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Research progress on foliar absorption mechanism of pollutants

LU Hui' ZHANG Yinlong'>** WU Yongbo'”

(1. College of Biology and the Environment, Nanjing Forestry University, Nanjing, 210037, China;
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Abstract; Large vegetation is an important filter layer for atmospheric pollutants to enter the surface
system. The surface of vegetation is the interface between pollutants and plants. The transport
behavior of atmospheric pollutants across the leaf surface is crucial to explain their environmental
effects. Plant foliage could not only effectively alleviate urban air pollution, but also could be used as
a passive sampler to dynamically monitor air pollution levels and characteristics at different spatial
and temporal scales, both of which must be realized by foliar absorption. Stomata and cuticle are two
major pathways for plant leaves to absorb atmospheric pollutants. Due to its fine microstructure,
hydrophobic composition and close relationship with plant organisms, the cuticle plays an important

role in carrying pollutants across the leaf surface. This paper mainly reviewed the studies on the foliar
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absorption of heavy metals and organic pollutants, summarized the relevant mechanisms and
influencing factors of foliar absorption of pollutants ( physicochemical properties of pollutants, surface
characteristics of plant leaves and the environmental conditions) , and proposed the outlook for the
future research: (1) To explore the influence of complex microscopic features of the foliage on the
deposition and retention of atmospheric pollutants on the leaf surface, which was conducive to select
the urban greentree species with high pollutant absorption potential. (2) Cuticle is not only a
transport route, but also the main barrier in the process of pollutant migration to the plant leaves. At
present, the relative contribution of the two functions of cuticle to the transport of pollutants across
the foliage remained unclear. Therefore, it is necessary to further explore the effect of the three-
dimensional structure of the cuticle on the interface behavior of pollutants, such as adsorption and
diffusion. (3) Studies on the micro-interface behavior of organic pollutants in living plants are
scarce. In the future, in-situ detection technology can be used to more efficiently and sensitively
track and quantify the dynamic migration process of multiple organic pollutants on the leaf surface
and inside the cuticle at the cellular and subcellular levels.

Keywords : foliar absorption, cuticle ,heavy metals, organic pollutants.
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1 EYHE RS Y EI% 12 ( The pathways for plant foliage to absorb pollutants)
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Fig.1 Schematic diagram of pollutant absorption process by foliage
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2 EYRREMERENS S L YHIEEX ZE ( The relationship between the composition of plant
cuticle and pollutants)
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Fig.2 Cuticle structure of plants"®’
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Fig.3 Water-based connection model through the cuticle'®’
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3 EYMHERKESEVIIE N0 E 2 (Mechanism and influencing factors of foliar absorption of
heavy metals)
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4 BEYHEKREEITEYHYE RS I E X ( Mechanism and influencing factors of foliar
absorption of organic pollutants)
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Fig.4 Three-zone Stepwise Permeability Model
(Phenanthrene gradually diffuses into the three zones of the cuticle, and J represents permeability

The forward penetration process of phenanthrene; J, <J,<J,>J;>],; the reverse penetration process: J,<J,>J;>J,=],)

4.2 FEYN TSR LTS YL R e R 2
4.2.1 AHLIGGD B BT

XEFANLG YN S, A KRS A 0 BT RS S R (K, ) A s
T g Ko, <8.5 M HLTS Yy 1 22 LU IE LU A i v Wi, L ZE b e A s ATl Y 43 B 45 38 31
i ;1g Koy 7E 8.5—11 Z[AIA ML G, 15 DL R ICR 32 (H 32 W 3l 07 2% i BRI, 76 28 SR e ]
()5 B TC 38 BP0 5 1g Koy > 11 B LG Y T2 B0 B 7 ok I, BAH DR SR A v e i, ead 7 57
Bl F72F BRI, AR 21 -1

[ AT 528 280 A A0 - 2 T %) SR A AL T G 2 0 3 B s R B 00 A 2, LA o 2 v 9 G
£ 5 A B B BE— KA R (K oy ) SARSE T A T HILY5 S0 A W B 22 5 5 e i K v
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PGy S8 T T R AT ) DR oA R B A 1) TR B Koy RO AE & 9. Sriprapat 257 B 5% 2 AR %A AL
V5 ISCSE  B, BRI lg Ko 7E 2.69 247, LRI g Koy 75 3.15 2247, M L HE R M) FR T2
ARG WM K.
4.2.2 fHYIM R R ERHE

M R T RRAE A0 AR T2 A5 A IR T (R & ARALEE R | e AR AR SN R A 4
VT R A ALY Y ) SRR TR 2R S B A A R S BT e 0 £ o ) 25 5

1 5T 2 G546 (4 52 B M X6 T /K MG BILYS ) (HOCs ) 14052 B EL A 8 S5 52 0], A0 I 110 38 1 s
HOCs T E AW FHAR ' Shi 2515 052 T 6 Fc/N2nt b 6 Fh PAHSs (95, & BLA IR)Z 4 5 b PAHS
PAIRE B PAHs Mo B8 & T AR ZR (P<0.01) , K W i 2 e, nT 5m S0 Bi RS
A BT YL T I R, A T A 40 A s At 2 B o i ORS00 T B A B TR A v
WM PAHs OV ™ L TR T 6 MY T A PAHs EAERE N S0 R IR R SE R, 4 248k
( Hypericum monogynum L.) ' b g Jot £ & fe i 0 B0 S IR 45 00 B B0, & 46 1) PAHs ¥ 3 d i 5 A1 il
( Photinia serrulata Lindl. ) W F R8BS A2 5K, (5 i T H R A OB, AR F KA PAHs FYTTRR
SR, S B0 AR A PAHS & R Huang 56 [ T 3 Al U4 & 4 PAHSs BE S0 225 450
o 2 A T ARFE B0 LAD) Bk, M 2 i E 5, % PAHs AU & B2 RE ) deot ; B 8% Hb R i AR A 23
A S, W o i PAHSs & SR i B it IR TR R AL SR, X p (R TR A/3S PAHS &
B i) B3R Tian 25 HRIT T LG THEAN ) 8 Rl Rt AL R PAHs AURE ST, 20 PAHs & & 50
EEARSC, SAEY A AL R | L R R B R 5. PRI P T RELARS B vy I T e e AN
AR ) 1 R A0 AR P R BRI AL T 22 ) A ML TS e ).
4.2.3 MBS OREE B OGE)

LB S Ay v T W AT LTS e G R ) B R PR B T - (1) TR AR A A B R A 2 T A
BRI (AL B R T2 R ) AR 5 (2) TR & S ECA LIS Y4 F SRS G AR

LG R E R WS A LIS Y i E B R AL AYAE s S R I AT R A G
TE—E IR (0—40 C) P, LS SR MIE ™ | — B 3 AR B, f i B s £
filf 2205 2286 A VE R PR A FECKE 32 B0 AR AR 1, 1 i 5 i A AL TS Y ) 1) 32 A 4SS 0L T %o 3
BB Z RS P R B, 2R 15 C TR 35 CHE, FERIB B RGN 3.0—4.4 51 X EH
R FE AR Ak 22 5 S A TR 2 B B AR B B8, IR AR 15—35°C Z )it , s o 52 0 qE TR 11 4%, # R 2 3 bk
VRS, U TR R 40 Ml P ot 25 LR ) P T i, sk 1 1) A4 A 9338 3, S AR R A HILYS e A A
JRJZ B A NG Y Ko TN K o B0 S2 TR B 52 IR AR 25 5 A LTS Y AR S (0 e
AR MR 0 HAE KA —AE 4 18] ) 43T T 3 T e A2 (5 AL T e ) DR o) SR 2 728 5 30 B o P
TR A LTS e 2 B RS . BV AVE LTS e A ) KR A3 S 2R B0 TR R BN B
B E BT A LG Y] fE 2 AR EREE A B (R4 | 4855 ) 26 BB 4 KA S g
BTG Y B FR B AT

FER (F5) A DGEFRG A 25 A 2 52 M AL 400 I kA 1LY 2% 40 %) WA WAL 0 B A A ) b 3 T ) 7 2
PAHs 7E#E ALK 2 50T A6 24 = RSB 251 I X 0 &S PAHSs AT BR A7 PAHSs 35 PR R
[ 42.05%—99.01% , 3% =5 T XA PAHs BT BRBTIRR . [ SR FREE i 16 e i 10 e 23 B i 4 AL TS e
YIRS —HE 5 | Chen 251 SR FHOGET 98 636 IE W W2 R 7 20 AR I F b i FE i i e B i 2k
WAL, A DR R IERE & HE A A . Sun 251708 SR IR OIG LT 58 G DRI L0 bk
1 PAHs (34t UM 180 Z /0 PAHs (IEA7 ST PAHs M0%AF, AR 19 PAHs L RS0
TP, B R PAHSs 576 M0 WA REAIC , S BOLAE 38 1 B9 YA R Rl 2 I 2.

5 #i25RE (Conclusion and prospect)

A %) T WAL 15 Qe A R A R G la) i a1 £ 2207 20, T G W AeABL ) w2 1 1) PR
THIAT ot TR LIRS R0 28 0C 8 B AL 5 A 2 S A A e T R 75 G ) 1) 2 R AR PR IR AR I
KATT YW AR TTRRIRH T 2 Fh R 2R s Gy s Ak v T (kP DB R Ko, Koy ) JEPII R
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FMRFAE (AR I b B AL RS T I (6 J50) &2 A SRR ) B AR (IR
JE RRERE XU DA ) A5 H T AR T TS B HL RIS T — R RO (BT IR TR AR
FLZAL.

(1) RATT YW AEA ) 2 i A TR 55 AR ) 3R R BV AR 26— 25 AL i 3 52 2% 9 foloM
FEBURHIEIE R M5 e Ay i R i TORR i B A T 2 IR U s e ing =, AL R
ZIN AL E A e R 2 7 R UKL I R XA WS 3 T ORE ) (E HOE T I i W) i, 1
P et THTAEL R J3E B g B M) T BORE ) B TIOR3 T v 4 B T R A B B I AR 4R e AR )
TET RZ S R SO 40 0 3 TRLIE | B — 2B R T AR -2 T A TROULIE B0 A5 AE X5 e AR IR R 52 i), A7
B 00 BAT iR OB MSCTS e vk T B T S AR A

(2) HRE A 1 BUZ IS5 R E R R G elia i) 2k ie 2 — A AL S
TSR B, 15 e e A o2 v ) s AR TR s g T A I U VR S 2 A TR
JEME R — 2R MR PRI AT, AN U5 P 3 Fd A, R 15 Yy i R A W R ia i A v ) 22
e i, AEL I T S50 19 75 T ) S BE X T e 5 - T o i PO AR XS B R o AN T T e A A BUZ N 1Y
W R 5 9 BRI R 2 A, ST A B2 e 2 2 B et T B L0 Uik AN — , EA DRSS o= rp R B Il
BEFARAN— R A5 5, AT RE S A L. DR A b R AR TS A 02 S R L B K X 45 e e A 7 25 ¢ T A
A BRI B2, TSRO T (AT BE S 0 i ) AR A9y P 1 W ST e 0 AR AR S AL,

(3) FHTA P TS HLTS G BRI 5 R 21 S 28 B A i o vh AT RO (35 (LC ) Ak
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