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Fig. 1 Changes of surface temperature (a), atmospheric CO, concentration (b) and the growth rate of atmospheric CO, concentration
(c) over time (revised from IPCC ARG, 2021
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Table I  Global accumulated anthropogenic CO, budget from 1850 to 2019(revised from AR6™'”)
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Fig.2 Long-term carbon cycle (a) and short-term carbon cycle (b) (revised from Berner, 1999

TR R K IREE CO, 1Y 2 B A 7= 3, VR e AE
7P R X (FEIPYI N NS U FEANIPS i SR s PR 81
TER R A i o sk EAE IR 1%, (HETRDES
PEFHZY (5 48R 509671, HHh KA AE 51 K
P ) RURE B A8 3 5 e, 4 AR WA 2 51 O g )
RO b mAE AL, I Bef 2% I8 W 1 AR Boa 4
Rl M e £ FH A s A28 A o RO K ARG AR R

A P R W Bk sl AR AR AR © R iR 75 A o i B 2 )
i, WA AR A A XL (& T LTCC) 7E N RfizK
TR PR TP I A E R (& T STCC) BB,
Xif ¢ 3 A ERERAGIBL I LA K T AN LA %
TR L, W (Microalgae ) S — Fl A2 1% 76 7K 42 2R
% ) LA M 5 22 A0 I B 6 A A R TR AR VBN
WA MRS K AR R B gl e o, Hal e



4 AR

2023 4E

YERHE CO,. 7K JGREH AL RIMAR | Bk AL & W) iR
FE, SR TR AR 0 2Bk UR, B 2 R R i
AT P AR SGE A JEIERT A CSCHER . B AR A
BRI ORI 5 AR, 0o 2 A BB A S A DA 7 K A 35 o
fEE VR R B9 B BN HE AT 25 3R, BT LTCC 5
STCC Z[H 4l K, LI R A ERORIE FP LR K AN
SRR A AT T B B 1 . Sl iR R
PR 7K A A S A KA R 1 5 ) B He 5 K
AR FX St e A K 3 1R 5 i), SRy S48 S S sk i 52
PEHLRE 2, X8 7K Az A X KA AE FH 1
TS RGP HLA TR 1 3 S

1 BAENULSEHIC

TS 5 1 S5 A R A A1 B 3 A 1) A R AE
F B R R FE AR AL B R R k2 XUk ik T
FAAL . BERRER A Tt RERR AR S W AL AR, kR
ERH W) 7 A A TR Y 80% LA L, i R i
W4 A0 HE Y 3By, B R RE TR 3 1 KU fk
H#E CO,( J7 # CO,+CaSiO, «CaCO,+Si0,; CO, +
MgSiO,«>MgCO, + Si0,) * " 5 i £ #1F 0 a BR e
KEIRIZE R A AL 52 2CO, + CaMg(CO3), +
2H,0Ca™ + Mg+ 4HCO; ™ 3 K 52 3| 5 ¥y 3¢ i 1%
Wl i A2 T S B (Ca™) | BRI AR
B (HCO;) . CO,. MR B+ (CO; ) M4 i i
ME S i CO, SHCO; Z Al 40> A K
L FERIERR S CO,-H,0-CaCO, =M A4 R4 H.
BRAR, 767 VK fhaf A fie & T B Y

B IR 6 7 5 RE R b A A KUk i AR & i KRR
CO, WRJE . MRt 5 CO, B/KVEHIT YL CO, F=
A AL, 7 A ) JORE B R e LA R 77 A K
BRI, 7 B AR FAY 94965 {0 1% 8 04
INRHFER B A R |, B RERR L A Wb A g
KRR CO, 1YL, AR IR ER 7 % K CO, I,

RSO A% i — 211, B R £k 5 7 i T HC O 1 i
T 5 R e 72 S e TR 6 R TR TR DLAR A, [ R i
th CO,, AT B R £ A DAl M 4 e 9 6 o V4 ik 201 ¥
FEDURRA T B o A 22 7 AR L

1.1 BRERER A UL aRIC

R AR A2 o0 R 1 5 5 4 RN < CO, 1Y
TRV, TR A S A R Co, B2
H 1.774x107 tCO,-yr ', 5 il 45 Al 5 [mlli Co, 1)
20 3.699x107 tCO,-yr ', B4R £534 [k CO,
B 20 4.72x107 tCO,yr o k2B 8 ki
YEFR RN CO, A 2 R H i il , 15 28 4Bk
EVETRIC S B 9 0.117 PgCryr ', 0.131 PgC-yr '
0.165 PgC-yr o SR, A WFFE LABE F i ik ik 19 1] 4Bk
HRTRIC A 0.608 PgCryr ' PU(F2 2), DU R
BH 25 Pl 7 I DE AR 10 25 0 T i 25 SRR . 2010—
2012 4F3 = i b FE i SRR I T SR T H , R
FH S BT B, W25 o 1K, SR KA 223k R
HELEET=A KR CO, BRITA 3.699%107 tCO,yr ),
SR, BIFSEIA Ry i A3 5 ok IR S 8O M is B ok
2% PO A 2 SRR T 45 L AT R O R — > 2 i
O TR R A RRIC AT ARG . 7F IPCC Y ARS
ARG 4t v, B Ak R 46 A WAL il CA V1R D B
[ R A 10°~10" 4F, 5 J5 SCHR B R 4 UL s
[ REEAE CO, Bobr AT @ T A AR 2 TAESAH T IS,
RLEARAT A BRI R KA, R A ki il 1%
B AR R S ) RO AR TR R K
SO

X ARSI\ A BRK A IR AR 7= A BT 89 £
JFE R, Al SR AE 2 7 A 1) S BT T REM 0.801 3
PeC-yr ', Hirfr, 0.158 PgC-yr ' FER B 2] K=,
0.643 3 PgC-yr ' JE LB I, 6045 F AW 0.518 8
PgC-yr ', fitfrrEbtitk B A S R 55H 0.124 5 PgCryr '
7E ARG 55 il Jy, i CO, L3 Bt it B AT SR A7 7E

R2 EHBEILERABC—LHIELL (B, 2012°7)

Table 2 Comparison of global weathering carbon sink from carbonate rock (revised from Zhang Zhigan, 20125
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Fig. 3 Percentage of the inorganic carbon component in water
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Table 3 Proportion of bicarbonate utilization pathway to the whole carbon utilization pathway of microalgae
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Fig.5 Concentrations of Mg™ from calcite (mg-L™") and chl-a (ug-L™") at different pH values after different hours of incubation

(a) the treatment without microalgae (control group); (b, e) the treatment with C. reinhardtii (C.R.); (c, ) the treatment with

C. pyrenoidosa (C.P.); and (d, g) the treatment with M. aeruginosa (M.A.) (revised from Xie Tengxiang et al., 2017

[67] )
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R4 FRXHRERTSERIRIF BB (f)
(R84S, 2014")
Table 4 Proportion of calcium carbonate-carbon source utilized

by microalgae (Xie Tengxiang et al., 2014

Rh AZ/mmol-L™ {5

0 0.02

o 0.1 0.03
xR 1 0.08
10 0.30

0 0.02

0.1 0.02

/N

1 0.10

10 0.15

x5 EFFIMNEIARCEF RARMEREBREMNS B VBRERIERERN
&bt (LiHaitao %, 2018°")
Table 5 Proportion of NaHCO;-carbon source utilized by lake
microalgae (Li Haitao et al., 2018”")

NaHCO,/ AZ /mmol-L™

mmol-L" 0 1.0 10.0
1.0 0.06+0.03 0.06+0.04 0.03+0.03
25 0.08+0.02 0.08+0.05 0.09+0.03
5.0 0.09+0.04 0.17+0.05 0.12+0.05

58 L35 2 WYl v R AL 08 20 5k b ) R TR 5 5k

B R S A AR 258 A I VR, i B 22 R KR COo, ol 32
BLRUR o IR o i O e A AU R v T R
FHETCHLER, & IRAE pH=6~8 I, 35 1] 1 5 fif 43 XL
A=A BRI N 59%0~209%"", & B A 5 A1 KAk
FE P RE A A A KAL) 2R 1 TE ek, (AR B 2

co, (o,

in
3

#r

=
ODJH+H = O°H+°0D

€

v
Ca(Mg)CO,+CO,+H,0

Ca(Mg)SiO,+CO,+H,0

FIEN R KA COLo ol 14 TEAIL B FI) 3 128 5 LSt
iR SR B T 42 (3.1 B8 HIE) , PR BEA SO Y “Pof e
FZE A TCHLER AN I =2 8 2o e R SR 2 iR AR T
Z MR KRR CO, BRIR” MWL . 7E 2 K fkad 2
Hh B REAR AR A KA R (3.2 ELRTE ) AT
e /b5t b ) FH 21 5 A KUAR ™= A 0 TE L, IR A B
P A WAL P HL B A A W87 AR SCHRE LA
WAL A 0 KA VE FRALIE, 7K 3755 CO,+H,0-H '+
HCO; J& T MURR I ff 10 58 — 20, SR T /K i
HCO;, M 078 Js2 I () JEHLAR V- A7, (A2 HCO; 11
BEIEHE, T A Wt S 0016 3 1, B s — T AR
F CO,+H,0-H+HCO; 1ty TG L ik ¥ ff L 12 i K<
CO, FEZK i I HCO; 5 53— J7 I E & {H FEHCO; )X
YER T 45 A WAk, A2 8 2A A AR IR IR < Co, ™A=
HCO;, i — il B 15 K CO, 8 [ T R IE i
Yl (K 6) .

2.4 RURRBERETERXT A A KL IR d T 4L Ak A Ml K2

CAex | ZAFAE T H CAex BAH
B A R I 85w e AL B4 R il 7 =2 —, IR,
AT ik 3 T ALA R A 25 A KAk 7 e ) 7 T A
CAex JZ& RHEH T /KR THCO; 1Y & 528 A X T i
Fili T T il 2k PR 258 EL A R M R ) . 7R B = TC AL
TR DL, CAex 15 k55 1o, Bk 1 T il L 71 il 356 1R
Z 5% S, {08 4% CAHL({7 T 40 8 J5 i (4 Bk i
T Il J 470 i TR, 27 CAex B 3% M) BN ik b
PR M A i SO AR BE LRI, CAex T
TEJLAS/INEE P25 28 SR 386 i, 3 5t 2 fol i CCM AL il

CO,

v

C:()2 _.I::om..,..,....

—m’

IKIRIE

el

............................

6 WEELHBRMBSEARNL. KSBRZERENXER

Fig. 6 Relationship between inorganic carbon utilization by microalgae, rock weathering and atmospheric carbon
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Table 7 Microalgae growth with different treatments
( Wu et al., 2015

S

NaHCO,/

mmol-L™ 0 mmol-L" AZ 1.0 mmol-L"' AZ 10.0 mmol-L™' AZ
1 4.89+0.07 3.75+0.25 1.590.24
25 5.27£0.52 3.67+£0.39 1.93£0.30
5 6.28+0.44 3.93+0.19 2.16£0.19
20 6.55+0.32 4.46£0.28 2.53£0.47
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Fig. 8 Coupling relationship between rock weathering and microalgae growth in the watershed
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Role of carbonic utilization of microalgae on rock
weathering and carbon cycle

ZHAO Lihua’, WU Yanyou®’, XIE Tengxiang’, LI Haitao’
(1. Guizhou Academy of Testing and Analysis, Guiyang, Guizhou 550000, China; 2. State Key Laboratory of Environmental Geochemistry, Institute of
Geochemistry, Chinese Academy of Sciences, Guiyang, Guizhou 550081, China; 3. School of Environment and Resource,
Southwest University of Science and Technology, Mianyang, Sichuan 621000, China )

Abstract The carbon sink on rock weathering is widely discussed for reducing global atmospheric carbon dioxide
(CO,). Two different views on karst carbon sink are proposed. One is that the karst carbon sink is huge because
bicarbonate ion (HCO;S) is used by the photosynthesis of algae and photosynthetic bacteria in karst areas, which
dynamically accelerates the process of karst weathering and subsequently promote the dissolution of atmospheric CO,.
Another is that the weathering of carbonate rock generates HCOj, and then the equivalent calcium ions (Ca’™) and
Magnesium ions (Mg”") are produced for the deposition of carbonate rock on the sea floor as the river enters the ocean.
This process only reflects the transport of carbonate rock instead of the carbon sink because only the weathering of
silicate rock may generate the net carbon sink in the long term.

By literature review in this paper, the effects of microalgae (a typical aquatic organism) on rock weathering and
its carbon sink are discussed based on the coupling between inorganic carbon utilization of microalgae in
photosynthesis and HCO; produced from rock-weathering. The facilitation on rock-weathering and its carbon sink by
microalgae growth is demonstrated from two aspects, namely, the utilization mechanism of inorganic carbon and the

action of carbonic anhydrase (the key enzyme of photosynthesis) in microalgae. Besides, the biomass of microalgae, in
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turn, is enhanced by the effects of weathering-environment, such as, higher pH value and higher HCO;. In this study,
the following three arguments are proposed. Firstly, the weathering is accelerated because of the continuous
consumption of HCO; utilized by catalysis of extracellular carbonic anhydrase (CAex) in microalgae, which makes the
weathering towards the direction on forming HCO;. Secondly, the microalgae can accelerate the weathering of calcium-
magnesium silicate rocks, and Ca** and Mg’ dissolved out by weathering may, in turn, facilitate the deposition of
carbonate rock, hence a net carbon sink is generated. Thirdly, pure chemical weathering of carbonate rock cannot
directly generate a net carbon sink at long time scale, but the HCO; utilization from CO, in microalgae makes the
weathering of carbonate rock proceed in the direction of HCO; conversion. In the process of calcium carbonate
deposition involved by microalgae, inorganic carbon is converted into recalcitrant organic carbon and thus the carbon
sink is generated.

Research findings can be concluded that through the CAex effect, the catalysis and acceleration of conversion of
HCO; to CO, by microalgae will form the dynamic basis of water HCO; consumption. The utilization of inorganic
carbon in microalgae can facilitate rock weathering, and hence the concentration of atmospheric CO, will be regulated.
In this study, three aspects of prospect are also put forward. Firstly, to address the regional unbalance of carbon budget,
it is crucial to assess the carbon sink of rock weathering under aquatic organism in karst areas. Besides, to improve the
precision of calculating carbon sink of rock-weathering by hydrochemical runoff method, the mechanism and amount
of biological carbon conversion in rock weathering should be determined. Finally, it is urgent to establish a new
method to assess the time scale of carbon sink of rock weathering under the effects of aquatic organisms by water-

cycle, which can clarify the contribution of carbon sink of rock weathering to the carbon budget.

Key words microalgae, carbon sink of rock weathering, HCO;, carbonic anhydrase, CO,
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