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ABSTRACT

Recent advances in Brazilian scientific production on CO; fluxes at the water-atmosphere
interface in rivers were reviewed, including estimates of CO> partial pressure and fluxes. A total
of 17 studies were reviewed. We compiled information regarding the location studied, the
methodology used by each author, and the values of CO> partial pressure (pCOz), CO> fluxes
(FCO»), and gas exchange coefficient (k) found in each region. The results were spatialized and
synthesized. The important role of fluxes in CO2 degassing and their influence on climate
change, as well as the global lack of data on these environments, were the main motivations for
this study. The information was scarce, and most studies are focused on the Amazon Basin.
However, high-resolution mapping of CO> fluxes, at the scale of micro basins and streams,
proved to be scarce. We emphasize, therefore, the importance of further studies in the country
including other hydrographic regions, and in high resolution. These studies would add to our
knowledge of how natural and anthropic processes influence CO- flux, in addition to providing
better estimates in tropical river systems.

Keywords: climate change, CO-, emission, CO- partial pressure.

Fluxos de CO: na interface agua - atmosfera em ambientes fluviais:
um panorama sobre os estudos nos rios brasileiros

RESUMO

Foram revisados 0s avancos recentes da producdo cientifica brasileira sobre os fluxos de
CO2 na interface agua-atmosfera em ambientes fluviais, incluindo as estimativas de pressao
parcial de CO2 e fluxos de CO>. Um total de 17 estudos foram revisados. Copilamos
informacdes sobre a localizacdo, a metodologia utilizada por cada autor e os valores da presséo
parcial de CO2 (pCOy), fluxos de CO, (FCO>) e coeficiente de troca gasosa (k) encontrados em
cada regido. Os resultados foram espacializados e sintetizados. O importante papel dos rios na
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desgasseificacdo de CO- e sua influéncia nas mudancas climaticas, somado a escassez global
de dados sobre esses ambientes, foram as principais motivacGes para a realizacdo desta
pesquisa. Foi possivel demonstrar a baixa produtividade brasileira e a concentracéo de estudos
na Bacia Amazonica. No entanto, mapeamentos dos fluxos de CO em alta resolucdo, em escala
de microbacias e cOrregos, se mostraram escassos. Ressaltamos, portanto, a importancia de mais
estudos no pais incluindo outras regides hidrograficas, e em alta resolucdo. Estes estudos
elucidariam o conhecimento de como 0s processos naturais e antropicos influenciam no fluxo
de CO2, além de melhores estimativas em sistemas fluviais tropicais.

Palavras-chave: emissdo de CO,, mudancas climaticas, pressdo parcial de COs.
1. INTRODUCTION

The structure of the Planetary Boundaries (PB) (Rockstrém et al., 2009) has aroused great
interest not only in science but also in politics and has been observed for years. Recent works
have shown that climate change has already exceeded safe operation limits and entered a zone
of uncertainty (increasing risks) (Persson et al., 2022; Steffen et al., 2015). Carbon dioxide
(COy) has been identified as one of the most important greenhouse gases responsible for global
warming, and emission rates are increasing every year (IPCC, 2022). Therefore, studies have
been conducted worldwide to identify potential sources and sinks of CO2, improve flux
estimates, and better understand climate change.

Aguatic ecosystems are important environments for CO2 gas exchange between the water
surface and the atmosphere and play an important role in the carbon cycle (Keller et al., 2020).
Global estimates suggest that river systems emit between 112 and 209 Tg C per month into the
atmosphere (Liu et al., 2022). According to Gomez-Gener et al. (2021), small rivers and
streams are critical points in flux estimates in river environments. They account for about 85%
of estimated CO. emissions in inland waters, even though they represent less than 20% of the
freshwater area. This occurs because, once there is a source of carbon input (whether natural or
anthropogenic), the hydraulic parameters (such as depth and slope of the channel) and the
dynamics of small rivers, influence and amplify the turbulence of the channel, intensifying the
processes responsible for gas exchange (Horgby et al., 2019).

Land use and urban impacts on watersheds have also been studied as emission intensifiers
in river environments, primarily due to high concentrations of organic matter (OM) (Cheng et
al., 2020; Herreid et al., 2021; Tang et al., 2023). Another hypothesis is that tropical regions
contribute most of the freshwater CO> fluxes (Wen et al., 2021). Liu et al. (2022), show that
tropical rivers have higher CO> fluxes (3,220 g C m y!) than Arctic (1,750 g C m? y') and
temperate (2,280 g C m2y1) rivers. Thus, rivers have become extremely relevant ecosystems,
specifically with respect to CO> fluxes and their contribution to climate change. However,
estimates of CO> fluxes still have great uncertainties (Zhang et al., 2020). Thus, recently, rivers
are being seen as important ecosystems in CO: fluxes, although their estimates still have large
uncertainties (Zhang et al., 2020). In addition, studies on spatial and temporal variations, mainly
in small river basins, have gained prominence since CO2 emissions vary considerably in space
and time due to hydrodynamics, which strongly influences biogeochemistry and seasonal
variations (Barefoot et al., 2019; Zimmer and McGlynn, 2018).

Despite the great importance, studies of CO, fluxes at the water-atmosphere interface,
focusing on river environments, are still rare and sparse in Brazil. This is partly due to the cost
of analyses and the lack of research infrastructure and support, common in developing
countries. However, a critical knowledge gap, especially in the Amazon River Basin, remains
the importance of rivers and streams as atmospheric sources of CO2. According to Richey et al.
(2002), although the Amazon River systems have high fluxes, they may not significantly
contribute to the global carbon balance since estimates suggest that their CO, emissions are
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nearly equal to the amount of carbon sequestered. In this manner, the overall balance tends to
nullify.

This study demonstrates the recent status of Brazilian scientific production on CO; fluxes
in river systems. The main methods currently used were evaluated and discussed, and the
variables related to degassing were synthesized to provide estimations of the CO> fluxes found
in Brazilian rivers. From the analysis of the studies found, knowledge gaps on the subject in the
Brazilian territory were identified.

2. MATERIAL AND METHODS

Table 1 shows the workflow of this study. The literature review was based on the
methodology described by Clark et al. (2020). The research was conducted on the Scopus,
Scielo, and Periddicos CAPES platforms. The keywords used in the bibliographic search were
defined using tools such as Systematic Review Accelerator (SRA) using Word Frequency
Analyzer and VOSviewer. The most frequently found words were “dissolved inorganic
carbon”, “carbon dioxide”, “CO. partial pressure”, “CO2 emission” and “CO2 flow”. These
keywords were used together with the transversal word “water” and the Boolean operator
“AND”. At the end of the searches, a total of 803 studies were cataloged.

Shared citations between research platforms (duplicates) were checked and removed using
Mendeley and SRA — Duplicator. Since the objective of the research is to demonstrate the recent
status of scientific advances in Brazil, a period of approximately 20 years was defined for
analysis. Therefore, studies written before 2000 and research not conducted in Brazilian aquatic
environments (uncontained), were also excluded using the SRA-Helper and Mendeley tools.
After filtering, the database consisted of 105 studies published between 2000 and 2022 in
aquatic environments on Brazilian territory.

The publications included in the database were classified into different types of aquatic
environments based on the title, abstract, and keyword, such as coastal-marine environments
(28 studies), reservoirs (26 studies), lagoon environments (27 studies), and river environments
(24 studies). Only the river environments were evaluated and reviewed in the study. Of the 24
studies of the river, only 17 contained pCO. and/or FCO., which were analyzed (Table S1 in
Supplementary Material).

Table 1. Summary of workflow and results obtained. * Total of deleted files = duplicates + uncontained.
SRA = Systematic Review Accelerator.

Workflow Taks Tool used Number
Number of databases searched Scopus, Scielo and Periodicos 3
. CAPES
Systematic Frequency Analyzer and
Research  Number of keywords used \VOSviewer 6
Number of files found - 803
File Number of duplicate files SRA — Duplicator and Mendeley 235
sorting Total of deleted files* SRA-Helper and Mendeley 698
Number of studies qualitatively
Database  synthesized SRA-Helper and Mendeley 105
Formation ~ Number of full-text articles meta- Mendeley 24
analyzed
Analysis  Number of full-text articles extracted  Mendeley 17
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3. RESULTS AND DISCUSSION

3.1. Bibliographic research

Figure 1 shows the spatial distribution of the study and the number of publications per
year. In the last 20 years, the number of annual publications on CO> fluxes in the river has not
exceeded four articles per year, which explains the deficit of studies in river environments in
Brazil. According to the research conducted in this work, the majority of the 12 Brazilian
Hydrographic Regions have not presented any data on CO; fluxes. Of the works found, most
were in the Amazon Basin, mainly in the central region of the basin in the state of Amazon
(AM).
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Figure 1. Distribution of research and publications number over the last 20 years in Brazil. a)
hydrographic regions of Brazil with the location of the studies found and b) number of publications
over the years.

3.2. Analytical methods

Different techniques are available for both direct and indirect measurements of pCO> and
FCOs.. Currently, there is no consensus on the different methods used in river environments.
Table 2 shows the methods used in the analyzed studies.

The partial pressure of CO. corresponds to the saturation degree between a water sample
and gaseous CO> (Dickson, 2010). Direct methods involve two analytical steps: (i) headspace
and (ii) gas-phase analysis. The headspace technique concerns the equilibrium relationship
between the liquid and gas phases, which in turn follows Henry's Law. The equilibrium can be
obtained by an equilibrator (without limitation of water volume) or even by glass vials or
syringes (with limitation of water volume). After the equilibration time, the gaseous phase is
measured in a gas analyzer. Indirect measurements, in turn, are performed from the
thermodynamic equilibrium using the dissolution constants and at least some variables that
make up the carbonate system, such as pH, total alkalinity (TA), and dissolved inorganic carbon
(DIC).
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Table 2. Description and comparison of the methods used. pCO, = CO, partial pressure and FCO, = CO; fluxes at the water-atmosphere interface. * = value
obtained with floating chambers ** = average value obtained for the Amazon with floating chambers; — no data and # = not specified.

Reference River Basin Region pCO: FCO; Kso0
(Abril et al., 2014) Amazon Central River Amazon AM Headspacgnzrllszlgrfrared gas Theoretical diffusion model **
(Alinetal., 2011) Amazon River Amazon AM Headspacgna;}gslir;frared gas Floating Chamber *

(Almeida et al., A i . e Equation 1 and
2017) Madeira River Amazon AM pH - DIC Theoretical diffusion model Equation 9
(Am;(r)allge;t al. Negro and Solimdes River Amazon AM Headspac;enzrllgzlgrfrared gas Theoretical diffusion model Equation 1
(Andrade et al., 8 Streams (Indaia Southeast
X SP pH - DIC - -
2011) watershed) Atlantic
(Lopes Da Silva et 15 watershed South i i i
al., 2007) Florianépolis Island Atlantic SC pH - DIC
(Machado et al., San i . e .
2022) Bule watershed Francisco MG pH - TA Theoretical diffusion model Equation 3
. Headspace and gas . i
(Neu etal., 2011) Amazon River Amazon MT chromatography Floating Chamber
(Rasze(;gge)t al. Ji-Parana River Amazon RO - Floating Chamber -
(Rasera et al., . Headspace and gas Floating Chambers / *
2013) Amazon River Amazon AM chromatography / pH - TA Theoretical diffusion model
(Rlcgggze)t al, Amazonia Central River Amazon AM - Floating Chamber *
Cumaru, S&o Jodo, and Headspace and gas . i
(Rosa et al., 2017) Pachiba Streams Amazon PA chromatography Floating Chamber
(Sallrznooln3§: tal, Purus River Amazon AC Headspacgnzr;gzlgjrared gas Theoretical diffusion model  Alin et al. 20112
(Sawal;gig; etal, Amaz_lqulgjp(;/\s/, R)f\l/r;gru and Amazon AP Headspac:nzr;szlgs‘rared gas Floating Chamber -
(Sco1;8I1d6§3t al, Negro River Amazon AM Headspac;nzr;szlgrfrared gas Theoretical diffusion model Equation 1
(Sorribas et al., x . . e Equation 5, 7, 8
2017) Tabodo Creek Basin Uruguay RS pH - DIC Theoretical diffusion model and 9
(Sousa et al., 2011) Acre River Amazon AC pH - DIC - -
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One of the most important studies discussing indirect pCO: is that of Abril et al. (2015),
in which it was shown that environments with low pH (<6.0) and high concentrations of organic
matter can interfere with modeling from the carbonate system and produce an overestimation
of pCO2 and consequently atmospheric emissions. On the other hand, headspace techniques are
sometimes costly, and difficult-to-access environments can make studies using this
methodology infeasible. Moreover, it is still necessary to use the equipment to measure gas
samples. Therefore, indirect calculation of pCO: is still considered a useful tool for flux
estimation and is used and accepted by several authors, since its prudent use and understanding
of its limitations allows the assessment of the orders of magnitude in which fluxes fit.

The magnitude and direction of CO; fluxes are proportional to the difference in CO, gas
concentration between the water-atmosphere interface and the gas exchange coefficient (k).
Direct flux measurements can be made using, for example, (i) a floating chamber
(Frankignoulle et al., 1998); (ii) the correlation of turbulent eddies (McGillis et al., 2001); (iii)
the flow gradient (Zappa et al., 2003) or (iv) volatile tracers (Raymond et al., 2012; Richey et
al., 2002). The correlation of turbulent eddies and the flow gradient methods are more
appropriate and used for coastal and marine environments, not being methodologies commonly
used in river systems. The floating chamber has been most commonly used in river systems due
to its low cost, ability to measure in a short time, and simplicity. The main criticisms and
discussions of this method are the possible interference of the floating chamber in surface
turbulence and consequently in the values of k (Kokic et al., 2018; Lorke et al., 2015; Raymond
and Cole, 2001). However, Kremer et al. (2003), obtained consistent values using this method.
In Brazil, this technique is widely used.

The indirect method of FCO; is based on the theoretical diffusion model, which is based
on the difference between CO> concentrations in water and air and the gas exchange coefficient
(k) (Liss and Slater, 1974). The gas exchange coefficient (k) corresponds to the gas transfer rate
and can be determined using empirical equations. Currently, there is a debate about the
importance of a good measurement of k in rivers. A common application is to parameterize k
to keoo by normalizing with the Schmidt number (Sc), which, in turn, corresponds to the ratio
between the viscosity of the liquid and the diffusion constant of the CO> gas at a given
temperature and salinity (Jahne et al., 1987). The Schmidt number for carbon dioxide (Sccoz)
in freshwater and at a temperature of 20°C is equal to 600 (Scco2 (20°C) = 600). Different
equations for calculating k in fluvial environments are discussed in the literature (Raymond et
al., 2012).

In rivers, k values are strongly influenced by water turbulence, which in turn can be
influenced by flow rate and flow velocity, channel slope as well as friction generated on the
surface due to wind speed, for example (Butman and Raymond, 2011). In a large hydrographic
watershed, the wind has a large influence on the value of k. However, in small rivers and
streams, wind velocity becomes less important and can be neglected, and the effect of water
friction on the river bottom and current velocity predominate in the values of k (Alin et al.,
2011). Thus, the hydraulic and geomorphological parameters become more important. The
shallower the depth of a river, the greater the friction from the bottom, and the greater the values
of k (Raymond et al., 2012). The slope of the channel also becomes a relevant factor because
the greater the slope, the greater the flow velocity, which increases the values of k.

Several equations for the calculation of keoo can be found in the literature. Table 3 shows
a compilation of the main equations currently found in the literature. Among the studies using
Keoo, the equation by Alin et al. (2011) based on wind velocity was the most used, followed by
the equations by Raymond et al. (2012) using slope and flow velocity. Studies comparing the
values of keoo using different methods are extremely scarce, although there is evidence that the
hydraulic parameters are extremely important factors in the correct estimation of keoo, as shown
by Raymond et al. (2012). Another important discussion is the fact that many studies use static
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values of keoo for the entire watershed. Alin et al. (2011) conclude in their study on the Amazon
River that small rivers have a large variability in the value of keoo, highlighting the importance
of hydraulic parameters. Ulseth et al. (2019) demonstrate the relevance of slope in small rivers,
especially in mountainous areas, and conclude that increasing slope increases the rate of energy
dissipation, which in turn increases flow. Thus, many rivers may have been underestimated by
using a keoo for the entire length of the watershed. Therefore, the importance of further
investigation of the keoo and comparative studies on the methods is emphasized.

Table 3. Main ksyo measurement methods. Average wind speed at 10 m
above the surface (oo, m s?); water current velocity (V, m s?), water
depth (D, m), discharge (Q, m®s?), stream slope (S, m m™), Froude
number ( Fr = VAgD)%°) and energy dissipation rate (eD = gSv, m?s3
where g = acceleration due to gravity (9.81 m s*); %D < 0.02 and PeD >

0.02).
Equation References

1. Keoo = 4.46 + 7.11 figo (Alin et al., 2011)

2. Keoo=25.12 + 2,77 110 (Alinetal., 2011)

3. Keo=1382+35V (Alinetal., 2011)

4, Keoo=7.98+5841+36V (Alinetal., 2011)

5. keoo= (VS)28 DO 5037 (Raymond et al., 2012)
6. keoo=5937 (1 -2.54 Fr?) (VS®8) D% (Raymond et al., 2012)
7. Kgoo= 1162 x 77 \/08 (Raymond et al., 2012)
8. keoo=(VS)®"®951.5 (Raymond et al., 2012)
9. Kkeoo=VS 2841 +2.02 (Raymond et al., 2012)
10.  Ksoo = 929 (VS)275 Q00 (Raymond et al., 2012)
11. Keoo = 4725 (VS)86 Q014 D066 (Raymond et al., 2012)
12.  In[Keoo] = 3.10 + 0.35 In[eD]? (Ulseth et al., 2019)
13.  In[Ksoo ] = 6.43 + 1.18 In[eD]° (Ulseth et al., 2019)

3.3. COz2 fluxes in rivers in Brazilian territory

Table 4 summarizes the values reported in the Brazilian area. Many studies have shown
that rivers are environments that are supersaturated with CO> compared to the atmosphere (Wen
et al., 2021). In the studies examined, the variation of pCO; ranged from 141 — 26,975 patm.
Despite methodological differences, flow velocity was cited as one of the most important
factors influencing the magnitude, with high flow episodes generally showing higher pCOs,.
Channel slope (Sorribas et al., 2017), lithology (Machado et al., 2022), vegetation, flooded
areas, DO concentration, and water temperature (Amaral et al., 2019) were also identified as
important factors influencing pCO.. The anthropogenic impact was studied by (Andrade et al.,
2011; Lopes Da Silva et al., 2007), and they found that rivers that drain urban areas have high
values compared to non-urban areas, showing the impact of organic matter as an influencing
factor on the increase of pCO.. The high variability in pCO- values supports the hypothesis that
in fluvial environments, hydro-geomorphological changes along the river channel lead to
changes in pCO> values, supporting the idea that general estimates for a large watershed may
lead to underestimates of pCO> given the importance of small rivers and streams (Ward et al.,
2017).

AR Rev. Ambient. Agua vol. 18, €2921 - Taubaté 2023
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Table 4. Values comparison found in studies. pCO, = CO, partial pressure and FCO, = CO; fluxes at the water-atmosphere interface. — no data.
a=210TCy% b=641-12553 (mgm?2d?);c=044gCm?yl;d=12MgChaly! (470 TgCy?).

Reference River Basin Region pCO: FCO:; Koo
patm mmol m2d-? cm ht
(Abril et al., 2014) Amazon Central River Amazon AM 413 - 12,092 a 15-30
(Alin et al., 2011) Amazon River Amazon AM 141 -12,616 3.5-1,229 1.0-71.1
(Almeida et al., 2017) Madeira River Amazon AM 835-9,694 b 10.9-14.4
(Amaral et al., 2019) Negro and Solimdes River Amazon AM 307 - 7,527 -9.3-1,128 45-38.2
(Andrade et al., 2011) 8 Streams (Indaia watershed) Southeast Atlantic SP 492 - 5,073 - -
(Lopes da Silva et al., 2007) 15 watershed Florianopolis Island South Atlantic SC 377 -2,145 - -
(Machado et al., 2022) Bule Stream San Francisco MG 738 — 5,568 43.4-683.4 12.9-13.3
(Neu et al., 2011) Amazon River Amazon MT 6,491 - 14,976 c -
(Rasera et al., 2008) Ji-Parana River Amazon RO - 51.8 - 1,091 -
(Rasera et al., 2013) Amazon River Amazon AM 259-7,808 -17.28-1,056 1.8-38.3
(Richey et al., 2002) Amazonia Central River Amazon AM 4,350 - 5,000 d 5.0-9.6
(Rosa et al., 2017) Cumaru, Sdo Jodo, and Pachiba Streams Amazon PA 2,265 -26,974 293 -6,510 -
(Salimon et al., 2013) Purus River Amazon AC 780 - 4,029 15.55 - 686 -
(Sawakuchi et al., 2017)  Amazon Low, Xingu and Tapajos River Amazon AP 449 - 6,148  65.66-1,492 15.8-54.3
(Scofield et al., 2016) Negro River Amazon AM 710 - 3,275 96 - 253 15.2
(Sorribas et al., 2017) Tabodo Creek basin Uruguay RS 385 - 3,962 1,555 145
(Souzaet al., 2011) Acre River Amazon AC 2,494 - 6,493 - -
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The estimated global variation of kego in the river is calculated to be 8-33 cm h%, and for
large tropical and temperate rivers, it is 5-31 cm h™* (Li et al., 2019). The values reported in the
studies were extremely wide, sometimes lower or higher than the global estimates. The
magnitude of Kego has generated much debate, but it is known that this parameter is influenced
by several physical variables, which increases its variation along the channel. Hilly terrain, high
flow velocities, channel bottom roughness, and water depth are extremely influential factors on
keoo values, especially in small rivers and streams where shallow water increases turbulence due
to high channel bottom shear. On this basis, Ward et al. (2017) report that the probability that
current global CO> flux budgets are underestimated due to a lack of budgets and a poor
understaning of the role of small rivers is due to the high variability of keoo in smaller rivers (<
100 meters).

In the Amazon Basin, where most of the studies dealt with in Brazil, not all studies have
considered Keoo variations along the river channel. In 2013, studies in the central region of the
basin included small rivers in their estimates (Rasera et al., 2013). Another factor in the Amazon
Basin is the inclusion of the lower Amazon River, which according to Sawakuchi et al. (2017),
had higher fluxes than previous estimates for the entire basin (Richey et al., 2002).

For the other regions of the country, there are isolated and specific studies that make a
broader and deeper interpretation impossible and show the existing gap in Brazil. However, the
common fact observed in this review is the high pCO: values, indicating C supersaturation in
the observed fluvial environments. It is worth emphasizing the importance of small and large
scales studies, including temporal assessment to visualize the flux variations with hydrography,
and spatial assessment to obtain a deeper understanding of the variables affecting the dynamics
of CO; fluxes.

4. CONCLUSIONS

The literature search showed a scarcity of studies on CO; fluxes along the numerous
hydrographic basins of the Brazilian territory, highlighting the need for further studies,
especially in small rivers and streams. The analysed river systems exhibited significant
variation in FCO,. Among the studies utilizing the theoretical diffusion model, a scant number
employed hydraulic parameters to calculate the Keoo, with only two studies employing different
equations in their estimations. Direct methods for measuring fluxes, the floating chamber were
widely utilized. Few studies were identified concerning small rivers and streams, and in some
cases, solely reporting pCO- values.

Although most studies are conducted in the Amazon River Basin, this does not mean that
there is a large number of research works in the region. The Amazon Basin is known worldwide,
and knowledge and accurate estimation of its fluxes are extremely important in the context of
global climate change. However, the results presented in this study show that knowledge and
estimates of fluxes in other regions of the country need to be expanded. In addition, due to the
variability of k values along the channel, the importance of high-resolution studies, on a scale
of small rivers and streams is emphasized to better understand how natural and anthropic
factors, such as different biomes, zones climatic conditions and changes in land use, can
influence the behavior of CO> fluxes.

Thus, based on this bibliographic survey, two major gaps in knowledge about CO> fluxes
in Brazilian river systems are highlighted (i) the carrying out of studies that cover other
Brazilian basins besides the Amazon Basin and (ii) the inclusion of an estimation of fluxes
using high-resolution mapping, that is, on a scale of small and micro basins. This study aimed
to contribute not only to the identification of these gaps but also to highlight the importance of
small rivers and streams in the dynamics of COz fluxes in continental environments.

N Rev. Ambient. Agua vol. 18, €2921 - Taubaté 2023
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Supplementary Material

Table S1. Studies analyzed and used in the review.
X = data present in the article.

Reference Region pCO; FCO;

Abril, et al. 2014 AM X X
Allin, et al. 2011 AM X X
Almeida, et al. 2017 AM X X
Amaral, et al. 2019 AM X X
Andrade, et al 2010 SP X -
Lopes, et al 2020 SC X -
Machado, et al 2022 MG X X
Neu, et al 2011 MT X X
Rasera, et al 2008 RO - X
Rasera, et al 2013 AM X X
Rickey, et al 2002 AM X X
Rosa, et al 2017 PA X X
Salimon, et al. 2013 AC X X
Sawakuch, et al. 2017 AP X X
Scofield, et al. 2016 AM X X
Sorribas, et al. 2017 RS X X
Souza, et al. 2011 AC X -
Equation 1:
FCO, = kKH ApCO, @
Where:

FCO; = flux water-air (mmol m2 d%);

k = CO2 gas transfer rate (m d%);

KH = CO solubility (mmol m= patm™);

ApCOz = pCO, water — pCO, atmosphere (Hatm)

The CO2 solubility is calculated by Equation 2, where T = temperature in Kelvin.

Rev. Ambient. Agua vol. 18, €2921 - Taubaté 2023 AR
IPABHt


https://doi.org/10.1007/BF02803649
https://doi.org/10.1016/j.jhydrol.2020.125540
https://doi.org/10.1002/2017WR021718

CO; fluxes at the water-atmosphere ... 15

KH = EXP (—58,0931 + 90,5069(100/T) + 22,2940 In (T/100)) )

CO:- gas transfer rate (k) and the Schmidt number (Sc) (Equations 3, 4, 5, 6, 7 and 8):

Sc = v/D 3)

k =Sc™ (4)

ki/ky = (Sc1/Sc)™ ()

k = keoo (SCc02/600)70% (6)

Sc = A + BT + CT? + CT? )

Sceop = 19111 118.11T + 3.4527 T% - 0.04132 T3 ®)
Where:

Sc = Schmidt number
V = water viscosity
D = molecular coefficient of the gas

n = exponent of Schmidt number. Depending on the water surface, where 0.5 beings are
used for the river system.
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