55 43 55 24 1) S & 7 i Vol.43,No.24
2023 4 12 A ACTA ECOLOGICA SINICA Dec.,2023

DOI: 10.20103/j.5txb.202210192967
AR, AR AP S , RETE T R T AR IR A AT AL S W TR i B HO IR B B 5 . A 45241, 2023 ,43(24) :10023- 10031

Zhao L J, Li C L, Hu Y M, Xiong Z P.Research progress on the emission characteristics of volatile organic compounds from urban plants and their

atmospheric effects. Acta Ecologica Sinica,2023,43(24) :10023-10031.

WHEYREREENASWHERHEREXSKHE
SV VR IR

1,2 1 = o], pA T 1
RFBAED? AN BT RET
1 o B2 B T BH S AR ZSOFFE I, vh R 22 B AR A S 5 BTS00 %, T 110016
2 R EBLEBE R SR S I EEABE, JEAT 100049

FEE AE/PRREE R MY 2l B R YA UL S YR 4 b B B AR, BT R A SEIE B R AR R R ZU I A R
T BOR T FRBERHE 5 B 2 2% 8 Al A T3 T R HE i A L G i P 5 AR A RBOR 25 5, kTl
AR IR KR VAL E Y ( Biogenic Volatile Organic Compounds, BVOCs) £ 32 5 0k T e A SR AR W R M A R VR
W, P e R IR SROC IR ST K AR R T BRI T ORI e E R R B4 T IR BVOCGs BYH UL 1E
BLI B A5 53, AT 1 A [RIEHA] 28 BRI 2606 3035 50T M3k BVOCs HERURRE , I i — DAL 1 M Ri s s i 2, 32
AR SR SBET 7 0], B AL RS IAEEIA B PREE 25 A1) | J R R AR B 45 TS 1 3 8 P AR SR bR =

SKEEIR ST AH AR R DU B s RTG53 (8] 3 A1 5 2 ARFE

Research progress on the emission characteristics of volatile organic compounds

from urban plants and their atmospheric effects

ZHAO Lujia"?, LI Chunlin', HU Yuanman" ", XIONG Zaiping'

1 Institute of Applied Ecology, Chinese Academy of Sciences, Chinese Academy of Sciences Key Laboratory of Forest Ecology and Management, Shenyang
110016, China

2 College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: Under the stimulation of the external environment, plants will maintain their own growth by releasing volatile
organic compounds. Urban areas are the main places of human activities. Intensely anthropogenic disturbances lead to
complex changes in urban environmental characteristics, which makes the emission of volatile organic compounds from urban
plants greatly different from that of natural plants. The biogenic volatile organic compounds ( BVOCs) in urban area can
directly contact with the oxidizing substances, generating secondary pollutants, and cause photochemical reactions under
high temperature and strong light conditions. BVOCs could seriously deteriorate the urban atmospheric environment and
harm the health of residents. This paper summarized the common types, action mechanisms, and existing research methods
of urban BVOCs, analyzed the emission characteristics of urban BVOCs in different temporal, spatial, and human activity
contexts. We further combed the limitations of current researches, and proposed the future research directions. The objective
of this paper is to provide guidance for urban management in atmospheric environment management, environmental spatial

planning, and residents’ health protection.

EEUWA : EHHKARP R G E S ST H (41730647) ; H 5K A AR A4 H (41871192,41671185)
Wo#m B #1:2022-10-19; o0 4 Hi Al B 8 : 2023- 11-10
# WIRAER Corresponding author. E-mail; huym@ iae.ac.cn

http ://www.ecologica.cn



10024 xR 43 4

Key Words: urban; biogenic volatile organic compounds; atmospheric pollutants; spatial distribution; public health

HERMAILEY) (Volatile Organic Compounds, VOCs ) 84T 1] 58 2 in KGO A WL &9,
VOCs YER 2 1Y A5 G ¥, A AL B #2522 1Y B (g B, 38 2 2 R4 (0, ) IR A DL IR
(Secondary Organic Aerosol,SOA) AR (PM, ) 58 — KI5 P TE L, AEFHOGIRSS T, VOCs 5 R i
REANEY B BB A5 KA A ROV, REA: OLA 2 0 55 7™ B R B AR AN I 18 | 15 4% b PR
WESE PN, 16 AN T — RIS, R VOCs BIRFFE 4 ih TR BE R RS TR =
f S5 NS SR A9 N N5 % P L) ( Anthropogenic Volatile Organic Compounds, AVOCs) , ZLB& T At 4 IR 4%
R HALS Y ( Biogenic Volatile Organic Compounds, BVOCs) A 8 B 52004 . BVOCs 219 2k K ot 72 i
ok i S ALRE I EE BB BRI BT, 76 O A 27 2 1 ] Bsf 5 e P45 o %) At 2 0, T4 3k e 0 24 RN
X R KSR & RS, AEYTE SR OGRS T B BVOCs Bl e i, 7] LA B 28K VOCs HE
R 90% LA I FEMRFREE FR2m 3 2R 4150 o SUbE By, 784 Bk AR g 1 it Rt v | B IR
i AEYPR B CE 2 1) BVOCs DMHRGTRMIRA  JFAE LR 1 S EOSIRIZ 0,1 SOA ¥R EZRY LT}, i —id 72
SR E BRI BI, BVOCs 2 K IREEATF I AP AS AT Bl (9 — 358 3, % BUAE AR R K
AR R TR Y 3 3

ST AR S N 2SR 16 A R 22 55 1 Sl Y T2 A SR M | LA 3R I58 o  ELHs Me )  Joer ERO fR R P, 78
Pl T A A RIZLA TG S RE T H AR ARSI, B TAS RAT5 B RIEIR AL KA TS YA )
R R R RS YRl R R DG R B D), T A R AR BRI S R A ORI B Y BVOCs,
JE AR BRI I AR SO, HIRT N D85 4R BVOCs 1 A B 20075 YL W R4, 23 [R1 42 52 0
S B IEI R G [, 87 BVOCs Ay i Bl d 25 3 AR S e R e 3 s RRe 2 B AR AL E I &
TGRS XTI HLIX ) BVOCs BIFFEAAT Bl T3 iy PR 4 KL 500 B8, B 3T 4 005 B4 By 1k 0 R v
AN AT B I ) R — A

1 3 BVOCs A HIE Y

BEARIRTT I BVOCs BB AT AVOCs , {HH S 6P T 8, X R85 1 A v 7 5 3 R T AVOCs™
VEAESE | A BOHE R T IR AVOCs HERCI 45, AVOCs JIT i )i 1Y 215 Y 0] B0, 75 4045 51 G5 i | 783X
PG LR BVOCs XM FR SR e s 27—

1.1 X3 AR 1Y 5% )

TSR T PR BE (RN |, R 5 BT 2k BVOCs, 3 S LB AN 8 /K I 5 H s 4 o, =z ATk
TR 2o bk /25 R 2R RV T, 2t BB T+ %) 30 B T v T4/ PRI DX IR B A RGBTl # S B, FEX PR 1Y)
It b PR 175 - BVOCs T LUAS Bl3ak ol P9 350 B A ) K A2 o8 5 B RE , IR #Ubae o 4 ik oy &2 %
AT RS TR R BVOCs B B A7 AE— Fl IE UL, B BVOCs & 51RZERA . Tl E r=4%
A 3 B R 4 R B AL B DR S, AR B O, SO O, &t Th s, ZEX A 00 T, WA A K glm ol i 15
HBUH £ BVOCs DL @A L an " Rk, BF 73801 i BVOCs AR e R AN 404 4% J) , R B hnl 2
HUHEATER X BVOCs B3 T A B ia B TAE
1.2 KT AR A9 52 e

BVOCs MHEBAZ L GBI A A %00 S5 W R 5 m , M B TR A e R % BA
YIRS, BVOCs X 6Ak24 N 1Y 5T iR ZEAR KRR BE b 2 31 XA Bl 30 g 52 mi 0  xe in 19) 2 2= 3R
B, — 7 1, T B FE T LUREK BVOCs | RERS 1N X 3 i Wikt i 40 b | LASE 1 &2 2% B3R T 315 5 55— 1T, i 7 22
ek BVOCs HERT 38 B AR , LA IE & ik B2 19 BVOCs MIEE A5 Jelal B, BRI =2 Ah , 3ok i 258 b 1 5 Wk
JRi 2 B M BT o BVOCs B H ki Ye ity oo A R HURRAE , 308 T 52 m il ol ROl ™ AE kT B

http ; //www.ecologica.cn



24 141 RAERAE A5 SRR M I S A ML B W HE RS A SRR RS0 B T 7 i 10025

R, T B A2 SBR[ RE I BVOCs FEIBCRAE 3T D BE A Jey B S A 25 R 2R A 2
1.3 XF AR A 52

ST R PR X A R T AR S R G S T RE AN A TR PR BT e A AR kT A A B 4B
SRARAT DL BT FRAR AR SR (23 [ B A BVOCs , AT DL I 1 T AR 75 15 BR O, BRI 4 B8 il 7 /< 45 1 2 3
BT ARSI TR (Had BB BVOCs A7 76 1 ) A I B IR (4 XU, £51)
WHk A IR (Kt T2 SRR T AT 2) T AAERHME Y IR ) FER A ST R 110 IR M 2 1 Al I Wi
RAE 5 S B PEE N R S R A T e L = S B RS BVOCs AT RES B KM | 1 28 2R GE 9 5 i
5 B WA A YR A AT RE LR B b o SO 5 R R R ABURRAE R 0 E RN Ik, BVOCs Xif i R f BE 14 52
D ATL B 0 A A, At ot R R I B S IR A3 Tl BVOCs WIFST , BRI LA A el bk gt AL S i 4 5 | o S 1 bk
T J B B A e B 11 T %2 T A

2 T BVOCs HER4HE

TV BVOCs W B2 IR T 23 2 BIAE DL D e A Wiy T AR S ) BF BRI 2R A5 e 22 Ab ik B T I B
R A ABER FIENE MO MKEE [CO MR KATS YR AF AN RIS R 2=, DL S b R AR Ak A
PEBEINNRER > WA S AR RIZI A TSI BVOCs HEGE 5 H
IRPREI A ES
2.1 3T BVOCs FESM

BVOCs EE4 AU A HIRIESE A2 BRHIRRAT A Y MaE R AT w3k AP Rty fe K
SRR PR R LA S Y A B R A KR T I Y AT R AR R LY
il A WAL T M B A R A A b S 8 T i A R R R W] LA B 503 TgC/ a, HE I i A
S ISR O I 1K, JE 3T BVOCs BFFE A A

R BVOCs IR ZEANR], 38 AT LLKE BVOCs 43 e etk i g5 Sk ), e i DL S 6 0 BP9
IR THI MR BVOCs ; 76 =il AN AR E L B AR YR B AR AR A IR 28 AR | A 0 AR BT R Tl 1 286
SRR AR R TSR BVOCs' P M S AN S BVOCs AR R ANk F A B
BRI X1, % P (8 S e AN AR ], Y0230 BVOCs 58 h i B2 7 1)

2.2 T BVOCs P a1 HERUEE

BVOCs FHERSZ 20605 AR BHER S i g i, 2R3 B () 2= A8k, —4FE 2 A7 #2200 BVOCs HE
TR /N Bt R HE RS T 188 i, 76 B Bk B T, MAEA ZE 6 | 3R EH , BVOCs 72 H & BB 4
) o AR HERCE 9 51.50% 11 3.40% > HEHERL BVOCs (B0 72 B 32 2 S & E B, 76—
RZH WA C AR EE AR 1k, BVOCs BIHERCN R EIFGG 1T, 78 154 B0 ok 31 i 1, 5 Bl 25 K BH 4R 565 1)
Wk TR TR AR, FERE I LA R B BRI 1T, BVOCs MHER 2 & A= 284k, B0 H BRAE
AR, EL BVOCs 78 IR (9 HERCE 25853 24 H i AVOCs fERCE S (EAA RIS, 7EARZ T BVOCs
TR T RAAE AR5 b 52 SR TRl 58 IXSRRIE A 3507 vk B Sl JBURE ZR 4 R R R 52 e, A B 45 R ) A7
TEMG s S (HR AR R AR — 30,

2.3 BT BVOCGs (1923 [l HERRFE

Z AR = ez A4 R N SETE AR 2 A RZ I, 3k TIT P e /NS A s (Rl 22 S T x)
TR BVOCs 1M 7 , Heas (Al 43 AT RRAE 32 2452 BIRE 1% 3 A 09520 o R s XU TR 3 £ 2245 7 2
SR B P A P L %) B b 7 R 8 R 0 A1 R 1 i B P N 295 Bl i 1, 3T s DX B 2 SR A v vk
JER) BVOCs 4345 o 30 mla J s b DT 75, AR 3 T AR Ly 55 22 14 IX 3525 R BVOCs HETR 1Y
EE DX I ORI A IS T AR A SR €0 s B, WA T A TIE R A BT SR B BVOCs HEBURRAE th 2 A B
225 BRARAMREOIAN , Hw A bR SR () 4 At 23 B2 BVOCs 1975 [a] 43 Aii . A< & BVOCs Y 5 22k

http ; //www.ecologica.cn



10026 xR 43 4

U822 — AT BRIESR T AR By 3k i 8] A 1 258 3R 40 AR AR A ) FH M 5 A8 S o L S 50k 7 30 T s B
BVOCs [ BE A3 A 9 7y KU S5 R R S5 ATl i) BVOCs A3 AARRAE Xt — S8 R 7 sl ok vl
M, HF XU XA A 2 iR BVOCs e ) w8 1 IX 3R, 177 3K ol B0 52 2 Bt 25 AN [) 251 B A7 XU RS el 28 i 2
AR

T A = A SRR R R A 2, LR MR T PR R T T 1) A A R SRR SR AT A
PR AR 23 S AT T 1) R S B, AT 248 U i 1T BVOCs AYTE BLJ0 A, T @S9 00 v B8 V8 LA
FEARFNZS () 43 A ER 235 W R B2 0 1 k25 5200 BVOCs 7607 )2 RO B e, el Hoae 2 J7 1) b A9 40 A6
FEAED
2.4 ANZEIEGINIRTT BVOCs HEBURFIE A 520

3T P o b R A0) e A e e A 1) B TR T S o B IR T N R Y BVOCs HEBCRAAE . AN [R] AR B[] 119
BVOCs HERAFTEE BRI 255, 22 M3 2% 57 25 D 3 I 2 ), A8 9 5% & B A7) BVOCs RO 28 20 4t b
B HE R St N T R A BRI R , R X T BVOCs i STlk & i TAT 7> Bt 4 b
A HARRS A R R A A A BVOCGs HER " . A I R T ARIESR T ARl e i A
P25 | A KRBT MERE Y, S EOR T B BVOCs HERL A #S X8k, DH e 7e 2 Ak i 72 v 75 B A 1 %2
BEVE AN BVOCs HERUAS 45, 6 #8380 BRI Al 28 TR A 5 3000 78 TRl — N3 io w4 b 400 b R0 41 St 4 ol £
BVOCs HEBGE RS A7 76 B 2 25 5%, A SR W R ok 17 38 B T 1 3R 5%, & HE B 2 1 BVOCs, 3 3040 Sk ) Fh 11
BVOCs HEBCE 1 i 2 T A by b >

FES TS HL BT SRE A B BT R AN A — 30, AN T AR IR BY | 38 )2 FEPE A B K
VIR BT A8 4 3 B ATL AR 1 0 407, 5 SO ) BE R K & 9 BVOCs, 2 i 38 17 P9 3K 19 BVOCs HE il ¢
FE80 R, T BBk MR A T I T SR AR B BT TR, 7E SR 7 98 Ak FNAR B £k 9 R B, P ) BVOCs HiE
Jilt

3 7 BVOCs B K SINER M

3.1 3l BVOCs By RS A SR PEA

Xof T A [ s ] RUBE 123 ) KBS B3 T AFSE, e BVOCs 14 KA R 8 380 BFAG 7 vk A R [R] . 7E ELR B F
FEH, AT LA IE A S I ) i B /N RUBE B[R] N BVOCs B HEBOHE B, A AT L e A TR AL R
ROEE K IHE] ) BVOCs HHP U

FES T BVOCs BIFFE A T AT WA T S b 4 7 B A/ Al S 36 AR IO 7 A RUBEE (9 BVOCs HETOE
B, R ARAE R BVOCs #e B 508 BE v 20 A R R BVOCs HEBCRAAE , 3 T T B RS SR A -4L ) 5 0 363
FE/NRBE M I rbr | 3 B S AR | Sh A AR AR 46 T B LRGBS 2% 1) BVOCs HEl ik
R HHEHOE ST FE A2 RGN AW R A T 0 SR AR 2R AR AR, R LA R B P O 223 Gl
TR R R A A T v AR B T AR R R EE 1 BVOCs il ™) 55 RN Bl 1 B R 1 R R
Vg 28 B T 1 3 N 3 T B A R B R g b, AT R e X B A o, 7 i A T X
BRI YR T RAMRE S BVOCs HERE , 45 A KA & SRR 3R ICK i [a] 781 K
WFFEFEFEA BVOCs 38 &, B A5 LT i ks e, S X R S A BT AR W o =% et skl
BEAERT 7T A RUASEALL A 0y 325 1T AR K 43 115 FBL A9 BVOCs HERCEE . BVOCs HERUE Y 1= %R 1 4 F ifii
ARy vk, BE TT DL RE T o R P A0 A R A ML ERABE R th nT DL T 2 56 Rk AR AR B ) A A HE
BN AEIRTT BVOCs B i H e A g AR LA S B Sk A 25 R R R 2 R
W RGBS B FE X 1) BVOCs HERCIE L, L1228 90 AR 0TI LR , Guenther 25 A\ GE 323 S IE L T R Y
S R HE R A O ORI BE AR G, I DA SR Al S e, 22 0 2k Ak, 25 6 25 IR AR DR ST E i X
T O B A5 A DK R B A P T BVOCs HECH R A 52 ma , FF & T A SR HERCR AR R A ISR A,

http ; //www.ecologica.cn



24 141 RAERAE A5 SRR M I S A ML B W HE RS A SRR RS0 B T 7 i 10027

MEGAN #5717 - MEGAN #5704 3= %2 iy - o ] IS | 5 70 B R R 800 AR A A2 41 434 B, Pl A B 5 1
T ARG AT 100 AR BVOCs MHE . FESEPRRL R, MEGAN BRI 5 H At R AR A
1 CMAQ Fi8 \WRF #ERIZE45 O 34 BVOCs % 0, SOA 25 RIS YWt , F: 4k BVOCs % RS 45
s SRR AR T BRIz Ah R T IR T ST 0 B A A BER TR 38 T LUK B IR B A R
G EH AR RS BVOCs BRI EIL |, K1k BVOCs SR KRB "

3.2 BT BVOCs RS RN

KA BVOCs S7E R OGHER T, &4 — R IVEAL R R, AE K O, 1 SOA % KI5 Y4, ™ H 5%
M) X L2 A R AR I et F 3T v ) Tl 3% sl A % AR 00 5 2%, WPAR B et B T ™ 1 48U Ak R T
i, S B0 RO IR S BVOCs HEBCR TR, ISR TRIZUAY U B, O, Fil SOA ¥ i thfifi 22 £ i T
15, BRI T N B A £ 7 B AR o 38 e X IR T B 3R v A DX R A A S AR I W D S AL T A AT LA
SIHTEAERA R UG BE T BVOCs 55 0, SOA 14341 0 R A BEAS Ak e F, E45 BVOCs 7RI Y 52 by
P, O FH LR FTIR T Sk A Jm B R A AR R IR T B e pk 2 T
3.2.1 BVOCs 5 0,

Wi BVOCs A2 i O, Y3 RAR KRR F R T BVOCs A AW L ( BVOCs/NO, ) . TEA IR A
AT 5T, BVOCs A2 B U5 Y (1A 1 B2 FSCR A R —RE Y, X — e R AL 2 s I A b DX
& ,BVOCs M REI— A 20 IR 1 il 5 5 (R R 2 R0 S AR VR B3 I 8 n , 38T R 19 BVOCs [ B ad i 25 &
AR, AR R O, MR EE gt S S i X N T ERBE AN [ SR EREE 10 P A | 52 B R ALY
H BVOCs W B RUEAE & O, e BE Tk i 35 X B

FEYI BVOCs HEBGHE S 2 HHSZ R E] O, WA A, — K2 BVOCs X T 0, 1Y STk R 23 Fif 45 O IR
TR LT, —4E 2, 2= BVOCs X T O, s stk i & B & /3 T 27, 5 AVOCs H L,
BVOCs 7EE ZXF O, STk 153k 49.5% " . BVOCs X T O, 4 B STk 332 1) T 48 1 K 152 FEAE 25
B S 60028 () S A RAE . 78 X SRR, AS [RI3A T X, O, vk BE Xt BVOCs HETR B Wi W A 7E 22 5, il dn , A6 o AR
TSR Y T S M DX A W A T ) AT R R X, BVOCGs HEBUK 5 R SRR E L I & H IR S
Z0F, FEBVOCs 19 O, STl R 8w ™, eI g o, 55380 PO M B, S & R IX Y O, T8 i 7
BVOCs MM [l 76 O, MR 15 /K ST 8 I LK, BVOCs X O, TE ML S it 25 s ) 7
BETTE B R BVOCs HERCE FIAEY) 2 SEO0IR 0,4 5 e F 38, & sl K AT A FEIR |, 5200 3 T B 40
o AR A,

3.2.2 BVOCs 5 SOA

BVOCs HEA =Y 2T WA P — A ML I ( Biogenic Secondary Organic Aerosol, BSOA) | B A%
AR A B R RN FE AR R T RGBSR R, BVOCs HERCE TR, Ak B R sk, BSOA HE
TR BE 2 T F s AT IR EEAR SOA 1 90% 77 Bl TR B RS T B R A 4R 5, 38T e Ak T RRUAS DB
BN, BVOCs H9 BSOA & U S AW Ant ') . BVOCs X BSOA Y 57 Bk 2332 3] X Ik S5 F (5% 0, 2438 1 ) Fl
) 3 I B 55 R L, BVOCs X BSOA A BTk 3RARL 2> bR R , A YT = Ao Ik T\ Rl 2R 0445
X I BSOA ¥ B — B i, 7 7 3T 19 BSOA W B 253k i AL ks 7> 7 ASTR] DXl oy o g Sk
BVOCs Xf BSOA WY DTHRFRBE AP AE 25 57 . TEARARHBIX | B 2% S5 0 M | Sl A R0 A% 10 445 X BSOA 1Y BTk ik
FE4r AT 353 0.66pg/m’ 0.40mg/m* A 0.15we/m? ; £ ZE W I VT e 3k w340 , A5 2 i 1 X BSOA (1) o3 ik e 22 D)
A LLAE] 0.50peg/m® ™ XTI AT R, fEE 2 R B R, 5 S0 BVOCs XF BSOA AYMEdEE F &4
PR K R £ A M X AS B AR AREIFPZEE BVOCs X BSOA TTRRZASAA, S50 = | Bk 1 25
FIRLPE BVOCs AYHERCR B B i 25375 S0 BVOCs B NG RS & , e RS R AE i, 77k
BSOA,, [RIH, P45 38 2 B A el A% 2 L 432 52 e #) M A5 2Pk BVOCs 1 HE S #2 , il b2l 28 BSOA B i
SUR= I TR

http ; //www.ecologica.cn



10028 H

&t
B

£l 43 %

4 FRERE

FURIT, 38T BVOCs FBIFSE 2R T BVOCs WL HAR AGSERERY HEHCRAE 25 75 18, I 76 L3 ab b pr
BVOCs X KA A k75 e SR T BAERR AY2E , BUA FIF 58 2 20 35T P B9 BVOCs ARk B
PERFEREAT 1 RS B SRR R B 507, 38 B T X BVOCs HERCHEE A WL R 9 A5 DGR (BT IR 7 244
PR T BVOCs B i -5 Fli A%

BEAE XS Sl T ERSRERIE T AR, M A i e S i AL BB B 42 1 1 3T BVOCs WFSE AR AL, (HAH S Y
K W SO A5 () BT SR T 2 BOR T BLik— 2 5838 RN ST A0 JEE ) U5 15 R, BVOCs
ABIF ST J2 2T T St LI RIS B AR (T BR85S 2% 4 58 BVOCs BFSE AT X AR MAE S R B, A
RESE T IR T PR 5T, TR BVOCs 720 WL AN 551 7 v 52 2 BR A, X USRS HE 2 M At . — 7
T, T BVOCs 58 24 S 58 36 HI AR AR, RGBTl i) BVOCs HEMC, XT3 3l
ERE R ITINT = , W0 S RGP ) BVOCs HERCEZ H 9 20 , 3O FF 7T D X i o AR i1k
SR 53T, M LAPEA 38 0 ph e i i) — g5 S I, 55—, O 1 HEBRAE SR T BVOCs IYHERL S 73 A
i, T ZEXT LA R B — 20 58 3% K I =4 WRRIE AN A b, 58 38 3T BVOCs Y5 ROBEBF ST, DL 1Y
BVOCs fli AR 3 2 TR R A A IREIE , JFAR T I T AR B 1 S5 URAAIE | S B3 4l 55 00 3 B 50 25
SRTTRFIEXS BVOCs §™ BN N ik R e 2000, T BVOCs B SRS B2 vl ke 52 2 BR A

N T IRIEIT BVOCs BYHERL 73 Ak 2 U , 7 2085 i SEUURAE 5 ABEES  £1 X5 BVOCs A9 BRI
IOE b A, AT I SR SR B DAL, G Al 3 DR PR3 TR A, PR Bl Tl i E B AR BRI =2 51, BVOCs 3
EBGEBARAA R Tt BBIREOR I K AR RAR BE_EHEE 1 3l KR SCHIESE (B A5 AL S8 i U B S v
FHLE, BVOCs TE T H 89 B2 SRR S L P B o, X SR SR 0P8 AR 3 77 ik Y R At B, e R T 205
G T R A A A AT A TR

£ % 3Lk ( References) :

[ 1] Haagen-Smit A J. Chemistry and physiology of Los Angeles smog. Industrial & Engineering Chemistry, 1952, 44(6) . 1342-1346.

[ 2] Fehsenfeld F, Calvert J, Fall R, Goldan P, Guenther A B, Hewitt C N, Lamb B, Liu S, Trainer M, Westherg H, Zimmerman P. Emissions of
volatile organic compounds from vegetation and the implications for atmospheric chemistry. Global Biogeochemical Cycles, 1992, 6(4) . 389-430.

[ 3] Claeys M, Graham B, Vas G, Wang W, Vermeylen R, Pashynska V, Cafmeyer J, Guyon P, Andreae M O, Artaxo P, Maenhaut W. Formation of
secondary organic aerosols through photooxidation of isoprene. Science, 2004, 303(5661) ; 1173-1176.

[ 4] Chameides W L, Lindsay R W, Richardson J, Kiang C S. The role of biogenic hydrocarbons in urban photochemical smog: Atlanta as a case study.
Science, 1988, 241(4872) . 1473-1475.

[ 5] Guenther A, Hewitt C N, Erickson D, Fall R, Geron C, Graedel T, Harley P, Klinger L, Lerdau M, McKay W A, Pierce T, Scholes B,
Steinbrecher R, Tallamraju R, Taylor J, Zimmerman P. A global model of natural volatile organic compound emissions. Journal of Geophysical
Research, 1995, 100(D5) . 8873.

[ 6] Arneth A, Harrison S P, Zaehle S, Tsigaridis K, Menon S, Bartlein P J, Feichter J, Korhola A, Kulmala M, O'Donnell D, Schurgers G, Sorvari
S, Vesala T. Terrestrial biogeochemical feedbacks in the climate system. Nature Geoscience, 2010, 3(8) : 525-532.

[ 7] OwenS M, MacKenzie A R, Stewart H, Donovan R, Hewitt C N. Biogenic volatile organic compound ( VOC) emission estimates from an urban
tree canopy. Ecological Applications, 2003, 13(4) . 927-938.

[8] GaoY,MaMC, Yan FF, SuH, Wang S X, Liao H, Zhao B, Wang X M, Sun Y L, Hopkins J R, Chen Q, Fu P Q, Lewis A C, Qiu Q H, Yao
X H, Gao H W. Impacts of biogenic emissions from urban landscapes on summer ozone and secondary organic aerosol formation in megacities.
Science of the Total Environment, 2022, 814, 152654.

[ 9] Loreto F, Schnitzler J P. Abiotic stresses and induced BVOCs. Trends in Plant Science, 2010, 15(3) : 154-166.

[10] Fineschi S, Loreto F. Leaf volatile isoprenoids: an important defensive armament in forest tree species. [Forest-Biogeosciences and Forestry, 2012,
5(1): 13-17.

[11] Churkina G, Grote R, Butler T M, Lawrence M. Natural selection? Picking the right trees for urban greening. Environmental Science & Policy,
2015, 47. 12-17.

http ; //www.ecologica.cn



24 141 RAERAE A5 SRR M I S A ML B W HE RS A SRR RS0 B T 7 i 10029

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]
[27]

(28]
[29]

[30]
[31]
[32]
[33]

[34]

[35]
[36]

[37]

[38]

[39]
[40]

Ghirardo A, Xie J, Zheng X, Wang Y, Grote R, Block K, Wildt J, Mentel T, Kiendler-Scharr A, Hallquist M, Butterbach-Bahl K, Schnitzler J
P. Urban stress-induced biogenic VOC emissions and SOA-forming potentials in Beijing. Atmospheric Chemistry and Physics, 2016, 16(5)
2901-2920.

Calfapietra C, Fares S, Manes F, Morani A, Sgrigna G, Loreto F. Role of Biogenic Volatile Organic Compounds (BVOC) emitted by urban trees
on ozone concentration in cities: a review. Environmental Pollution, 2013, 183 71-80.

Yu M, Zhou W Q, Zhao X J, Liang X D, Wang Y H, Tang G Q. Is urban greening an effective solution to enhance environmental comfort and
improve air quality? Environmental Science & Technology, 2022, 56(9) : 5390-5397.

Niinemets U, Pefiuelas J. Gardening and urban landscaping: significant players in global change. Trends in Plant Science, 2008, 13(2) : 60-65.
Bottalico F, Chirici G, Giannetti ', De Marco A, Nocentini S, Paoletti E, Salbitano ', Sanesi G, Serenelli C, Travaglini D. Air pollution removal
by green infrastructures and urban forests in the city of Florence. Agriculture and Agricultural Science Procedia, 2016, 8. 243-251.

WuJ, Long J Y, Liu HX, Sun G P, Li J, Xu L J, Xu C Y. Biogenic volatile organic compounds from 14 landscape woody species: tree species
selection in the construction of urban greenspace with forest healthcare effects. Journal of Environmental Management, 2021, 300; 113761.
Hagvall L, Skéld M, Bréred-Christensson J, Borje A, Karlberg A T. Lavender oil lacks natural protection against autoxidation, forming strong
contact allergens on air exposure. Contact Dermatitis, 2008, 59(3) : 143-150.

Gibbs J E. Essential oils, asthma, thunderstorms, and plant gases: a prospective study of respiratory response to ambient biogenic volatile organic
compounds (BVOCs). Journal of Asthma and Allergy, 2019, 12. 169-182.

Lun X X, Lin Y, Chai F H, Fan C, Li H, Liu J F. Reviews of emission of biogenic volatile organic compounds ( BVOCs) in Asia. Journal of
Environmental Sciences, 2020, 95 266-277.

Peiiuelas J, Staudt M. BVOCs and global change. Trends in Plant Science, 2010, 15(3) : 133-144.

Possell M, Hewitt C N. Isoprene emissions from plants are mediated by atmospheric CO, concentrations. Global Change Biology, 2011, 17(4) :
1595-1610.

Brilli ¥, Hortnagl L, Bamberger I, Schnitzhofer R, Ruuskanen T M, Hansel A, Loreto F, Wohlfahrt G. Qualitative and quantitative
characterization of volatile organic compound emissions from cut grass. Environmental Science & Technology, 2012, 46(7) : 3859-3865.
Calfapietra C, Pallozzi E, Lusini I, Velikova V. Modification of BVOC emissions by changes in atmospheric [ CO, ] and air pollution. Biology,
Controls and Models of Tree Volatile Organic Compound Emissions, 2013 253-284.

Samson R, Grote R, Calfapietra C, Carifianos P, Fares S, Paoletti E, Tiwary A. Urban trees and their relation to air pollution. The urban forest:
Cultivating green infrastructure for people and the environment, 2017 21-30.

Baldwin I T. Plant volatiles. Current Biology, 2010, 20(9) : R392-R397.

Guenther A, Karl T, Harley P, Wiedinmyer C, Palmer P I, Geron C. Estimates of global terrestrial isoprene emissions using MEGAN ( Model of
Emissions of Gases and Aerosols from Nature). Atmospheric Chemistry and Physics, 2006, 6(11) : 3181-3210.

Sharkey T D, Wiberley A E, Donohue A R. Isoprene emission from plants: why and how. Annals of Botany, 2008, 101(1) : 5-18.

Heiden A C, Hoffmann T, Kahl J, Kley D, Klockow D, Langebartels C, Mehlhorn H, Sandermann Jr H, Schraudner M, Schuh G, Wildt J.
Emission of volatile organic compounds from ozone-exposed plants. Ecological Applications, 1999, 9(4) . 1160-1167.

Niinemets U. Mild versus severe stress and BVOCs: thresholds, priming and consequences. Trends in Plant Science, 2010, 15(3) : 145-153.
Holopainen J K, Gershenzon J. Multiple stress factors and the emission of plant VOCs. Trends in Plant Science, 2010, 15(3): 176-184.

BB, 228, 2400, YLFHTT URTR AR A BVOCs HEMURE. AEAEIE, 2009, 28(12) : 2410-2416.

LuY, LiL, AnJ Y, Huang L, Yan R S, Huang C, Wang H L, Wang Q, Wang M, Zhang W. Estimation of biogenic VOC emissions and its
impact on ozone formation over the Yangtze River Delta region, China. Atmospheric Environment, 2018, 186 113-128.

FE, kAEER, B, e, R, 2, W, P EEYEEREA YL (BVOCs) I A HEERHMEDE ST, FRIERL R4, 2019, 39
(12) . 4140-4151.

R, VFHE, ALTEAR, IR, RURIAL U T R AR IR R A ML HE R 22 . BRI R 2022, 42(04) : 1489-1500.

Wagner P, Kuttler W. Biogenic and anthropogenic isoprene in the near-surface urban atmosphere—A case study in Essen, Germany. Science of the
Total Environment, 2014, 475, 104-115.

Li CL, LiuM, Hu Y M, Zhou R, Huang N, Wu W, Liu C. Spatial distribution characteristics of gaseous pollutants and particulate matter inside a
city in the heating season of Northeast China. Sustainable Cities and Society, 2020, 61 102302.

AR, XU, ZEp, WS, RS, . TRER OIS A DO T AR = AR AR R S B I A AR, 2021, 32(05)
1593-1602.

HFH, iz, EIRAL, Hhmas, R0 BRIL= MR VOCs HERCR AR K 28 A0 AR AE. B PR R 2009, 29(04) ; 345-350.
WAL AT, IR, RBME, S, BUBDN, FURER, B WIS 6 AR5 BVOC HEBGE i —— AR MO . A2 SAR, 2012,

http ; //www.ecologica.cn



10030 JAE = 43 4

[41]

[42]

[43]
[44]

[45]

[46]

[47]

[48]

[49]
[50]

[51]

[52]
[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

32(02) : 641-649.

Mo Z W, Shao M, Wang W J, Liu Y, Wang M, Lu S H. Evaluation of biogenic isoprene emissions and their contribution to ozone formation by
ground-based measurements in Beijing, China. Science of the Total Environment, 2018, 627. 1485-1494.

RATHE, WESG, FERL, LNR, EREEE, S, BT, BRI R L A YU R IR U 5 5 S AR AR DS, = a3t 5
A3, 2013, 35(04) ; 12-15.

VRN, AR, LB, fEAE, WK, SRR, fURE. HUNTITOR SIS R HE O S RARAE. P EEREEI, 2015, 31(02) : 5-11.
Matsunaga S N, Shimada K, Masuda T, Hoshi J, Sato S, Nagashima H, Ueno H. Emission of biogenic volatile organic compounds from trees along
streets and in urban parks in Tokyo, Japan. Asian Journal of Atmospheric Environment, 2017, 11(1) . 29-32.

Lamb B, Guenther A, Gay D, Westberg H. A national inventory of biogenic hydrocarbon emissions. Atmospheric Environment( 1967) , 1987, 21
(8): 1695-1705.

Squire O J, Archibald A T, Abraham N L, Beerling D J, Hewitt C N, Lathiere J, Pike R C, Telford P J, Pyle J A. Influence of future climate and
cropland expansion on isoprene emissions and tropospheric ozone. Atmospheric Chemistry and Physics, 2014, 14(2) . 1011-1024.

Wang Q G, Han Z W, Wang T J, Zhang R J. Impacts of biogenic emissions of VOC and NO, on tropospheric ozone during summertime in Eastern
China. Science of the Total Environment, 2008, 395(1) : 41-49.

Situ S, Guenther A, Wang X, Jiang X, Turnipseed A, Wu Z, Bai J, Wang X. Impacts of seasonal and regional variability in biogenic VOC
emissions on surface ozone in the Pearl River Delta region, China. Atmospheric Chemistry and Physics, 2013, 13(23) . 11803-11817.

SRAETEL, WHEWE, X%, 8K SRS e Rk . N AEZS 244, 2019, 30(12) : 4353-4360.

Miao CP, YuS, Hu Y M, BuR C, Qi L, He X Y, Chen W. How the morphology of urban street canyons affects suspended particulate matter
concentration at the pedestrian level ; an in-situ investigation. Sustainable Cities and Society, 2020, 55. 102042.

Kim H K, Woo J H, Park R S, Song C H, Kim J H, Ban S J, Park J] H. Impacts of different plant functional types on ambient ozone predictions in
the Seoul Metropolitan Areas (SMAs) , Korea. Atmospheric Chemistry and Physics, 2014, 14(14) . 7461-7484.

XA K =R XAPIIR VOCs HERURAE K xR A TR AT SE [ D] BFm . LIARIMYE K, 2018.

RenY, Ge Y, Ma D P, Song X L, Shi Y, Pan K X, Qu Z L, Guo P P, Han W J, Chang J. Enhancing plant diversity and mitigating BVOC
emissions of urban green spaces through the introduction of ornamental tree species. Urban Forestry & Urban Greening, 2017, 27. 305-313.
Préndez M, Carvajal V, Corada K, Morales J, Alarcon F, Peralta H. Biogenic volatile organic compounds from the urban forest of the Metropolitan
Region, Chile. Environmental Pollution, 2013, 183 143-150.

Karl T, Fall R, Jordan A, Lindinger W. On-line analysis of reactive VOCs from urban lawn mowing. Environmental Science & Technology, 2001,
35(14) : 2926-2931.

Loreto I, Barta C, Brilli F, Nogues L. On the induction of volatile organic compound emissions by plants as consequence of wounding or fluctuations
of light and temperature. Plant, Cell & Environment, 2006, 29(9) . 1820-1828.

Guenther A B, Monson R K, Fall R. Isoprene and monoterpene emission rate variability ; observations with eucalyptus and emission rate algorithm
development. Journal of Geophysical Research, 1991, 96(D6) : 10799.

Guenther A, Baugh W, Davis K, Hampton G, Harley P, Klinger L, Vierling L, Zimmerman P, Allwine E, Dilts S, Lamb B, Westberg H,
Baldocchi D, Geron C, Pierce T. Isoprene fluxes measured by enclosure, relaxed eddy accumulation, surface layer gradient, mixed layer gradient,
and mixed layer mass balance techniques. Journal of Geophysical Research: Atmospheres, 1996, 101(D13) : 18555-18567.

Guenther A B, Hills A J. Eddy covariance measurement of isoprene fluxes. Journal of Geophysical Research: Atmospheres, 1998, 103(DI11) .
13145-13152.

FouH, KR, PABERL. o st A 25 R eI B 5T 9 4% ( ChinaFLUX ) (1 £ B30 i R K R SR 2. 3t A% 3k, 2014, 33(07):
903-917.

ERE, EAF, EH, BIEAE, SN ORI B R TR R R . R BERLERT S, 2005, 18(6) ¢ 27-33.

Palmer P I, Abbot D S, Fu T M, Jacob D J, Chance K, Kurosu T P, Guenther A, Wiedinmyer C, Stanton J C, Pilling M J, Pressley S N, Lamb
B, Sumner A L. Quantifying the seasonal and interannual variability of North American isoprene emissions using satellite observations of the
formaldehyde column. Journal of Geophysical Research, 2006, 111(D12) . D12315.

Choi J, Henze D K, Cao H, Nowlan C R, Gonzalez Abad G, Kwon H A, Lee H M, Oak Y J, Park R J, Bates K H, Maasakkers J D, Wisthaler
A, Weinheimer A J. An inversion framework for optimizing non-methane VOC emissions using remote sensing and airborne observations in northeast
Asia during the KORUS-AQ field campaign. Journal of Geophysical Research: Atmospheres, 2022, 127(7) : €2021JD035844.

Jung J, Choi Y, Mousavinezhad S, Kang D, Park J, Pouyaei A, Ghahremanloo M, Momeni M, Kim H. Changes in the ozone chemical regime over
the contiguous United States inferred by the inversion of NO, and VOC emissions using satellite observation. Atmospheric Research, 2022,

270 106076.

http ; //www.ecologica.cn



24 141 RAERAE A5 SRR M I S A ML B W HE RS A SRR RS0 B T 7 i 10031

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[77]
[78]

[79]

[80]

Steinbrecher R, Smiatek G, Kible R, Seufert G, Theloke J, Hauff K, Ciccioli P, Vautard R, Curci G. Intra- and inter-annual variability of VOC
emissions from natural and semi-natural vegetation in Europe and neighbouring countries. Atmospheric Environment, 2009, 43(7) . 1380-1391.
Keenan T, Niinemets, Sabate S, Gracia C, Pefiuelas J. Process based inventory of isoprenoid emissions from European forests: model comparisons,
current knowledge and uncertainties. Atmospheric Chemistry and Physics, 2009, 9(12) . 4053-4076.

Guenther A B, Zimmerman P R, Harley P C, Monson R K, Fall R. Isoprene and monoterpene emission rate variability: model evaluations and
sensitivity analyses. Journal of Geophysical Research, 1993, 98(D7) . 12609.

Liu S, Xing J, Zhang H L, Ding D, Zhang F F, Zhao B, Sahu S K, Wang S X. Climate-driven trends of biogenic volatile organic compound
emissions and their impacts on summertime ozone and secondary organic aerosol in China in the 2050s. Atmospheric Environment, 2019,
218 117020.

Marais E A, Jacob D J, Guenther A, Chance K, Kurosu T P, Murphy J G, Reeves C E, Pye H O T. Improved model of isoprene emissions in
Africa using Ozone Monitoring Instrument ( OMI) satellite observations of formaldehyde: implications for oxidants and particulate matter.
Atmospheric Chemistry and Physics, 2014, 14(15) . 7693-7703.

Cifuentes F, Gonzalez C M, Aristizabal B H. Dataset for evaluating WRF-Chem sensitivity to biogenic emission inventories in a tropical region.
Global online model ( MEGAN) vs local offline model ( BIGA). Data in Brief, 2021, 38. 107438.

Wang Z H, Bai Y H, Zhang S Y. A biogenic volatile organic compounds emission inventory for Beijing. Atmospheric Environment, 2003, 37(27) .
3771-3782.

Wong M S, Sarker L R, Nichol J, Lee S, Chen H, Wan Y, Chan P W. Modeling BVOC isoprene emissions based on a GIS and remote sensing
database. International Journal of Applied Earth Observation and Geoinformation, 2013, 21 66-77.

Pacheco C K, Fares S, Ciccioli P. A highly spatially resolved GIS-based model to assess the isoprenoid emissions from key Italian ecosystems.
Atmospheric Environment, 2014, 96. 50-60.

Mentel T F, Kleist E, Andres S, Dal Maso M, Hohaus T, Kiendler-Scharr A, Rudich Y, Springer M, Tillmann R, Uerlings R, Wahner A, Wildt
J. Secondary aerosol formation from stress-induced biogenic emissions and possible climate feedbacks. Atmospheric Chemistry and Physics, 2013,
13(17) : 8755-8770.

Wu K, Yang X Y, Chen D, Gu S, Lu Y Q, Jiang Q, Wang K, Ou Y H, Qian Y, Shao P, Lu S H. Estimation of biogenic VOC emissions and
their corresponding impact on ozone and secondary organic aerosol formation in China. Atmospheric Research, 2020, 231 104656.

Tiwary A, Kumar P. Impact evaluation of green-grey infrastructure interaction on built-space integrity; an emerging perspective to urban ecosystem
service. Science of the Total Environment, 2014, 487 350-360.

Zang, R, PRER. YR HHE LA A (BVOC) 3 YA HLSHAL (SOA) FEALBLEIIT S, PR, 2011, 32(12) : 3588-3592.
Szidat S, Jenk T M, Synal H A, Kalberer M, Wacker L, Hajdas I, Kasper-Giebl A, Baltensperger U. Contributions of fossil fuel, biomass-
burning, and biogenic emissions to carbonaceous aerosols in Zurich as traced by 14C. Journal of Geophysical Research, 2006, 111(D7) ;. D07206.
LiJ, Han Z W, Wu J, Tao J, Li ] W, Sun Y L, Liang L, Liang M J, Wang Q G. Secondary organic aerosol formation and source contributions
over east China in summertime. Environmental Pollution, 2022, 306. 119383.

Bergstrom R, Hallquist M, Simpson D, Wildt J, Mentel T F. Biotic stress: a significant contributor to organic aerosol in Europe? Atmospheric

Chemistry and Physics, 2014, 14(24) ; 13643-13660.

http ; //www.ecologica.cn



