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Water-Air Interface CO, Exchange Flux of Typical Lakes in a Mmmtamous

Area of the Western Chongqlng and Their Inﬂuencmg Factors ,

LUO Jia-chen'?, NI Mao-fei'*, LI Si- yue1 . I | ¥
(1. Chongging Institute of Green and Intelhgent Technology, Chinese Academy of Sciences, Chongging 400714, Chma 2 Umverslty
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Abstract To" examine the mountainous lake CO2 del_pfl in Southwest China, pa_rnal pressugps of* carbon dioxide [ p( COZ) 1 and the

=

."

GO exchdnge ﬂux [F( CO,) ] via the wvater=air mterfdce of nine mountainous ldkes in Chongqlng China, have beeh stadied in sgimer
using the thin bbundary layer model (TBL) jand ﬂoatlng ‘chambers. Key watet ql*d:hty patameters were concomitantly, measured. The
results indicate that-the pCO, in the mountdinous lakes in western Chongqing ranges from 2.1 to 45..0 Pa, with a mean valuesof (18.1

12 L) Pa. The. mean CO, ﬂuxes caleulated by the/ TBL model and chamber method are ( —8.0 £2.9), ( -3.4 £3.6), and
€ 741£22.3) mmol ¢n®-d) 7", respectlvely The p( CO, )zand F(CO,) have positive correlations with the wind speed and ORP

bt negative) Correlations with the pH. Our study qndlcatesﬁﬁat mountainous lakes are atmospheric sinks of CO, and the TBL model

should'be cautiously adopted.

Key;words: CO, absorption; mountainous lake; thin boundary layer method; static chamber method; environmental factor
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Fig. 1 Distribution of sampling sites of Western Chongging lakes
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Fig. 2 Aqueous p(CO,) of mountainous lakes in Western Chongging
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Table 1  Physical and chemical parameters of the mountainous lakes in Western Chongging
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P /C /C /mes ™! /pS+em ™! /mg-L ! /mV /peqeL ! /mg-L ! /mg:L=" /mgeL 7!
R 9.32£0.02 31.2+0.6 38.1+1.9 0.3:0.1 239.3722.54  8.93£3.07 143.47+6.02  1906.67+582.01 6.57+0.34 0.45+0.03 0.07+0.03
ik 9.60+0.26 32.0+0.4 36.9%3.6 0.3:0.1 308.93+17.21 12.75+2.18 134.90+4.52  2005.33+375.01  8.83+0.39 0.91+0.30 0.14+0.06
Hw 8.30£0.06 29.1+1.3 33.8+3.1 0.4:0.2 94.01+4.41  9.70£0.79 189.63+4.28 1146.67+87.76  5.38+0.29 0.86+0.07 0.08+0.01
WK 8.86+0.11 31.1+£0.4 33.1+1.2 0.7+0.6 501.53£37.73 11.15£6.61 154.63+13.11 3184.00£702.73 10.00£0.80 2.46+1.05 0.1420.07
Jeki 9.13+0.14 29.420.5 30.7£3.2 0.4:0.1 248.53z4.65  7.67:0.82 182.00£7.59 1677.33£307.38 8.35:0.49 0.36+0.11 0.10+0.02
EREH 8.24£1.33 32.0+0.0 37.3:0.4 0.5:0.0 493.65+152.52 6.15+0.95 155.45+8.56  1976.00+305.47 9.90+0.11 1.14£0.12 0.01£0.02
KR 9.02£0.05 35.4+0.3 38.9:2.6 0.4+0.2 298.67+2.64  6.34+2.21 170.53+2.93  1842.67+80.13  9.45+0.31  0.50£0.05 0.08£0.02
Rz 8.89+0.02 33.3:0.5 39.7+0.7 0.4:0.3 284.23:1.46  7.98+2.74 173.27+1.70 2274.67+468.96 8.32£0.37 0.32+0.05 0.07x0.01
it 8.98+0.01 35.2£0.2 37.2#2.3 0.4:0.0 253.20£2.70  7.94+1.89  169.70£0.26  1936.00+238.53  9.60+0.50 0.85+0.07 0.10+0.01
1) Bfi R + brifi s
®2 BERBERIRHESH
Table 2 Single factor analysis of the variance for each variable
| KR iR Kk pH R DO ORP B DOC TDN TDP . p(CO,)
P 0.000" 0.003" 0.547  0.000™ 0.000™ 0.011* 0.000™ 0.000" =0.000™ 0.001 # 0'3245 ~0. 000 ™
n 27 27 27 27 27 7 [ m 27 27 7 e w
1) = # 7R P<0.01 WEZESR, = FR P <0.05 BEFEF i ' o
I | r’ Iy
‘ A o
vy NS i
PR 22 1 A 5 ﬁﬁE?ﬁiEiEEVﬁjﬁﬁﬁﬁﬁLU 2%jr(l’<0 01) ol
=
D2 KK DN e Skl P < 2.2.2] BT COgheH i J
o.0h. /A ‘ﬁufff n%%m@ﬁ%%%%m&mLﬁ@1~;7
= v =t -
2.2 %@*MMMﬁc@%ﬁﬁg 7 mes ST, e 3 0T 2 AR F N
KA SR G 250 S BT I UAD BOR B K

{5, HAEAT 0. 17 ~4.20 em - b~ Z[a]; #h/MiE
FEX0 ma ACHER > AL IR > RUE) > BRUEW > &
W > = FHW > XG> Je ki > H ORI,

BEAY 1 B E5RRBTI (K 3), WK MERT  BUmTH] |
=R e BRI ek ERERT ., LS
ke 1 CO, sc 4l & 70 il b (- 10.8 £0.3) |
(-9.8+0.6), (-10.6 £0.9). ( =2.2+0.9) .
(-4.7+0.9), (-8.7+0.5), (-9.5+0.0),
(-7.3+0.6)F( -=10.0 +0.5) mmol-(m’-d) ~".
B 1 iR EE N (-80 +29)
mmol - (m*-d) ~", B 2 19 2.3 f5. BAAKRE,
HRPEHRLL DX S R0y 2 22 R B KR €O, LY
B
2.2.3 HERPITE CO, il R

BRI T AT B9 AS R K-SR T Co, 38
Bl s E A BEEER (P<0.01) (£
3), HEAA AR CO, Ftih i a5k (e, BRik
71 I 1 73 N 7/ N = 0 2 1 31 0/ S (0 R BB o B =i
MR -15.1+51.6), (-2.7+11.7), ( -6.6
9.8), (- 1.6 =+ 1.8) Ml ( - 7.5 = 2.9)
mmol+ (m’-d) =" BVASKE, FHIPEH L X B
TAZK-TAH CO, R Him I A ( -7.1 £22.3)
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Table 3 CO, areal flux across the water-air interface of mountainous lakes in Western Chongging
TR p(CO,)/Pa }XLJIiI _ K/cm+h ™! _ _ F(COZ)/rimnl-(mz-d)’lr ‘
/m-s R | R 2 R 1 E) GEYiENS

A - 1 9.3 0.2 3.09 0.17 -9.11 ~1.02 5.57
A -2 4.9 0.4 3.08 0.22 ~10.05 -3.57 -10.96
A3 6.1 0.2 3.18 0.18 ~10.09 ~1.13 —
=#H-1 8.8 0.3 3.21 0.19 ~9.58 ~2.10 112
=48-2 2.8 0.3 3.19 0.19 -10.87 -2.38 -3.33
=4A-3 2.1 0.2 3.29 0.18 ~11.38 ~1.25 ~17.69
FHlb-1 37.2 0.2 2.99 0.18 ~3.00 -0.34 -2.83
Hlp-2 39.6 0.5 2.88 0.24 -2.39 -1.19 -0.28
k-3 45.0 0.5 2.81 0.24 -1.27 -0.62 —

BR -1 32.8 0.5 3.21 0.24 -4.19 -2.15 ~73.77
BR3E-2 32.6 0.5 2.88 0.17 ~4.23 -2.32 23.32
BRiE-3 31.8 0.7 3.23 0.33 ~4.45 -3.85 5.18
BR -4 30.7 1.7 4.20 1.30 -6.09 -19.10 —
Jerk-1 8.1 0.4 2.85 0.22 ~8.66 -3.06 -9.49
Jek-2 7.4 0.5 2.98 0.24 -9.19 -4.70 =546
Jeok-3 1.4 0.4 2.95 0.22 -8,29 22,95 e
Ef-1 11.4 0.5 3.30 0.24 -9!50 —4.82 = /_8 68
-2 10.6 0.5 332 0.17 _1-9,52 (7R —
K - 1 12.2 0.5 404 0.24 S -s.61 4 g
7K -2 15.6 0.5 48 0.24 ~10.49' =533 (4 —6.93)
Ik -3 13.5 0.1 (L a0 0.17 | £10.86 —0.40 | | =
F#e-r 195 fof | S A3 0.18 | Y A5 Y —0.85 g

k2 S 206 ofs/) / 7 #61 .19 4 @i F  -170 (4
-3 g 258 JoR -4 1 369 0.38 Leles RTINS Ry
e -1 | SRTN 0 LAY 4706 0.22 f 7 —"10.60I -3.74 g g
1L IE-2 _ 17,0 | O j 4.06 0.22 g1 -9.77 -3.46 =
-3 16.7 04 1 | Y139 0.22 . -9.64 -3.40 —
0 Bem AW s ‘ /o |
| ¥ # L=

"

‘,""I 3 _—
bmol- (m®-dY*, SRR | 4 BT, 5 WA
W R 3 P B AT K BRI 1Y O, e e
R .

3 it

3.1 H5HEKIEp(CO,) ML

AT R W N B KRR 2 2 35 g Co,
I AR . Cole 257 X} 62°N #] 60°S 2 Ja] fiy
1875 MWIAMI K B, Horb 87% B9 CO, I
Ha A FRR 2S5 2009 4F, Tranvik 2800 %4 BR1A
BRI oE A ARARL R 2556, AR T ASAIE 98 36 B 5 PR g
BRI X ML I Z= 2K p (CO,) ¥IMEH R (18,1
+12.1) Pa, £ HEMYE CO, 4bF R ARE,
HRA €O, BIIE, X — W ge 4 3R 5 sS4 0
KB TR BRI 45 R AR

p(CO,) 5L N T 1 Spearman AH 5143
Mrl (£ 4), B XEIAERIZK p(CO,) 5K
A ORP W3 IEAH2E, 5 pH W3 A G, i AiX
Fh IR AT g W D BRI I LE G K, ZKAR TR Ad ) A=
KAHERS, e A TEREE, JeRERTNFER COo, &

TR E DI IRAE ™= A CO, 1, BRI ot
HAE AT RE 2 4E R AR i 1 CO, R ARy = 2
FZE. B Z pH FIHKEE BEAR G- 7] % )2
K p(CO,) :
p(CO,) =2871.66 - 310.86pH + 0. 053 HifiJ&
(R* =0.95, P <0.05)

3.2 HARIEKIK CO, A& PR T g

XoF TSR 32 BT K A IR B K-SR T
CO, H (K 3) T AR, KREZHFRIM I KA CO,
BT, IR B CO, BYTL. AN b il i
KAT W NV B VTR P | £ AR A 18 8 76
WX A 5E R 0], HOK-RA | Co, 8 &5 5l ok
559.3. 131.5, 361.8, - 5.7 Hfl - 2.8
mmol - (m”+d) ~'. ARWFFLRAHIA 1 75 KA
I CO, 22 f B{E 53 (8.0 £2.9)
mmol-(m*-d) ™" A ( - 7.1 = 22.3)
mmol-(mz'd) 71[22#2](@ 3).

AP Z Ty 22500, AN 1 TR A IS IX 8
WHAK-SAH CO, ZAHiEmiES % F HA B
PEZESR (P <0.01) 5 HY T3 S 191 b b 50 PR VY 3 4t
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X, FrAb IR 5T AR EE | RS R SR AR KB [R]
KT 2Z 1] 4 25 S5 1T R 2 i AR5 W8 VT 7K - A T 3
HHAREEERNREZERF(FE2).
ARHFFEIN R K- T il 3 2 Bl b CO, iy A
SO BRACH S B P A R 25 . pH ., A LB
B R R M AT R ZR AL Rl CO, 38 R/
Tyl 2 AR 5 3 A 5 X s I 9 1) RS i
CO, , 1 Ak b B 4 AT BE A WE T30 1) pH A9 A5 fk v
FILLA /N, B4R B [ AR S5 A 35 T, K AR i
PEf IRV A R FE AR, 7R CO,, AR, K
AT E A TE R R TR YO CO,. BTN
KA S 1 LA R W) 4 [ e i o ik, (e A5 7K AR
R A R A RAES AL X
FIERSE T, JeAVERITHFER CO, T IR L

600

400

200

CO»il it/ mmol-(m*-d)™"

]
]
]

w

HE 5 EEEEEEEEER
2 EZHEIRLEERES
. P ® Fo0HE &= &
Eewazg & 2 g
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g
8
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Fig. 3 CO, flux at the water-air interface of major rivers,

lakes, and reservoirs in the world

TEFIP=AE 10 CO, ik, PRI A DI AV FL R S
WA fYE co, M FENE, X H5EA%5 L
PR B S5 S50

3.3 R[RIMEDN Tk B A

77 A 2 A 0 3 5 P 5 A A 2 A
. AR IR R — W, 4 R P A A
IR 159 B 45 AT 4 ~ 62 fEIE 70 Ap
SERW], SRR CO, ASHuill it S 2
PR LE RAT R R 2 5. Esh, W, Kk
WAR, 760.2 ~1.7 m-s " JEE N3N, UM
WIATEAE TR R T, BT 1 150 H R 1 7K -
BT CO, T2 W 6 SR L.

MR R T KA O R S R R )y
ARSI TR K M S O R
T ALKl 25 5 R B K BT R A H
SRS IR T B ) LA A R X
PRt TG 6 T 0, K- A S|
AR EE RS, s s M
R, R EEACTHTRINIE S | RN IR RS2 A4
WA TR L) T ABIEEA, (LR
IR EETARAE, AR PRI IR, g
T i A PR 3L /R 02 T 5 A 2
i, DR IR Pk Bt 3 e A1 3 2
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3.4 KRB CO, 22483 & PR 2 At

A 558 3 F (€O, ) 5 B ER B F 1Y
Spearman AHIXCHE AT R (R 4) , EERPEHRLL X L
TUIFK - T CO, A4l ik 5% 22 M 22 1 B4
H F(CO,) 5 pH BEGAAS, SRR ORP 8%
IEFRG (524).

£4 p(CO,) Fk-SHRE CO, X#kiBEESHELTEM Spearman 18X 43"

Table 4 Spearman correlation analysis between p(CO,), F(CO,), and key environmental variables

T DOC B pH D0% KR SR JABES L33 ORP TDP TDN
p(CO,) 0.02 0.09 -0.97*  0.04 -0.09 -0.21 0.42* -0.02  0.49* -0.18 0. 34
P 0.93 0. 67 0.00 0.85 0. 66 0.31 0.03 0.92  0.01 0.39 0.10
F(CO,) 0.02 0.09 -0.96*  0.04 -0.07 -0.17  0.40* -0.02  0.46" -0.19 0.35
P 0.91 0. 66 0. 00 0.84 0.76 0.40  0.05 0.93  0.02 0.36 0. 08

n 27 27 27 27 27 27 27 27 27 27 27

1) = % R P<0.01, HBFMAE, = FR P<0.05, BEMK; p(CO,)Fl F(CO,) REAKL n HIF

pH BU T /KR (1 P 34k 2 IR 85, PR K A v
HIBRIRERIA Z (€O, . COZ™ A HCO; ), HEmRZm/K
1K CO, MR Y pH BRI, KR i B i — 4
st o e A8 Ry iR &L, KA p(CO,) BEAR, =
FOKRERE CO, AT AU AR vl
X E B WA K-S CO, 38 il it 5 pH i 7

XK (r=-0.97); EEREFZZEWK pH ¥ KT
8.3, KHHiiF EHY CO, Y MUBR IR #, FaEAR K 1A
p(CO,) , MIMER KA 1 CO, Ab T AE AR
&5 AFT RN CO, FEATKM .

R 2 52 W K-S T CO, B Y BB R
Ao 5 ) A A il 2R N K R B 0 R
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