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Abstract: Background, aim, and scope As an important component in atmosphere and the main greenhouse gas,
CO, has always been a research focus in the field of atmosphere. The concentration of CO, in the atmosphere has
significantly increased in recent decades and still shows an upward trend. In order to control carbon emission and
achieve the goals of “carbon peak™ and “carbon neutrality” as soon as possible, we must clearly understand the
sources of atmospheric CO, and the global carbon cycle processes. Recently, the development of oxygen isotope
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anomaly (A'’O) provides a new tracer for studying CO, related issues, and now A'’O is becoming a more and
more important tracer. Materials and methods This article provides a review of the research progress on oxygen
isotope mass independent fractionation in atmospheric CO,. Firstly, a brief introduction is given to the definition
and origin of oxygen isotope mass independent fractionation. Secondly, this article summarizes the measurement
methods of A'’O and compares the advantages and disadvantages between mass spectrometry and spectroscopy
for measuring isotopes. Finally, this article summarizes the application of A'O in estimating the input of CO, flux
from stratosphere to troposphere and global productivity, as well as tracing CO, different sources, and proposes
prospects for future research directions of A'’O in CO,. Results The A0 produced by the photochemical
reaction of stratospheric ozone has become a powerful tool for studying CO, related issues. As a tracer, it has
been applied to estimate the input of CO, from the stratosphere to the troposphere and global productivity, as
well as tracing different sources of CO,. Discussion (1) A'O is generated by photochemical reactions of ozone
in the stratosphere. At present, both mass spectrometry and spectroscopy can be used to measure A"’O, with a
precision of 0.01%o. (2) The oxygen isotope mass independent fractionation in stratospheric CO, transports from
stratosphere to troposphere through the Brewer-Dobson circulation. Therefore, the A'’O value in tropospheric
CO, can be used to estimate the input of CO, flux from stratosphere to troposphere. (3) The efficient isotope
exchange between CO, and leaf water during photosynthesis leads to the close relation between the A'’O value in
troposphere CO, and the productivity of the biosphere. Therefore, the A"’O value in troposphere CO, can be used
to estimate global productivity. (4) There is a significant difference between the A'’O value of CO, generated by
combustion and the A'’O value in background CO,, and the A'’O produced in different biochemical processes also
varies, so we can utilize the A'’O value in tropospheric CO, to distinguish different sources of atmospheric CO,.
Due to the influence of fractionation slope 4 selection, measurement accuracy and environmental factors impact
limitations, there is still room for improvement in the tracing accuracy of A'’O. Conclusions The production and
transportation process of A'’O is closely related to the biochemical reactions that occur in the atmosphere, such
as photosynthesis and combustion reactions. Due to this close correlation, A'’O has become a new atmospheric
tracer to better understand the global carbon cycle process and has been used in multiple fields for tracing
research. For examples, A'’O has been used to estimate the input of CO, flux from stratosphere to troposphere
and global productivity, as well as to trace CO, sources. Recommendations and perspectives The current usage
of A0 as a tracer tool has achieved some results, further researches can be strengthened in the following aspects:
when establishing a model for estimating the input of CO, flux from stratosphere to troposphere, estimating
global productivity, and tracing CO, different sources, we should (1) choose a more suitable fractionation slope 4;
(2) add more biogeochemistry processes involving CO, in the model and fully consider the impact of
environmental factors.

Key words: CO,; oxygen isotope mass independent fractionation; A'’O; spectrometry; tracing research

CO, 1B R EZLMIR =M, DTk T 249 80% 11 &L
fRgEin, S5REAR M UIAEOC (Folberth et al.,
2015) o CO, B M TL AR A 280 uL- L'
( Etheridge et al., 1996) FFZ 2022 4E 1) 419.5 uL- L™
(NASA, 2023-02-15) . FEMEHEERETH
CO, HE I 2 —, HARBURHRE, ARkt
FAEN CO, HERC I3 50% LA I (Liu et al.,
2015) o F&E S 4 AE 2030 4 Z AL B B GA
W, 7E 2060 4EZFTSEEL BRI 5 SRy T

e, AR CO, 1R U5 AN 42 BRARAE 4 1 7
o E,

AN EFH (A"0) G CO, &M
MR ER TR, H F7E R kYY) o v 3
R TR AR AR BRI LI I R
(Bao et al., 2016) . Xfii /2 CO, H1 1) A0 5
S )2 1) X U J2 B A ) CO, i 5 K (Boering
etal., 2004) ; H CO, nJ LIF/K#EFT Rz 5 e
MAE CO, i) AVO fH, A EHH Co, Hitk
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(1 R R R 2 A8 ks AVO A BRAE = B R AE—
& (Miller et al., 1999) . IL4h, CO, BRI HE
2l CO, il A0 A BT X B, RIFIH ATO
X4y CO, N[ 2E 7 (Horvath et al., 2012) .
It, A0 A LIME R oE iR AN E 2 5 CO, MG
(AR AT 77 T B A SCHRT SRR 46 4[R2 22 1 Bt
MR YRR DT . R AN E ik, TR
27 A0 FEAN T2 1 AR 2 5 AR CO, il
fli 2R A 7= 010 7R B CO, AN (R K IR T 1T Y L
L % A0 #E CO, AMMIFE 1 K & 5 T 2
i

1

AR A = MEERINE, 451k 0.
7o f1 0, H A SREE R 99.762% . 0.038%
#10.200% (Bao etal., 2016) . [ T# & [ { %
B SR EERAR, AR 0 kR AR 7 R

Ao, AR Bl
xO N Igl/16C) .
50 ="~ 1|x1000%o (1)
Oh&mz/ O’r’d;‘ i

Hop: O REEFM R (U0, "0) |, frifE
g AR R 1Y E PRAR MERE S, H ATR AR M3
KK (SMOW ) I i B b i e 7K (SLAP)
AR EFRARUE (Craig, 1957) o

[ 2 AT B N R AR, Sk
Y, fe2E ARy R T e A R iR R AR AR A
( Lacombe and Bazinet, 2021) . [6{i R M E52E45
WU RMEIN R fb2= ok Y i o R v
Fi IO TR Fe ol o3 BCAE A R B b B %, —
7 R EA K (Urey, 1947) . AR EELR
AR R, 070 HAERZA N 670 /Y 2 1%
( Luz and Barkan, 2005) . 5[E/{v R &EMEA
], O, 763 J2 Hh & A e b2 s i 45 530 0 Al
70 L4, 60 1 60 I RIAHSE, X —id BEAK
R Z A A (Luzetal,, 1999) . % %A
RS H (ATO) Sfef i S A Z Ak i ME Y
FREE, HowE Xanh .

A"0=6"0-21x6"0 )
Kb SRR AT E T, TR
0.500—0.529 /¥ 5h75 1k (Hoag et al., 2005) .
WEAE M A AR EE, BXAH A0 MiE
SERLL B AVO SREERIMERRTE, RN, b T O 1
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BORTR) S8 38 22 0] AVO 45 5, AMHIR T
HAERME, WRIELR%ESE 14 0.516 (Boering
etal., 2004) .

AR Z W AE T & 2 18 5590 i Clayton et al.

(1973) 7E Allende [if1 CAlLs H () 4[R]3 28 41

ORI, CUEACH IR R A AN RIE XA R R TR S
& . PfJ5 Thiemens and Heidenreich ( 1983 ) i
SRS AL O, FER KT AN Oy &R
R KRR 518, Yung et al. (1997) 1A~ O, i
48R 2 AR BT i A iR AR 5 T Dl i Pz O 1Y
LI CARERE] CO, H, VANTF -

0,+hv—0,+0('D)

0('D)+C0,— CO; — CO,+O(P)

Az s A AR 2 JE R A3 iR 5 5 1 CO, B
R AR R S 5 KRG . Wiegel et al.
(2013) fifi FI 7R AT XF 0,/CO, A S AT 4 4
OGRS I TSR RL, R 0,/CO0,
MR G LR KA, DG CO, My IRl 28 2 i
Al DA H B B O 2 B2 i AS TR ) 2l g 2 [l 37 25 3%
N (KIE) SR s, W B8N &4 T
MO IR VAR E | Yt s P € e R i I
Pt R, T R DGk R (K
=380 nm HPDCHRGIIRE ) 51T Oy WOGEFA =
BN, LA IE R f0"°0"0 . 00" 0. 00" 0
1000 i ## v 4% A~ KIE A9 36 B 48 1 X O,
T R 2R AR RS2, {H X 88 KIE )55 ik — 20
il ( Carlstad and Boering, 2023 ) . Itt4h, O, 7
)2 i T R B2 -0 5 AR =42 19 O('D) H
2L B Z AR, WA o )E CO, FEAlE
AR Z AR R IR, (B ST/ NT Oy IF
W2t (Liang etal., 2007 ) .

TEXIZ T, BR CO, 41, CO sl ik
) ATO M, XA Z ARG S EE R
AT CO ERS I, HI CO Fl OH #%fk
JZ ) (Roéckmann etal., 1998) :

OH+CO—CO,+H

FEIE R S i €10 AL R B T C°0
frclo, K#EsrCc’o k&SI, ALk co
A0 fHHIE, [P CTO PR CO, H,
R ULt 2 CO, Hiy AVO (25t 2 CO Akt
FRISZIAR /N, Koren et al. (2019 ) AL, Tt
TR AN

KAH CO,. CO. N,O. H,0. WIREHZEHE
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[F) 5 3R S A TR A TR ) O, 7E V02 oAk
JZJ% (Lyons, 2001) . Bao etal. (2008) [k
ZERRWIXRZ O, th AYO H 83% 3k A2
b i, {H Young et al. (2014) LL/K /i<t
hFEUE, B BT AR HR)Z O, th ATO
I TTERBEAL N 33%, IR ZE R AR XX Z O,
T ATO I TTRREE d7 10%. SRR T i 5
5 AR Z KRS 545 F N, A0
A TIPSR R b~ R s g5, i AVO AT
VE Ry — bl &g 1 [ 2 s B 57

2 A0

R CO, MR I SHVR B, SRFERT R JE T
PR A R AR ER R, KL 5 min
JE IR RAE (Liang and Mahata, 2015) . K< CO,
RN R 5 5K R AR R ACH ( Mortazavi
and Chanton, 2002 ) , R#HRIZGEH LKA, R
i A AT R SRR AT A TR SR L pYE A
H7E, VAZBR/K > (Laskaretal., 2020) . fEf4f
CO, My, 23 SFEah TR Seil ot Tk - N B
(=77°C) EBRAKIFIELIERI, R )5
HWAEEHE (—196°C ) W4 CO, (Liang et al.,
2017a) .

H T A0 BRI 7 ik TR 26 H(E s
% (IRMS) RO, 2 1 X TSR 7 00
A"O WA B S . el BRI 2R CO, 1R Ry it
FEAUAR, (AT °0"C0 Fil "0"C"0 4rF T A
S5, MEEAEESE TR, BT LATEARI R 3 U (E
Himr 22k alifb ) Co, FEMEL AL O, S, H M)
HALTJrA . (1) CO, Fl BrFs ££ 800°C Y B 45 1
KA AL N e O, (Thiemens et al., 1991) ;
(2) CO, Fl H,O 7E% B B BE 2 i A7 IRl R
e, kB S K AL 7 4 O, (Barkan and
Luz, 2012) ; (3) CO, Ml H, 7E 560°C &k f£ 1k
SR AR i CH, A1 H,O, H,O Hl CoF; £E 560°C F 4
AL O, (Passeyetal., 2014) ; (4) CO, fil O,
FE 670°CHIMEAL T &A= M 2R e e, 3 3 5 ()47
FALHATT O, #Y 670, 80 fERITEAES CO,
i A”O {f (Mahata et al., 2013) ; (5) CO, F
CeO, TE 650°CHEAT [R5 Z A4, 38 o I [ 37 3R
AR5 ) 2T R HR R R ITHEAE S CO,
) 670, 0"O {H, MG EIFEM CO, 1 ATO
( Mahata et al., 2012) . t4b, Adnew et al.

(2019) FEHB P, 7L RN T
TR T B SR T R R B T AT I, T
AL A, AT LS ET Co, #1670, AVO,
30 F1 6°C 1Y AR

ST TR A 2 (R 57 28 1) IR AT 4 1 AN
RN R TE, FTUAZERTI, EFRdmk
RGBS 7] SE B R S
PR A ARSI, v £ A 0 AT S5 B A K Y
& REGE . Stoltmann et al. (2017) A& T —
PRI ATO MR, IZIXERIET 1.6 um fff
IERDERBRATIE R, SRR A O
JE T 5 e MO 3% GBS, 10 min (4
& AO KSR T 0.01%0,  35[E Aerodyne Research
o EVE R A 4.3 um T HOBEOEE (QCL) A
2.773 pm AT AR BOG AR (TDL) 454 B 3L
BOCAER AT LLSE BN 67°C, 60 il AVO % 1 i K
fE i (McManus et al., 2015) . Aerodyne{{#¥
it I o £ A R T R 2T A NEOE B RO RS
(TILDAS ) RHRM o F e A BRIT A, AR
Wit AT HE AR 400 m (YGEE, TAESR A 10 Hz,
AT SR [l R A TR LRI . X T B HORE A
A"O Wi, FAEESL (0.25 pmol CO, ) 3 min PN
HORG BE H 0.04%0, 10 N EE S (2.5 umol CO,)
30 min PR BAERE H 0.013%0, X T A0 L
i, 1 s ARG R 0.13%0, 1 min P &K%
J& 4 0.04%0, 20 min PN IS 4 0.013%0. I
Ak, TILDAS {XESAHRTAN 32 HoAh 73— A I 1 T
P, NI RE B8 HEATIEH R S5 r A ( Wehr et al.,
2013; Wehr et al., 2016; Sakai et al., 2017; Steur
etal., 2021) . Hareetal. (2022) >k H Aerodyne
TILDAS 43 4l it CO, ' A”O I 5iF 1% )y i
ML, RS R S S SR 5 8—9 pmol,
HEF it 3070, MERT Co, W5 N, /i
A BEZ 400 pmol -mol ', LA FE I 42 % 1R £h R
fE7= A CO, H AVO (B 5 kS B IRMS #124, 1Y
%0 B YE AT 35 0.004%0, Perdue et al. (2022)
FH Aerodyne TILDAS 43 A {SUF i il (1) 2E S 2 GE
i CO, Pl ATO (I PPAG (IR X 22 Fh 25500 5k
PR, R YR SRS AR B AL TR A L
SO fERF, AN AT (B R R, I ST X R
A Y A7 SR B EE /D (3 umol ), 30 min A Y 125 4%
JE 4 0.01%o.
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Tab. I Comparison of A'’0-CO, analysis methods
Jiid: Poxi B, ik
Methods Advantages Disadvantages Reference
FAERIRML R T, & E AT RiA BE
# co R O, HEA Thi tal., 1995;
Finnigan MAT 251/253 } . i o COb MR O RESelh—ig Bl bl TIHEmEmGE
L AR R, DR RE AT A 0.01%0,  BESZHTAL M . Bhattacharya et al., 2000;
L P High degree of automation, and measure- Exist oxygen isotope interference, pre-  Boering et al., 2004;
Finnigan MAT 251/253

mass spectrometer

ment accuracy can reach up to 0.01%o.

Thermo Scientific 253 ¥ &5 43 JC77 ATLELEE CO, 44kh 0, K, 12h

PRI BT
Thermo Scientific 253 ultra
high-resolution isotope ratio

mass spectrometer

WU R GO
(CRDS)
Improved cavity-ring-down-
spectroscopy ( CRDS )

Aerodyne Yf:iE{Y
Aerodyne spectroscopy

M AEFE R 0.037%o0.

No pre-treatment is required to convert
CO, into O, for inlet, with a measurement
accuracy of 0.037 %o within 12 h.

D5 bR, JETHIALEE, AT B
CO,, FFERES (300 pmol 4 CO, )
10 min U EEFFEEATIE 0.01%0.

Fast measurement speed, can directly
measure CO, without pre-treatment, and
require less samples (300 pmol pure CO,),
with a measurement accuracy of 0.01%o in

10 min.

D) 5 B PR, ) S B 3 R AR 2R A U
Dt AL B, B HORE R v A
0.013%0 (30 min) ; % 2245 K it KG
JE 535 0.013%0 (20 min) .

Low cost, can measure online conti-
nuously, and the measurement accuracy of
discrete samples can reach up to 0.013%o
(30 min); continuous measurement of
sample accuracy can reach up to 0.013%o
(20 min).

treatment is required to convert CO, to
O, for inlet; measurement accuracy is

affected by pre-treatment.

DN 2 32 3 HAl &5 402 BT (HL0,
0,. N,O %) #) O BE B T T4
The measurement accuracy is interfered
by other oxygen-bearing impurities such
as H,0, O,, N,O.

W 2 2 i I g s, BRI
HHURE

The absorption line is affected by battery
pressure and is temperature sensitive.

Udle el LRIV 35 A TR
The absorption line is affected by battery
pressure and temperature.

Laskar etal., 2016;
Laskar et al., 2019

Adnew et al., 2019

Stoltmann et al., 2017

Wehr et al., 2013;
Wehr et al., 2016;
Sakai et al., 2017;

Steur et al., 2021

3 A0 cCo,
3.1

S JZ ) X U2 g A CO, a8 2 AR A ER

2014) , ATRARI ATO Sedf e VUi 2 % i 2 i

AR CO, i,

H AT C A A D78 R — Rk 1223

WG PR Y — > EE B R o, T A )2
] XT3 J2 d A CO, 38 1 H AT s & R RXE . -3
JZ2 CO, H B "0 & A IR R R O, 75 2O
fiftr=: — A MRS AR F o('D), O('D) 5
CO, 38 13 ¥ B 2 CO, 284 4 Rl v % i 15 CO,
i B AR RD A 2R E & 40 i ( Alexander et al.,

2001 ) o XA AR R 2R AR BT f 400 R Y
Brewer-Dobson ¥ i FH °F- i )22 i 16 B X i )2, iF
MR JZE CO, i A0 {5 5% (Liang et al.,

2017b) o KL, Xz CO, i A0 R TP
JZ CO, [a] X it J2 10 % A1 & ( Thiemens et al.,
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A% A E0E, Liang and Mahata (2015 ) 7E{%
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) 43 b i = YR AN . Laskar et al. (2019 )
W 1 e B R A3 A A R AR i b AR
P, 3 LA B R AN R 2 CO, i ATO
HAH 25 A Al 30 Ok A b 3 10 38 &= Y R 327 —
772 Pg-a’, AT H T A G R 2 1)
TR ZHI AR CO, Bt A T IRAS H ME R 1
JZHNHRE CO, 38#eid &, Koren etal. (2019 ) fi#
KA AL R TMS #5377 K CO, Hh A0 1Y
3-D ARIMERL, AR RIA B4 ) CO, f AVO R
SRR, AEERU AR . g, B
VSR DI R R B[] T I 174 A 00 B AR e RN Ak A1 R e
W, JE%E CO A fLxt CO, Hh A0 HRF T, 5
LT RA CO, K H N Rtz 284k, 157
JZ [0 X Z 8 AR CO, 0 63.4 Pg-a ', it
JZ A2 AR CO, N 63.9Pg-a ',
3.2

ol AR A Z AR T RS 5 1) CO, M-I
AR 2 G2 5 i A W B R AE PR, i St
KL HEKCRE K R AT R 38 28 # i 7% 4 IR 4
AR M55 (Boering et al., 2004) . BT
MR EREREFEE (CA) WIfFEAE, ERACA1ER
i CO, 5 MK Al 2384 & 5 =i &4 ( Gillon and
Yakir, 2001) . i, X2 CO, 1) AV0 {54
Wy P ) A 7 YT DG, 5 670 Al kA e
J1 (GPP) M (Welp et al., 2011) , R A0
ARk AR ™ ) AR SAAE T IO 38K . Mok &
TR R =4 % ( Cuntz et al., 2003 ) ; HikiE
I A XE R, oMY S KA Tk
M BRI AN SR R R AR TR R, A
230 CO, 1 A0 . ( Adnew etal., 2020) .

HETE 2 T 2R )2 COo, i ATO
5 ERkA 7 AR R YA . Hoag et al. (2005)
X R CO, Ry A0 T LIE A ERA R
B, FREST T W ATO 5 AERAE R IR FR R R
Y R I T R LT i W = W = s Nl i LA
Yl | M. IR A BRI e LA,
A AT T 24 4Bk A = S {E M 100 Pg-a fy 3
BB 2CAS I, X2 CO, th AVO i A8 A6 175
EL X 7O A AR A 22 7 DL e ATO I i
B PR, 2 Y 52 B8 R ) AN A o T 3 v
Hofmann et al. (2017 ) # [E A& T CO, f
H,O (W4 7, #5r T —MEIEMARBRL, 1}
A% H 2 GPP M 50 Pg-a ' #H1%] 150 Pg-a ' i,

XHJZE CO, 1 A0 /02 0.08%0, LA, B fi
KAAE AL TMS FlAE Py Bl A AL SIBCASA #5241
THEEREXFUZE CO, H AVO 1 =4kAsfk, &4
WRIIXZE CO, H AVO [ ZE 1254k 5 1 GPP
)25 A8 AR By, (H DG TR %) H A 2 01
JEH AR CO, B AT AN, Bk AR R 50
WXt i )2 CO, o A0 5 4Bk AE 77 7 1 v BE HH 5%
PEo B 1R T 2Bk Y HEER AL A PG b i
B ARRAF DB S ATy AR S5 (AR 2 [

AR A 2 AR B T T A R Bk AE
77 J1. Liang et al. (2017b) F|H X} i |2 CO, H 19
A0 b A BRI LB R 72 97l (120+30) Pgra ',
FAGEA R R AE 2 J145 5, Liang et al. (2023)
o EL A T 2 ) A B R 55 R A U2 O, Al
CO, H 11 A"O a4l B i Bl A 7= TR 170 —
200 Pg-a', FEEAETI 90—120 Pgra !, 4Bk
BATE TR (290+430) Pg-a . HETZHEE X 4
BRIt A 7= ) A B4 R 20 120 Pgrat (Beer
et al., 2010; Mahecha et al., 2010; Ryu et al.,
2011) , Liang et al. (2023 ) flfi%gs F s KRN
AR T R RMATE N BT B ESR
guAsfk, HOE R B R B 45 R 5 Carvalho
etal. (2017) FIJH "C A 5 (1 & BRI 7 A4 7= )
70—145 Pg-a ' MUYL I —E. LI LR R B A0
IEAE AR B A ERAE = T R T H
3.3 Co,

X 43 KA CO, 11 2K WX T F 58 4 BR O 1 34
Al R A R ., BT TR B
ffasE a2k C A0 (Krajne et al., 2016;
Yamanashi et al., 2016; Esposito et al., 2019; Sun
etal., 2022) , {H 3 7EH 5] CO, HE 2L Jy ik
AR R, i (—25.5%0——28.3%0 ) Fll b
b/ HUF R (—26.2%0+0.2%0 ) FEAE [ CO, A
LR o°C, (i 6"0 M7 /R B R T 75 ZEA W R
CO, "T1H 60 [HLASN, BT B VRN - HEK S K
PRI E Z 4L Rf5 B ( Djuricin et al., 2010) , fij
K A0 ZREEAT LLERANK P A A

FRFIZE CO, B ASN, JRBEIT =1 CO, 14
B TARZ T O, MR R KA iR G =, fi
EXT L2 R Be = AR i CO, T ATO (5 7 &
CO, 111y AVO (HA W BIX 5 (Hoagetal., 2005)
(F£2) . WA, KEFERHE CO, i A0 [E1FTE%
5+, Horvath et al. (2012) W T KRS, Wb -
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The. WAERT . AMIRBERMAZE R0 CO, Wi, S AM A SR AR R A K ™
By ATO (i, SUERBIMEAEHREE . ABHIRGE A1 CO, AR IR A K2 B FK BT, ATO i
FINZERPH A i ATO A FTARTE (£2) o A ERCHE, Wi#REEE CO, H A0 fE I M 171
BRBE A 1 CO, PRI R AMNZBIRR 0,5 1L A0 W T 43K CO, YRR .
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F means flux, absorption is negative and emission is positive. Subscript L means leaf, B means breath, O means ocean, A means atmosphere; S
means stratosphere; T means troposphere; ff means fossil fuel; bb means biomass burning, respectively. Fg; means the CO, flux from stratosphere to
troposphere; Fg means the CO, flux from troposphere to stratosphere; Fy; means the CO, flux released into the atmosphere by fossil fuel combustion;
F,, means the CO, flux released into the atmosphere by biomass burning; F, , means the CO, flux from leaf to atmosphere; F,; means the CO, flux
from atmosphere to leaf; Fi.q; means CO, flux from Earth surface to troposphere; F,, means the CO, flux from ocean to atmosphere; F,,, means the
CO, flux from atmosphere to ocean.

F 1 AR CO, Y A0 [EH K AR EZE CO, facim Al (i H Boering etal., 2004; Liangetal., 2008;
Thiemens et al., 2014; Korenetal., 2019; Laskaretal., 2019)
Fig. 1 The A"O value of different sources CO, and the flux value of CO, exchange between different spheres (data from Boering
et al., 2004; Liang et al., 2008; Thiemens et al., 2014; Koren et al., 2019; Laskar et al., 2019)

#*2 AW CO, 1 A0 fH
Tab.2 A0 value of CO, from different sources

CO, F¥F  Source of CO, A0l  Value of A0/ %o S UHk  Reference
KRIRSWR%E  Natural gas combustion -0.34—-0.25 (—0.30£0.02 ) Horvath etal., 2012 (1=0.522)
FE - Thifkbe  Propane-butane combustion -0.38—-0.29 (—0.32+0.02) Horvath etal., 2012 (1=0.522)
VRZERS  Car exhaust -0.43—-0.24 (—0.32+0.03 ) Horvath etal., 2012 (1=0.522)
AKIB#ABE  Wood chips burning -0.27—-0.17 (=0.21£0.02 ) Horvéth etal., 2012 (1=0.522)
FEEBREE  Rice straw burning 0.05+0.02 Laskar et al., 2020 (1=0.516)
AW Human breath -0.07—0.04 (—0.03+0.03 ) Horvath etal., 2012 (1=0.522)
5t (i) Background (South China Sea) 0.335+0.034 Liang et al., 2017a (1=0.516)
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