Harrison, R.M. 2008. Sources and properties
of non-exhaust particulate matter from road traffic: A
review. Science of the Total Environment 400: 270-282.

Urbat, M., Lehndorff, E. and Schwark, L. 2004. Biomonitoring
of air quality in the Cologne conurbation using pine needles
as a passive sampler—Part | : magneticproperties. Atmo-
spheric Environment 38(23): 3781-3792.

Wang, B. et al. 2013. Properties and inflammatory effects of
various size fractions of ambient particulate matter from
Beijing on A549 and J774A.1 cells. Environmental Science
& Technology 47: 10583-10590.

Wang, Y., Li, J., Jing, H., Zhang, Q., Jiang, J. and Biswas,
P. 2015. Laboratory Evaluation and Calibration of Three
Low-Cost Particle Sensors for Particulate Matter Measure-
ment. Aerosol Science and Technology 49(11): 1063-1077.

WANR. 2013. National Environment Policy Nairobi, Kenya:
Ministry of Environment, Water and Natural Resources.

WHO. Health aspects of air pollution with particulate matter,
ozone and nitrogen dioxide. Report. 2003 on a WHO
working group. Bonn; 2003. http://www.euro.who.int/_
data/assets/pdf file/0005/112199/E79097.pdf.

Yang, J., McBride, J., Zhou, P., Zou, X., Che, S. and Wang,
W. 2005. The urban forest in Beijing and its role in air
pollution reduction. Urban Forestry & Urban Greening
3(2): 65-78.

Manuscript Received : February 23, 2021
First Revision : April 19, 2021

Second Revision : May 4, 2021
Accepted : May 10, 2021




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


