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Abstract: Volatile organic compounds emitted by plants (biogenic VOCs, BVOCs) play an important role in the formation of atmospheric
secondary pollution. To understand the BVOCs emission characteristics from different vegetation types in China, quantitative observations
of monoterpene emissions from the plants of different vegetation types were conducted using the dynamic enclosure method and thermal
desorption-gas chromatography-mass spectrometry (TD-GC-MS) technique. The MEGAN 2.1 emission model was applied to establish a
high-resolution BVOCs emission inventory in summer 2018. The results showed that needle leaf trees had higher monoterpene emission
rates than other plants, and terpinolene, cis-f-ocimene, limonene, and sabinene contributed the most. a-Pinene was the major contributor to
monoterpene emission from broadleaf tree species. Monoterpene emission rates of crop, grass and shrub plants were dominated by
terpinolene, trans-B-ocimene and limonene, respectively. The total emission of BVOCs in China in summer 2018 was 33.63x10" g, with
isoprene, monoterpene, sesquiterpene, and other VOCs accounting for 64.13%, 9.63%, 2.11% and 24.31%, respectively. Broadleaf trees
had the highest contribution to the total BVOCs emissions (56.01%), followed by shrubs (14.16%). Summer BVOCs emissions were
mainly distributed in northeastern, eastern, and Central China. The emission distribution of six vegetation types differed due to their
different vegetation distribution. This study indicates that the monoterpene emission rates of plants by different vegetation types rank as
needle leaf tree>broadleaf tree>grass>crop>shrub, which differ in composition of monoterpenes. The BVOCs emissions of each vegetation

type rank as broadleaf tree>shrub>grass>crop>needle leaf tree>coniferous and broad leaf mixed forest, which have distinguished BVOCs
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composition. Their spatial distributions are related to vegetation cover.

Keywords: BVOCs; emission rate; MEGAN; emission inventory
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Fig.1 Schematic of the dynamic enclosure system

FE S 2RI - SR - BT T12: (TD-GC-MS)
HEFT 14 FhEAHE A 20 43 00 2 B D A . 4 [ 3l RO R
B (ATD 1126 #, Acrichi /A ], H1 ) i) TAES M R
Gi k717 80 kPa; HEFE IR FE R 150 °C; HA i I et
H 290 °C; ¥ BEIR FE A -30 °C. GC-MS(7890A-5975C
B, Agilent, J2[E) B TAESAF: #HHE A 1.2 mL/min,
SRR 125 BT R IR IREE N 35 C, f-4F 2 min, &
J& LA 10 °C/min TFZ 260 C, F-T+ % 280 °C {445 2 min;
BTN ELIR, B5T-AE 70 eV, IR 4 200 °C. {fig%4:
154 Agilent DB-5 (30 mx0.25 mm IDx0.25 um). i}
FH e 107 PR3 RN AR I (BRe /N Z3fe 1) XoF 4% Rl s 2
Sy IEAT R i, AR AR SRS 205, 10, 20, 50,
70 mL (bR 7fERE S ARFLEON 1x10°), mi sz P i A
Xif A v i 22 <20%, B il 26 R>0.99. 24 R AR AR N
6 LI, 77 846 i BR M 0.03~0.97 pg/m”, I 5 4 25 1
N 4%~15%.

1.1.2 il
HeRlC s R A
ER =(F x C)/m (1)
A ER N HRIGHE AR, pg/(g-h); F O RAEAE SR I
R, L/min, 5% 28 AR A 3 [F]; C
S B R, ng/m’s m R PR, g

FIH Guenther 2 (RAEL T, B SL PR &
T ) B I TR R A e S bR E SR A CIREE R 30 °C,
S I B EE R 1000 pmol/(m’-s)) T B HE I .
IZA G T HERGHE R 8 R bR EHE G R, FRifEAL S iR
%K 25%",

1.2 BVOCs HEMCIH B #E ST
1.2.1 MEGAN HEjltE =,

FIFH MEGAN 2.1 HEjf Al 55 T 2018 4F & 2+
T 6 Fp R [F] 28 BUAH 9% ) BVOCs HEI = . MEGAN
A hg — b 9 T 1) 42 BR RN IX 8] R B 9 BVOCs HEJif £l
B, Bz T A BRI X g
BVOCs HERC& 455, BVOCs fHERc 32 A K0

E=exyxp (2)

K. E N BVOCs U, mg/(m*-h); & hy b ife 251
T YR JE R HECE T, mg/(m® h); y A FREER IE [
T, AR HE B TR DURE R 7R AR RS TR Y
BVOCs HERIK -, AN S e LS5 v 1 Rk, PRk
WLy X TR IR, 4 e )2 PR PN AR G
s . RHEREE . CO, FREEHR B AR X 5k J2 HE A5
G I AR % HER RN CO, BURZI; p MR L &R
B, iR 2N BVOCs 1 TAW) . A2 Ay B ot 72
SR A ORI AE, 1ZIFSE R p BUE R 19

122 SR8

7 RS A 5 WRF L MEGAN 2.1 JilF
TRLESE, AHE 2 m R KA Il G U
AHRR S | BT AU, IFE] 20 E 300 1 h, K4
el 36 kmx36 km. B X I 6 8 A~ ], s
245 B M 34.53°N, 108.92°E, £U4F 128x188 /> M 4% .
S L0 UR A 31 A 370 NCEP #2446 i 4 Bk 1°%1°
53 BE 19 B 4 A B8 ——NCEP/DOE 5 43 #7 1
(NCEP/DOE-R2, http://rda.ucar.edu/datasets/ds091.0).
1.2.3  fHBE A

FA (A N RS AT E A B &L (1:1 000 000) )™
FRAT A5 BB S B /AR B 1 25 8] A1 . 2o o 12 H i
I E R A A AR A, S R AR EE Rk
DA Fh A e Y | AR AR B L o LA e R R
DN Fifa) | SR, VHEE . HENERE AL, 455 b E AR
MRV AR . P ES T ARELE . B R AR RS A
R4, W (AR N RIGFTEAE B (1:1 000 000))H
PR B AT T 02, A5 5] 82 FE B A /28T
G3AR, ALFE 10 B E - PL SR R L 18 BRI OL AR R
6 FPARFRISHY | 13 Fp EZRAEY) . 7 DHEMT ., 28
A FHL . DA A B RO, 250
4~12 25, MEGAN 2.1 BRI g g ISR BRI A 15 F.
1.2.4  HEA T

ST A HE R A A A, R 4 )2 I
TR AN A5 20 45 A B b o 7 2 HE R IR 5. 1%
AF 5 H 5 P (%) HE B 38 A0 A W)t ok 2 3 T A TR
LB AT R R g0 ik, W T IRE
BVOCs HER# R 5 56 T30 E 458 i b &
A A IR A GRS O R HE IR 5 1 X B,


http://rda.ucar.edu/datasets/ds091.0
http://rda.ucar.edu/datasets/ds091.0

1344 % oH R

= %35

FFH AWy FOASS R, A5 55 82 A gt i A i, B
258 03 45 10 AR ol 45 % 2 ) 3 B R TR T (R L
WA E R RS A 41t (2014—2018 4F)), 258 1
FEREY LT 1R IR T (P ESTHEL), %
G325 B S A P R R T b R T AR ).
2 FBR5WIR
2.1 AN B A HERCRRAE
2.1.1  HEiE R

8 P SR AR EHE R AN 1 TR, Ho,

AN HE RO e f i, K B A HE O R A, AR
Guenther 5™ (R HE i 3K 73 b o, K B A HE
B H>3.0, >0.6~3.0, <0.6 pg/(g-h) BIHE YRI5 Ky
B RHECGR EAY). TR DRSS E
T B A = HE R AR, AR SR T HE R B A,
WAL /INFE 58 1 R R I B A T AR HE R B AT
Y. DAEYIE R, A B A HE OO 3 de v,
YRR A AR, 2l R0 VR ) HE T B AR, E AR HETi
553 B e {1

®1 8 MEY ARG ERRURER

Table 1 Standard emission rates of monoterpenes from 8 plants ug/(g-h)
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Fig.2 Contribution of monoterpene emission rates by compounds from each plant
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Table 2 Comparison with BVOCs observations of

other native vegetation
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Fig.3 Emission composition of monoterpenes and sesquiterpenes in summer in China
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TR A B HETCRE F1 it (R AL A 2.13x10° km?,
PR I XF 5, BVOCs HE i i 19 BTk AR 1.71%. AT
PR BVOCs RIEHI A 22 5, I M E2ok A
WE AR HE I, 7 50 0 SHE AR Y 80.71%, R
FH T I A B 2 1) S R R HE RO 23, E R 1) BT
BRFN 13.76%, A9 2R BTHR /N T 5.53%;
BATER R H AR (35.16%), HHLIRZ (22.84%),
VHE AR o] AR P HE B mT kR AR XY, 380k 149% 22T, AR
YERIN 10.12%; 521 it 4 A1 HAth VOCs B3R A4 1%,
AT, R AL AR DT mRoR A iy, SRR AR IR ..
AN [ AR 22 A8 %) HE il 2E B A [, B AR 0, S8 —
e L o I Y L vl N 7 NS TR 2 € 71
HoAh VOCs &4 . A AEY . 511 s HE il ol
L A7 B 4t S T AR 1) s HE B
*3 BEEZ 6 MEK LM BVOCs HigE

Table 3 BVOCs emissions of six vegetation types in

summer in China 10° t
A S TE SR fRkaRis HAbvocs EBVOCs
FMR 17407.00 44107 61.19 933.78 18 843.16
ARy ) 74.61 113840  129.71 1307.57 2 650.31
EFnt i
" 44334 95.03 11.30 26.09 575.77
A 85.14 32755 180.16 274120  3334.06
i 590.09  739.66  217.25 1919.60 3 466.61
HEAR 2967.63 49622  111.02 1188.01 4762.89
SIt 2156790 323793 710.63 811625  33632.80

2.2.2 BVOCs 25 [a] 434
BVOCs i B B A4 kel 22 5. BVOCs 1)

Hejlch X A A e AR b e rh L AR AR DA K PR AR
XM FE A A PR X, A A HE
KT 9t T HILMxt 5 BVOCs HE 5T #ik % =1
BVOCs HEJ A 1925 1] 5341 5 FRbRk U Fa )
A3 A — 3. FOHEHLIX BVOCs HE 8%, It 2 74 i
FIG XOR W48, — 7 1 R T2 XA B A i, 55—
7 T2 0 DX 4 A 305 B AT, T I 2 52 M i e HE T T
FEABEHE

AN RIHEBE 2R BVOCs HEi 2 5 3%, Hoas (8] 4y
AT AN S AR 5 A AR R A A G, R 5 B
AN TRV HE I B (A D 2 AT O, [R5 4% X R4
S O RVASk U, R T RS AR RN R A A A A
B S ) BVOCs HEicE & w5 TAe Jr . ket
B BVOCs HE = B4 P AEAR AL | AR A FNAE R i IX,
bk . BT TV L IR, X e A
DA% A HE G KT 5 6 rh, ARl i DX A AR
ALK, I A KRS . BB B At ] TR A8 bk 55
FUA 1 5200 A HE O B AR AR i A2 7 e DX ] A
e 3R N N L I BN T o L NP WL
ZEMR, T4 DX BAR T RS (AT 5 AR R A il IX
TR HER R Y/ T 100 . B9 BVOCs HETiL
O3 DX R A T 22 5, B TEARAR L AR
AP X, G WA A
PR AR X, MR | TEVE A S5 X, X 2 ith X 4
ROASHER & KT 2 t, X AT R o A e s g, B R
AL, HAMR AR 2 5 A & BVOCs HERGHE %
A Yy %R, ME R 242 A2, F iR
TMAHELE BVOCs 24 7 A b X . RAED 1Y
BVOCs HEil 5 FLRh AR %5 B RIS [R) b A A 4 i HEfik
S 25 A O, R AR AR R R L AR AR AR TR L X
BRI R L LB LA e L ILARE S
0y, XL RAE Y AR 7= B LAk, M A B
A% HE KT 500 g, %8 P T K E AR, TR
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S AR AE P BVOCs HECH B f5e i 1, [ e 3 [ g
PG ) P TR AR A W R4S LIRS . R T
A AL ARV EY P 8w, (A A ) % R L
A WWHEAEE MK, FEBVOCs HEE K. &
Hu ) BVOCs HER 253 A fE el . PEILAIPY R HbIX,
HAo N ZEH AR X B 5 o A e Tz, HECR e ey
A 7 #3 b DX A3 A A R TR B AP E RN, TR A
) BVOCs HE i fit 714255 . AR A9 BVOCs HEjiz i 3=
FETEAET | AR MV R X, AR WA L L
BLERKRT ., BME . A MU G, b
Iy i X HERCR A

ARSI, R BVOCs HER s, #EA . £
IR, B b AR A ) S5 A1 5 75 7 vy i DX ) A 4
AR B, T LA#S 2SR % HE R BVOCs 7K P2 4IK.
AN [) b DX A5 A B 28 ) HE B DTk AN [R], SR L 1L
TAH. WA IR B BRILEEA 0
70% LA 1 #9 BVOCs 3k A [ M-k, Bk, Kt
M BVOCs HEjit 2k A TAIEY, Hiig . TE
MR IR X, NS AR DX P [ I DX 5 L X
Hh BT Rk e e, EE PR T AT SR N 48 LAE AR HE Y BVOCs
g 3. EH R HER R BVOCs H 5 ik e 25 1Y L X Ky DY
JIAE FIPE 5K IR X
223 AT

A AR5 R R R R . S8 | HE
WAL AT FeE BVOCs FIHEICR . B 45 HEC 2
R (6—8 H) HEk 45 R 5 2 & wh e 4 Rt A7 xf
o (WL 4) B3, #5098 45 RAFAE IR K 22 5%, HE 5%
SRR T EH WG, T2 70 R R 2R il
FHRHERCH 2 AR i SRS Mo | HE
AL AN,

*4 EARSHMGARFRE BVOCs HHUIE BT
Table 4 Comparison with other estimates of BVOCs

emissions in China 10% g
Ey SR PRI HAlvOCs B e
2018 21.57 3.24 8.83 IZHESE
1999 3.56 1.91 4919 SCHR[25]
2004 5.05 1.78 — CHR[32]
2016 3.15 0.51 1.49 SCHR[33]

TE: D) HECHE LAkt

G R 1 e IR M HE A S A AN e .
ST bl A HEE %O MEGAN 3.1 588 14 3R A
WA, 50D 0o I AR L AR g A 2 2R 5 120 S R
FHAL SR “HERCR BE 7 R IUE L B HEOE R, 1%
7 BT R 4 232 . HER DX 18] A9 8 E LA R RRAE

L P T8 B A B0 Y AS B A, 4 HlE e 5 ) BB i R
RO E . BEMRIE TR ke TH
TEAN A AR B HE R B 4328, FF 98 BU i 1 A5 AE 0k i HE ik
TR FRAIG T HE I 2 AN . PR HE IR 1
SE T VR AR IFAN [, 85045 F 5% HE G 3R 14 BUELAS [R]
WNZEH T AR . B A7 S 0 s HE G R 3
H 70 pg(PA C 3H)/(g-h), TMiiEESE s EUE 55104 60,
60 £1 0.5 ug(Lh C iH)/(g-h).

I A= i PR B2 T 3 B A o L 1=
SRR SR By i A 2 B 9, TR)— A w2 AR o B
— ARy A g A, A PR EI AE A  ) H X
N ] 2% 5. e 25T 6 1] MEGAN 3.1 B ER A (1 1
YR EE TR AT 2 A A R E B R A
FEE AR AR i, AT A A b DXORIRR i ) 22
5, AR AF AR — 8 BB 1, L R BRI T T4
TR0 B A TR ) AN Y. o [ ZR PR B B VR S
T 745 22 43 BT 5% F 109%°). 54 i &,
P 2 9 43 T ASE A A B A5 B %) R AR 2 a1 1 2
KT 3%, (H7E X IR B iR 22 T RET /7.

G5 RO W HE O A A e L IS A
I 4 A BRI 3l A5 0% S D 540 A7 (AR 3 R 5 4y
i, AR R K iR 25, HAE S | B A
NS () S S P 2 2 5% R 3 (L A RS . v 2 RN ZE
RSN F RO R AR WRE AU 5 5] 23 43
RGP m T HEOH S k.

A5 A1 532 i HEJICT BB AN 22 1. Tie %57 R
JH USGS #1141 kmx1 km + 078 55 BOR# E 20 Al
PR T e 2R b A N R S A
(1:1 000 000) ) &AL (W AF B 23 A1, (HARAR B A, HAX
Fi A B W B 3 JURS, RS 40 S A iy
HERL, £ JSAE B 04 7 35 1 LS 2B E WFE AR TR], Horp
M7 S5 T A L H IF ST A R0 150%10° km™,

IR Tl 5 i HE T PR AN B L TS A
SR FH A0 HE TR R R W S J2 P IR B Y R ) R
030 125 B SY v F MEGAN HERCEE A8 BVOCs
Heflct, 25 08T 5 J2 P T R AR S A PR R 2R ) A A
X HE TR P 5 ), HE O BR ) R B L (R A
FEHRZME T KA CO, S5 FREE R 20 HE Y 5
M), A R — Y TR 25
3 g

a) IR E L TR R TRA L M. N %
L J5 TR B A 1) SR 9 HE ICE R 43 1R 16,169,
40.475, 1.218, 13.995, 0.109, 0.278. 0.565 Fl 0.048
pg/(g-h). B ) B s HE 3R e e, LR i
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b) J7 3 22 HE A BRI LD o-IR A O T TR L
HEBO X -B-27 iy s Ry 3, R TN R B A LU HE R
B o 3, R AHE RO 0 o 3, ThRRAL L /N AN
52 D R HE A BRI LA SR A Sy 3 BT AR LAHET
SN KRR AR A T, W AR DL HETC o-UR M A
B0 Ry 32, ARAEWRRE A LA HE T b il A A
=, FHh DAHE T S AR il 1 S -2 Mo R

¢) 2018 4FFREEZ BVOCs A4 33.6%10" g,
Hovp S 1 M DUBR AR S, o5 SRR 1Y 64.13%, H
ftb VOCs STEkR IR 2, 5 24.13%, il R i
5350 i 9.63% F 2.11%. ik Hs vh-HE TR A 5 E 1
& o-URM, AR RO R R R A U

d) FEMRE ErERE SRR SRR RAEY) . A
Mo, VEASBIHER 18.8. 2.7, 0.6, 3.3, 3.5 fi1 4.8 x10" g
BVOCs. 57 % I 2 il WA | & i i i JR 22 Ak 9
KB e HERC P Bl HoAth VOCs &R AR AEY) | B
b 1) s HE P Ao O A7 B A B IR 1 i
Y.

e) F I BVOCs i1 HE L X /3 A 7 AR L L e rp
RV TR AR XA A MA A HIX . =/
BV HEBAEHL X, BVOCs HE S i 19 25 18] 73 A3 5 ZR AR
O3 A — 2 AR ZEBIAE B 1) BVOCs R 5788 3%
5545 M XAE BB o S HA Y 3 A L R AR 25 57
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