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Daily Variation of CO, Flux at Water Air Interface and Analysis of Its Affgctmg

Factors in a Typical River-of the Three Gorges Reservmn ¢
LUO Jia-chen'?, FI Si-yue'" [ L “ ¥ y
(1. Chongqlnv Instltute of Green and Intelhgent Technology o Chlne%e Academy of Sf‘lel’l((’? Chog qirlllg“'400074, China; 2. Unijversli_ty.

of Chinese Acaderg.y of Sciences, Beijing 100049 ma) / fo= .
Abstract: Diugrial and seasonal characterization ¢f/CO, partla] pressure p(CO,) ahd (j‘bz areal ﬂux F(CO,) at the watér-air interface

in an anthropogenic river in the Three Gorges Réservoir area was studied. A tributary ‘of the Jialing River in Chongqing Municipalify” was

cHosen, and daily and¥seasonal samples Weré takensin summer and autumn, focusing ‘on riverine p (CO,), F(CO,), and their
assocfated, controls. Henrys law combined with'the thln bounda‘ry l,ayer model was adopted to estimate ‘the CO, flux via the water-air
1nterface The wésults lindicated that F(CO, )#was not hlgh on- average namely (87.8 £27.5) mmol-(m*+d) ™' and (139.2 +34.0)
mmol - (mf-d) ~" in Summer and autumn, respectively. The water-air interface F( CO,) showed significant hourly, daily, and seasonal
variations. CO, release peaked around 09:00 and then slightly decreased. We also found that pH, alkalinity, water, and temperature
were significantly related to p(CO,) and F(CO,), whereas pH and alkalinity were the best predictors of F(CO,). This study aids
understanding of the impacts of urbanization on CO, emissions in the rivers and helps to re-evaluate local riverine CO, budgets.

Key words:CO, emission; water-air interface; daily change; seasonal change; environmental factors
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(P<0.01). 2016 47 H 15 ~17 H LK 2017 4F 11
Ha4~6 HHFEZKIKEC H EME > HTE 354.0 ~
376.0. 411.0 ~ 442.0, 494.0 ~ 519.0, 660.90 ~
669.9 . 667.4 ~688.8 Fl1667.5 ~677.4 pS-cm ™' [
Wik gl H R EC 43 5l 78 354.0 ~ 519.0 F
660.9 ~688.8 uS-cm ' JLHE NP E, FkFEHRIZ KM
ECimm THZ, BAREMEZER(P<0.01); AIHE
T I 2 RR K FE 3T SO 37 A B P s i i)

L4 W, A& Bk ZE R )2 KK TDN | TDP
1 DOC #e &5 54 0.61 ~1.89, 0.10 ~0.20 Al
3.30 ~4.55 mg-L™ BBk s; s SR ik
SIPERCR, ATRESE B T M AR S S S Rk
Yy B AN )3 B 5 A TDN , TDP #1 DOC & 5%
PR Wy, W A () SR KiK.

4 it

4.1 FTIRFRZKIE p(CO,) ¥ RIS K 5387
LSE Ny e N N N R T R o ]
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RUEEFATIR I R 2K p(CO,) ¥ HA i 31 2%
(P <0.01). AHFFEE & E B XY T 8 P E 0
X B 114 355 I VT 52 90 A VR T 2 U2 K Ak i 8 H ] A
AR, 7 Ak B 555 1 XU | R 25 30 A S0
PP IE R B R AR IS 35 R K A
MEWE\mW§%%&4ﬂﬁmﬁ%ﬁﬁﬁ
02 5T AR R 1 R K e /N H I

RFT%%}:ﬂdZIip(CO )Eﬁﬁ%ﬁ%ﬁiﬂ’]ﬁzﬁ_;

3 }?. / . ,,.

ﬁﬁﬁiﬁ\ﬁﬂﬂﬁ (C02>75/ﬂhjz4g'b ﬁm%
Eﬁﬁkﬁ?&}%ﬂ(ﬁiﬁﬁiﬂﬁ CO, ﬂﬁﬁm#ﬁﬁ?@fﬁ’]
Qﬁ% " Kl gpH FIIE I CO, ’g‘?ﬂ? ) 5% |

mﬁﬁpangﬁﬁ ~%nmmw¢pm%>zg,x

§U7J(EPWJ'%@&“:IZ1@I&{%{Jﬁ?ﬁ%ﬁ’]ifkﬁiﬁﬁf’%ﬂ'
TE@.E’J{T{AUKMX CO, R RMR T, MiRRE
Tl Ok 1Y AT L B Y AR R R A R I D b YT
p(CO,) B EZHLHIS 35 15 28 W5 1 i) 3 )2 K {&

®2 p(CO,) SHEE

p(CO,) SZHYFIEAE FHADG AR R4 .

AW p(CO,) HIBEH T 1) Spearman #H
KM (R 2) , WP FZIEN T, E?ﬁﬁ%%ﬁﬂi
E%EKp@@)ﬁﬁlmﬁﬁmﬂzi%ﬁﬁ%
£§.LmLﬁﬂ%T%%%m%@pHmﬁ%@
FBIE /0, L4853 Tk i o 55 3 355 m?mw
VAR A g D (P R e R T P 2R fﬁi €0,,
#ﬁ%ﬁmlﬁﬁ‘mm¢k %Aﬁm%i%&
B €0, TH byt th Tk it At
1&%A¢% ﬁ%c%ﬁ?&ﬁi%ﬁ%%%#
A1 CO4 g Ilﬂ:ﬂmbﬁﬂlﬁé’ﬂﬁuﬂ?%ﬁﬁﬂ 7
FERE iR p€Co, ) i HZ RS Mgk
J2IK p(CO, ) 57K T 5 W 58 Y AR ¢, Rk P 22 A
KRB N -0.312 A1 -0.301, XH5FL¥4EN
WFITSs Bt — 2w 2 KIEFHE, €O, FEKIR
PV R EERRAIG, 55 AN KR T i 2 ' i B 1 538 1 245
B, BAIE p(CO,) AT

52 i) Spearman 18X 247"

Table 2 Spearman correlation analysis between p(CO,) and key environmental variables

Ay miH pH DO EC K iR R A TDN TDP DOC T 9
2016 p(CO,)  -0.504 — -0.252  -0.312* -0.365*  0.100 — — — -0.053
P 0. 000 — 0.084  0.031 0.011 0. 498 — — — 0.720
2017 p(CO,)  -0.904*  0.178 -0.126  -0.301* -0.415*  0.107 -0.070  -0.023 -0.178 0.424*
P 0. 000 0.225 0.394  0.038 0. 003 0. 468 0.636 0.875 0.225 0. 003
1) “—" FRAMAG R, * * F/R P<0.01, HBEFE, = FR P<0.05, BEME
4.2  HHAb/KIK co, RAGE R 33.0, 126.0 1 446.5 mmol-(m*-d) =", MK
IR 3% B T S T N I K AR R B R B Ab TR HT Bl DX PR AT R A e AT, S AT T IR TR

fift CO, I MG, BRFBLH CO,“ U5 IYHRE
(F3) 1%, U0 B | Tay River | K YT )1
YL, FEIAT | =0 X 3 A AR T T A o
B Co, W3 &4 5k 559.3, 31.7, 131.5,

2, PR = F e .
ABFFEAEFERWPTE CO, B AE A (113.5

+40.2) mmol-(m’-d) ™", FH H [ K SBEIL CO, ;53X

U K AE A S R G RO ) 4518
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— Bt b R X A T T A Y SR
WY H K-SR CO, TR, K co, H B
O S TE 10.9 ~52.7 mmol + (m?*+d) ' 1 -11.6 ~
40.4 mmol - (m’-d) ~ YU N B h; AIALEAER, A3h
IR ACAE N TR B 52 AR CO, BEIUEC A
5, ATRER N AR A DL A AE TR,

HEPRRIU [ R AUREOR R CO,. ABFFE, HoK-
AU CO, il R B RO T R AR YA,
XA EOCRBR RN, A TORA RS A
FHEIARDE. ARFSE S E5e 56 A = WK R
VRIS R 2 K-l 28 U B 24 h ARz SR )
ZOR—EL

*3 HWHRA COo, B

Table 3 CO, area flux in world rivers

e Bt 5 e co, Wit ik
/mmol+ (m” -d)

1 V. Sy b ] CLpg iy 559.3 [24]

2 St. Lawrence JIE-PN it 118.3 [25]

3 Burr Oak Lake EJE] A 11.6 [2]

4 Tay River | kg 31.7 (3]

5 FeJINT(RAT) Hh [ AT 131.5 [12]

6 B i &% 33.0 [13]

7 = X R o AT 41.2 [26]

8 IR X i W HHE -13.9 [27]

9 SR X e Aty 8.1 (284"

10 S AR R X o [ T s 87 O Lol |

11 SR T Gl A 126,0 [3g] =

12 P ) el T A “aa6ls 7 p—

13 D240 EPlil = T AAH 246.5 | ATl
4.3 FEBRILIRATIRIK-S S co ﬁi/}’zwm Co,, I%mﬁmiﬁ%ﬁ%fmﬁmﬁ IR, 7J<ﬁi'43£l34£1/ﬁ
B T FIAK-ACR i €O, Bt i {r i s . Ao

EUM@,@&JE’JmV?% /F‘T(a’%m%:é 7J<.;'J<ﬂ:

it F(CQQ>

KRR N F 11 Speannan *ﬁﬂé@( %

%7‘3%{ ?%i“%niﬁﬁ%i}“zﬂﬁf%ﬁffﬂﬂjlﬁl)}T"T 4) 5307, BRI B IR 3 R T, Zliﬁﬁﬁi%%.EEF

ﬁ%ﬁﬁﬂ’]ﬁ#.— — JBE R AR 1 KRR B i sl i | (CO,) 5 pH AR AR A T D R
x4 K-ERAE COZ ﬁs?ﬂﬁgiﬂ’l Spearman #3& 447" d
ol u". Table 4 Spearman cotrelalwn andlysls belween CO, flux and key environmental variables
By 4 WH T pH DO EC KR il Kk TDN TDP DOC T
2018 | F(CO,) -0.564 — -0.328" -0.408 " -0.466"  0.132 — — — -0. 115
P 0. 000 — 0. 023 0. 004 0. 001 0.370 — — — 0.438
2017 F(CO,) -0.900" 0.200  -0.130 -0.340* -0.420"  0.130 -0.070  -0.020  -0.190 0.420
P 0. 000 0.170 0. 390 0.020 0. 003 0.370 0. 650 0.870 0. 190 0. 003
1) “—" FRFMABMIEAE; + + FoR P<0.01, WEEAE, = FR P<0.05, BEMHL
4.3.1 "Z2HW¥ 0.152, P =0.06) fil F(CO,) = - 3.870X..y +

KA CO, T RTEFRT AR AR SR
A RUBE b 728 S SR AR AR RO RS
TELL H AR A AR R 1] RUBE | 55 B AR S R B
B, FEFIN EMCHED! | AR 80
FHOGHE . Sl RREOL T, KR 3 i <A 5y 17
KR BE | RIS T KRR E L R
VEFRR I TE B R CO, Hyp= b ad A2 2”

ARFEFRB], KRR S K-SR Co, it
AU AR S AR OG AR DG A i) T ] 1T e
FHEF(CO,) = —7.639X,, + 288.147 (R’

206.753 (R*=0.152, P< 0.01) k£ xR, %KM
SRR MR, S B2k b i B A PREE
T HHWBE i K, Mo, 5.
BEK-SFIE CO, i 5 A AH R 5o 5
-0. 466 F1 —0. 420, A B (W FH M, CO, i & X}
AR W, SRR ] R S KR T R kR
i, ARG HT 3R, AR RIK R 5 W] W (9 1E A
XK, HKERECH 0. 894, X 51FL 24 M5 45H
SR

WEIHATE] , BEFE KR TR, A R K
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(RS A B2 AT s 3 SRR T v R B2 TG HE i 3
B SR, AKX UK SR, SR E SRR
B4, FTKAEARYROCEER, 8RR
CO, #EATKIA.
JRGEE S22 5% i K-S AL T CO, i e Y F B IR R

3 A ) A AR 5 e R L R A - o R 4 &2 b
WA, PEITRLR K TPER J 23 il AN SR AR G 7
A RS, K-RP A CO, T S KU 5 IR
FIEER, X5 3CHR[ 33 MR 45 R 2 —3.
D E], AT )2 KA 07 KGR FE 0 ~2.2 mes ™'
WEENUES, /NF 3.0 mes™', RRGEEIFE T XA
TRYBIBRBE | KRS IR S I ik ) A T A1
PN, K-SR Co, 5K %A H
B R.
4.3.2 Kik¥EBH

pH e ELHEZ /KR Pk R EL K 2 (CO, | co;-

FHCO; ), FUKIREEAE CO, (¥R BE B UTAR G,

SR CO, MMl HE ™ >, 24 pH iﬁmﬂj‘
K ) CO, HhIE imk iR R, 7k ik p(c02>1¢%&
M CO, #9774, R ?kmﬂ Birp €O, #EA

VIS N WEEE’J pH fH 2 {2 #EOK K. CO, ﬁ,ﬁﬂzﬁn

jtmﬂlﬂ“z ZKEHL%%ED% =N fﬂ(é’r’r{%{}ﬁkﬁﬁ
I CO, 1_55 pH LR ARG, *ﬁﬂé/ﬁz’%?&/\nﬂ
jj 0. 564 i -0. 900; HAHICHE ﬁwu*fﬁﬂ F(JCOz)
£ —232 762)(pH 420024.118 (R? _0 627.p <4

0. owﬂl £(00,) = £674.848X ,, +.5775: 944"(133 o

=0.853, P< 0.01)kFE/R. #— 3 i % A ]
2T, 'ﬁifﬂl pH S AT R K-SR CO, 8w
e EBIREE R . & BOX Fh B ] B2 i T KR

HATICEVE R TR IEAE D3I, T A LA 1) i o7
PRI 5 S
CO, ., = CO, x, =H,CO, =H" +

HCO; =H"+ CO”

A AR B, REKIR CO, BERL, FEMFEAR pH.
X5 Li S ERIT BRI VT AR 45 SR A,

TR A S R UOE T KRG ML R i iR
A=Yy, SRR R R R R 7
HEWGOUT, ALY FE R CO,, R ZAEHA
WEE N EEA R CH, Y . ARSI L, BBAT
BRI FRIZK DO W B 5 /K-R A CO, &5 o A B
BIEM K (r=0.02); HAHXETH F(CO,) =
15. 104X, + 68.553 (R* =0.037, P =0.382) k%
R, X EFIKAT DO W THE AR #E A AR T A HL

YA S0, FERCH €O, 55 40 Wi 3 1] K<
ZRHZ RN, KIS Eha K, Kkt
TR, RZKP IR 76 A VR R
55, SIS TR A ST CO, BB L.

IKAERE ARG A 7= T3 BoK A A AR g Az 2]
IR F7 5L W BE (R ), 3 17 ] 42 52 ) 7K < AL TfT
CO, iBE . ARBFFEH, BEBATRRK-S A CO,
i i H A e 4 K Z80% 3 T 5 TDN #1 TDP /9 H
f ) ROBE E Ry A8 (b A2 7E A DG G &R, 400l h
-0. 070H1 —0. 020. J5PRI7EF /KA vp R 555 97 0T
R ALK AAG Y SO B R IS SR oy, T
PEXGSR , HIOCA YRR, (EIR] BE 5 3 3G o £ i
éﬂiiéﬁ‘zﬁ Ve, (IR AR A CO, WA AE

PR AEHEEAVE RS A o A W ]
’Vr@aﬂi%)zvk %’%ﬂ&ﬁm%aiﬁﬁﬁ ANFF
CO, F=H: R AF; X FpAH Pk 'ﬂiﬂ?fr 35]'5@!?2] T
I SR BRI Fe4s R — 5k, =/

TRAA A MR 22K TR %%%Vﬂi%ﬁ;‘zﬁiu&
SN A Fog Horb DOC Rk Co, FD’EEE’JE
BRI, WOKTE €0, 1y %ﬁ#ﬁiﬁ’ﬁé%&
TSR TF mﬁffﬁ, SO RUK AR Co, Stk e '?7J<
ferh DOC T Fe 3L IEAT 0 0 R A B S o
@(éﬁ{%ﬂ?@?*ﬁs DOC ¥ B 7F 3, 30 ~4. 55
mg - L™ YOI ) 5 il HH oG F(CO,) 5 DOE %
AT B ARDCHE, FT RESEACIA TT A ) A F) A1 AL
SR, T SAL T HAK-R I CO, IR R
T BTRR.

FIFHZ ot A i 2 A A ik ad s Bk
WIZE F(CO,) 54 IBE R 7 R (e L [l J5 72, 43
Mr4% BRES R 1% CO, i B B A BTk KD

F(CO,) =4064.75 - 504. 96X, +
0. 086X 3y ()
F(CO,) = 5223.378 - 646.449 5X ,; +
0. 091X gy (B Z)

ZE LAk, FRIZK pH ORIBHEE 2 52 M A7 R 0] 7K -
S S CO, i FEIREE T, e A1) A
RAEBEBR W EEKT-(H 2 CO,:R* =0.996, P
<0.001; #kZ CO,:R*=0.993, P <0.001).

5 #&ie
(1) =W X 57 B VI SIRATE I p(CO,) FlK-

S5 COo, MEEMBENHN, B LFNA
b BB p(CO,) 73514 (86.2 +7.7) Pa Fl
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