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Abstract

Carbon cycle is one of the focuses of climate change, river carbon is an im-
portant part, while dissolved inorganic carbon (DIC) has a high proportion of
river carbon flux. In this study, we did the research on the Lancang River, an
important international river in the southwest of China. Water samples were
obtained from 16 sections of the middle and lower reaches of the Lancang
River in 2016 (11 months), then we monitored some water quality indicators
and DIC content, finally analyzed the temporal-spatial distribution characte-
ristics of DIC and the relationship between DIC content and water environ-
ment factors. The results showed that: (1) DIC contents in the middle and
lower reaches of the Lancang River varied from 1.1840 mmol/L to 3.1440
mmol/L, with a mean value of about 2.2155 mmol/L. (2) At a time scale, DIC
contents of dry season (spring, autumn and winter) were higher than rainy
season (summer). At a space scale, DIC contents of the middle and lower
reaches of the Lancang River gradually decreased from north to south, and
each reservoir had the same characteristics, that is, DIC contents at upstream
of the dam was lower than those at downstream of the dam. Compared to
other rivers with cascade dams around the world, DIC contents within studied
river were at similar level. And the reservoir’s effect of the Lancang River were
not obvious, however, DIC contents in the water sampled upstream the dams
had a slight stratification. (3) Water temperature, conductivity, turbidity were
important factors affecting DIC content of water, and the effect of oxidation
and reduction potential (ORP) and pH on DIC was relatively small.
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1. Introduction

At present, with rapid development of global society and economy, many envi-
ronmental problems have appeared. Among them, global warming has become
one of the most important environmental problems and most serious challenges.
Many studies have showed that human activities lead to escalating content of
greenhouse gas (mainly CO, and CH,) since the late of 20th century, which re-
sults in greenhouse effect, that is, rises of surface temperature and global warm-
ing [1] [2] [3]. So global carbon cycle has become a hotspot about global change
research, the importance of carbon cycle research is not only a hot topic in the
international scientific research, but also has important practical significance [4]
[5].

Rivers are important parts of global carbon cycle research and are playing a
role as an important link between land and marine ecosystems. The carbon in
river ecosystem is mainly composed of DIC (dissolved inorganic carbon), DOC
(dissolved organic carbon), POC (particulate organic carbon) and PIC (particu-
late inorganic carbon) [6]. Among them, dissolved inorganic carbon (DIC) is an
important component of river carbon flux (accounts for more than 90% in
southwest of China), which is related to the process of carbon transportation
between river and ocean system. It is also a key to analyze the global carbon
cycle. Rivers transport large amounts of dissolved inorganic carbon to the ocean
each year, and these are very important for the various branches research of ma-
rine science. The CO, system, formed by DIC’s major components through a se-
ries of thermodynamic equilibrium, played an important role on the buffering of
water pH value and the indication of the photosynthesis and respiration of river
water ecosystem. In addition, DIC content would affect the water pCO, and ex-
change fluxes of water-gas interface. Combining water chemistry data with iso-
topes of carbon is an important method to reveal the process of substance circu-
lation in rivers and reservoirs [7] [8] [9]. Since the 1980s, a number of studies on
the river DIC content at home and abroad have started to aim at independent or
individual rivers and watersheds [10] [11] [12].

Most of researches on the Lancang River focused on its hydrological and wa-
ter resources after the construction of hydropower station, changes of the water
ecological environment [13], land use, the changes of fishes [14], temporal and
spatial distribution of heavy metals and other elements such as nutrients [15]
[16], sediment response [17], and phytoplankton [18] [19] and so on, while less
researches on DIC content. Due to the large-scale hydropower development, the
middle and lower reaches of the Lancang River had currently become the real
cascade of the development of “impounding rivers” which was best area to study
internal biogeochemical cycle (the nutrient elements) of the “river-reservoir-river”
system. Therefore, the study analyzed DIC content in the middle and lower
reaches of the Lancang River and its chemical characteristics, studied carbon
geochemical behavior of river-reservoir in the Lancang River Basin, then clari-

fied the content and temporal-spatial characteristics of DIC in the Lancang River
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and its controlling factors after the interception of the cascade reservoir, finally
provided a scientific basis for further explaining the evolutionary processes and

characteristics of rivers after the interception of dam.

2. Monitoring Data and Analysis Methods
2.1. Study Area

The Lancang-Mekong River is an important international river, which originates
from Qinghai in China. The watershed covers six countries: China, Laos, Myan-
mar, Thailand, Vietnam and Cambodia. Finally the river with a total length of
4880 km flows into the South China Sea in Vietnam. The river is the sixth long-
est river in the world and the third longest international river, which is located
in the center of the five continents of the world with rich water resources, bio-
logical resources, mineral resources, tourism resources and national cultural re-
sources [13].

With the north side higher than the south, the topography of different reaches
in the Lancang-Mekong River Basin was totally different. The Lancang River Ba-
sin is a basically part in China, the upper and lower reaches is wider than the
middle reaches, the average width of basin is about 80 km. The climate in the
Lancang River basin is very different. The temperature and rainfall are generally
increasing from north to south, and the higher the altitude, the lower the tem-
perature, the less the precipitation. The whole basin is southwest monsoon cli-
mate, the boundary between dry season (generally 5 - 10 months) and wet sea-
son (11 - 4 months) is obvious, and about 85% of the precipitation concentrated
in the wet season [20].

At present, the Lancang River in Yunnan Province has been exploited by 15
classes, the upper reaches is planning 7 classes while the middle and lower
reaches is proceeding 8 hydropower dams because of its load requirements,
proper location, traffic conditions, terrain, geological conditions, technical and
economic conditions. The stations from north to south are Gongguoqiao (GGQ),
Xiaowan (XW), Manwan (MW), Dachaoshan (DCS), Nuozhadu (NZD), Jing-
hong (JH), Ganlanba, Mengsong. Now 6 stations have been built with the core of

Xiaowan and Nuozhadu.

2.2. Monitoring Section and Sampling Frequency

In view of the location of hydropower station, we select 12 points in the middle
and lower reaches of the Lancang River mainstream: Miaowei (MW), Upstream
of the Gongguogiao dam (UGGQ), Downstream of the Gongguoqgiao dam
(DGGQ), Upstream of the Xiaowandam (UXW), Downstream of Xiaowan dam
(DXW), Jiajiu hydrological station (JJZ), Dachaoshan hydrological station
(DCS), Jinglin Bridge (JLQ), Upstream of the Nuozhadudam (UNZD), Down-
stream of the Nuozhadu dam (DNZD), Jinghong old bridge (JHQ), Guanlei
(GL), and 4 points of the main tributaries: Dalishu (DLS), Saihandagiao (SH),
Heihereshuitang (HHR), Biyundagiao (BYQ) (Figure 1). We monitored water
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Figure 1. Sampling points map.

quality and DIC content in the middle of each month in 2016 except February

due to the practical constraints (Figure 1).

2.3.Sampling

Water samples were collected at all sampling points with stainless steel water
collection devices from surface layer (about 0.5 m - 1 m). The water samples
used for the analysis were immediately transferred to 300 ml or 500 ml polye-
thylene bottles. In order to prevent contamination, we should rinse the polye-
thylene bottle three times before sampling, and the water sample must fill the
bottle without bubbles.

2.4. Experimental Determination

Water temperature (WT), pH, total solid suspension (TSS), conductivity (Cond),
ORP and turbidity (Tur) will be measured in situ by HORIBA-U52 Potable Wa-
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ter Quality Analyzer. The river DIC typically includes H,CO,;, HCO; and
COZ" components. The pH value of the Lancang River is 7 ~ 8, so DIC mainly
exists in the form of HCOj; . Then we used content of HCO; (by method of ti-

trimetry in situ) instead of DIC content.

2.5. Data Analysis

After we obtained the measured data, we would organize the data and use SPSS
20.0 and Excel to start basic statistical parameters calculation and correlation
analysis, ArcGIS for graphical analysis. Finally we wanted to summarize the rule
about DIC content in Middle and Lower Reaches of Lancang River and find its

main influencing factors by correlation analysis.

3. Results

Use obtained data to analyze temporal and spatial changes of DIC content, the

results are as follows.

3.1. Seasonal Changes of DIC Content

Data showed on Figure 2. DIC content in dry season (November-December and
January-April) in the middle and lower reaches of the Lancang River is obvious-
ly higher than that of the rainy season (May-October), lowest level in October.
DIC content of the middle and lower reaches of the Lancang River in rainy sea-
son was about 2.0134 mmol/L, while it was about 2.3211 mmol/L in dry season,
and the difference value was about 0.3078 mmol/L. During the dry season, the
content range ability of each month was small, about 0.1000 mmol/L, and the
range ability in the rainy season was higher, about 0.3000 mmol/L. It is obvious
that DIC content of October was significantly lower than other months because
of slow moves of water. Therefore, it can be concluded that DIC content of dry
season and rainy season is quite different.

In general, DIC content in the middle and lower reaches of the Lancang River
varied from 1.1840 mmol/L to 3.1440 mmol/L, with a mean of 2.2155 mmol/L.
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Figure 2. DIC content changes in the middle and lower reaches of the Lancang River in
2016.
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According to their different geographical environment, climate change and
rainfall characteristics, DIC content of each point had its own characteristics.
However, it also had the rule of dry season (spring, autumn and winter) > rainy

season (summer).

3.2. Spatial Variation of DIC Content

According to obtained data and Figure 3, DIC content from upstream to down-
stream in the middle and lower reaches of the Lancang Rive gradually decreased,
while the contents of UGGQ, UXW, JLQ were lower. DIC content in the upper
reaches (about 2.5005 mmol/L) was significantly higher than that in the down-
stream area (about 2.1533 mmol/L), and the difference value was about 0.3472
mmol/L. The upper reaches of Miaowei were currently building hydropower sta-
tion, the area was temporarily considered as natural rivers, with DIC content of
2.6160 mmol/L. Difference of UGGQ and DGGQ was higher because long im-
pounding time and flow rate, as well as UNZD and DNZD. DIC content of re-
maining points were in similar position, about 2.10 ~ 2.30 mmol/L.

In summary, DIC content in the middle and lower reaches of the Lancang
River from north to south gradually decreased, and DIC content at upstream of
the dam is lower than downstream of r the dam. In addition, due to its special
geographical location (in Nuozhadu reservoir), DIC content was generally low

throughout the year.

3.3. Vertical Variation of DIC Content in Nuozhadu Reservoir

In order to further analyze the change of DIC content in vertical section, we took
Nuozhadu reservoir as an example and measured the surface water at upstream
the dam, 20-meter-deep, 50-meter-deepin September and October respectively,

and the analysis results were showed in Figure 4.
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Figure 3. Spatial variation of DIC in the middle and lower reaches of the Lancang River in 2016.

DOI: 10.4236/jwarp.2017.910074

1137 Journal of Water Resource and Protection


https://doi.org/10.4236/jwarp.2017.910074

J.X. Luetal

Through the above data analysis, it can be seen that the distribution of DIC
content at upstream of the Nuozhadu Dam was stratified, that is, DIC content of
the surface water was lower than that of deeper water. The study pointed out
that the reason of DIC change should be that the surface water photosynthesis
was more intense, while deeper water felt less light irradiation, and the photo-
synthesis was relatively weak [21]. So the surface water was mainly about photo-
synthesis, while deep water was mainly about breathing with the less consump-

tion of CO,, which made DIC content in surface water lower than deeper water.

3.4. Correlation Analysis of Water Environment Factors

The natural environment will be presented with different environmental charac-
teristics depending on the season, such as temperature, turbidity, DIC content
will be also different. In this paper, software (SPSS) was used to analyze the wa-
ter environmental factors (temperature, pH, ORP, conductivity, turbidity) and
DIC content. The conclusions are as follows (Table 1).

After correlation analysis of DIC and its water environment factors, the DIC
content has significantly passive correlation with temperature (P < 0.05), had
high-positive correlation with the conductivity (P < 0.05) and high-passive cor-
relation with the turbidity (P < 0.05), however the correlation with pH value and
ORP were not significant at 0.05 level.

DIC(mmol/L)
19000 e e e e e e e e e e e e e e

89 month

.- 10 month
1.8500 + -

1.8000 +
1.7500 -
1.7000 -
1.6500 -
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UNZD (SL) UNZD (20m) UNZD (50m)  Location

Figure 4. Vertical changes of DIC content in Nuozhadu reservoir.

Table 1. Correlation analysis of DIC and its water environment factors in the middle and
lower reaches of Lancang River.

DIC Tem pH value ORP Cond Turd
DIC 1
Tem —0.634** 1
pH value —-0.140 -0.079 1
ORP -0.199 —-0.044 —0.455%* 1
Cond 0.802** —-0.730** -0.112 —-0.096 1
Turd —-0.249* 0.069 —-0.044 0.267* -0.167 1

*Significant correlation at 0.05 level (bilateral). **Significant correlation at 0.01 level (bilateral).
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Among these water environment factors, temperature had high-passive corre-
lation with the conductivity at 0.01 level, ORP had high-passive correlation with
the pH value, and high-positive correlation with the turbidity, which was con-
sistent with the facts. The study of conductivity showed that the conductivity
had a high correlation with temperature, the changes of temperature will cause
changes in conductivity. Studies on the Oxido-reduction Potential also showed
that the ORP was closely related to the temperature, pH, reversibility of chemical
reactions and other factors.

So the water temperature, conductivity and turbidity were important factors
affecting DIC content of water, they affected the changes and distribution of
DIC content in water, while the effect of pH and ORP was relatively small.

4. Discussions and Conclusions

4.1. Discussions

The change of DIC content can characterize the biogeochemical processes such
as photosynthesis, respiration and decomposition of organic matters in river and
reservoir. The study showed that the change of DIC content was related to the
photosynthesis and respiration, release and absorption of CO, of aquatic organ-
isms, precipitation and dissolution of calcium carbonate, input of tributary and
exogenous matters and so on [22] [23]. Degradation and mineralization of or-
ganic matter in water also affected DIC content. Parts of results about DIC are

shown in Table 2.

Table 2. DIC content of some rivers and reservoirs.

River DIC (mmol/L) References
Amazon River 0.96-1.2 Ternon et al, 2000
Mississippi River 3.6-3.84 Cai, 2003
Indus River 3.36 Cosa et al, 1983
Gatami River 2.08 -3.0 Bouillons, 2003
The Ganges 2.4-2.52 Cosa et al, 1983
The Yangtze River 2.1312 Wu et al, 2007
The Yellow River 3.48 Cauwet and Mackenzie, 1993
Zhujiang River 1.44-1.8 Cai et al, 2004
Yellow River Basin 3.6 Xia Bin, 2010
Haihe River Basin 4.8 Xia Bin, 2010
The Luan River 4.8 Xia Bin, 2010
Estuary area of Yellow River 3.6744 - 5.754 Liu et al, 2010
Hongjiadu Reservoir 2.19 Yu et al, 2008
Maotiaohe River Basin 1.35-3.98 Li et al, 2009
The Jialing River Cascade Reservoir 0.41 - 3.674 Li et al, 2015
The Yangtze River 1.72 Sivaji Patra et al, 2010
Wujiang River 2.715 Liu et al, 2007
Three Gorges Reservoir (upstream of dam) 1.9-24 Wu et al, 2012
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According to the measured data, DIC content in the middle and lower reaches
of the Lancang River varied from 1.1840 mmol/L to 3.1440 mmol/L, with a mean
of 2.2155 mmol/L. Compared with rivers (1.26 mmol/L ~ 5.28 mmol/L) of the
karst area in the Southwest, the content of DIC was slightly lower, then com-
pared with rivers of the non-karst area, such as The Yangtze River (1.72
mmol/L), DIC content was higher. Tao et al (2015) studied the chemical wea-
thering process in the Sanjiang of southwest (Jinshajiang, Lancangjiang and Nu-
jiang) watersheds in 2015 [24]. The results showed that the river basin in the
southwest of Sanjiang River was controlled by complex lithology, and the Jinsha
River was mainly about Na-Ca-Cl-HCO,, which was related to the dissolution of
salt minerals in the upper reaches of the basin. The Lancang and Nujiang Rivers
are dominated by Ca-HCO,, which showed the effect of carbonate and silicate
mineral dissolution.

Therefore, a large part of DIC in the Lancang River was contributed by the
erosion and chemical weathering, so the basin topography, geological conditions
will have some impact on DIC content. In addition, according to the study,
compared with the tributary of Yangtze River-Wujiang with the DIC content of
2.7150 mmol/L and Jialing River with cascade reservoir whose content ranged
from 0.4100 ~ 3.6740 mmol/L (if regional terrain of the southwestern region is
relatively similar), DIC content of the Lancang River Basin was almost the same,
then compared with the undeveloped river, DIC content changed significantly.
This indicates that the dam construction had an interception effect on DIC in

river.

4.1.1. Temporal Regime

DIC content in dry season (spring, autumn and winter) in the middle and lower
reaches of the Lancang River was significantly higher than that of the rainy sea-
son (summer). The rule was similar to that of study on Jialing River Basin of Li
(2015) in 2008, and a study showed the same seasonal variation about Wujiang
and Yuanjiang Rivers, as well as study on Hongjiadu Reservoir of the upper wu-
jiang [25] [26]. Similar results were found in the Three Gorges Reservoir [27].
There are two main reasons: firstly, the rainfall increased greatly in summer, in-
port of rainwater to river would lead to attenuation, DIC content reduced in the
meantime; secondly, with strong sunlight and proper temperature, the photo-
synthesis of aquatic organisms would be more strong and CO, in river water
would be consumed greatly, which also led to a decrease of DIC content in

summer.

4.1.2. Spatial Distribution

Seeing from the space, DIC content from upstream to downstream in the middle
and lower reaches of the Lancang River gradually decreased, and DIC content at
upstream of the dam was lower downstream of the dam. The construction of
cascade dams and climate change might be a reason. As a result of the dam in-

terception, the river flowed slowly into the reservoir with large amount of water,
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water DIC content would be reduced surely. However, the water potential at
downstream of the dam was no longer gentle with large flow, the CO, exchange
between the water-gas interface was more frequent, and DIC content in the wa-

ter was also increased.

4.1.3. Influencing Factors

The change of DIC content in each sampling point has its own characteristics.
On the one hand, the import and input of the three tributaries and exogenous
matters in the lower reaches of the Lancang River will result in increase of DIC
because of a large amount of carbonate and silicate mineral. The soil DIC (de-
composition of organic matters in watershed) with the rainfall and the upstream
precipitation of calcium carbonate will also lead to changes of DIC content. On
the other hand, the more complex spatial changes are similar to the Jialingjiang
Cascade Reservoir due to some natural factors and dam construction. In addi-
tion, difference between scheduling mode and construction time of cascade re-
servoir may also have effects.

Compared with some similar rivers which had been built cascade reservoirs,
DIC content was at similar level. And the lake effect of the middle and lower
reaches of the Lancang River was not obvious, DIC content at upstream of dam
had a slight stratification.

In addition, the study of Yu on three reservoirs (Hongjiadu Reservoir, Dong-
feng Reservoir, Wujiangdu Reservoir), which have different ages, showed that
DIC content of Hongjiadu Reservoir was lower than Dongfeng Reservoir, Wu-
jiangdu Reservoir was the highest [28]. That is, the long the interception time
and the lower the location, the higher DIC content. The operation time had pos-
itive correlation with DIC content. For example, Dachaoshan station had higher
eutrophication level, as well as its DIC content, while Nuozhadu station was

lower.

4.2. Conclusions

The content of DIC in the middle and lower reaches of the Lancang River varied
from 1.1840 mmol/L to 3.1440 mmol/L, with a mean value of about 2.2155
mmol/L. At a timescale, there are dry season (spring, autumn and winter) >
rainy season (summer). At a space scale, the DIC content of the middle and
lower reaches of the Lancang River gradually decreased from north to south, and
each reservoir had the same characteristics, that is, DIC content at upstream of
dam was lower than downstream of dam. Compared with some similar rivers
which had been built cascade reservoirs, DIC content was at a similar level. And
the lake effect of the middle and lower reaches of the Lancang River was not ob-
vious, DIC content at upstream of dam had a slight stratification.

The water temperature, conductivity, turbidity were important factors affect-
ing the DIC content of water, and the effect of oxidation and reduction potential
(ORP) and pH on DIC were relatively small. In addition, watershed terrain,

geological conditions, climate change and other natural factors would also affect
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the DIC content. And DIC content was also related to the dam construction,

photosynthesis and respiration, CO, release and absorption of aquatic organ-

isms, precipitation and dissolution of calcium carbonate, input of tributary and

exogenous matters and so on. These factors needed further analysis.
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