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SUMMARY:

The ultrasonic cleaning method was applied to elute the particulate matter (PM) retained on
leaf surfaces after PM was eluted by the conventional cleaning methods (water cleaning only or
water cleaning plus brush cleaning). The methodology can help to improve the estimation
accuracy for PM retention capacity of leaves.

LONG ABSTRACT:

Based on the conventional cleaning methods (water cleaning (WC) + brush cleaning (BC)), this
study evaluated the influence of ultrasonic cleaning (UC) on collecting various sized particulate
matter (PM) retained on leaf surfaces. We further characterized the retention efficiency of
leaves to various sized PM, which will help to assess the abilities of urban trees to remove PM
from ambient air quantitatively.

Taking three broadleaf tree species (Ginkgo biloba, Sophora japonica, and Salix babylonica) and
two needleleaf tree species (Pinus tabuliformis and Sabina chinensis) as the research objects,
leaf samples were collected 4 days (short PM retention period) and 14 days (long PM retention
period) after the latest rainfall. PM retained on the leaf surfaces was collected by means of WC,
BC, and UC in sequence. Then, retention efficiencies of leaves (AEieaf) to three types of the
various sized PM, including easily removable PM (ERP), difficult-to-remove PM (DRP), and
totally removable PM (TRP), were calculated. Only around 23%-45% of the total PM retained on
leaves could be cleaned off and collected by WC. When the leaves were cleaned through
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WC+BC, the underestimation of the PM retention capacity of different tree species was in the
range of 29%-46% for various sized PM. Almost all PM retained on leaves could be removed if
UC was supplemented to WC+BC.

In conclusion, if the UC was complemented after the conventional cleaning methods, more PM
on leaf surfaces could be eluted and collected. The procedure developed in this study can be
used for assessing the PM removal abilities of different tree species.

INTRODUCTION:

The abilities of different tree species to remove PM from ambient air can be assessed through
guantifying the mass of PM retained on leaf surfaces. To achieve this objective, the subtraction
method?!?, the membrane filter method3-, and the elution-weighing method coupled with
particle size analysis® have been applied to quantitatively estimate the mass of PM,.s (diameter
< 2.5 um), PMjgo (diameter < 10 um) or total suspended particulate (TSP) retained on leaves.
However, the accuracy of these methods basically depends on their performance in collecting
PM retained on the leaf surfaces. At present, the conventional leaf cleaning method used in
related studies often includes one or two steps, namely only water washing (soak and rinse
leaves using deionized water)3” or plus brushing>®°. However, some studies!®!! have
demonstrated that PM on leaf surfaces could not be completely eluted by the conventional
cleaning method. As ultrasonic cleaning has the advantages of high speed, high quality, and
little damage to the surface of the object, it has great potential to be used to collect the PM
retained on leaf surfaces with complex microstructures. At present, ultrasonic cleaning has
been applied in some studies to collect PM retained on leaf surfaces (i.e., put the leaves into
deionized water, and use the ultrasonic cleaner to elute PM)*?13, However, this method is only
used as a supplement to a leaf cleaning method, while it is not known whether the ultrasonic
cleaning has a positive effect on collecting PM from leaf surfaces and its optimum operating
parameters are also not clear. Our previous research has shown that the PM retained on Ginkgo
biloba leaf surface could be completely eluted without destroying the leaf surfaces, if a proper
ultrasonic cleaning procedure was supplemented to the conventional cleaning method?**.
However, the stability and general applicability of the ultrasonic cleaning parameters
(ultrasonic power, time, and other information) to different plant species experiencing different
dust retention periods are still not clear.

Currently, the mass of PM2.5, PM1g, or TSP on unit leaf area has often been utilized to evaluate
the abilities of different tree species to remove PM from ambient air'**>, Under the natural
condition, the PM retained on leaf surfaces can be classified into two parts: the first part is the
PM that can fall off leaves due to the effects of wind and rainfall, while the other part is the PM
that is tightly adhered to leaf surfaces and cannot be easily washed off by rainfall. However,
few studies have focused on the mass of both types of PM on leaf surfaces. In addition, the PM
retention periods of leaves in different studies differ enormously. Thus, the comparability of
the results of these studies will be poor, if the mass of PM retained on unit leaf area is adopted
to assess the PM removal abilities of trees®. Consequently, the PM retention efficiency (the
mass of PM retained on unit leaf area per unit time), as an alternative, was proposed to
evaluate the PM purification effects of urban trees>'’. In general, there is still a lack of research
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in this aspect. It is extremely necessary to carry out relevant studies for different tree species to
provide methodological basic and data support for assessing the PM removal abilities of
different tree species accurately.

Here, three broadleaf tree species (G. biloba, Sophora japonica, and Salix babylonica) and two
needleleaf tree species (Pinus tabuliformis and Sabina chinensis) were selected to evaluate their
PM removal abilities under two PM retention periods. The leaf sampling site was in Xitucheng
Park (39.97° N, 116.36° E), located in an area with heavy pollution in Beijing. The three specific
objectives of this study were: (1) to assess the efficiency of different leaf cleaning methods
(water cleaning (WC), brush cleaning (BC), and ultrasonic cleaning (UC)) in eluting the PM on
leaves, (2) to verify the effect of ultrasonic cleaning on eluting PM, and (3) to assess the
retention efficiency of different tree species to PM1, PM3.5, PMs, PM1o, and TSP.

PROTOCOL:
1. Leaf Collection, Elution and Mass Measurement of PM

1.1.  Select five healthy individual trees (i.e., five replicates) of each tree species with similar
diameter at breast height. Collect four larger branches randomly from four directions of the
outer canopy in the middle canopy layer and cut off all intact leaves.

Note: All plants for leaf sampling should be located closely in a greening strip with length and
width of about 250 and 60 m, respectively, to ensure that the environment conditions (wind,
light, and rain) of these trees are similar. The leaves used in the protocol were collected on
October 15th (short dust retention (SDR) period) and October 25th (long dust retention (LDR)
period) in 2014, which were 4 and 14 days after the latest rainfall (> 15 mm), respectively. The
average levels of PM under the short and long dust retention period (i.e., the duration between
the last rainfall and the leaf sampling time) in our experiment were 26 (PM3s), 57 (PM1o), and
111 (PM3.s), 160 pg/m?3 (PM1o), respectively.

1.1.1. Place the sampled leaves in labeled valve bags and transport the bags to the laboratory
immediately. Store the leaf samples in the fridge.

1.2.  Wash and dry the beakers in the 80 °C oven. Equilibrate the beakers to room
temperature and humidity and weigh the empty beakers (W:).

1.3.  Randomly select a certain amount of leaves from leaf samples and put the leaves in a
1000 mL beaker (Beaker A).

Note: The leaf area is about 2000 cm?, which can guarantee all the leaves can be immersed in
the water completely and the eluted dust has sufficient weight to be weighed accurately.

1.4. Add 270 mL of deionized water to the Beaker A and immerse the leaves in water
completely.
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1.4.1. Stir the water for 60 s with a glass rod in one direction (frequency: 2 seconds for one
rotation). Afterwards, pour the eluent into three 100 mL small beakers (Beaker a) evenly.

1.4.2. Wash the leaves using a fine tipped squeeze bottle with 30 mL of deionized water and
transfer the washed leaves to a 1000 mL beaker (Beaker B). Pour the eluent into three 100 mL
small beaker (Beaker a) evenly.

1.5. Add 270 mL of deionized water to Beaker B and immerse the leaves in water again. Then
use a nylon brush to scrub the leaf surface (placing on flat thin plastic plate) with deionized
water and avoid destroying the microstructure of leaf surface. Pour the eluent into three 100
mL small beakers (Beaker b).

1.5.1. Wash the leaves using the squeezable bottle with fine tip with 30 mL of deionized water
and transfer the leaves into a 1000 mL beaker (Beaker C). Pour the eluent into three 100 mL
small beaker (Beaker b).

1.6. Add 270 mL of deionized water to Beaker C and immerse the leaves in water again.

1.6.1. Put the glass container into the ultrasonic cleaning machine. Using an ultrasonic power
of 500 W, clean for 3 min and 10 min for leaves of the broadleaf and needleleaf tree species,
respectively. Stir the leaves with a glass rod in one direction (frequency: 2 seconds for one
circle) simultaneously.

1.6.2. Wash the leaves using the squeezable bottle with fine tip with 30 mL of deionized water
and pour the eluent into three 100 mL small beakers (beaker c).

1.7.  Cover a piece of clean filter paper (diameter = 11 cm, area = 94.99 cm?) on each beaker
(a, b, c) and dry the beakers in the 80 °C oven for approximately 5 days until the mass of the
beakers becomes constant.

1.7.1. Putthe beakers in a balance chamber to equilibrate the temperature and humidity for
30 min, and weigh the mass of each 100 mL beakers (W). Calculate the mass of PM eluted by
each cleaning step by W>-Wi.

2. Measurement of PM Size Distribution and Leaf Area
2.1. Add 50 mL of deionized water to each weighed beaker (a, b, c) mentioned above and
place these beakers in an ultrasonic cleaning machine for 30 min until the PM disperses in

deionized water.

2.2. Addthe supernatant in beaker (a, b, c) to the laser granularity instrument and measure
the size distribution of PM eluted by different cleaning steps.
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2.2.1. Assume the measured volume percentages to be mass percentages (Q) of different-
sized particles. Calculate the proportion of different-sized particles eluted by each cleaning step
by equation (1):

Bl B

?]
2By By,

(1)

P
Bl

where P;; represents the mass proportion (%) of the particles within the j diameter class eluted
from the leaf surfaces by the cleaning step i; W, represents the total mass (g) of all sized
particles eluted by the cleaning step i; Q;j represents the mass percentage (%) of the particles
within the j diameter class in the total PM mass eluted by the cleaning step i; i is the cleaning
step (i.e., WC, BC, and UC); and j is the diameter class, which was settod <1 um (PM1), 1<d <
2.5 um (PMi25), 2.5<d £5 um (PM25:5), 5 <d £10 pum (PMs.10), d > 10 um (PMs10) in the
present study.

2.3.  Spread leaves on the plastic board and scan the leaves with a high-quality scanner. Use
automatic image analysis software to estimate the surface area and projected area of leaves.

Note: The protocol can be paused here.
3. Data Presentation and Analysis

3.1. Calculate the total removable particulate matter (TRP) as the sum of the ERP and DRP
that can be eluted by WC + BC + UC.

3.2. Under different dust retention periods, calculate the total mass of the PM within a
specific diameter class retained on leaves as the sum of the mass of the PM within
corresponding diameter class eluted by the different cleaning steps (i.e., WC, BC, and UC).

3.2.1. Using these data and the leaf area data, calculate the retention efficiency (AEicaf) of the
various sized particles on unit leaf surface area using equation (2):

LZj—SZj
LT-ST

AEleaf = (2)

where LZ;and SZ; are the mass (g) of the particles within the j diameter class retained on unit
leaf area under the periods of LDR and SDR, respectively; LT and ST are the numbers of days in
the periods of LDR and SDR, respectively.

3.3.  Conduct all the statistical analyses with SPSS software.
3.3.1. Use the Kolmogorov-Smirnov test and the Levene test to verify the ANOVA assumptions

of normality and the homogeneity of variances, respectively, for the elution percentages of the
different-sized particles and the PM retention capacity data.
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3.3.2 Apply one-way ANOVA to investigate the effects of the different cleaning steps on the
elution percentages of the different-sized particles under various dust retention periods. Use
Duncan's test (P = 0.05) to detect the significant differences among different cleaning steps.

REPRESENTATIVE RESULTS:

The PM retained on leaf surfaces had two types under natural conditions. The PM falls off easily
by rainfall and wind under natural conditions is defined as the easily removable particulate
matter (ERP). This type of PM was represented by the PM eluted by WC in this study. The PM
that tightly adheres to leaf surfaces and cannot be easily washed off by BC and UC is defined as
the difficult-to-remove particulate matter (DRP). This kind of PM cannot be eluted by natural
rainfall and wind.

There was a significant difference among the five tree species in the mass proportions of
various-sized PM eluted by different cleaning steps. The result showed that a large number of
different sized PM were eluted from leaf surface by WC (Figures 1-5). The average eluted
proportions (ERP) of various-sized PM of the five tree species were 31% and 35% under the SDR
and LDR, respectively (Figure 6).

In addition, the WC showed a stronger effect on eluting PM on leaves of needleleaf tree species
(P. tabuliformis and S. chinensis), especially for S. chinensis under the LDR period. As such, the
elution percentage of WC was significantly higher than that of BC and UC (P < 0.05) for all sized
PM except PMs10. After cleaning the leaves by BC, large fractions of various sized PM were also
eluted, which were 28% and 29% under the SDR and LDR periods, respectively. Similar to WC,
the most distinct elution effect of BC was observed for S. japonica. The elution percentage of BC
was significantly higher than that of WC (P < 0.05) for all fractions of PM under both the SDR
and LDR periods. Moreover, the elution effect of BC was significantly higher than that of UC (P <
0.05) except PM with diameter <5 um (Figure 6). Although a large fraction of PM could be
eluted from leaf surface by WC + BC, some PM with smaller diameters still adhered on leaf
surfaces. Subsequently, when UC was applied to clean leaves, the residual PM retained on leaf
surfaces were eluted completely (Figures 1-5), and the elution proportions were 41% under
SDR and 36% under LDR (Figure 6). In addition, the elution percentage of small sized PM was
higher when the UC was applied. Consequently, the mass of PM would be underestimated
apparently, if the conventional elution method was only adopted to elute the PM on leaves.
Especially for S. babylonica, the average eluted proportions of PM in all diameter classes would
be underestimated by 46%, which was higher than that for P. tabuliformis (43%), G. biloba
(42%), S. japonica (31%), and S. chinensis (29%).

The AEeaf Of different types of PM of the five tree species is shown in Table 1. There was a great
difference in the retention efficiency calculated by two different methods. Compared with the
result estimated by equation (2), the AE et calculated by equation (3): retention efficiency
(mg/m?-d1) = the mass of the PM on a unit of leaf area (mg/m?) / the dust retention duration (d)
was about 5 times higher. Especially for S. japonica, the PM; of ERP calculated by equation (3)
was 18.94 times higher than that calculated by equation (2). In this study, for ERP, the TSP AEcat
of different tree species varied between 12.69 and 34.69 mg-m=2-d! and decreased in the
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following order: P. tabuliformis > S. babylonica > G. biloba > S. japonica > S. chinensis. While in a
previous study, the TSP AEiesf Of different tree species varied between 35.27 and 85.79 mg-m~
2.d"! and decreased in the following order: S. japonica > S. chinensis > S. babylonica > P.
tabuliformis > G. biloba. The retention efficiency of different tree species in retaining various
sized PM of different types (ERP, DRP, TRP) could also vary. In this study, S. japonica exhibited
the highest AEeat in retaining the TRP of PM1 and PM3.s, which were 4.3 and 21.91 mg/m?-d*?,
respectively. S. babylonica had the highest AEiear in retaining the TRP of PMs (40.98 mg/m?-d!)
and PM10(62.01 mg/m?-d1). In addition, S. chinensis could retain more ERP of PM3, PM2 s, and
PMs than the other tree species.

FIGURE AND TABLE LEGENDS:

Figure 1: The particulate matter residue on leaves of Ginkgo biloba after different elution
steps. A and B stand for the upper and lower sides of leaves of Ginkgo biloba. Different
numbers stand for different elution steps. (1: without cleaning; 2: single water cleaning; 3:
water cleaning + brush cleaning; 4. water cleaning + brush cleaning + ultrasonic cleaning).

Figure 2: The particulate matter residue on leaves of Pinus tabuliformis after different elution
steps. A and B stand for the concave and convex sides of leaves of Pinus tabuliformis. Different
numbers stand for different elution steps. (1: without cleaning; 2: single water cleaning; 3:
water cleaning + brush cleaning; 4. water cleaning + brush cleaning + ultrasonic cleaning).

Figure 3: The particulate matter residue on leaves of Sophora japonica after different elution
steps. A and B stand for the upper and lower sides of leaves of Sophora japonica. Different
numbers stand for different elution steps. (1: without cleaning; 2: single water cleaning; 3:
water cleaning + brush cleaning; 4. water cleaning + brush cleaning + ultrasonic cleaning).

Figure 4: The particulate matter residue on leaves of Salix babylonica after different elution
steps. A and B stand for the upper and lower sides of leaves of Salix babylonica. Different
numbers stand for different elution steps. (1: without cleaning; 2: single water cleaning; 3:
water cleaning + brush cleaning; 4. water cleaning + brush cleaning + ultrasonic cleaning).

Figure 5: The particulate matter residue on leaves of Sabina chinensis after different elution
steps. A and B stand for the conical and scale-form leaves of Sabina chinensis. Different
numbers stand for different elution steps. (1: without cleaning; 2: single water cleaning; 3:
water cleaning + brush cleaning; 4. water cleaning + brush cleaning + ultrasonic cleaning).

Figure 6: The mass proportions of the various sized particulate matter retained on the leaves
of different tree species. A and B stand for short (SDR) and long (LDR) dust retention periods,
respectively. WC, BC, and UC stand for the single water cleaning, brush cleaning, and ultrasonic
cleaning, respectively. Data are mean * SE. Different letters (a, b, c) above the data bar indicate
significant difference (P < 0.05) among the different cleaning steps on the elution percentages
of the different-sized particles under different dust retention periods, according to the Duncan
test.
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Table 1: The mass of different types of PM retained on unit leaf area. ERP, DRP, and TR stand

for the easily removable dust retention capacity, the difficult-to-remove dust retention capacity,
and the total dust retention capacity, respectively. Equation (2): retention efficiency (mg/m?-d?)
= the subtract mass of the PM on unit leaf area under the LDR and SDR periods (mg/m?) / the
dust retention duration between the LDR and SDR periods (d); Equation (3): retention efficiency
(mg/m?-d!) = the mass of the PM on a unit of leaf area (mg/m?) / the dust retention duration

(d).

DISCUSSION:

Accurate and proper collection of the PM retained on leaf surfaces is the basis for assessing the
PM removal abilities of different tree species. However, the conventional cleaning method (WC
or plus BC) cannot completely remove the dust on leaf surfaces, which has been confirmed by
scanning electron microscopy'®. This was further demonstrated clearly by the present study
(Figures 1-5). Our study shows that, if only WC was applied to clean leaves, the PM on leaf
surface would be underestimated by about 69% and 65% under the SDR and LDR periods,
respectively. That is to say, a short period of rainfall with a certain intensity could only elute 31%
and 35% of PM from leaf surfaces. In addition, previous studies have shown that a short and
heavy rainfall could only elute 50% and 62% of the PM from the leaves of Ligustrum lucidum
and Viburnum odoratissimum, respectively®. However, influence of rainfall on eluting the PM
retained on leaf surfaces of P. tabuliformis was not evident. Consequently, under natural
conditions, only a small part of PM on leaf surface could be eluted by rainfall. When both WC
and BC were applied to clean leaves, the elution percentage of PM would also be
underestimated by about 41% and 36% under the SDR and LDR periods, respectively. However,
more PM could be eluted and collected from leaf surface after supplementing UC to WC+BC for
cleaning leaves. Thus, for unbiased and accurate quantification of PM retained by leaves, it is
necessary and crucial to add UC to the conventional leaf cleaning method.

At present, most studies using the retention capacity of PM retained on leaf surfaces to assess
the particulate matter removal abilities of trees. Although this indicator is convenient for
assessing the PM removal abilities under the same retention duration, there will be great
difference in the retention capacities of the same tree species under different dust retention
durations. Thus, it was proposed in some studies that the retention efficiency (the mass of PM
retained on a unit of leaf area per unit time) should be applied to assess the plant PM removal
abilities, as this can eliminate the evaluation deviation of PM removal ability due to the
difference in dust retention duration. However, these studies neglected the fact that only a
small part of PM on leaf surface can be eluted by rainfall. In addition, this method could result
in five times overestimation of the PM removal abilities of trees, according to the results of this
study (Table 1). For this reason, the calculation method of equation (2) should be applied to
accurately assess the PM removal abilities of trees.

When PM elution method proposed in this study was used to determine the mass of PM on leaf
surfaces, each experimental step must be accurate and avoid the errors caused by human
factors as much as possible. For example, the number of leaves for each experiment depends
on the specific situation, and it should be determined by the specification of experiment
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instrument, the dust retention duration, ultrasonic parameter, and other factors. Taking
ultrasonic parameter as example, the ultrasonic cleaning duration and the centrifuge speed
should be determined by multiple preliminary experiments to ensure the experimental error is
within the acceptable range. In addition, the amount of deionized water used for elution should
also be adjusted according to the mass of PM. Besides, each small beaker filled with eluent,
while it is drying in the oven, should be covered with a piece of clean filter paper to prevent
dust pollution. In brief, each step in the experiment must be carefully operated in order to
repeat the proposed method accurately.

It is extremely necessary and crucial to supplement the ultrasonic cleaning procedure to the
conventional leaf cleaning method, so that the PM removal abilities of trees can be assessed
more accurately and quantitatively. In order to accurately compare the PM removal abilities of
different tree species experiencing different dust retention durations, the retention efficiency
should be calculated using the method (equation (2)) proposed in this study. Our proposed
comprehensive protocol will be useful for evaluating the PM purification abilities of urban trees
and forests in a precise, unbiased, and accurate manner.
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T di f-:‘-:reent The mass of PM retained on unit leaves area The mass of PM retained on unit leaves area
ree 2 . . 2 . .
type of (mgm?d™) (Equation 2) (mgm?d?) (Equation 3)
articulte
species P matter PM; PM, s PM; PMy, TSP PM; PM, s PM; PMy, TSP
G ERP 0.25 0.1 0.2 341 19.01 1.87 4.43 7.46 14.25 35.27
billoba DRP 2.06 4 7.14 13.75 16.23 5.31 12.11 19.78 34.02 69.78
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P tabulif ERP 1.15 2.57 3.43 6.62 34.69 2.12 5.20 8.29 14.53 51.28
onl'mis DRP 0.82 1.65 2.37 6.9 60.84 3.20 7.91 13.02 23.13 82.23
TRP 1.97 4.22 5.8 13.52 95.54 5.31 13.10 21.31 37.67 133.51
S ERP 0.2 1.42 3.44 7.39 18.67 3.99 12.87 24.27 44.88 85.79
.6'1 onica DRP 4.1 20.48 36.16 47.04 55.18 17.81 60.98 107.25 165.16 257.95
jap TRP 43 21.91 39.6 54.43 73.85 21.79 73.85 13153 210.04 343.74
S. ERP 1.76 10.24 21.46 32.57 33.04 2.84 11.27 22.30 37.20 62.62
babyloni DRP -1.31 7.28 19.52 29.44 17.76 5.28 20.16 38.88 65.74  104.58
ca TRP 0.45 17.51 40.98 62.01 50.8 8.12 31.43 61.17 102.94 167.20
S. ERP 2.53 11.39 21.68 31.96 12.69 4.24 14.22 26.01 43.58 63.22
chinensi DRP 0.32 5.76 12.72 19.68 4.45 3.87 13.19 24.15 41.65 76.06
S TRP 2.85 17.15 34.4 51.64 17.14 8.11 27.41 50.15 85.23 139.28

*


http://www.editorialmanager.com/jove/download.aspx?id=856848&guid=dcca9d01-f1b4-4890-852a-c98c8c573329&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=856848&guid=dcca9d01-f1b4-4890-852a-c98c8c573329&scheme=1




*

Materials Table Click here to download Table of Materials Materials.xls 2

Company Catalog Number

Name of Material/ Equipment
Sartorius Scientific Instruments (Beijing) t MSA2258-1CE-DU

MSA2258-1CE-DU ten-thousandth scale
The IS13320 laser granularity instrument  Beckman Coulter, Brea, USA 1S13320

Epson Twain Pro high-quality scanner Seiko Epson, Nagano, Japan expression1680
Automatic image analysis software WinRHI: Regent Instruments Inc., Quebec, Canad: WinRHIZO Pro 201.
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Comments/Description
precision: 0.01 mg

working conditions: liquid/power samples; particle size range of measurement: 0.017-2000 pm
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1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
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collective whole; “CRC License” means the Creative Commons
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means MylJove Corporation, a Massachusetts corporation and
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“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JOVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JOVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.
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Rebuttal Letter Click here to download Rebuttal Letter Response to
Reviewers_58026_R2.docx

Dr Benye Xi

Ministry of Education Key Laboratory of Silviculture and Conservation, Beijing Forestry University, 35 East
Qinghua Road, Beijing 100083, China

Phone number: +86 10 62337055

Fax: +86 10 62337055

Email: benyexi@bjfu.edu.cn

June 26, 2018
Nam Nguyen, Ph.D.
Review Editor,

JoVES58026R2

Title: Assessing the Particulate Matter Removal Abilities of Tree Leaves

Dear Nam Nguyen,

We appreciate the reviewers’ valuable remarks, which considerably contributed to the improvement of our

manuscript. According to the suggestions and comments from the reviewers, we have made revisions and

corrections in our revised manuscript. Please find our point-to-point responses to the comments as follows. Thank

you very much for your consideration and please contact us if you have any queries.

Best regards,

Dr. Benye Xi
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Communicating editor and reviewers:

1. Please break up Figure 1 into separate Figures. Please provide a legend for each.

According to the reviewer’s opinions, we have broken up the Figure 1 into a separate Figure. And the legend

of it was also provided in a separate document.
2. Please obtain explicit reprint permissions for usage of Figure 1.

Based on the editor’s opinions, we have already obtained explicit reprint permission from Elsevier (Fig. 1).
In addition, the pictures of all scanning electron microscope in Figure 1 have been replaced by other similar
pictures (we have taken a lot of SEM pictures when we were doing the experiments) in order to avoid repetition

with published pictures.

Dear Jingiang Liu

Thank you for your email.

Please note that, as one of the Authors of this article, you retain the right to reuse portion or excerpts in a new work. You do not
require formal permission to do so.

For full details of your rights as a Journal Author, please visit:

https:/ /www.elsevier.com/about/our-business/policies /copyright

Please feel free to contact me if you have any queries.

Kind regards

Anita

Anita Mercy

Senior Copyrights Coordinator, Global Rghts Department |[ELSEVIER |

Ascendas International Tech Park, Crest - 12th Floor|Taramani, Chennai 600113 » India|
Tel: +91 42994696

a.vethakkan@elsevier.com

Permissions Helpdesk no - +1 215 239 3867

Join the Elsevier Connect Community
www.elsevier.com

Twitter | Facebook | LinkedIn | Google+

Fig. 1 Explicit reprint permissions for usage of Figure 1



Reviewers' comments:

Reviewer #1:
Manuscript Summary:
Ok

Major Concerns:

No mention of statistical procedures used to compare your data.

According to reviewer’s opinions, the statistical analysis used in our research has been rewritten in the revised
manuscript. It has been changed to:

3.3. Conduct all the statistical analyses with SPSS (v. 22.0, SPSS Inc., Chicago IL, USA) software.

3.3.1. Use the Kolmogorov-Smirnov test and the Levene test to verify the ANOVA assumptions of
normality and homogeneity of variances, respectively, for the elution percentages of the different-sized particles
and the PM retention capacity data.

3.3.2.  Apply one-way ANOVA to investigate the effects of the different cleaning steps on the elution
percentages of the different-sized particles under various dust retention periods. Use Duncan's test (P = 0.05) to

detect the significant differences among different cleaning steps.

Reviewer #2:

Manuscript Summary:

Manuscript entitled "Methodology for assessing the air purification abilities of tree species quantitatively and
accurately" assessed three different extraction techniques to evaluate the accuracy of each method in quantifying
dust retention capacity of leaves in 5 different tree species exposed to natural particulate matter for short and long
duration. The manuscript is sound and relevant but lacks depth and several important information are missing.
Major Concerns:

The title should be changed as tree leaves of the middle canopy is only used in the experiment and not the whole
tree is considered. Term "air purification” should be changed to "particulate matter removal".

Suggested title: "Methodology for assessing the particulate matter removal abilities of tree leaves quantitatively

and accurately"
We completely agree with the reviewer’s opinions, the term "air purification™ in the title has been changed
to "particulate matter removal”. Thus, the title was changed to “Assessing the Particulate Matter Removal

Abilities of Tree Leaves”.

Authors in the long abstract mentioned "Leaf area index is also an important factor for assessing the PM retention



efficiency in tree scale™ but apart from abstract and final part of discussion section role of Leaf area index (LAI)
is not mentioned in the manuscript. If LAI has any relationship with present work it should be measured and

discussed if data is not available why to involve LAI at all in the manuscript.

We completely agree with the reviewer’s opinions. Thus, we have deleted all mentions about leaf area index
(LAI) in the manuscript. The reason why we refer to the LAI is that the original purpose of our experiment is to
assess the particulate matter removal abilities in tree scale. After obtaining the reviewers’ valuable remarks, |
realize the innovation point in this manuscript was the elution method and the retention efficiency on leaf surfaces,
and the LAI is only a further way to calculate the particulate matter removal abilities in tree scale. After careful
consideration, we decided to deleted relevant parts of LAI in manuscript and it has already been modified in the

manuscript.

Introduction: Introduction part is well structured with relevant information on the concerned topic.
Protocol:
Where is this experiment performed and what is the ambient level of PM in this area? Are all the trees are sampled

from one location and exposed to similar PM?

1. Our experiment (leaf sampling) was conducted in the Xitucheng Park (39.97° N, 116.36° E), which is
near the three ring road (Fig. 1) and thus a very heavily polluted area in Beijing, China (Fig. 2). The average
levels of PM under the short and long dust retention period (i.e. the duration between the last rainfall and the leaf
sampling time) in our experiment were 26 (PMzs), 57 (PM1o), and 111 (PMzs), 160 pg/m® (PMao), respectively.

We have already added this information in revised manuscript.

O == -

e

foas 12

Xitucheng Park

Fig.1 The location of Xitucheng Park
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Fig.2 The AQI (Air Quality Index) during sampling period in Beijing at Oct, 2014.

2. All the trees for leaf sampling are located closely in a greening strip with length and width of about 250
and 60 m, respectively. So, the environment conditions (wind, light, and rain) of these trees were similar. The
distances between sampling trees and the pollution source (road) are similar (about 10-20 m). We have already

added this information in the revised manuscript.

Lines 98-99. Why authors collected leaf from the middle of the canopy, it is known that outer canopy leaves are
more exposed to air pollutants. The authors should also mention how many leaves were collected for each plant

species.

We completely agree the review’s opinion that outer canopy leaves are more exposed to air pollutants. And
actually the leaves sampled in our experiments were from the outer canopies. The middle of the canopy in
manuscript refers to the sampling height above the ground. The reviewers may produce misunderstanding because
of our inaccurate expression in this manuscript. So “the middle of the canopy” has been changed to “the outer
canopy in the middle canopy layer” in the manuscript so that it could be understand clearly. And it has been

modified in the manuscript.

On what basis authors selected dust accumulation period of 14 days for long dust retention? Is dust accumulation

after this period is constant?

The “long” dust retention (14 days after rainfall) was just an expression relative to the “short” dust retention
period (4 days after rainfall) used in our experiment. It does not mean “14 days” is definitely a “long time” for

leaves to retain dust. The sampling time in our experiments (4 or 14 days after rainfall) was determined according



to the weather and the air quality. Due to the air pollution in the sampling area (near a very busy ring road in
Beijing) is very heavy and in order to avoid the influence of rainfall and obtain a dust retention duration gradient,

we have to arbitrarily determine when we should go to sample the leaves according to the weather forecast.

Lines 114. Authors mentioned that "Randomly select a certain amount of leaves (the leaf area is about 2000 cm?)
from leaf samples”. Why authors selected 2000 cm? leaf area for different plants. As the weight of leaves will
also influence the sonication process. Authors should give rational reasons for such selection for other workers to
repeat the experiment for other plants in same and different regions of the world.

When determining the PM quantity on leaf surface, the size of a replicated leaf sample of each tree species
was to guarantee the total leaf sample area was about 2000 cm?, which was determined according to our
preliminary experiment (Liu et al., 2016). The 2000 cm? leaf area selected in present study was due to two reasons:

1) According to the volume of the 1000 ml beaker and 270 ml water we used, the leaves can be immersed in
water exactly when the leaf area was about 2000 cm?. If the leaf area was larger than 2000 cm?, it could not be
immersed in the water completely, and the elution effect will be bad.

2) Under the short and long dust retention period, the mass of particles could be measured accurately when
the leaves area was about 2000 cm?. If the leaf sample area was smaller than 2000 cm?, the dust eluted from leaf
surface will be so light that we could not weigh it accurately.

Based on the above two points, about 2000 cm? leaf area was selected in this research. We have added the
reason for this in the revised manuscript, i.e. “Randomly select a certain amount of leaves (the leaf area is about
2000 cm?, which can guarantee all the leaves can be immersed in the water completely and the eluted dust has
enough weight so that we can weigh it accurately) from leaf samples”.

References:

Liu, H.H,, Cao, Z.G,, Jia, L.M., Li, X.Z,, Hao, L.F., Liu, J.Q., Wang, H., Xi, B.Y. Analysis of the role of
ultrasonic cleaning in quantitative evaluation of the retention of tree leaves to atmospheric particles: a case study
with Ginkgo biloba. Sci. Silvae Sin. 52 (12), 133-140 (2016).

Most important factor that determines particulate matter accumulation is surface characteristics of leaves. Are all
the trees selected for the study have similar or different surface characteristics? | have one query hear that all the

three methods used in this experiment for extraction have any influence of leaf surface characteristics.

Consistent with the reviewer’s opinion, we also agree that leaf surface characteristic plays an important factor
in determining particulate matter accumulation. From the observation by scanning electron microscope, the leaf
surface microstructures of different tree species in this study are very different (Fig. S1-5, attached at the end of

the response letter). The methods used in this study did not have influence on the leaf surface characteristics, and



this has also been investigated in detail in our previous study (Liu et al., 2016). From the Fig. S1-5 at the end of
the response letter, it can also been that the leaf surfaces microstructures were not destroyed by our cleaning
methods.

References:

Liu, H.H., Cao, Z.G., Jia, L.M,, Li, X.Z., Hao, L.F., Liu, J.Q., Wang, H., Xi, B.Y. Analysis of the role of
ultrasonic cleaning in quantitative evaluation of the retention of tree leaves to atmospheric particles: a case study
with Ginkgo biloba. Sci. Silvae Sin. 52 (12), 133-140 (2016).

Line 138-139. How author determines the ultrasonic time of 3 and 10 min. What was the frequency of ultrasonic

pulse? Is it same for both species or different? Have authors tried to vary the pulse rate?

1. The ultrasonic time of 3 and 10 min was determined based on our preliminary study (Liu et al., 2016).

2. The power of ultrasonic pulse was 500 W.

3. And for different tree species, the power of ultrasonic pulse was same, all of it was 500 W

4. In order to obtain the optimal ultrasonic cleaning parameters, taking Ginkgo biloba as examples, after the
leaves were cleaned by soak, stirring and scrubbing, we set 24 ultrasonic cleaning treatments which were a
factorial combination of six ultrasonic cleaning time (1, 2, 3, 5, 10, 20 min) and four ultrasonic power [200(40%),
300(60%), 400(80%), 500(100%) W]. Then, it was sequentially conducted to leaf samples to collect particles
retained on leaves. 1). The initial ultrasonic time (T1) was determined by the time before chlorophyll a could be
observed obviously (the concentration of the chlorophyll a and the color of eluent) (Fig. 3&4). And different Ty
could be considered as the optimal ultrasonic cleaning time without damaging the leaf microstructure under
different ultrasonic powers, respectively. 2). Taking the mass of particulate matter elution as the mass of total
particulate matter till the ultrasonic cleaning time (T1), then, the eluting portion of particulate matter retained on
leaves in different eluting steps (water cleaning, brush cleaning, and ultrasonic cleaning) was calculated (Fig. 5).
3). Comparing the eluting portion of different ultrasonic powers under the optimum ultrasonic cleaning duration
(T1), the final optimal ultrasonic cleaning time (T2) and ultrasonic cleaning power were determined
comprehensively. 4). The Scanning Electron Microscope was used to observe the particulate residue on leaf
surface in order to examine the elution effect of the optimal ultrasonic parameters.

The result showed that after conventional cleaning procedures, further cleaning with ultrasonic under power
of 500 W could make the leaves more clean, and wash off at the maximum about 27% of the particles retained on
leaves. Meanwhile, the parameter (500 W for 3 min) could avoid the exudation of chlorophyll a from leaves
obviously.

The ultrasonic time of the other tree species was also determined by this method, but its stability and general
applicability to different plant species under different dust retention period should be further investigated when it

was applied to use in similar studies.
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Fig.3 The cumulative amount of chlorophyll a exuded from leaves of G. biloba under different combinations of

ultrasonic cleaning power and time length

Fig. 4 Color variation of leaf eluent under different ultrasonic cleaning time length and power for G. biloba. (A:
200 W; B:300 W; C:400 W; D: 500 W). The number written on the centrifuge tubes in each picture is the

ultrasonic cleaning time (min).
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Fig.5 The eluting porting of particulate matter retained on leaves of G. biloba in different eluting steps

References:

Liu, H.H., Cao, Z.G., Jia, L.M,, Li, X.Z., Hao, L.F., Liu, J.Q., Wang, H., Xi, B.Y. 2016. Analysis of the role
of ultrasonic cleaning in quantitative evaluation of the retention of tree leaves to atmospheric particles: a case
study with Ginkgo biloba. Sci. Silvae Sin. 52 (12), 133-140.

Authors did not perform any statistical analysis of the observed data. It will be better if statistical significance of

observed methods were performed. How many times did authors repeat the experiment?

Based on reviewer’s opinion, the data analysis was added in revised manuscript. And we set 5 replicates for

each tree species in order to guarantee the precision of experiment.

Minor Concerns:
Abstract: Abbreviations must be defined first. In long abstract WC, BC and PM are not defined.

Based on reviewer’s opinion, the WC, BC and PM has been defined in long abstract. And it has been modified

in the manuscript.
Reviewer #3:
Manuscript Summary:

Accept.

Reviewer #4:



Manuscript Summary:
Although the manuscript focuses on an important topic, there is not a sufficient introduction for the protocol,

furthermore, it needs major rewriting for sense and flow.

According to reviewer’s opinion, the introduction for the protocol has already been rewritten in manuscript.

Major Concerns:
Insert data analysis

Page 6 line 199: The statistical significance of findings is not stated.

According to review’s opinions, the statistical significance of findings was stated at the part of data

presentation and analysis in the revised manuscript.

Page 4 line 114: sample size?

When determining the PM quantity on leaf surface, the size of a replicated leaf sample of each tree species
was to guarantee the total leaf sample area was about 2000 cm?, which was determined according to our
preliminary experiment (Liu et al., 2016). The 2000 cm? leaf area was selected in present study might be due to
two reasons:

1) According to the volume of the 1000 ml beaker and 270 ml water we used, the leaves were immersed in
water exactly when the leaf area was 2000 cm?. If the leaf area was larger than 2000 cm?, it could not be immersed
completely under the surface of water. So it might not have a good elution effect that was limited by experimental
instrument.

2) Under the short and long dust retention period, the mass of particles could be measured accurately when
the leaves area was about 2000 cm?. In other words, only the leaf area about 2000 cm? that we could guarantee
that enough PM could be eluted under this dust retention period. Thus, we selected enough leaves (the leaf area
is about 2000 cm?) to reduce experimental errors as much as possible.

Based on above two points, about 2000 cm? leaf area was selected in this research.

References:

Liu, H.H., Cao, Z.G., Jia, L.M., Li, X.Z., Hao, L.F., Liu, J.Q., Wang, H., Xi, B.Y. Analysis of the role of
ultrasonic cleaning in quantitative evaluation of the retention of tree leaves to atmospheric particles: a case study
with Ginkgo biloba. Sci. Silvae Sin. 52 (12), 133-140 (2016).

major rewriting



According to reviewer’s opinions, the relevant part has been rewritten in manuscript.

Minor Concerns:
Title: rephrase your title; 1 would suggest to add air pollution removal and urban tree species.

We completely agree with the reviewer’s opinions, considering the proposal of the editor and other reviewers

simultaneously, the title has been changed to “Assessing the Particulate Matter Removal Abilities of Tree Leaves”.

Page 3 line 53: add particulate matter (PM)

Based on reviewer’s opinions, the particulate matter has been added in manuscript.

Page 3 line 54: delete greening

The word of “greening” has been deleted in manuscript.

Page 4 line 101: did you collect the samples from urban trees? Please describe the site.

Yes, | did.

1. Our experiment (leaf sampling) was conducted in the Xitucheng Park (39.97° N, 116.36° E), which is
near the three ring road (Fig. 1) and thus a very heavily polluted area in Beijing, China (Fig. 2). The average
levels of PM under the short and long dust retention period (i.e. the duration between the last rainfall and the leaf
sampling time) in our experiment were 26 (PMzs), 57 (PMio), and 111 (PM25s), 160 pg/m*® (PM1o), respectively.

2. All the trees for leaf sampling are located closely in a greening strip with length and width of about 250
and 60 m, respectively. So, the environment conditions (wind, light, and rain) of these trees were similar. The
distances between sampling trees and the pollution source (road) are similar (about 10-20 m). We have already

added this information in the revised manuscript.
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Fig.1 The location of Xitucheng Park
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Fig.2 The AQI (Air Quality Index) during sampling period in Beijing
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Fig. S1 The upper (A) and lower sides (B) of a Ginkgo biloba leaf subjected to different cleaning steps (1: without
cleaning; 2: single water cleaning; 3: water cleaning + brush cleaning; 4. water cleaning + brush cleaning +




ultrasonic cleaning
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Fig. S2 The concave (A) and convex sides (B) of a Pinus tabuliformis leaf subjected to different cleaning steps




(1: without cleaning; 2: single water cleaning; 3: water cleaning + brush cleaning; 4. water cleaning + br
cleaning + ultrasonic cleaning).
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Fig. S3 The upper (A) and lower sides (B) of a Sophora japonica leaf subjected to different cleaning steps (1:
without cleaning; 2: single water cleaning; 3: water cleaning + brush cleaning; 4. water cleaning + brush cleaning
+ ultrasonic cleaning).
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ig. S4 The upper (A) and lower sides (B) of a Salix bayloi leaf jected to different cleanin eps (1:
without cleaning; 2: single water cleaning; 3: water cleaning + brush cleaning; 4. water cleaning + brush cleaning
+ ultrasonic cleaning).
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Fig. S5 The conical (A) and eorm (B) leaves of Sabina chinensis subjected to different cleaning steps (1:
without cleaning; 2: single water cleaning; 3: water cleaning + brush cleaning; 4. water cleaning + brush cleaning




+ ultrasonic cleaning).



