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Deposition and release of persistent organic pollutants in forests
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Abstract: Background, aim, and scope Persistent organic pollutants (POPs) are a class of pollutants with high
toxicity, low degradation, and bioaccumulation. Due to their semi-volatilities and persistence, POPs can undergo
long-range atmospheric transport to cold/remote areas (e.g., the Polar regions). Atmospheric deposition and
volatilization are the key processes during the global transport of POPs. Forests have high uptake capacity of
atmospheric POPs, thus is the important reservoir of POPs. As the key medium for atmospheric deposition of
POPs, the forests can accelerate the deposition of POPs from air to ground. The aim of this review is to report the
recent advances in the deposition and release of POPs in forests. Materials and methods Previous studies on the
deposition of POPs in forests were collected and reviewed, focusing on the patterns and mechanisms of deposition

both from air to foliage and from foliage to the ground under canopy. The post-deposition processes of POPs were
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also summarized briefly. Result (1) Leaves absorb gas-phase POPs via waxes and stomata, while barks absorb
both gas-phase and particle-phase POPs via lenticels. Besides, mosses and lichens under canopy can uptake
the POPs in wet deposition. (2) POPs in leaves, barks and understory vegetation can be further deposited to the
ground surface via litterfall and throughfall. While, the soil under canopy can also absorb gaseous POPs directly.
(3) The losses of POPs occur in post-deposition processes. Low molecular-weight (or high water-solubility)
POPs can release from soil through infiltration and leaching. Moreover, in the context of climate change, forest
fires could be a new and important pathway to release POPs stored in forests. Discussion (1) Foliage mainly
uptakes POPs from atmospheric dry deposition. The influencing factors include physicochemical properties, and
atmospheric concentrations of POPs, as well as traits of leaf/bark/moss/lichen, and environmental/climatic
conditions. However, there are some shortcomings in previous studies. For example, the mechanism of deposition
of POPs from organ-/molecular-scales to plants is not clear. In addition, there is a lack of high-precision online
observations of cycling process of POPs in forests. The summary of the distribution pattern of POPs in different
environmental media of forests is missing. (2) Compared to the strong deposition and storage of POPs in forests,
the losses of POPs from forests in three ways were relatively small, including the release/re-evaporation from
vegetation, degradation, and leaching from soil. Considering the climate change, it is worth pointing out that the
release of POPs from forest fires is likely to become a “secondary source”. Conclusions Although the processes
of atmospheric POPs deposition to plants were studied thoroughly, the mechanisms of the deposition on organ-/
molecular-scales are uncertain. Recommendations and perspectives Future researches on POPs deposition in
forests should focus on the development of observation technologies, and deposition mechanisms on fine scales.
The observations of POPs release from forests, and the co-occurrences of pollutants will expand the research field
and theories of dry/wet deposition of atmospheric pollutants.

Key words: persistent organic pollutants, air-forest exchange; dry/wet deposition; mechanism; forest fire

T EA RN XMERE A Y & SR
P ( Nizzetto et al., 2008; Kim et al., 2013) ,
FEAPEA PLIG YW ( persistent organic pollutants,
POPs ) T WK I 4F R i 32 R T5 e 2
—. POPs KRZ N N TG mifb2z i, G045 % % i

(DDTs) . 7N/"78 (HCHs) . 247K (PCBs)
M mEbiiR Kb 5% (PFCs) %, XUEfbfy
YIREAE A2 . BRI sl 7 7K U 2 ) 32 28 1 o3 1
P A2 S i NG <32 C Rt RN | 4 N 13 & 7 N7t o /0
e 1 2 3 5 1215 44 ) (polycyclic aromatic
hydrocarbons, PAHs) E. £ 5 POPs 2& 0l 49 B fk
P& ( Lohmann et al., 2000; Lee et al., 2005;
Nadal et al., 2015) , A AEMF 58 b o 5 8% 05 4
POPs W)

REE [ fff 12 02 45 5 PE il POPs 1T L7E R
AT X IR E 2k RE TR, IFRADIRREIER
() it JE M IX . FEIX — b B rp, 5 & PR R Y POPs
TR, fEER XA R E S
K, X—IEHEmah “EERZEEAN”  (global
distillation ) ( Wania and Mackay, 1993, 1996;
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Jurado and Dachs, 2008; Cabrerizo et al., 2018 ) .
R CAnvg XAl . ZEXRSE ) X ERE 1)
RAF G CHERGE X 28 ) 358l 1 HERCR
X POPs (9 ¥ # (Liu et al., 2005; Gioia et al.,
2007; Shengetal., 2013) , BhiffE I &ERZEIER0UM
kA TR, PREEHY POPs i AT ATE & )k
e AR, *AEYE (L HE&EFREEY X
AN R A e E (BT, 2018;
Wang et al., 2021) . IEPRGnt, FEIHAYRESEAN
Tz TR N A4 P AT L 1 MR FE T POPs 2675 L)
( Cabrerizo et al., 2018 ) . NI 2% POPs 1% & Bk
TGRS BRG T PR R B A R A R
T CRTHRAMEA LG SR ISR REE N2 )
AT T 2004 AEIERERL
FE RO B UL SR R, R
RAVIRE R POPs 2 ERITR MG R . BEK Y o
I A AR AKX AT POPs IRERII R (MRITRE ) |, [A]iS
A POPs sl R UBURY) 1 ) POPs 123 B
OISR (TOIRE) o MHRBEA A5 AE1k
UL SN THE 2 5 R HL & 4E POPs 1Y
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Pk, SEMIERL Uik — & — Uik IEer
B, X—EMEELE POPs £BRIT A A b )e &
B, B R HFR N “WEI RN ( grasshopper
effect ) (Jurado and Dachs, 2008 ) . M Hd Bk %4
FEAZBRE V5 Y E AL R kb 2R Al n 4
il , Horb i SRAE S & 4R K POPs,  DATTIT 52 Wi i
W R P v A A A SR

HMEMRE N ELHEWESREZ —,
13 8 S S A BRI AE ML A (e, RO
Y. E&)E. A, REEZF KRG R
AT ARARA T W ISR A, G R - 7 3% T8 A
T EE R E TR FER AL, 5 POPs HAT
KIRBIfb 2B A . R, R4 POPs 48
BRI R BB, 3R 2] T8 KR POPs [91E
H, #Emneg T KA POPs BULRE., [HEF, AT
TIEEAREAVLEL, A B THI 55 POPs 1Y F%
K, FRMEA A POPs B E 2“7 X ( Yang
etal., 2013; Syedetal., 2017) ., AW % B/~,
LA T5 5 AR it A2 3 AT LAGA 2] 423Kk PCBs HEl
A 2% —21% ( Moeckel et al., 2009) . FFARE
Z5JEHI55 POPs A 3KkiT #8145 ) B 2 M SR

SRR A LA AT POPs 1Y & 4,
ELJBE 5 o B Aife . A7 U o R 46 Ao R M LS
57 POPs ¥ % . Wi R s fE it oAb, FE23kAE ik
ST, ERRARKCOR @A S, XS OR 2
B 4 3 R0 AE 8 P G A7 R POPs 58T B i 1) KA
(Primbs et al., 2008 ) , MM fll AR AR AL B2 19
HEcE ( Lammel et al., 2013) .

AR TR FURE O™ A BE 2734 POPs 7E
PR PR R, A MR TR IR ik 2 1 iU
ML, 243 2Bk POPs TR ITRE S A P15 i 5%
PE BRI, R R

1 POPs

P 6 T P 5 B 62 S POPs ( Hauk
etal., 1994) , Wi K I 0] LAWK POPs 45717
FHFR (U |, X FREE ARG R —
FEMKA I POPs, [IR, FE7K T DLkt 2&
TS 5 K G BfF Y POPs (TR DTRE, WFkly “oF
BT ), XA SO POPs (1 “HEHOH”

CHREEET o bR S R TR X TR TR Y
RAPOPs By BRF, FEK TR POPs ¥ L,
[K] L #% 45 Bk ol POPs 19 A% AR 2 B8 i (&1 1)

( Mclachlan and Horstmann, 1998; Moeckel et al.,

2009; Terzaghietal.,, 2013; Gongetal., 2021 ) .

WL 27, bR T ARG SR RO A A, AR
K PCBs B ¥ B 24 Sy b4 e BZ 19 1/3 (Jaward
etal., 2005) ; BRI IR, A KFHRMGEE
T 44%+18% B K< PAHs ( Simonich and Hites,
1994a) o Hi T ARG DR SGO0 1Y DTk, ARR g
POPs (¥ FE 1T LA Lo ] — XS AR AR X - 8 v B v
23 1% (Mengetal., 2018) ,

RinbR 2 TR POPs “HARuE” BIEH, &
ARG IERON A e T R . IR, DA FRRR,
AR YRR AT LA I b 53-i# 2 <, POPs [l FE
PIRGTREFT POPs MAFP A [ AR T A3 0TRE A 2ot
o mirt A (LA RHABAE Y A2 ) X POPs 1Y MK
W2 R IR P A R A 2D BR . R SO R
KA POPs [AEYATTRE A 7 AL, IFE
AR POPs £ THRIIRERIAM T TRt 2

2 POPs

K POPs MU LT RS et (Wild et al.
2006 ) , WHCFEBIR AR TR (IFAFE
#% ) I (Salamova and Hites, 2010) . LT 434
IR POPs [ i Fr o A B2 RN BE / HUA TR 1)
FEAEAIALE], IR =0 B R < POPs AYfF
MIHFATIR
2.1 POPs

2.1.1  BFRXERA POPs AMRISCRFAE

AR, AP AT 38 AR 2R SR W B
MR R RIS 44 (Olatunji, 2019) ,
{HXF F A 46 POPs 7£ P (4 A X K 43+ AL 5 G
Yy, AR I WO RCR A, TR 2

( Franzaring and van der Eerden, 2000) . 5 40.
Mattina et al. (2000 ) & FLAEY) I B 0 @ Pk =
W TR WAL, UESE SRR R
A POPs [ FEE R,

TR TUREAR AT USRS POPs ZIAI: J 21
s (EE R, 2013) , B, ZIEFKIK
AT RERELFR V5 Ge W 5 I 2 T 0 O Y 4 ik, 3 A
TR KA POPs Bl 3k i F 3% 1 A9 32 224 2

( Simonich and Hites, 1995a; Wild et al., 2006;
Zhang et al., 2017) . K’ POPs [n] i A ULFEAY T
DURE 3R i N ] A 28 0 2581k FEMR I 0 B B
B (RPEmtw1isy) , R mmolc s P g hn, it
By BEUTRE SORES R 2 5 DR RB T T R I i
Zi#aTHaE (Barberetal.,, 2002a) .
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Bl 1 BMGT g i) B2 ( Moeckel et al., 2009 )
Fig. 1 The main processes of forest filter effect (Moeckel et al., 2009)

I RRIE SR SZ I KR POPs TR I 5 14 J 2L
. EHEINh, KRR TE T, (HEnt
2 IR PR 1 e o J 22 T A R TSR ST 1 POPs

( Moeckel etal., 2009 ) . BAh, HFHEHZEEM,
Erobf b A A (Al ), B T R g
g, A BTt 5l POPs. il 4n: DDTs.
HCHs FFHHLAZK POPs 7 3—S5 a =k . B 42.
o LR BT I R 1) e B B4 Bt A o B T w4, (H2
AEXT Ty B figk 1) PAHSs W J32 T Y52 AG I P o 5 KT 34
PIESE SR LR f e/ e i S R RS A T N
POPs [i] i F A9 UTR% (Luo etal., 2020a) .

2.1.2 M2 POPs TTRAERIHLI]

TEWFFE M - H2U8 POPs TRt fE v, 38 H4E
TP S5 Aa 4 52 R A 38 B RN R P 43, A
o b, A A HLEI R 53 R R (surface
adsorption ) Fll[i] N # £ 15 1% ( penetration ) >
oI (Wild et al., 2006; Nizzetto and Perlinger,
2012) o KA POPs P9 AN K (1) #1522 W o
W SALY R YIAN (B 2) o ol
W BA R S, H 25 AR POPs (13
T (AnaEfg - KRR AL Koy ) 52t B ARG
P, HEINN, KT POPs 3 594 ff i)
W WS I — 20 ) i PR Hl, e B 2 R AU
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Hi) 1) POPs SRR L4 AN SAL . BB K
BRAEm T, W R s As et 3k
(7K 3 — o R 1] DA 5 R AUk ) 55 1
B “ZitE”  (Gongetal., 2021) .

5 0% Bk A i R 26 1T A POPs 1] 1E — 4 28 i Ak
PR LR ) i R SN RS, BA A 4i
() 4 R BE FN AN AT, I 53 M AE MR . I AR 4 24
Mo g (Wild et al., 2006) . FxZ, 2 1/4 )
POPs i A NER I AEE R S A5 it ( Barber
et al., 2003; Li and Chen, 2014) , HAFIR /LI
41 POPs A LA — 2 28] B iz iy 3 HA AR ) 2 21
t o HETRT I F W POPs IAOMBLEIK SR A 1
TRABGE, POPs 7EM - N BYIE RS 74 1k LA K 3 fifk 1)
AR QB AR S ARAERL A ] R AT 3 W] A
MR . A, SR ASAL GBS =X KA
POPs [1] M - TR E AN -4 BB, 75 220
EZ TS
2.2 POPs

221 BRI S POPs AR

I IR AR B 422 IR <, POPs TR A 32
B, MR WIEAE T LR IR R POPs TR .
B R 1 e FLIR A ) 25 5 A B A T AR AR S e 1) 3
i, SRR R RIS POPs [
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M= 2H 21 :
Palisade mesophyll cell
A :
Spongy mesophyll cell

ABE Xyl
B PRloem
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B2 IR POPs TR £ 2845 (Gong etal., 2021 )
Fig. 2 The pathways of POP uptake by leaves (Gong et al., 2021)

KA POPs #E AR B2 (75 A PIFR . SARY
ORI B . 25 POPs 1] DL 8/ F 0k A B2
fL, JERZE BN RGBT W R B R SUBOR)
i) POPs M| =2 4E TR DR I VE - T R B AE K AL h

(Zhao et al., 2008) . M PR & &, LR
. KA POPs MR BE | IR BE S SR 06 LA S R iR I
[ 25 PRI B2 5 Ml A B2 % POPs (1 Y& ( Simonich
and Hites, 1995a) .

B B 75 YL YRR Ip, KA EE T 1Y POPs ik
BB, B2 9 POPs Y€ 8% = ( Hermanson
and Hites, 1990; % K& M7 HniE, 2016) o %
T b, M Bz B 2B A B K POPs ¥ B (9 T
HL. ( Simonich and Hites, 1995b; McDonald and
Hites, 2003; Salamova and Hites, 2010; Peverly
etal., 2015) . fl 4. Peverly et al. (2015) fi H
Wz S i T 4RO DDTs We B, MBI . A<
AR . ARBK. EEVYRIVAESE B2 DDTs (1)
S AR/ HEBCER S X i S B DD T,

Kz H i POPs ME T B A, 8 AE T rh
1) POPs BHIE 802 1 73 R FAER IR A= 2548 (4
At BAAER ), B, BEARAERS W a] Tl
SERA POPs AR ARfL &%, Billn. Wang et al.

(2021) B ARS8 S 1 £ — A b
(1916 —2018 4F ) T i =i it 7R B A8 19 K PAHs
RPN, KRR EhEH S EE T R (i
B UCHE R T R AN P RS ) AF AR R R
222 BRI POPs LRI

KA POPs & Je e fLy ik B3 I HARUTR
BB HIE BUZ o T2 R TER A A K i i v 3

FE IR A (AR BT R ARAESS ) | kit
WAL S A HORNE, WTREE POPs [ 2 ELAH A7
P

o 2 iz FLIR S PAHSs AR R AT LLRI 20 =
ABYBE: LA B il 2 M B B AT A B
Bt (Ravert et al., 2017) o AHEM WU, Kz
X POPs B WIS RATAE 8008, HOR B RA - WL
ST s () B, AT RERR EEAAE . PAHSs 1Y
BB - RADIBCEREL (Kpy ) 515G Koy HIE
X, HY Kgu>6 B, = AZMR K i W i i Bt o) [1)
B, PR RE, B
4 B2 () PAHS 4EW e AT 35 306 ng ( Rauert et al.,
2017) .

XT3 {7 Wz AR R A POPs & 75 i AR 3
— Al RE, AN [AAE 58 ) 458 FF FE B K 25 5. Rauert
etal. (2017 ) A RASE JEIXGHFTIR BE A2 T, A%
S RAEFL R POPs Jot it AT IA R TR R4 1 50 1%
Il Odabasi et al. (2015) (0] % B T POPs 1)
PR W2 T R B, W S i
K POPs BB IR TR /D, AHOCIR) IR 2t —20
Bt
2.3 POPs /
231 HEE/ HIASK RS POPs FMLISCRHIE

AR B SR A AT AR POPs TiTRE
A — i Bl S 2, HEERAR, hz
sCJLZ AN A B, FRE A RN Rk, MYk
T M TE AR A B s, RN SR R B
PRSI, VA 2 W o A &2 4 1) 4 A8 AL 41
(Augusto et al., 2013) . BT HEEFMANIETE
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MM GRS, H R IURh POPs i A& 8¢ / HiAK
AYME—i& 4% (Kylin and Bouwman, 2012) .

XF# /b A R I R (%) POPs 41 B i 17
XFECTT LR IR, 5 # A ) W B 21 R AR
Y1 1) POPs 2T (& Lb il 5 #¢mr (Liu et al.,
2005) , XA POPs 4 ai#AAE ( Thomas,
1986; Muiretal., 1993; Ockendenetal., 1998) .
Schrlau et al. (2011 ) #—25 A& BLFES A& &5 /
A 1 POPs 4H B3 + 43 AHABL, GIE S5 55 8 / M A WK
Wiy POPs =2k B ULRE. A, & &b AK
Ff A ] DL A5 AR X #5557 5 9 HCHs ( Kylin and
Bouwman, 2012) , HCHs J& POPsHZE/K 11 A X
TR, HAE B A R A AR i —
A BB | HIA BRI %) POPs,

RGN R 1 B R/ Hb AR T IR POPs 2 1L
FERY G2 (Liu et al., 2005; Yogui et al.,
2011) 5 [AIA), BEE /MKW LR . Har AR
JifrH . POPs B4k ( Ockenden et al., 1998)
ER AT EHE / {iA N POPs HMI
232 HEE/ HIAWIL POPs B

BEE /AR RO Rz, HAM R T
TR . B A 52 AL L B B A AR R A 4
B LR (IR A B, 2014) o AN
TREA M - 2 18 5% POPs [ K 44 PN 3 i 4 PR
i, B/ A LAY I 5 S5 8 B R T POPs i
ABHLHL N (Augusto et al., 2013) . BFF £
W1/N53 - POPs 7E M AR R ™ HUR P, 1M K53+
POPs I AT fig K Ry 5 5 5 R AR P 45 G i AIE T
M) & &/ AR A VLE Y B r# % (Baur et al.,
1997) .

HEE [ AL POPs RAVTFEIRE TS5 POPs
Y log Kox A 5&: Ockenden et al. (1998 ) 7 4 J&,
A 5% & 3 PCBs B Hb A - KA BE RECK /N A
101'5_104, ﬁjlﬁ log KOA EEIE*H%, Eﬂﬂ%jﬁ(ﬂl”ﬁﬁﬁ‘
)75 Fh PCBs INHEY) - KRB LW T (foer, Bl
A& POPs ¥ i / K POPs ¥R JE ) /N el &
8.8x10°—2.3x107, H. log fiycr W5 log Ko, B35 1E
A& (Muir et al., 1993) . Kk, R4S wod
i, log Ko, K1 POPs ( BIK4>T POPs ) fE&
& /KRN EELE (AE) EELRNMT
POPs B &,

2.4 POPs

i LIREE, BT YA R ZHRIOR
L POPs JLRERYRF s AR (1) o Hohit A3
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B POPs, A Bz I LB SCOR SURURL ) T 1Y)
POPs oy ;M & &F R A HE I 1) POPs 222k A
ERLANN
2.5 POPs

CEAHTAR TS, AT LA S e AR MR U
POPs JURFRZE A0 A . POPs BALYE Tt S HER 8
W . AR R S50
2.5.1 POPs BRI BT S HBRSE ok J32

I - KA T R B (Kow) « Koa VLS = F) 5E
R (H) 3dF HT 8 POPs 2875 44 1y #i Ak,
PERT, X =SB R FAPIRA TS POPs 7EH
BT - 7K. ABLIT - 28 SRIK - 2 A8 Y 20 Btk
Bl ZASENEEARKRN : Koy=Kow<RXT+H,
[ R AR, T RHARNREE ., @F NN
4185 POPs MBRALIE BUAAAE L E IR . Ko
THIVG YW Koy 1 Kow fE DW= . 07 H (B, ED
KO F 15 YW A BRI ENRTE | BRI K A
TR N FACEY S Z M.

Xt T AW, Koa 2  # POPs 1K - I
A A3 EEAT o BRI A IR 5 1Y POPs
S5y T W AR 9 £ JBUZ - (Lichiheb et al.,
2016) o (AW B KBRS Y - R R
) XL (108 KPA) 5 log Ko, HFAEIEMH KRR

( Simonich and Hites, 1995a; Ockenden et al.,

1998; Thomas et al., 1998) , {HEPRILA 0.35—
0.53, RKHIRSr+ POPs 7E [ i N EREE 1Y i 2
Hf REZ BB E 2R P )

KA POPs Vi Ji£ 1 /2 52 Wi A2 49 Wi 5 ) o 222 [A)
. FHY AT POPs 1Yk B B K < POPs ¥k B2 1)
25 Ak 1 28 4k ( Hermanson and Hites, 1990) . 4
. B POPs 1975 ] 7373 i 7R S0 POPs JRIX
B4 - H POPs ¥ & 44 T /5 ( Salamova and Hites,
2010; Peverly et al., 2015; Syed et al., 2017) .
Nizzetto et al. (2008 ) & ¥ 1 K< PCBs ik
XPit Fdk BE 2R,k SRR & T i Bl i Rk
JERIM R BE, log Ky, KAK] LARR E 76—l
¢ (0.78—1.96) , FEMHE HIZH R THEERE
(I R B ZSRAE T Fr SR POPs [RE T
252 HYIRHIE

R RS et AR (specific leaf area,
SLA) . SALEEE. F i LA KM v R Bz 19 B 5
B AR RFAE AR 23 5 i AH ) % POPs YW WL ( 90t
W5, 2013 ) o Pl o R EE AR

( Franzaring and van der Eerden, 2000 ) .
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# 1 AFEREYA BUHECR S POPs TURERRR 5
Tab. 1 Differences in the uptake of POPs by different plant media
Pt S Az i J 4 JiSfsieeny 3 ThOUE 3 WAL NN
Media type Life cycle Lipid content Main absorption target Uptake mechanism Application
a5 A R FIER A R MR TS BT WS TR R E R A
KXt (% BT, g REEAKIE POPs S TUIRE /b K POPs; AL 4%, S <A POPs Y
T EJLEJ) I JBTZ MR 1Y) POPs. KRR 1Y POPs, 23 [ A
. . ¢ Broad leaves with cuticle Dry deposition of gas-phase Leaf surface waxes absorb Used as passive air
Foliage  Relatively short . .
(months & ) and polymeric lipids, POPs and a small amount of gas-phase POPs; stomata sampler to describe
months to years).
Y while needles with thick particulate POPs. absorb small amounts of spatial distributions of
wax on surface. gaseous and particulate POPs. gas-phase POPs.
AR RS R AE
= i JE 1A ] , . R AEFIRA
o FRHORNE, ORI RS IR A A ok SR e e .
W WA Pt %11 9 POPs AU ST R B Y POPs Y4
U R o L ° .
Wi R o . . I POPs. A
. Contains cork fat, high Simultaneous absorption of . . .
Bark Long life cycle, . . ] . Uptake of gas- and particle- Used as passive air
lipid content per unit gas-phase and particulate . .
usually the same phase POPs by lenticule. sampler to describe
area. POPs. . o
age as the tree. spatial distributions of
atmospheric POPs.
EEAHEE{Q *X‘TEZWLI&E/‘JPOPS%JEEE
iy Ji) y o 9
5 A AR [ I VA AT 2SR R AOORE 22 40 I 4 A T IC R R RIS 8K < POPs
KT HIFA TR Yy L#) POPs, Jig IRt <
N 2 Contains cork fat. Simultaneous absorption of Bark-uptake POPs accumulate Used to reconstruct
Tree wheel Long life cycle, X X . . . .
gas-phase and particulate in cork resin with the history of atmospheric
usually the same K L k
POPs. differentiation of formation POPs.
age as the tree.
layer cells.
e . MR vh i fY) POPs B H22%
P DA CRE UKL I ) POPs S N s
A= i JE A HIZE K ER) POPs ANl NG E= ¥ I (T I 5 I R ATV T 5
- AR o i Lok R REA K. - SO C T B POPs 7 A it
HEE /AR Dominated by particulate ) . )
. A Undeveloped surface POPs in wet deposition are Used to monitor the
Moss/lichen POPs and strongly water-

Long life cycle,
but uncertain age.

cuticle.

soluble gas-phase POPs in
wet deposition.

directly absorbed by the
leaves and then migrate into
the moss/lichen tissue.

spatial trends of wet
deposition POPs.

P IHREAESZ I POPs [RIAE ) A TRE AT 40
F &, M. Tian et al. (2019 ) BEH F ¥ DU
Pl CHERREFD L ARl LSBT IR R R )
X2 R PAHs B B R P TR gE, R B
M PAHs W& B 50 I & & S IEAH G, 5 SLA.
SALEERFAASE, MR R 331, —2.55
=329, ik MLARAE G oA A B b s A
1 PAHs 3 252 5 SRR SR 0 B2 IR . Luo
et al. (2020a) 3l 3 2 TCL A 101V B 5 1245 H 0
i FAR 6 J2 52 i & IR POPs 1) £ 22 &K
G346, BN Rl — AN R AL S I B, A
B W R R S BN (R R > >
- ># ¥ ) , PAHs ¥ A[A ( Simonich and
Hites, 1994a) . AL SZmmi, e b
T (KALITHF) A% PCBs (AW IR 2 i 3 105 T
MRS (S L] ) (Barberetal., 2002b) .

253 W (R &

8 5128 AL 520 POPs (1 BRAL I IS AAE ) 1Y
AEFRRIE, #EMTSZ I A R - KAE] POPs 22467 1)
Paiik-e

RS ] POPs MMEAT M OCHEN 2. T
BT, POPs i [m] Tl KAH 8L, o Rl
REEAR s IR DA TS POPs [l i 4 BT
[%. 0. Simonich and Hites ( 1994b ) & Fi PAHs
ER RN R R EE, AL
TERS M oikEry s, Ak, miRm Y
AL T OCHRAS, ZFRAIK POPs ZE KA - it
LU A AC i # % ( Barber et al., 2002b) . AHWF5E
WoR, HAECEFEAETE 2°C, BIER POPs fif
i D) 2598 7> 15% —25% ( Nizzetto and Perlinger,
2012) .

R 7K m% [ =5 AT LA ool K AR ) POPs, 4
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hn POPs 5 i # 1 4% fik ML 2%, 0 4G KA B
X POPs [ Wz Wi 1 . e Al Ml AR 22 VR I6C 4% Tk
( polybrominated diphenyl ethers, PBDEs) )&
5 K S IEARSE (Yogui et al., 2011) ;5 4F[F
KA I 3 A% ATl AR bk POPs fiff &5t 19 m 2% —7%
( Nizzetto and Perlinger, 2012) .
giamia, EWASTRIRE. FBKRE
YRR, TSR FL 2 POPs ICF%
(%, . Ray et al. (2021) & BLAE Y A
h PAHs 1Y PR R 5 A8k, Hirp &R (12
H—WAE2 1) e, MIRKERAR

3 POPs

B R AR R R I POPs, 1T LU
2 MR TRE . TRy X =2 v
(litterfall ) F1ZFi% i ( throughfall ) PIFHIER ., 1t
A, M BRI PLIT & & LR TTIA 40%, FRAR
T IIRAT LA R - - ae i BRI POPs,
3.1

2571 ) PR I R TR AR R R R I R
TRBET- PRV, W a5 [ A Fh S48 7 ar i
(R 1a) , WAETEM RIS gt Rk
Wi POPs W] LA it - Fr V% BIAART L1, X
K POPs [n] FRAK 4 e % 1) =228 4% ( Moeckel
et al., 2009; Bandowe et al., 2018) . 75 AU H)
BoR, M log Ko 7E 7— 11 B, 5 4e¥iR Sy i i -
Friay& Ry 7k A +3%  ( Mclachlan and Horstmann,
1998 ) o TEE KA Lys th &, A4 =K 1 &R A
1 PCBs MYULRE 25 7Y B A % (Nizzetto
etal.,, 2006) . Moeckel et al. (2009) W {44 T
LT B A R 48 PCBs VTR E &, THE
JR7% 1 PCBs JIMEE M 330ng ' m *a ',
3.2 POPs

R K 2 b e S DR B AR T L3, X — i
FRONGEBEWN. K EAER, KA B
1. X —i R 5 %) POPs PRI A
s, JEREREKRiA L ( Chen et al., 2008;
Feng et al., 2017) . ULAb, A8 SREF R Y
MR, H SR AT A I 5T 2 7E 288 W AR
TR, BB AERS BT Y POPs #ai BI| b (B%
AKMIAE, 2013) o X—id FG R POPs YU
WA A 2 325 T A s o 7 B 1L P4 ¥ AR AR T Y
SR A B, bR 28 17 B 5 30 PCBs L[ 2
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W U V38 09 2 8%, T PAHSs 19 5E 35 RN D0
ol LA B % &) 5 f% ( Brorstrdom-Lundén
and Lofgren, 1998 ) .
A EEMDIE T, Moeckel et al. (2009 )

A 55 S FEA AL D7 FR AR PCBs MRS ] AR T DT 1)
MmN 14pg m’al. NEBRMAER, BT
I AT A | RTINS, BT AR LA [T AR
19 POPs TR i Tl iy SRR 77 AR AR ( Gong
etal., 2021) .

4 POPs

— O, EUCRE R R LS, R
POPs #RH4 /I 25 POPs 194 BRAAGIF, AT #R AR+
Pl & POPs 1Y “HZ17  (final sink ) o
B /&, POPs 7E K ISR 23 28 [T ik 55 1Y 5 % %
fbad B2, A4S HE B POPs AU B AT HL 25 . AT
1 1€ POPs 19 i % %% 1k . POPs 7& £ Ak & ¥
Hh R A% 3 DL B R bR KR A 5 AR B POPs
FEIR
4.1 POPs

HS b, 75 YW ST S ek AR A R R Y
(2B, 2020) o ASCE HIRIE POPs [A]HE B
MPTREERR , EAERE (JUHIER Fr ) H POPs IR
TRIREARZS 2, IAh, A9 POPs 42 44
1% POPs [FEAF (O6lE ) . MBS L,

TEM R I POPs IR L, e =T
Ji& 10 POPs Bl sl ) 27 BRI SE ( Schreiber
and Schoenherr, 1992; Hauk et al., 1994 ) , 44
TR 55 TA A I I K POPs A 3 % () e 32 1) W% i
AR A R A 520, R WA 38 B L
TR T A B 1—2 A B 9 (Schreiber and
Schoenherr, 1992; Di Guardo et al., 2008 ) , #
HPRE OGS R AR A B g 228, LR o S A I i) o B
£ (Goss, 1997) . 1] 4 Barber et al. (2003 )
R BRI RSP TS YR BERE O 0, 289 52 d
MR Z G, oA it 25% [ PCBs 4% B 7E
AR

XTI J POPs UREAE . FikesFid fe, 4TiTHY
R oA R . RIS 2 A W98 & SRR U R =
AERFARSRAY PCBs A BRIl DG B, HAeR
WA R IR T A KA B B R EERE X ( Zhang
etal., 2017) , fHA KA R HE PR R 1555
BB ) B SE



HF, S5 DR R AMEA LTS G A TR AR

4.2 POPs

4R W ) POPs #E A MR T BB JE, H:
TERR A Y A6 2 72 ) A2 75 52 28 2 #F (Horstmann
and McLachlan, 1996; Wania and McLachlan,
2001) o —J5 W, AR 4% POPs Y H ik
e, UHERZE HES A SWERAILE, AH
F POPs THZ ( Moeckel et al., 2008; Nam et al.,
2008; Gong et al., 2010; Aichner et al., 2013;
De Nicola et al., 2014; Camenzuli et al., 2016;
Syed et al., 2017) . 73—, 2 HEH Y
WA YRR, S BECHAELE POPs IWRE T T . 18
XFEOLR, /T (BRI 3R A )
POPs il N5 | Wi A5 FH It 0] TR 2 4 UK AR
WEE (ansgerby . MRS UER AR ) 5 &
53 K43 POPs NI [# 22 76 Jii + )2 ( Krauss et al.,
2000; Moeckel et al., 2008; Komprdova et al.,
2016) ; WA POPs M [l KAFEL (KRN
%, 2017; Cabrerizo et al., 2018) . /LW f#
(Borja et al., 2005; Pieper, 2005 ) i & ¥ &% 1%
L BT AR
FEARBR 1 HE 2 E 5 1, POPs Ay vk B I A
L AER ) . VY AR AR 4 R A
rH POPs A9 7% 1 33k 25 TR /2= 11 ( Wang et al.,
2014; Xue etal., 2018) , H POPs [ ¥ JZ + 3
B A 25 30k A SR A A 0.03% —3.2% ( Wang et al.,
2014) ., Moeckel etal. (2008 ) [HHF5¢ A POPs
TEAL T ARbR - b ik >, 1 PCBs ¥
JEE(EAE O, /2o HIZ, TR BRARAITAAT 7R
M, K RS AR R 322 145 POPs 195341
(Zheng etal., 2015; Wangetal., 2018a) .
ARAR AT POPs YA T 52 T AP
AR BN - S PR BT R 520, i Ak L g
POPs BT #6H % 5 T4 Ak ( Komprdova et al.,
2016; Wang et al., 2018b) , =% J& i T fdif Ak
H R R Y W A BIL ST SRR B SRR (VAR A,
2019) o AWFFE LI, (LT ARAR By L 5] i
W, /NGRT PCBs & TH1a) 1 2 HHEWME, TRy
T PCBs & LS H| b AR W iR E, IR KRR
( Moeckel et al., 2008) . 7E7 i 5 L34
W T PCBs 5y TR G L, REMFT -
BEGEH (Wang et al., 2014) o 1), MRvE+ i
POPs ki %, (43 TIEIR)Z 1Y POPs ik B2 Tt i
( Moeckel et al., 2008 ) .

4.3 POPs

HEAMT 13/ POPs b 7] GE# i 15| S5 b T 3)
YA, MIHEABYEE, SRS R
2 YU A AR A S T AR Y
RS, HRFEMEE R, BRI THRMAESRS
WL / W POPs &M RGNS T4 0
A ISR 2B, AR 358 - die ] - S &8s
(1) PCBs /L4 - LHER AR T 1.09—2.76, WA
BCRAEA . Hodr, PCBs 35L& 4 76 1178 19 i & Al
E AT (Vermeulen et al., 2010) ., 22z, HAEHE
Z FRMBIPIRTUTRE POPs WORBE J1 19 R GV, X
& HHTERAR POPs TS W AR TURMY 25 11 6
4.4 POPs

ARG DRV BORARAAR T L3RR 42 Bk
POPs L. ANATHTA, AWK B A D Bod
AT DU ECRM A ) POPs A A= 41c, (HixX st 72
AFE TR T 2Rk b 41 POPs DL R A A7
RE ) JLF-ml L) 22, H 4R i e 8 AL AN
FAE BN, DX R RRAR I e Az A
RO R . KA YR (Kong et al.,
2003; Wangetal., 2017a) .

FRR KK BETH POPs IR A2 AT Wi Al 15,
A S LE W) AR SR B b R A AN e 2 ik, ]
DAL= PAHs, Z8 25, ZIEYE4E POPs ( Primbs
et al., 2008; Chi et al., 2016; Wang et al.,
2017b) o HEAGE, AR YRR KR B AR R
WEYE Ay (180+25) kg, X 24 M — FEJ 1% HE ik o1 mik
1% 10% ( Lammel et al., 2013) o ik, FRMAK
RERS 30 (1 A AF ZE AR I . B 1A L 48 v Y POPs
HOE B3 KA (Garcia-Falcon et al., 2006;
Choi, 2014) , JuHJ& DDTs, HCHs %5 A T. &K
() POPs ANSTEARMIRBE IR P A, (HHX 21
KA TTHRFETIA AT ZAL ( Genualdi et al., 2009;
Wang et al., 2018a; Gong and Wang, 2021) .

X 2K OB L B POPs T YK E A KA,
ANASUXT T B G700 20 b R A A g B A R

(Navarro et al., 2017) , it 2 i KA i iR
9% % 1) {3 M X 3F F% ( Crutzen and Andreae,
1990 ), H1KIH AR AR D)oK 38 i W e R POPs
T RT Al 2 1l DX 7™ 26 A DR AP VE . 10 : Luo et al.
(2020b ) it TR J& BRI A B, M LIy
PR K R ZAC S PAHs 1Y 5 HER IR, [RIRE,
FE T 9 Ji B S HE LU Kb X A SR R B, &
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L7 HE P 3B PR O R e T Al 2 XU DR <L POPs
F1 PAHSs ¥ B 1Y Tk 15 # 25% ( Gong and Wang,
2021) o MEBKNER, KKFEERHRM POPs B
IO R 288 5 AR AR X POPs TR 18 2 1Y 15%
( Gong and Wang, 2021) ., FEARRAMEAALH) LT
ST, FRMCKCR BERCE B POPs 1 IR HETL
87, EEEFTRERCA IS CHTfEa REEAZY ) Hh
TR N R (Gong and Wang, 2022) .
W, BN EBRAMACK ARG T B — 2P 5

5

AR T FRARHLIX. POPs TUMEAY LA 1 TR N
MU, FFE—BHET T DR ST 419 POPs 1)
PRI FUR S . fE UL IEAE b, $2 I iR 7 A
FENEEEL T 0] «

(1) K POPs i) Y TR A3 AR JEAR T AT
{RERE B 7 RUBE BOAIL I o AN B

L A K POPs [i1] FRAHE 5 1T 114 6 e
R HEOTRA - Y R sS s, K
ZHERT XL PR, RN
Oy F B o 51 8 A L 5 A R S R I W i
POPs HfOUBLAIF24E T RT 68, H 4R B 5 LA
AR 3, TR POPs B AP Y BEAZ |
Ty RS Ty A, SR T L Y S B
KEIETFEFHNSTIMGERE, 10 BEEHE TO7k o HEBR
IR RS, 250 m ] SRR,

(2) PR TR S G I AR B O i o AN A2
JCHBZ A B B TE LW

POPs 7E P55 H 119 15 138 7 52 AR /K,
JUH T s e 1X, Hoe B K AR, Bk,
R 328 Hb DX ZRAR IR ) POPs 5 KA I FE i o
LR T AT POPs TR AIIE FR AL FR A0, B
i M157 O 2HET T 24K, K2 HRE R4 B )
Sy HER ) T AR S i, P EOCTE T mORE
(IR, B S ST AR LIy ik . PRk, AR HE
AT IR . WY . SR K T AR IR
LESFFENTAR T POPs LR FIAGER (1K) 50 .

(3) /DX POPs #E £RMRAS A 5t Hh 4 A L
fR GG

BMAERRGEMZ I, ARSI
ANFEIFR . R[RE S B RS POPs TR 1Y
WO R A R R 22 5, SUDER R i Y
AL ZE A, LR R E Y M POPs &
F 8 (B 58 RO Hok, — 7, AR T
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S ER AR POPs S5 10 L85 o5 — i, ok
A 3 ) A A5 T BEINIARRT AR AR POPs 34 S H Xt
4Bk POPs RS IAI . I, R 24— T
JiE 4 BRAS [ X 38 25 Ak POPs AL, A 31 45 40
FHZRE, HE T HE 7 ARG — 1 2R 4K POPs WL
(L

(4) YR SR 5N R KR
POPs BERLHLHI I E AL

BRI IS YT . RN R R IR
BEHEBFFE I, (AR R FE W BT G )
AR A . REPRY . AAY Sy =
159, KT POPs 4 HAG B 2 Mk 1y e sk ks
PR BT IE T A B, 5 E] POPs H &
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ORI REM: , MK HETL POPs UM ZS 4R 1E . Rk
3R X A BRI 14 52 ) B VL B R A R BF 52 11
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(5) BRARIXH LG Y H IR IR I o8
42, fH POPs Uik HAb 15 e W iikE AR A G R
MRS o

YENAE WG YY), POPs S5IEEA ML EA K
SRIFIZERME ;18 2098 IE 52 2R a2 Tt X POPs
A FU R RE . W, R PR R ALY .
R RE . A ML) RS R
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