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Abstract

Recently, the Asian rivers have faced the strong reduction of riverine total suspended solids (TSS) flux due
to numerous dam/reservoir impoundment. The Red river system is a typical example of the Southeast Asian
rivers that has been strongly impacted by reservoir impoundment in both China and Vietnam, especially in
the recent period. It is known that the reduction in total suspended solids may lead to the decrease of some
associated elements, including nutrients (N, P, Si) which may affect coastal ecosystems. In this paper, we
establish the empirical relationship between total suspended solids and total phosphorus concentrations in
water environment of the Red river in its downstream section from Hanoi city to the Ba Lat estuary based on
the sampling campaigns conducted in the dry and wet seasons in 2017, 2018 and 2019. The results show a
clear relationship with significant coefficient between total suspended solids and total phosphorus in the
downstream Red river. It is expressed by a simple equation y = 0.0226x***" where x and y stand for total
suspended solids and total phosphorus concentrations (mg/l) respectively with the r* value of 0.757. This
equation enables a reasonable prediction of total phosphorus concentrations of the downstream Red river
when the observed data of total suspended solids concentrations are available. Thus, this work opens up the
way for further studies on the calculation of the total phosphorus over longer timescales using daily available
total suspended solids values.
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INTRODUCTION

Riverine total suspended solids (TSS) are
often monitored because they are major carrier
of inorganic and organic pollutants, as well as
nutrients [1]. It is known that most toxic heavy
metals, organic pollutants, pathogens, and
nutrients and appreciable amount of bio-
degradable organic matters are associated with
suspended materials. Measurements of TSS are
also relevant to other environmental issues such
as soil conservation, land denudation, rock
weathering, inputs of elements to the ocean,
sedimentation rate in reservoirs, river bed
erosion,... [1].

Riverine suspended solids (TSS) in the
world are often associated with some elements
such as phosphorus (P), nitrogen (N) and
carbon (C) [2-4]. For phosphorus, TSS plays
an important role in its biogeochemical cycle
because they can accept P from overlying water
and release P to overlying water. In addition,
some previous studies have shown a
relationship between TSS concentration and P
concentration in water environment [2, 5, 6].
However, recently, a clear decrease in TSS has
been observed for many rivers in the world,
notably with the construction of a series of
reservoirs [7, 8]. It is a well-known fact that
change in riverine TSS and P concentrations
may result in not only the bio-geochemical
processes of the river system, but also that of
coastal estuaries and the continental shelf.

The Red river is a typical example of
Asian rivers which have suffered from human
activities and climate change. Numerous
studies demonstrated the reduction of TSS of
the Red river due to human activities, notably
dam impoundment [7, 8] or riverine water
quality including phosphorus concentration
[9, 10].

In this study, we aim at i) Assessing the
current status of TSS and total phosphorus (TP)
concentrations of the downstream Red river
after the impoundment of a series of dams in
the upstream part; ii) Establishing the empirical
equation expressing the relationship between
TSS and TP concentrations in the Red river
downstream water for the recent period.
Sampling campaigns were organized within
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2017-2019 to collect the Red river downstream
water samples in the longitudinal section from
Hanoi city to the Ba Lat estuary and then the
empirical equation of the relationship between
TSS-TP concentrations was established. Thus,
this work provides dataset of the Red river
water quality for the recent period and then
may open up the way for further studies on the
calculation of the TP over longer timescales
using daily available TSS values.

METHODOLOGY
Study site

The Red river has a surface basin area of
156,450 km?, with a length of about 1,160 km.
The three main tributaries, namely Da, Lo and
Thao, join at Viet Tri city, then flow through
the delta and discharge into the Tonkin Gulf
through four river mouths (Ba Lat, Lach Giang,
Tra Ly and Day). The section from Hanoi city
to the Ba Lat mouth is about 164 km long. In
the rainy season (May to October), the river has
a higher flow than in the dry season (November
to next April).

In the upstream Red river system, since
2007, a series of small and medium size
reservoirs/dams has been impounded for
hydropower in the Chinese part (29 dams on
the upstream Thao river; 11 small dams located
on the upstream Da river and at least 8 dams
located on the upstream Lo river) [11]. In
Vietnamese part, there are four large
dams/reservoirs along the Red river including
the Hoa Binh (in operation since 1989) and Son
La (in operation since 2010) reservoirs on the
main axe of the Da river, the Thac Ba (in
operation since 1975) and the Tuyen Quang (in
operation since 2010) reservoirs on the Lo
river. Several other reservoirs were in operation
in late 2017 such as the Huoi Quang and Lai
Chau reservoirs on the Da river [8].

Sampling and laboratory analysis

Forty surface water samples were collected
in the period from December 2017 to
December 2019 at 7 sites along the Red river
from Hanoi city to the Ba Lat estuary (table 1,
figure 1) following the Vietnamese Standards
for surface water sampling TCVN 6663-6:2018
Part 6: Guidance on sampling of rivers and
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streams. Water samples are preserved
according to the Vietnamese Standards TCVN

6663-3:2016 Part 3: Preservation and handling
of water samples.

Table 1. Sampling sites for observation of total suspended solids and total phosphorus
concentrations in the downstream Red river

Site . . Geographic Distance to Ba Total number of
Site description - - L
name coordinates Lat shoreline samples/samples in rainy season
SH1 Chuong Duong bridge, Ha Noi 21°20°20.0°N; 164 km 16/8
' 105°51°53”E
o . 20°46°47.3"N,;
SH 2 Dai Gia, Phu Xuyen, Ha Noi 105°56°49 67E 123 km 04/2
- 20°42°04.8"N;
SH3 Moc Bac, Duy Tien, Ha Nam 106°00°09 17 111 km 04/2
20°36°02.7"N;
SH 4 Dao Ly, Ly Nhan, Ha Nam 106°04°30 8”E 96 km 04/2
20°28°46.4"N;
SH5 Chan Ly, Ly Nhan, Ha Nam 106°11°11 1°E 73 km 04/2
Xuan Chau, Xuan Truong, Nam  20°22°12.2"N;
SH6  Dbinn 106°20°37.8"E 35 km 0472
Giao Thien, Giao Thuy, Nam 20°17°15.0”N;
SHT " Dbinh 106°28°08.0"E 17km 0472
) Ba Lat shoreline, Giao Thuy, 20°14°49.7"N; 0km
Nam Dinh (in seawater) 106°35°11.9”E
105°15°E  105°30°E  105°45°E  106°E 106°15E  106°30'E  106°45’E  107°E
2SN iw— S S e 21°15°'N
Imw.
) ..zkg .. )
20045°'N Z S 20°45'N
20°30°N - SH S P 20°30°N
> )
® SH 7
4
‘-L’
20°15°'N 20°15°'N
Lat
Km
200N T T [ 0N
105°15°E  105°30°E  105°45’E  106°E 106°15E  106°30°E  106°45’E  107°E

Figure 1. Sampling sites along the Red river system, section from Hanoi city to Ba Lat estuary

Determination of TSS concentrations:
Water samples (after well mixing) were filtered
immediately by a vacuum filtration through a
pre-combusted (120°C in 1 h) glass fiber filter
paper (Whatman GF/F, @ 47 mm). Each filter
was then dried for 2 h at 105°C and then

weighed. Taking into account the filtered
volume, the increase in weight of the filter
represented the total TSS per unit volume
(mg.I™) [12].

Determination of total phosphorus (TP)
concentrations: TP was spectrophotometrically
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measured on non-filtered water samples by an
UV-VIS V-630 (JASCO, Japan) by the method
of Eberlein and Katter, 1984 [13].

All analyses were conducted in triplicate
and the final result of each variable was the
mean of the triplicate measurements. Analytical
error was approximately 5%.

RESULTS AND DISCUSSION
TSS and TP concentrations
downstream Red river
TSS concentrations

TSS concentration in the downstream Red
river, the section from Hanoi to the Ba Lat

in the

estuary varied widely, from 9.4 mg.l" to
276.3 mg.I" with an average value of 62.4 +
53.5 mg.I" which exceeded the allowed value
of the Vietnamese Standards for surface
water quality QCVN 08:2015/BTNMT
column Al (table 2). The difference between
the rainy and dry seasons was relatively clear
(p < 0.05): the average TSS concentration in
the rainy season (83.2 + 62.4 mg.I™") was 2.1
times higher than that in the dry season (40.5
+ 30.8 mg.I™"). However, no clear difference
in TSS concentration along the downstream
Red river was observed (figure 2).

Table 2. TSS and TP concentrations of the downstream Red river in 2017-2018

Site name TSS concentration, mg.l'1 TP concentration, mg.l'1
SH1 56.8 (12.8-186.3) 0.103 (0.05-0.179)
SH2 49.2 (10.8-108.3) 0.094 (0.061-0.162)
SH3 44.9 (9.4-87.7) 0.089 (0.056-0.159)
SH4 48.1 (18-92) 0.103 (0.06-0.161)
SH5 66.1 (39.7-120.3) 0.116 (0.082-0.188)
SH6 60.5 (37.3-93.7) 0.107 (0.083-0.136)
SH7 149.9 (58.8-276.3) 0.15 (0.115-0.169)
Average RR 62.4 (9.4-276.3) 0.106 (0.05-0.188)
QCVNO08:2015/BTNMT column Al* 20 -
300 - TSS a 0.20 - TP b
250
0.15
200 -
= 150 = 0.10
=z £
€ 100
0.05
50
0 0.00 -
SH1 SH2 SH3 SH4 SHS5 SHé6 SH7 SH1 SH2 SH3 SH4 SHS5 SH6 SH7

Figure 2. Average values of TSS (a) and TP (b) concentrations at the sites observed
in the downstream Red river

The average TSS value in this study was
much lower than those observed in the period
1960s (505 + 112 mg.I™") at Hanoi site before
the Hoa Binh reservoir impoundment and in the
period 2002-2003 (611.5 mg.I") (table 3) [14]
after the Hoa Binh reservoir impoundment.
This value was close to the value observed in
the period 2010-2015 (77 + 8 mg.I"") when a
series of large reservoirs went into operation
[8]. The results indicate a remarkable decrease
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in TSS concentration in the downstream Red
river due to the operation of a series of
reservoirs in both Chinese and Vietnamese Red
river upstream areas. Our previous study
revealed that the TSS fluxes of the Red river in
2015 (598 ton.km?Zyr") were relatively low
compared to those of most Asian river systems
[15], as a consequence of dam impoundments.
However, it was still higher than the mean
global annual yield (190 ton.km?.yr™) [16].
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TP concentration

During 4 sampling campaigns, TP
concentrations in downstream the Red river, the
section from Hanoi city to the Ba Lat estuary,
ranged from 0.050 mg.I" to 0.188 mg.I", with
an average value of 0.106 + 0.040 mg.I™
(table 2). The average value of TP
concentration in the rainy season reached 0.120
+ 0.040 mg.I", whereas that in the dry season
was 0.091 + 0.030 mg.I™. No clear difference in
TP concentration along the downstream Red
river was observed (figure 2).

It is known that in freshwater, phosphorus
is often the main factor that limits the
production of plant biomass. In addition, the
increase of phosphorus concentration is thought
to be the major cause of water eutrophication.
In the urban rivers, TP concentrations were

often very high, e.g the To Lich river
(2.89 mg.I™") or the Nhue river (0.39 mg.I™) in
Hanoi [14] (table 3). In the comparison with
that in the urban rivers, the TP concentrations
in the Red river were much lower, probably due
to the dilution of its very higher discharges.

The TP concentration in this study was
also lower than the value observed in the
period of 2012-2013 at Hanoi site (0.04-0.53
mg.I", with an average value of 0.17 mg.l™)
[9] and much lower than the values in the end
of the dry g0.21 mg.I"") and the flood seasons
(0.56 mg.I”) in the 1980s [17] when limited
reservoirs were impounded in the upstream
part of the Red river. Thus, we found a clear
decrease of TP concentrations of the Red river
as reported for TSS concentrations, reflecting
the impact of dam impoundments.

Table 3. TSS and TP concentrations of some rivers in the world

. TSS concentration, TP concentration, Year of
River name, country 1 1 . References
mg.| mg.| observation
S . 73.1 0.10
Corbeira river, Spain 25 295 0.005-0.215 2005 [6]
River Taw, at Sticklepath and 3 iy
Pecketsford Bridge, England 0-37 nd*-0.061 2003-2004 5]
Haihe river, China 0.60 (0.3-0.7) 2012 [18]
Huanghe river, China 0.04 (0.04-0.06) 2012 [18]
Lo . 0.11 (0.07-0.20) 2006
Huaihe river, China 0.07 (0.03-0.10) 2012 [18]
- . . 0.05 (0.03-0.07) 2008
Minjiang river, China 0.07 (0.06-0.08 2012 [18]
Sai Gon river at Ho Chi Minh from 33.1 +25.6 from0.1+0.1t00.2
city, Vietnam t0 98.5 + 56.7 +0.1 2015-2017 [19]
Day river, Vietnam - 0.18 (0.01-2.03) 2015 [20]
Nhue river, Vietnam 82.4 (10.2-396.7) 0.39 (0.09-2.99) 2002-2003 [14]
To Lich river, Vietnam 67.4 (36.2-154.0) 2.89 (0.11-9.00) 2002-2003 [14]
Red river at Hanoi, Vietnam 611.5 (26-4040) 0.27 (0.04-1.25) 2002-2003 [14]
Red river at Hanoi, Vietnam 55 (18-153) 0.17 (0.04-0.53) 2012-2013 [14]
5‘?0' river, Hanoi to Ba Lat, 62.4 (9.4-276.3)  0.106 (0.05-0.188) 2019 This study
ietnam
Note: nd*: not detected.
Relationship  between TSS and TP particulate organic carbon (POC) was

concentrations of the downstream Red river

Some previous studies presented the
close relationship between the TSS
concentrations and those of some elements
associated (C, N, P,...) in water environment.
For example, the relationship of TSS
concentrations and their fluxes with

identified in some previous studies of some
Asian rivers such as the Yellow river [3], the
Changjiang river [4], the Red river [8],... For
phosphorus, the relationship between TSS
and TP based on the field work was also
found in the Great Lakes system (Canada)
[2] with the equation as follows:
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y = 18.83x 3%

Where: x is the annual TSS flux (kg.ha™.year™);
y is the ratio of TP flux to TSS flux (kg.ton™).

The relationship TSS-TP was also reported
for the Corbeira river, Spain where the linear
regression equations (TP = aTSS + b with R?
variation between 0.48 and 0.97) were
established for different events (baseline,
flood,...) [6]. Similar results were found for the
stream River Taw (England) where significant
positive correlations between TP and TSS were
reported [5].

Our previous study on the downstream Red
river has also shown a high positive
relationship  between TSS and TP
concentrations [10] but no clear mathematic
equation was pointed out. In this study, based
on the observation results in the period 2017—
2019, the relationship between TSS and TP
concentrations in the downstream Red river
water, section from Hanoi city to the Ba Lat
estuary, was established. This relationship was
expressed in the following equation:

y = 0.0226x"*

Where: x: TSS concentration (mg.I™); y: TP
concentration (mg.l™") in the Red river water
(figure 3).

TP, mg.I”

¥ = 0.0226x038%67

0.10
R: = 0,757
0.05 1 %
0.00 - :
0 100 200 300

TSS, mg.I?

Figure 3. Empirical equation for the
relationship between TSS and TP
concentrations in the downstream Red river

The exponential equation of TP-TSS
shows a strong influence of TSS on TP. This
equation allows us to calculate TP
concentration in the Red river water when the
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TSS concentration is available. It is a well-
known fact that the determination of riverine
TSS concentration is rather simple and often
conducted for the Red river. Therefore, the
finding of the relationship between TSS and
TP concentrations, which facilitates the
calculation of TP concentrations in river water,
could help to reduce costs in terms of both
analyses and laboratory personnel.

On the other hand, it can be seen that due
to the close relationship with the TP, the
significant reduction of TSS concentration and
flux will lead to the clear reduction of TP in
the lower part of the Red river. It is known that
in Asia, the construction of reservoirs in the
upstream rivers has caused dramatic reductions
in river discharge, TSS, and nutrient loads into
the estuaries and coastal areas [3, 4, 7, 11, 18].
The decreases of TSS and associated
substances including P loads have serious
consequences, such as increasing coastal
erosion, reducing nutrient elements for
phytoplankton and aquacultural development,
decreasing aquacultural production, loss of
shelter and breeding grounds in coastal zones
[21]. These problems were observed for some
major river systems in Asia, such as the
Yellow river, the Changjiang river, the
Mekong river [22, 23] and also the Red river
where the decrease in TSS fluxes causes
intensive coastal erosion, salinization of aqua-
cultivated land and changes ecosystems in the
coastal zone. In addition, under the impact of
the upstream dams, nutrient fluxes (N, P) from
the Red river discharging into the coastal zone
were reduced by about 32% [7], affecting
ecosystems of estuarine and coastal areas.
Thus, the TP concentrations should be
determined as much as possible to understand
the change in ecosystem in the river, estuarine
and coastal areas.

Our bias

The above empirical equation was based on
a limited number of monitoring samples in the
three years 2017-2019 and only for the river
section from Hanoi city to the Ba Lat estuary.
Thus, it is necessary to increase the observed
sample numbers and extend the observation
duration time for validating this equation.



Establishing an empirical equation

CONCLUSIONS

In the downstream Red river, the section
from Hanoi city to the Ba Lat estuary in 2017—
2019, the TSS concentrations varied in a high
range from 9.4-276.3 mg.I"", with an average
value of 62.4 + 53.51 mg.I™. Average value of
TSS concentration in the rainy season was
found higher than in the dry season whereas no
clear difference of TSS concentration along the
Red river was detected. The TP concentration
ranged from 0.050 mg.I™ to 0.188 mg.I"* with
an average value of 0.106 + 0.04 mg.I"". Similar
to TSS longitudinal variation, no clear
difference of TP concentration along the Red
river was found. Both TSS and TP of the Red
river in 2017-2019 were much lower than those
observed before 2010s when a series of dams
was constructed. The marked decline in TSS,
which is related to reduction of TP in the Red
river system due to a series of small and
medium reservoirs, may affect the ecosystems
of the estuaries and coastal zones.

An empirical equation for the relationship
between the TSS and the TP concentrations in
the downstream Red river water was
established, expressing their clear relationship
and allowing to calculate TP concentration
when TSS measurement results are available.
Thus, this work opens up the way for further
studies on the calculation of the TP over longer
timescales using daily available TSS values.

However, it should be noted that the
equation of the TSS-TP relationship was built
based on a limited number of monitoring
samples, thus it is necessary to increase the
observed sample numbers and extend the
observation time for validating this equation.

Acknowledgements: The authors would like to
thank the NAFOSTED - Vietnam for funding
the implementation of the project No 105.08-
2018.317.

REFERENCES

[1] Meybeck, M., Chapman, D. V., and
Helmer, R., 1989. Global environment
monitoring: Global freshwater quality, a
first assessment. Chapter, 7, 93-104.

[2] Wall, G. J, Bos, A. W., and Marshall, A.
H., 1996. The relationship between

3]

[4]

[5]

[6]

[7]

[8]

[9]

phosphorus and suspended sediment loads
in Ontario watersheds. Journal of Soil and
Water Conservation, 51(6), 504-507.
Wang, X., Ma, H., Li, R., Song, Z., and
Wu, J., 2012. Seasonal fluxes and source
variation of organic carbon transported by
two major Chinese rivers: The Yellow
river and Changjiang (YYangtze) river.
Global Biogeochemical Cycles, 26(2),
GB2025. Doi: 10.1029/2011GB004130.
Ji, H., Cai, L., Ding, H., and Gao, Y.,
2016. Source and flux of POC in a karstic
area in the Changjiang river watershed:
impacts of reservoirs and extreme
drought. Biogeosciences, 13(12), 3687—
3699. D0i:10.5194/bg-13-3687-2016.
Jarvie, H. P., Haygarth, P. M., Neal, C.,
Butler, P., Smith, B., Naden, P. S., Joynes,
A., Wickham, H., Armstrong, L., Harman,
S., and Palmer-Felgate, E. J., 2008.
Stream water chemistry and quality along
an  upland-lowland  rural  land-use
continuum, south west England. Journal
of Hydrology, 350(3-4), 215-231.
Do0i:10.1016/j.jhydrol.2007.10.040.
Rodriguez-Blanco, M. L.,
Taboada-Castro, M. M., and
Taboada-Castro, M. T., 2010. Sediment
and phosphorus loss in runoff from an
agroforestry catchment, NW Spain. Land
Degradation & Development, 21(2), 161-
170. https://doi.org/10.1002/1dr.942.
Nguyen Duc Cu, Nguyen Duc Toan,
Nguyen Van Phuc, Vu Duy Vinh, 2011.
Impact of upstream dams on the nitrogen
and phosphorus budget in water in the
estuarine areas in the Northern coast. The
5™ National Conference of Marine Science
and Technology. Sub-Committee of
Marine  Geography, Geology and
Geophysics, pp. 439-448.

Le, T. P. Q, Ho, T. C,, Duong, T. T.,
Nguyen, T. B. N, Vu, D. A., Pham, Q. L.,
and Seidler, C., 2014. Water quality of the
Red river system in the period 2012-2013.
Journal of Vietnamese Environment, 6(3),
191-195. http://dx.doi.org/10.13141/JVE.
Le, T. P. Q.,, Da Le, N., Dao, V. N,
Rochelle-Newall, E., Nguyen, T. M. H.,
Marchand, C., Duong, T. T., and Phung,

331


https://doi.org/10.1002/ldr.942
http://dx.doi.org/10.13141/JVE

Le Nhu Da et al.

T. X. B., 2018. Change in carbon flux
(1960-2015) of the Red River (Vietnam).
Environmental Earth Sciences, 77(18),
658. DOI: 10.1007/s12665-018-7851-2.

[10] Binh, P. T. X., Ha, H. T. T., and Thuy, D.
T., 2018. Assessment of longitudinal
variation of trophic levels of the Red river
water, the section from Hanoi city to Ba
Lat estuary. Vietnam Journal of Marine
Science and Technology, 18(4), 452-459.
https://doi.org/10.15625/1859-3097/18/4/
13663.

[11] Ha, V. K., and Vu, T. M. H., 2012,
Analysis of the effects of the reservoirs in
the upstream Chinese section to the lower
section flow of the Da and Thao rivers. J.
Water Res. Environ. Eng., 38, 3-8.

[12] APHA, 2012. Standard methods for the
examination of water and wastewater. 21°

Edition.  American  Public  Health
Association, Washington D.C.
[13] Eberlein, K., and Kattner, G., 1987.

Automatic method for the determination
of ortho-phosphate and total dissolved
phosphorus in the marine environment.
Fresenius’ Zeitschrift fur analytische
Chemie, 326(4), 354-357. https://doi.org/
10.1007/BF00469784.

[14] Le, T. P. Q., 2005. Biogeochemical
functioning of the Red Rriver (North
Vietnam): budgets and modelling. The
Thesis of Pierre et Marie Curie University
(France). Speciality: Biogeochemistry of
hydrosystems PhD School: Geoscience
and Natural Resources. 196 p.

[15] Liu, J. P., Xue, Z., Ross, K., Wang, H. J.,
Yang, Z. S., Li, A. C., and Gao, S., 20009.
Fate of sediments delivered to the sea by
Asian large rivers: long-distance transport
and formation of remote alongshore
clinothems. The Sedimentary Record,
7(4), 4-9.

[16] Milliman, J. D., and Farnsworth, K. L.,
2013. River discharge to the coastal
ocean: a global synthesis. Cambridge

332

University Press. 392 p., ISBN 978-0-521-
87987-3.

[17] Pho, N. V., 1984. Streams in Vietnam.
Sci. & Tech. Pub. House. Hanoi, 1-209.

[18] Tong, Y., Zhao, Y., Zhen, G., Chi, J., Liu,
X., Lu, Y., Wang, X., Yao, R., Chen, J.,
and Zhang, W., 2015. Nutrient loads
flowing into coastal waters from the main
rivers of China (2006-2012). Scientific
Reports, 5, 16678. Doi: 10.1038/
srepl16678.

[19] Nguyen, T. T., Nemery, J., Gratiot, N.,
Strady, E., Tran, V. Q., Nguyen, A. T.,
Aimé, J., and Peyne, A., 2019. Nutrient
dynamics and eutrophication assessment
in the tropical river system of Saigon—
Dongnai (southern Vietnam). Science of
the Total Environment, 653, 370-383.
https://doi.org/10.1016/j.scitotenv.2018.10
.319.

[20] Hoang, H. T. T., Duong, T. T., Nguyen,
K. T, Le, Q. T. P, Luu, M. T. N., Trinh,
D. A, Le, A. H,, Ho, C. T., Dang, K. D.,
Némery, J., Orange, D., and Klein, J.,
2018. Impact of anthropogenic activities
on water quality and plankton
communities in the Day river (Red River
Delta, Vietnam). Environmental
monitoring and assessment, 190(2), 67.
DOI: 10.1007/s10661-017-6435-z.

[21] Chen, C. T. A., 2000. The Three Gorges
Dam: reducing the upwelling and thus

productivity in the East China Sea.
Geophysical Research Letters, 27(3),
381-383. https://doi.org/10.1029/1999

GL002373.

[22] Lu, X. X., and Siew, R. Y., 2005. Water
discharge and sediment flux changes in
the Lower Mekong River. Hydrology and
Earth System Sciences, 2, 2287—-2325.

[23] Kummu, M., and Varis, O., 2007.
Sediment-related impacts due to upstream
reservoir trapping, the Lower Mekong
River. Geomorphology, 85(3-4), 275-
293. https://doi.org/10.1016/j.geomorph.
2006.03.024.


https://doi.org/10.1016/j.scitotenv.2018.10.319
https://doi.org/10.1016/j.scitotenv.2018.10.319
https://www.researchgate.net/journal/1812-2116_Hydrology_and_Earth_System_Sciences_Discussions
https://www.researchgate.net/journal/1812-2116_Hydrology_and_Earth_System_Sciences_Discussions

