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Fig. 1 Distribution of sampling points in the Panyang river of Bama
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Fig.2 Spatial variations of river pH, alkalinity and TDS

(**: a significant correlation at the 0.01 level; *: a significant correlation at the 0.05 level; S: surface water; G: groundwater)
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(**: a significant correlation at the 0.01 level; *: a significant correlation at the 0.05 level)
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Fig. 4 Spatial variations of DIC, DOC and pCO, (**: a significant correlation at the 0.01 level; *: a significant
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Table 1 Dissolved CO, efflux flux at various sampling points in the Panyang river basin
R Sl S2 83 S4 85 Gl G2 G3 G4
BN 3.0842.98  1.74+0.86 1.83£1.72  1.99+1.47 1.59+1.18 9.55+4.94 34242.66 2.15+2.24  4.76+2.50
MZEHH 0412036  023+0.025 0.58+0.44 037+027 0.51+0.44 041£025 0.89+0.48 129+0.84  1.39+0.80
MZEMT 0584038 0.47+0.22 0.43+£0.26  0.46+0.34  0.18+0.13  0.47+0.33  1.34+0.66  1.85+1.06  0.93+0.50
SAFPY) 1524234 0824093 1.03+£1.24  0.99+£1.23  0.90£0.95 4.07+546  1.7642.00  1.60+1.56  2.74+2.37

TE: CO G BN kg C m” year'
Note: CO, efflux flux unit: kg C m” year '
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Spatiotemporal patterns of CO, efflux fluxes from the outflow of karst underground
river: A case study of the Panyang river in Bama, Guangxi

XIAN Jinmei', SONG Xianwei', ZHANG Le', LIN Peixin’, WEI Yuechun’,
YANG Qubao’, GAN Wenjing', YANG Lu'

( 1. School of Forestry, Guangxi University, Nanning, Guangxi 530000, China; 2. Guangxi Bama Hetai Changshou Industry
Co., Ltd., Bama Yao Autonomous County, Hechi City, Guangxi 547503, China; 3. Meteorological Bureau of
Bama Yao Autonomous County, Hechi, Guangxi 547503, China )

Abstract Karst basins are key regions for rock weathering and carbon sinks. Because water bodies in karst basins
contain high concentrations of dissolved inorganic carbon (DIC), and can affect carbon cycle through both lateral
migration of DIC and vertical efflux of CO,, they become research hotspots for CO, efflux. Although there have been
many studies on CO, efflux fluxes in karst rivers, our understanding is still limited in terms of the spatiotemporal
variations in CO, efflux fluxes of water bodies from the outflow of karst underground rivers.

In order to explore the spatiotemporal patterns of partial pressure of carbon dioxide (pCO,) and CO, efflux flux
from the outflow of karst underground rivers, this study focused on the Panyang river in Bama in the karst area of
Southwest China. Monthly routine sampling of surface water and groundwater as well as sampling based on rainfall
events was conducted from July 2022 to April 2023. The spatiotemporal variations of pH, alkalinity, total dissolved
solids (TDS), DIC, dissolved organic carbon (DOC) and pCO, in both the surface water and underground water were
explored. The relationships between DIC, DOC and pCO,, as well as the relationships between TDS, alkalinity, and
DIC, were also analyzed. The controlling factors of pCO, were discussed, and the CO, efflux flux was estimated.

The results showed that alkalinity, TDS, DIC and pCO, of groundwater in the basin were significantly higher than
those of surface water, indicating that karst carbonate weathering released a large amount of DIC into groundwater,
and the outflow of groundwater resulted in the CO, efflux, reducing the DIC content and pCO, of surface water. There
was no significant difference in DIC concentrations and pCO, of surface water from upstream to downstream,
indicating that groundwater could release CO, into the atmosphere in a short time and quickly reached equilibrium.
During the rainy season, DIC and pCO, of groundwater showed an increasing trend from upstream to downstream,
while during the dry season, they showed a decreasing trend, indicating that rock weathering during groundwater

recharge is an important source of inorganic carbon in groundwater. Alkalinity, TDS, DIC, pCO, and CO, efflux flux
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of surface water and groundwater during the dry season were significantly higher than those during the rainy season,
mainly due to the dilution effect of rainwater during the rainy season. In addition, there were high DOC concentrations
during the dry season, and the mineralization of DOC contributed directly to CO, production, which also led to higher
pCO, in the dry season compared to the rainy season. Overall, there were no significant differences in pH, alkalinity,
TDS, DIC, DOC and pCO, of surface water and groundwater under rainfall events, possibly due to insufficient rainfall
or its short duration. However, several samples during rainfall events showed significantly higher pCO, than in the
regular rainy seasons, because the continuous heavy rainfall likely raised the water level of underground rivers and
supplied high CO, concentrations from groundwater to surface rivers. There was no significant correlation between
DOC and pCO,, possibly because the carbon input from other sources disrupted the coupling relationship between
DOC and pCO,. These sources include soil CO,, organic carbon synthesized by CO, that was absorbed by
photosynthesis of plants, and human activities. A large amount of carbonate and other salt-based ions released from
carbonate rocks into groundwater through dissolution increased DIC content, TDS and alkalinity, which contributed to
a significantly positive correlation between DIC and indicators such as alkalinity and TDS. The CO, efflux flux of
surface water in the Panyang river basin during the dry season (2.05 + 1.89 kg C m ° year ') was significantly higher
than that during the rainy season (0.40 + 0.30 kg C m * year '), and the CO, efflux flux of groundwater during the dry
season (4.72 £ 4.15 kg C m ’ year ') was about 4.6 times higher than that during the rainy season (1.03 +0.74 kg C m”
year '). During the study period, the CO, efflux fluxes of surface water and groundwater in the Panyang river basin
ranged from -0.10 to 9.20 kg C m * year ' and -0.12 to 17.28 kg C m ° year ', with average CO, efflux fluxes of 1.06 +
1.46 kg C m~ year ' and 2.40 + 3.14 kg C m* year ', respectively, which were much higher than the average CO,
efflux fluxes of major global river basins (0.64 kg C m’ year '). Understanding the CO, efflux flux and its
spatiotemporal variations in karst basins is of great significance for us to accurately assess the carbon budget of rivers

and to evaluate the role of rock weathering as a carbon sink.

Key words Kkarst spring, dissolved inorganic carbon, river CO, partial pressure, CO, efflux flux.
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