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Diurnal variation characteristics of pCO, in the summer water column of Gaoyang back-
water area in Pengxi River, Three Gorges Reservoir
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Abstract. Partial pressure of CO, (pCO,) in water column was an importamt indicator for the geochemical characteristics of car-
bon. Diel samples for pCO, and other environmental factors, i. e. pH, DO and water temperature,, was taken from Gaoyang back-
water area in the Pengxi ( Xiaojiang) River, Three Gorges Reservoir in every 6 h. Results showed that in stable metaliminon, verti-
cal pCO, increased along with the water depth. Mean value of the pCO, at 0.5 m depth was 152 +71 patm, while that of pCO, at
10.0 m depth was 4568 + 1089 patm. Significant negative correlations between pCO, and pH, DO, water temperature were detec-
ted, indicating metabolism of microbial and planktonic community and penetrative convection were impacted by water temperature
that regulated the distribution of pCO,. Estimation of the water-air flux of CO, indicated that the general characteristic of carbon
sink in the Gaoyang backwater area was obvious. A maximum sink flux of —0.33 mmol/(m?* - h) was detected in 15:00 while a
minimum sink flux of —0.17 mmol/(m? + h) was also detected in 3:00 of the next day.

Keywords ; Partial pressure of CO, ; spatio-temperal distribution; water column stratification ; water-air flux; Pengxi River; Three

Gorges Reservoir; Gaoyang backwater area
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Fig. 1 Daily variations of vertical distribution of
pCO, in the water column of Gaoyang

backwater area
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Tab. 1 Daily variation of vertical distributions of parameters in the water column

KB/ m pCO,/ patm T/C pH DO/ (mg/L)
0.5 152 +71 32.8+1.2 8.86 +0.21 16.54 +1.38
1.0 157 £81 32.2:0.6 8.87 +0.21 16.91 +1.49
2.0 590 +293 29.8 £0.5 8.35+0.22 11.26 £1.97
3.0 1002 +392 29.3+0.5 8.18 +0.20 9.48 +2.32
5.0 2018 + 162 28.2+0.3 7.88 £0.05 6.44 +0.77
8.0 3845 £239 26.2 0.3 7.58 £0.02 4.11+0.28
10.0 4568 +1089 25.5+0.1 7.49 +0.08 3.32£0.77
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Fig. 2 Vertical profiles of pCO,, water temperature, pH and DO in four periods
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Fig. 3 Diurnal variations of the CO, flux at the

water-air interface of Gaoyang backwater area



FRENFNE 2k K E B AR B MK R B R CO, 5 E B T ALHF A 195

A TR] NBEAT 56 (3R 3) . M A5 2 HOK Ui CO, AF38 it 7 2840 Ja ik — 25 1 .
4 STk

(1]

[2]

(3]

[15]

[16]

[17]

[18]

[19]

[20]

[22]

[23]

Jonsson A, Karlsson J, Jansson M et al. Sources of carbon dioxide supersaturation in clearwater and humic lakes in North-
ern Sweden. Ecosystems, 2003, 6 ; 224-235.

Billett MF, Garnett MH, Harvey F. UK peatland streams release old carbondioxide to the atmosphere and young dissolved
organic carbon to rivers. Geophysical Research Letters, 2007, 34 . 123401.

Waldron S, Scott EM, Soulsby C. Stable isotope analysis reveals lower-order river dissolved inorganic carbon pools are
highly dynamic. Environmental Science and Technology, 2007, 41:6156-6162.

Karlsson J, Jansson M, Jonsson A. Respiration of allochthonous organic carbon in unproductive forest lakes determined by
the Keeling plot method. Limnology and Oceanography, 2007, 52. 603-608.

FtAR, TN, RIS = 5t E R WA CO, BMBER (L2 Ak N R, CO, PRIEALN . S U 22 mF 5T ,2003 ,23 :581.
Maberly SC. Diel, episodic and seasonal changes in pH and concentrations of inorganic carbon in a productive lake.
Freshwater Biology, 1996, 35. 579-598.

| IR LA SR . KRB AR W A 7 3 55 4 R AL vh B BRIRE R Rt , 2002 :120-121.

Webster KE, Soranno PA, Cheruvelil KS e al. An empirical evaluation of the nutrient-color paradigm for lakes. Limnology
and Oceanography, 2008 , 53 . 1137-1148.

Erlandsson M, Folster J, Laudon H et al. Natural variability in lake pH on seasonal, interannual and decadal time scales
Implications for assessment of human impact. Environmental Science and Technology, 2008 , 42 :5594-5599.

Finlay K, Leavitt PR, Wissel B et al. Regulation of spatial and temporal variability of carbon flux in six hard-water lakes
of the northern Great Plains. Limnology and Oceanography, 2009, 54 . 2553-2564.

Wetzel RG. Limnology:lakes and river ecosystems. California: Academic Press, 2001 : 65-120.

HIDA X e, EALARAE. ZD00 K 20 230 0] pCO, Al MU A BT SE. K Bh 2t ¢ ,2008,19:107-110.

WETIC TS , X NG, TEARNAE. 5K K R i 4R I 43 FE A B 24 3 A AR B L Bl d . A= A5 2 44, 2008 ,27
1193-1199.

Therrien J, Tremblay A, Jacques RB. CO, emissions from Semi-Arid Reservoirs and natural aquatic ecosystems. In: Ther-
rien AJ ed. GHG emissions from boreal reservoirs and natural aquatic ecosystems, in greenhouse gas emissions-fluxes and
processes. Berlin: Springer, 2005 233-250.

Solomon S, Qin D, Manning M et al. Historical overview of climate change science. In; IPCC ed. Intergovernmental pan-
el on climate change. Cambridge, U. K and USA: Cambridge University Press, 2007 ; 95-127.

Bastien J. Impacts of ultraviolet radiation on aquatic ecosystems: greenhouse gas emissions and implications for hydroelec-
tric Reservoirs Tremblay. In: Therrien A] ed. GHG emissions from boreal reservoirs and natural aquatic ecosystems, in
greenhouse gas emissions-fluxes and processes. Berlin: Springer, 2005 509-526.

Soumis N, Canuel R, Lucotte M. Evaluation of two current approaches for the measurement of carbon dioxide diffusive flu-
xes from lentic ecosystems. Environmental Science and Technology, 2008 , 42 ; 2964-2969.

Juday C, Birge EA, Meloche VW et al. The carbon dioxide and hydrogen ion content of the lake waters of northeastern
Wisconsin. T Wisc Acad Sci, 1935, 29.1-82.

Cole JJ,Caraco NF, Kling GW et al. Carbon dioxide supersaturation in the surface waters of lakes. Science, 1994, 265 .
1568-1570.

Sobek S, Tranvik LJ, Cole JJ. Temperature independence of carbon dioxide supersaturation in global lakes. Global Biogeo-
chem Cy, 2005, 19: GB2003. 1-GB2003. 10.

Lazzarino JK, Bachmann RW, Hoyer MV et al. Carbon dioxide supersaturation in Florida lakes. Hydrobiologia, 2009,
627 ; 169-180.

Sobek S, Algesten G, Jansson K et al. The catchment and climate regulation of pCO, in boreal lakes. Global Change Biol-
ogy, 2003, 9: 630-641.

Aberg T, Bergstrom AK, Algesten G et al. A comparison of the carbon balances of a natural lake (L. Ortriisket) and a hy-
droelectric reservoir ( L. Skinnmuddselet) in northern Sweden. Water Research, 2004 , 38.531-538.



196

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]

J. Lake Sci. (#ia#+3),2012,24(2)

Demarty M, Bastien J, Tremblay A. Carbon dioxide and methane annual emissions from two boreal reservoirs and nearby
lakes in Quebec, Canada. Biogeosciences Discuss, 2009, 6 : 2939-2963.

Cole JJ, Caraco NF. Carbon in catchments: Connecting terrestrial carbon losses with aquatic metabolism. Marine Freshwa-
ter Research, 2001, 52:101-110.

Richey JE, Melack JM, Aufdenkampe AK et al. Outgassing from Amazonian rivers and wetlands as a large tropical source
of atmospheric CO,. Nature, 2002, 416 617-620.

Frankignoulle M, Abril G, Borges A et al. Carbon dioxide emission from European estuaries. Nature, 1998, 282
434-436.

Zhai WD, Dai MH, Cai W] et al. High partial pressure of CO, and its maintaining mechanism in a subtropical estuary:
the Pearl River estuary,China. Marine Chemistry, 2005, 93 . 21-32.

Raymond PA, Bauer JE, Cole JJ. Atmospheric CO, evasion, dissolved inorganic carbon production, and net heterotrophy
in the York River estuary. Limnology and Oceanography, 2000, 33 . 551-561.

BRI VL3 B HAAT F KA pCO, (731 5 52 PR R I DT [ 2008 3] 35 & - P RN PR RS, 2007

IR ZE AR T, IR BB pCO, T IR 3R MR - S HiE . /KB E ¢ , 2009 ,20:227-235.

Matthews CJD, Louis VLS, Hesslein RH et al. Comparison of three techniques used to measure diffusive gas exchange

from sheltered aquatic surfaces. Environmental Science and Technology, 2003, 37 . 772-780.



