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Abstract; It is widely acknowledged that urban trees and forests can significantly improve air quality by removing airborne
particulate matter (PM) and thus safeguard the health of urban residents. However, it is very difficult to accurately assess
the ability of tree species to capture PMs from the air as such processes are governed by several biotic and abiotic factors.
Here, we present a first ever study that explores the effects of rainfall on the detention of PMs by leaves in five commonly
used urban greening species in northern China, including Ginkgo biloba, Acer mono Maxim, FEuonymus japonicus,
Koelreuteria paniculata, and Eucommia ulmoides. Our specific objectives were to: 1) quantify how much PMs detained on
the leaves of five different tree species can be washed off by natural and simulated rainfall events, 2) compare the difference
in PM removal between tree species under different amounts of rainfall, and 3) analyze the factors that might contribute to
the differences in PM removal under different rainfall conditions. Leaves were uniformly collected from top, middle, and

bottom layers of the tree canopy at four cardinal directions from the sampling trees after several minutes of rainfall and
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12 days after rainfall. Each sampled tree leaf was sealed in a plastic bag immediately after collection. To measure the
quantity of PMs trapped on leaves, the samples were washed and water used for washing was collected. Thereafter, 10% of
the water was dried to determine the weight of total suspended particulates (TSP), while the remaining 90% of the water
was passed through a 10 wm mesh filter and then through a 2.5 pm mesh filter. These filters were then dried to determine
the weight of PM > 10 wm (PM_,,) and PMs that were between 2.5 and 10 pm (PM,, ,,). Then, 20% of the filtered
water was dried to determine the weight of PMs that were<2.5 pm (PM, ). Once the quantity of airborne particulate matter
held per unit leaf area was determined for each of the study species, leaves were sampled after exposure to the following
rainfall conditions: light rain (14 mm) , moderate rain (29 mm) , 30 mm/h indoor simulated rain ( equal to 15 mm) , and
12 days after rain (to determine the saturated dust held in summer) . The result indicated that the amount of PM washed off
from the leaves by rainfall varied greatly with the size of the particulates and the rainfall condition (including the intensity
and amount of precipitation). For all species except Ginkgo biloba, PM,, could be washed off even under light natural
rainfall condition and the amount and intensity of rainfall were critical factors in controlling PM removal. Overall, 50% and
90% of the TSP were removed by moderate rainfall and simulated torrential rainfall , respectively, due to higher intensity of
rainfall. One major factor that contributes to the above observations is the surface structure of leaves: smooth surfaces, like
leathery leaves, have better ability to trap PMs, which also wash-off more easily. Among the five species, Euonymus
japonicus recorded the best overall absorption of particulates ( washed TSP (775.06+33.99) mg/m’, light rain) , while
Ginkgo biloba had an edge on absorbing particulates of small sizes ( washed PM,: (426.55+40.83.99) mg/m’, moderate
rain). We concluded that the species differed in their ability to trap airborne PMs and in the rate of removal of PM from the
leaves by a rainfall event, and this was influenced by the differences in the surface structure of leaves of the species,

rainfall amount and intensity, as well as the particulate size.

Key Words: atmospheric particulates; PM, . ; tree species; foliar dust retention; rainfall effected dust removal
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Xof KA IR R 20 A A F O T AT S 2 R A AP B RO 4, DT R AR, X A AR B
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Table 1 Basic features for different plants

W Fh B Mz 5 Y W ARRAE Pt B T R L SRAE M £
Plant species Family Life form Leaf characteristics  Single leaf area/cm®  Tree height Sampling sites
KAl Eucommia ulmoides AP EUIETN TR T 86.88%+6.06 8.4°+0.55 SN
KM Euonymus japonicus BEb 2 WA B 10.19Y+2.4 1.45"+0.10 AR
25 Koelreuteria paniculata TERFRE TR WK AL E 20.14°5.4 13.83°+1.85 WiV
FLAM Acer mono Maxim R AR AR AT 38.439+6.26 7.5°%1.10 WRZRIE
R Ginkgo biloba AL NI EZ e [ 19.38°+2.28 8.2°+1.05 Wi
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A ISR = A

7 H 14 HREERTEBLL 10 B BERT, BRI UCRAEARAT I i 1 2 T UKL ) i 7 1 Sl 52 2R A 40 26 T A
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Fig.2 Amount of particulates accumulated particulates under different rain condition on unit leaf surface area for 5 trees

TSP, BRI 4 total suspended particulates. & Tfﬂ(ﬁjﬂf@ﬁtfﬁ?{ﬁ%( n=3) , ANF/NG FREFRIRGERLE 0.05 K 2R RE
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Fig.3 Amount of particulates washed particulates under different rain condition on unit leaf surface area for 5 trees
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#(P>0.05) ,{H¥ 8 25 T 250 (P<0.05)
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5 FPFEY) TSP k%R 50.86%—66.03% , HLAHEUT ; S A PM>10 WK KT, H PM, i RPRE /N, X

Ll T AR 55 T 1R 23, 2 PN B T % AR v ) 5 ) Dk . A, 30mm RN R 2 PN R R 6T S TR 4 v R 50 SR I

3 BRISH PM B2 (65.74%) (TR PM, o, sHIZK (88.57% ) , HAMRI B [RLRE A2 vp i) 22 3R/ N T 91.35%
K2 AEEWMEGET S IHMELENRIZE %

Table 2 Ratio of washed particulates over total amount of particulates

JINFR Light rain

F§F Plant species

TSP PM>10 PMyp_s 5 PMas
K254 Ewonymus japonicus 39.55a+1.73 34.49a+2.22 69.32a+6.53 29.86a+3.76
FLAf Eucommia ulmoides 10.02b+5.88 27.46a+12.37 27.22b+7.41 -32.12b+14.92
FLAAB Acer mono Maxim 24.91c+7.51 33.14a+5.23 70.56a+8.98 1.76¢+5.73
WA Ginkgo biloba 0.32bd+12.87 -19.88b+7.2 57.8a+14.05 16.31d+5.47
5K Koelreuteria paniculata -5.34d+3.97 -8.47b=11.98 52.35a+17.29 -36.72b+2.12
S Plant species HITH Moderate rain

TSP PM>10 PMy s PM, 5
K4 Evonymus japonicus 56.93ab+2.83 57.09a+9.43 71.45a+4.37 53.26a+1.98
T4 Eucommia ulmoides 59.5ax1.01 67.35ab+0.1 39.83bc+4.15 38.77bd+4.59
FLA Acer mono Maxim 66.03¢+2.79 72.97b+6.15 81.33a+7.13 42.2b+5.62
WA Ginkgo biloba 54.15ab+5.59 37.66c+4.42 49.58b+2.2 60.43¢+5.78
W Koelreuteria paniculata 50.86b+3.72 61.73a+6.2 37.06¢+9.2 32.43d+2.77

B Simulated rain

B Ff Plant species

TSP PM>10 PMyp 5 PM, 5
K45 Evonymus japonicus 96.39a+3.99 94.04a+10.01 95.01a+10.76 97.97a+9.69
KAt Eucommia ulmoides 96.76a+8.1 93.13a+6.5 97.68a+11.09 98.35a+11.58
FLA Acer mono Maxim 96.96a+10.2 94.47a+10.33 88.55a+7.48 97.98a+8.43
A Ginkgo biloba 98.96a+6.14 98.16a+7.87 98.69a+9.35 99.3a+10.66
25K Koelreuteria paniculata 93.93d+10.27 65.74b+7.79 91.34a+9.91 97.2b+9.3

TSP, BB total suspended particulates. PM, JHURI YY) particulate matter. & - A HIEARMEZE (n=3) , R E/NE FREFR R S5 LA 0.05 7K

¥ LSRR

INFRTAR ) PM, o, s A3 ZSBRACRE , 2 AE 40 /N TR 5 v R ol 6.2 S5 AN I 2858 37.06%—81.34% , M 58 3% &2
30mm/h, K84 FE AR RS il R 5 £ AN R AR

FIRMETT | R AL A 41, PM > 10 i1kl 3 ( 34.49%—27.46% . 72.97%—57.09% ) ¥ K T PM, , th fill %
(29.86%—1.76% .53.26%—32.43% ) , Bl M3 K, whil 4 (4 50K 90 v PM, 14 EL 48] B T, {H PM > 10 i)
RIRAE T PM,,, S R 2. & NBRIRE TN T, 5 Rl PM,, (99.3%—97.21%) wh il =1 K T PM_,,
(98.16%—65.74% ) ,iX P FEE5RFEFNAEIR T PM ORI , (5 2 43 i SE /N JURE 9, 5 RIS TSP i B3 BE
FIFEAPARX A5 | A5 , R E A 1Y) TSP 5 B3 5 25 5 32 BRI RZ I, PM,  F0RE ) K B4 i B e T
9 RS, PM, o, SRR ORI 25 R i 25 S O B 28, K B0 A Wi B8 8 1 AR R A, PML, TR 490 1) 2 A B2 K

B T A RE T

B THRAY ZAh Ay 4 BRI BEE FE T, BRARTEM 3 PV, JSURLY BT & LU EE AR, PM, UKL BT 5 L T
195, U ARG RABURE ) 19 5 BR ST 28R HL PP R B 7 A 8 /1, 106 P 3 R 0 R ek 804 A [ A 8 )
KPR S 245 BRAY B4 3 RIRLZUBURIYI i 42 1 23 LA A KL B 3 e T A A 4 RV IE S AR B AR T
-2 PM, s UKL LT [ AEG, PML o FURE ) LG B T i, U0 T AR K R LAY 2 00 ) 1) 25 BR ST R0R

4 itig

4.1 B ] R R AR ) B 25 5
A e [0 T 2 MR B AR 300 1) B8 ) 22 5 2 v I SR 5 R R I S5 R 1), R Xof A A 4 i P A ) 2 2
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HPTE PM, A PM, JIURL, PM, (5 B 2R 5 S0% 2547 (181 2) , X RIS 22 i v B LI AL 6 46 | e 2= 46
7 FAEY) S FIEAR— B, AFEEI B R AR AR RE T 22 R R A K A A BB AR A i B P
IR AR RE 1 ¥ e (1 2) X S AR AR AT AR — S, TR R AR I A A T R R
PM, s Z AN AR AR 75 et i (18] 2) , S AROEHT Bt B R BR i B8, et R AR E,
TP A NS o g8 2RSSR X A e B MK, B AR AR R Vi B S A TR I R S5 AR A /N, (5
RENTRENZ G, PM, FRAY TIOR3 B8 e 514 TR 81, S 4544 vT REAS 25 5 B 35 TR0 , TR] B S 25 5 Uk
Jid, X 5B AR SR PR B BRVLIEAR (MR AR AR —ER, P RRREY S AR R, B R
DU 285 8 o0 2 TG B I8 (UNARAS ) PRt 3 0 RAR I 92— B0, AS Rl A RN )i i 1 i 25 S /N TR RS H
IR (A A, 3T BB R [RIAE 4 i R 2R B B PR 2E A Ok,
4.2 FEMXT LBRADI R R RE S I 25 5

14mm FIRFEFR 21F T, KM 3547 OB wh R 2R 550 22 TSP $230T 40% , PM, B8/ D AT 30% , 4845 PM, o i
RA 16.32% ; 258 KL PM, A2 0B ) A B A vhist, RO T 30% DL B (3,2 2) , 29mm KIRFE
FIAAE N 2RIl TSP whRi 34 7E 50% LA L, KA EA7 KA FOAAR, 76 FBURIY) 2 BRI b 3 v 1 At 3 o
HEYD s BRER AT AN, B T B 25 5 25 Bk PML, BRI (181 3,36 2) , X ] ERIAR A R SOREE M A 56, RS 46
WFFE A R IRF RIS 2 | BR A 55 288 mT (/K3 5 R [ i 2 9 42 ol A AR [] , 3 26 PR R TR 1 T AS (] 1) B 7K
Al AFFHEN') S ) A TR X R AT 1 5 M A, AR [] A A T X AN ] A AR 4 25 B BE 1 AR TR], Praybysz! ™ AR 5T
[l R 0], 948 T Ko AR A AR DR 5 R 5K, AR TR b 22 [ A7 P T S M B A 22 5, AR 9 e — B . AT 5%
FEM I R 3 10T P4 T 28545 A o AT 400 114 R g 21 i B SR 4 e Jd wf o e i LA A TR B2 B S i, e i o )
VRIERIURL ) | KRR T 25 5 25 B%
4.3 S[RIFE I A AT R 22 ol BE g 1) 5 e 25 57

ABFFE> P A 15mm [ AT 25 B b 40y 2 1 A 4 DA I PO 2, AR S0 P 14mm [ TR K35
A3 ol i 2 R 22 R RE A B R Y S ST P R LA AR T AR A L R E > B > K
RN, T/ANED S M TN, 320 I B s 1k, W25 R B B m T B W, I 55
T P R A e IO oty DR 4 Y 25 S e 3, o AR 4 2 BRSO B 3 5 29mm B W AT LA il 45 509 DA L
SR, T2 S AT, 12mm DLR AR KA BEAT 825 R 1 3 8 A 04, 31.9mm [FK S, JhAR
R = B i 2 AR AR AN B S 7 £ T A SR TR 24 509% R 62% R RSR B DERR . = PIRRADLE I 4%
PEF SRl R AR ol il 235 1] 909 LA L, 410K A7) of il 8 35 K T RLBUR A (181 3,35 2) ik 5 Hofb A5
T ZE NS VAR L, A0 A e I 5 4 e A REL AT 40 225 440, T 40 AN R 4, AR AT 5% 3 WH AS Ti) o 7K 4 12 4o A
Y whIRI e AR 22 5 SR A BRI RIAS PR RS I G, 5 A E T & AR —3L,

5 #ig

AR RAGGMET AP AR R A T RUSORE P i A e APt 25 57, Bl B R i Rl i g 4, 22 S 3
WA . /IR ( 14mm ) XHRURE ) (%) il 68 00 A7 R, rh 284 TSP RE gk P & it 30N 2 FF 5 RN (29mm)
A LI 50.86%—66.03% TSP UKL , Horh 254 PM, il 2R 5 A R 32.43% T AR 45 e i H 60.4% ; 25 YA
LSRRG AT LA 45t 93.94%—96.97% TSP UKL , it FE R 1S R, R4S ORI Bl 2 il F 2GR 454
XTI 68 7 AT S S BT 7 8 R P A T A ) i 2R B ) (TSP i 2R B (1959.38+83.57 ) mg/m”’, /)y
) i AT SR F] (775.06+33.99) mg/m? ) 5 ELAE LR 1 i B A2 B8 B (AN 2SR ) | R EBT vpi 68  B 0
HLACR I R G5 H4) B AR A X AU 40 ( PM,, ) FIBT il BE 1 AR ( R T PM, il i ( 426.55+40.83.99 ) mg/m”) .
FERE R 0 R M EREE | B I A W2 FLAS 5 o Rl R A B 5L A B s S R I D 34, an okt A kA R
FA; BN AS L IRBE | KI5k AR B I E S PM, O, EEAE 7 3k 7 AR R e Ak el 8 v A mT
A8 AR 8 R B A RO S B A0 R ) RE T SR AR A o AT AS S A B, R AT T el 25 B A 4y 2 T i B A
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