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Abstract

Long-term changes (2003-14) of water temperature, DO, pH, TN, NH,-N, TP, and COD,, were examined
at eight sampling stations along the Liujiang River. Water quality parameters showed considerable spatial
and temporal variability. Annual averages of those parameters were 22.1°C, 7.8 mg/L, 7.58, 1.35 mg/L,
0.27 mg/L, 0.06 mg/L, and 1.7 mg/L, respectively. An increasing trend for TN/TP and a decreasing trend for
pH were observed in all parts of the Liujiang. Pollution levels were generally higher in the lower Liujiang
than in the upper and middle parts of the river due to the impact of urban sewage. All indicators reached
level I1I water quality standards except TN, which suggests that the control of nitrogen emissions should be
strengthened. Relatively high N/P ratios in the Liujiang contribute to a potential for phosphorus limitation of
phytoplankton. The average concentration of Chlorophyll-a was 1.2 pg/L in 2014. The TLI index indicated
that the eutrophication state of the Liujiang was mesotrophic, while the downstream water was polluted
due to its nutrient inputs from agriculture and urban sources. The water quality of the river keeps well by
comparison to other major rivers of the world, which provided the basis for urban development and river

protection in Liuzhou City.
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Introduction

Many studies have indicated that human activities
have the potential to change water environments [I-
8]. Eutrophication is the most obvious environmental
water problem in recent years worldwide [9-12]. As a
consequence of increasing populations, plus industrial
and agricultural development and urbanization, increases
of nitrogen and phosphorus entering reservoirs and
rivers has led to increased concerns about eutrophication
[13-17]. Meanwhile, in order to utilize water resources
effectively (such as reducing flood risk and producing
hydropower energy), plentiful reservoirs with large water
retention capacity were built in China [18]. But most
of them showed a rapid increase in eutrophication and
deteriorating water quality after impoundment due to the
hydrodynamic conditions and significant changes from
the natural state with slower water velocity and longer
residence time [19, 20].

The Liujiang River is one main tributary in the Pearl
River, which is the largest river in southern China. It
snakes through Liuzhou, a large city in the Guangxi
Zhuang Autonomous Region (GXZAR), from northwest
to southeast, and originates from Guizhou with a total
length of 772 km and an annual average discharge of
1,865 m’/s and a drainage area of 58,398 km?[21]. In
consideration of the abundant water resources of the
Liujiang River basin, nine cascade hydropower stations
were built successively, and Honghua Reservoir is the last
one, just on the outskirts of Liuzhou. After Honghua stored
water at the end of 2005, the water level of the Liujiang
River section in Liuzhou was raised 4 to 5 m, reaching
77.5 m. By providing convenient, inexpensive water
traffic for the transportation of goods from Liuzhou Port
to Guangzhou Port, the Liujiang has played a significant
role in the economy between the GXZAR and Guangdong
— one of the most prosperous districts in southern China.

Liuzhou City is the largest industrial city and
economic center of GXZAR, and an industry base in
southwestern China, having formed a complete industry
system dominated by automobile, machinery, and
metallurgy, and supported by chemical industry, sugar
refining, paper making, medicine, building material, and
chemical, etc. [22]. However, the high-paced development
of manufacture in Liuzhou has imposed a heavy burden on
the Liujiang and has had an adverse impact on its habitat.
More importantly, the main stem of the Liujiang is the sole
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Fig. 1. Locations of sampling sites in the main stem of the
Liujiang River in Liuzhou City.

receiving water body for treated and untreated wastewater
in Liuzhou via tributaries and the sewage systems [23].

Therefore, the Liujiang River faces the threat of
eutrophication, which could potentially affect industrial
production and living standards. However, to date there
have been few studies on the occurrence of eutrophication
in the Liujiang section of Liuzhou, the most important
source of drinking water for this region.

The objective of this study is to explore the
eutrophication factors (regulatory surveys and nutrients)
on the river course (74-km long) over a period of 12 years
(2003-14) in the mainstream of the Liujiang River section
of Liuzhou. The following tasks were performed:

1) Access water quality.
2) Understand the spatial-temporal distribution of

nutrients, especially nitrogen (N) and phosphorus (P).
3) Determine the eutrophication level of the Liujiang

River.

Table 1. Environmental quality standards for surface water (GB3838-2002) in China: classification and standard values for basic nutrient

parameters.
Threshold value WT H DO COD,,, NH,-N N TP
of water standard (°C) p (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
I - 7.5 2 0.15 0.2 0.02
I - 6 4 0.5 0.5 0.1
6-9
111 - 5 6 1.0 1.0 0.2
v - 3 10 1.5 1.5 0.3
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The results will provide useful information for con-
trolling nutrient emissions and water quality management
in the Liujiang.

Materials and Methods
Study Area and Sampling

The length of the Liujiang in Liuzhou is 74 km, with a
drainage area of 538 km? and annual average discharge of
875 m¥/s (2012). Eight water monitoring stations (S1-S8)
and the Honghua Reservoir were identified for the study
(Fig. 1). The surface water of those stations was sampled
monthly (or bi-monthly for some of the variables). Water
quality databases, including water temperature (WT),
pH, dissolved oxygen (DO), chemical oxygen demand
(permanganate) (COD,, ), ammonia nitrogen (NH,-N),
total nitrogen (TN), and total phosphorus (TP) were
collected from the eight monitoring sites established by the
Liuzhou Water Conservation Bureau (LWCB) from 2003
to 2014, but Chlorophyll-a was only monitored in 2014
and the samples for analysis of Chlorophyll-a were taken
from January to December at the same eight sampling
sites. Water samples for nutrient analysis were kept and
analyzed according to the methods in “Environmental
quality standards for surface water” (GB3838-2002,
China).

The middle of the Liujiang serves as a centralized
drinking water supply source and the water quality here
should comply with standard I1I (Table 1), which is mainly
suitable for class I protection areas for centralized potable
water sources, protection areas for rare fish, and spawning
grounds for fish and shrimp (Ministry of Environmental
Protection 2002).

Trophic Status Evaluation

The comprehensive nutrition state index (TLI) was
used to evaluate eutrophication levels in different scenarios
in order to comprehensively understand water quality and
eutrophication levels in the Liujiang [24].

The TLI is given as follows:

TLIE) =YW, TLG) ()

...where TLI (j) is the single eutrophication index for
one parameter and WJ. is the relative weight of the single
eutrophication index for parameter j.

A series of 0 ~ 100 consecutive numbers is adopted
for grading the eutrophication level: TLI (}))<30,
oligotrophic; 30 <TLI (3))<50, mesotrophic; TLI
(3))>50, eutrophic; 50 <TLI (3))<60, moderately eutrophic;
60 <TLI (3))<70, moderately high eutrophic; TLI () >70,
highly eutrophic.
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Fig. 2. Boxplots for longitudinal changes in a) water temperature, b) DO, ¢) pH, d) TN, ¢) NH,-N, f) TP, g) COD,, , and h) TN/TP

concentrations in eight stations from 2003 to 2014.
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Results and Discussion
Long-Term Spatial and Longitudinal Analysis

The interannual changes of water temperature, DO,
pH,TP, TN, NH,-N, COD,, , and TN/TP over a period of
12 year at the eight sites are shown in Fig. 2, from which
the visualized longitudinal distributions of the parameters
of water quality can be readily observed.

Fig. 2a shows that the water temperatures of the eight
stations were basically similar, but they increased slightly
(+0.5°C) in S1, S7, and S8. This may because S2-S6
were located in the center of Liuzhou, where the river
was deep and broad with large storage capacity, while the
river channels of S1, S7, and S8 were shallow with small
storage capacity.

The annual average value of DO was about 7.80 mg/L
and it can be seen that the values of DO decreased along
the river from 8.01 mg/L (S1) to 7.48 mg/L (S8) in Fig. 2b,
which demonstrated that the pollution along the shores of
the city affected DO gradually. The pollutants in the water
column were decomposed with oxygen consumption by
the water’s self-purification capacity, so the dissolved
oxygen levels dropped along the river [25, 26]. The
fluctuation of DO in each position was small, except for
S1 and S8. This phenomenon may be due to the suburban
locations of S1 and S8, which were far from the city, and
the surrounding influences were complex. But DO in all
eight sites conformed to standard II.

The annual mean of pH was 7.58 (Fig. 2¢), and the pH
was weak alkalinity as a whole. However, the pH in S4
(the center of the city) was more acidic than in other sites,
presumably due to the Liuzhou Chemical Plant located
north of S4. This chemical plant is one of the largest
chemical fertilizer production enterprises in GXZAR,
mainly engaged in synthetic ammonia and nitrogen
fertilizer. The long-term effusion of nitrogen fertilizer
affects its surrounding environment, including the river.
In many studies, overuse of nitrogen fertilizer is a cause of
soil acidification [27-30].

24

The annual average values of TN, NH,-N, TP,
and COD,, were 1.35 mg/L,0.27 mg/L, 0.06 mg/L, and
1.7 mg/L, respectively. But the concentrations of nutrient
parameters (TN, NH,-N, and TP) in S7, S8 obviously
were higher than the other six sites (Figs 2d, e, f, and h).
Presumably, the water in S7 and S8 was contaminated by
the treated sewage water from the upriver sewage treatment
stations (Fig. 1), and S8 was far away from the city, where
the municipal regulation was not so strict as in the city. On
the whole, the annual average concentrations of COD,,
NH,-N, and TP in each stations had reached standard III,
but the concentration of TN exceeded this standard. In
order to protect the river water quality, the management
department of Liuzhou City should strengthen the control
nitrogen emissions.

Redfield law says that the ratio of atoms that compose
algal cells is C:N:P = 106:16:1; if the molar TN/TP ratio
is higher than 16:1, phosphorus should be considered the
restrictive factor. Conversely, when the ratio is less than
10:1, nitrogen should usually be considered the restrictive
factor [31], and this law suits phytoplankton in marine
and freshwater lakes. In the Liuzhou, the average molar
TN/TP ratio was 13.8 (Fig. 2h), and it fluctuated from 2.0
to 35.0. So phosphorus and nitrogen were the possible
restrictive factors at different times in the Liujiang,
but it was more inclined to be phosphorus. Under these
circumstances, once extra phosphorus was pushed into
the river, the outbreak of algal blooms was just around the
corner. Nutrient limitation bioassays were needed in order
to make sure of the restrictive factor.

Temporal Variations in Water Quality

The Liujiang was divided into three parts artificially
herein: the upper (S1), middle (S2-S6), and lower (S7, S8).
This partition was due to the concentrations of nutrient
parameters, and the urban Liuzhou was around the middle,
while S7 and S8 were downstream of the industrial zone.
The interannual variability of three parts in the river are
shown in Figs 3 and 4.
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Fig. 3. Interannual variability in water temperature and pH.
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Fig. 4. The interannual variability of a) DO, b) COD,, , ¢) TN/TP, d) TN, e) NH,-N, and f) TP concentrations in different regions from

2003 to 2014.

Water Temperature and pH

The annual average water temperature was 22.1°C,
which is suitable for algae growth, and the interannual
fluctuations were small in the three river sections (from
21.3 to 23.7°C). But the water temperature in the middle
section was obviously lower than the upper and lower
sections, which related to water storage capacity. From
a temporal perspective, the results indicated a general
decline in water temperature in 2006, which may because
Honghua Dam was completed downstream at the end of
2005, and then the rising water levels after impoundment
and the broad channel area weakened the “heat island
effect” of Liuzhou. The lowest annual temperature
appeared in 2008, which may be related to the snow
disaster in 2008 [32]. On the whole, the water temperature
values increased slowly with fluctuation since 2006, which
may because that the rapid development of urbanization
and quick growth of population leading the urban “heat
island effect” was a great influence on temperature.

Acid precipitation or acid rain as a global environmental
problem has aroused widespread concern, and in parts
of southwestern and southern China acid rain is even
more serious [33, 34]. Liuzhou is a typical industrial
city in southwestern China that became one of the four
“capitals of acid rain” in the 1980s, which also severely
affected the Liujiang. The pH in three sections all had a
conspicuous trend of acidification in recent years, though
the acidification speed was slow, and this circumstance
may be because of the acid waste discharge from Liuzhou
industry. The iron and steel industry was the pillar of
Liuzhou, and it gave off lots of exhaust gas such as sulfur
dioxide, dust, etc., and eventually they formed acid rain
and had a significant impact on river pH. In addition, pH

in the lower Liujiang was higher than the middle and
upper before 2007, but they turned out to be similar in
the following years. In addition to the effects of acid rain,
the requirements from government also had effects on
river pH, which claimed that industrial wastewater may
not be discharged into the river without first reaching the
standard.

Nutrients and other Chemical Parameters

The concentrations of DO didn’t show a clear trend over
12 years, and the average DO of the upper, middle, and lower
Liujiang were 7.83, 7.80, and 7.46 mg/L, respectively. The
whole river reached standard Il of COD,, , which required
concentrations less than 4 mg/L. The interannual changes
of COD,, in the upper and middle Liujiang were very
little, but it was obvious that the concentrations of COD,
in the lower Liujiang were reduced. The COD,, in the
lower Liujiang was always higher than other parts, and
in recent years the concentrations of COD,, in three parts
were roughly comparable.

Concentrations of nitrogen and phosphorus have
changed significantly over time (Figs 4d, e, f). The extent
andtiming ofthese changes differnot only between nitrogen
and phosphorus, but also between forms of nitrogen. The
concentrations of TN in the upper were almost the same
as the middle (the average was 1.1 mg/L). But in the
upper and middle the concentrations of TN exceed water
quality standard I1I (1 mg/L), which didn’t appear in other
indicators, indicating that the upper Liujiang has been
polluted by surplus nitrogen already. Lots of studies have
shown that agricultural non-point source pollution was the
main nitrogen source of eutrophication in many lakes [35-
38]. And in the lower Liujiang, the concentrations of TN
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increased a lot (the average was 1.6 mg/L). It showed that
after running through the urban areas of Liuzhou, where
agricultural proportion was less, the Liujiang was polluted
by industrial and municipal pollution. From what has been
discussed above, the nitrogen pollution of the river has
resulted from industry and agriculture.

The average concentrations of NH,-N reached water
quality standard III in 2007. The reduction illustrated
the efforts made to control and reduce NH,-N from
point sources (wastewater treatment improvements and
change in agricultural practices) linked with the Liuzhou
government’s pollution reduction efforts. In contrast
to notable NH,-N reduction along the whole river, the
concentrations of TP remain stable in the upper and middle
Liujiang, but it changed a lot in the lower Liujiang.

NH,-N declined on the whole and TP had no obvious
trend. But TN appeared to have a higher value in 2006, and
the same situation also appeared in NH -N and TP, showing
that the concentrations of pollutants apparently increased
in 2006. The possible reason for this phenomenon was
that Honghua Dam began to impound water at the end
of 2005, and then the pollutants in the city were blocked
and accumulated until reaching the normal storage level
(77.5 meters).

The molar TN/TP ratios didn’t vary greatly and showed
a trend of dropping from 2003 to 2006 and the lowest ratio
appeared in the middle Liujiang in 2006, which was less
than 5, showing that nitrogen was sometimes considered
the restrictive factor. Actually, the ratio showed a trend
of rising after 2006, and phosphorus turned out to be the
restrictive factor. So it is necessary to pay attention to
nitrogen and phosphorus emissions at the same time, but
it is unrealistic to attempt nitrogen load reductions under
these circumstances because even if upstream sources
are reduced, some algae and bacteria can fix atmospheric
nitrogen to biologically available forms [39].
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Social and Economic Development
and the Relationship with Water Quality

With the development of a social economy, the
economy is increasing and accelerating the urbanization
process, and at the same time the population continues
growing. These cases are causing sustained growth in
emissions of urban sewage, garbage, water loss, soil
erosion, and chemical fertilizer in agricultural activities.
Eventually they lead to water environment deterioration
and a decline in water quality.

With the rapid development of social economy in recent
years, urban pressures in Liuzhou city are significant:
1.157%10° equivalent inhabitants (2013) were mainly
concentrated near the middle of the main river course,
about an increase of 0.2 million over 2003. Average annual
growth was about 1.9%, and average density of population
in 2013 reached 1,000 per km?, which was higher than the
first level of population density (100 per km?), belonging
to high-density areas. At the same time, the city scale of
Liuzhou was quickly expanding, especially after 2007,
when it increased from 98.65km? (2003) to 177.54 km?
(2013), or about 1.8 times, and average annual growth
is about 6.2%. These figures pose serious threats to the
Liujiang River environment (Fig. 5). The regional gross
domestic product (GDP) in Liuzhou showed a trend of
sustained growth, with GDP in 2013 of about 20.1 million
RMB, which was 5.56 times the 2003 figure. Average
annual growth is about 18.8%, and the GDP per capita in
2013 was some 52,000 RMB. Liuzhou had become one of
the cities with the highest economic development levels
in Guangxi.

Correlation  analysis of the socio-economic
development and aquatic environment data during
2003-13 showed that the rapid growth of the GDP and
population significantly led to the changes of pH and TN,
which points to the likelihood that pollutant emissions
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Fig. 5. Changes of population and urbanization a) and the variation of GDP b) in Liuzhou City during 2003-13 (data in 2014 not

available).
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Table 2. The correlation analysis of socio-economic development and aquatic environment of the Liujiang River.
GDP | Population | "ater DO pH COoD TN | NH-N | TP
temperature Mn 4
Pearson 1 0.979%* 0.167 | -0.581 | -0.925%* | -0256 | 0.840** | -0.597 | -0.277
Correlation
GDP ,
Sig. 0 0.623 0.061 0 0448 | 0.001 | 0.052 | 0410
(2-tailed)
Pearson ) 970 1 0151 | -0.552 | -0.912%* | -0.243 | 0.848** | -0.540 | -0.227
) Correlation
Population S
ig.
(2-tailed) 0 0.658 0.078 0 0.471 0.001 0.086 0.503

** correlation is significant at the 0.01 level (2-tailed)
* correlation is significant at the 0.05 level (2-tailed)

were one important factor affecting water environment
security (Table 2). Additionally, this seems to imply that
the limited environmental capacity of the Liujiang and
the rapid development of the social economy constituted
a basic contradiction. But the other indicators didn’t have
significant correlation, which indicated that Liuzhou can
keep river water quality while enjoying socio-economic
development. This may relate to the effective control of
government, observing sewage discharge standards for
companies, and supervising the public.

For example, according to the Liuzhou yearbook, a
special fund for environmental protection of the Liujiang
wasused to supportcomprehensive environmental pollution
treatment from 11.165 million Yuan in 2004 to 16.28
million Yuan in 2005. Environmental law enforcement
was strengthened and on-site inspections were carried out
2,583 times in 2003 and 3,975 times in 2010. At the same
time, environmental protection information and education
was enhanced, and environmental complaints from citizen
increased from 1,982 incidents in 2005 to 4,653 times in
2011. As for environmental supervision and management,
there were 1,520 environmental projects approved by the

protection authority in 2003, including 193 million Yuan
in environmental protection investment, and this total
reached 2.737 billion Yuan in 2009.

Comparison of Nutrients
with Major Rivers

In the study, we compared nutrients data in the Liujiang
to domestic and some foreign major rivers (Table 3). The
results show that the contents of COD,, , NH,-N, TP, and
TN in the Liujiang was at low levels for all rivers listed,
demonstrating its good river quality. From Table 3, the
domestic rivers showed a trend of high nitrogen and low
phosphorus as a whole. In this way, most of the rivers,
including the Liujiang, were phosphorus limited for the
past few years.

In the comparison, the Liujiang was similar than the
Danube in the indicators of COD,; and NH,-N. And it
was comparable with the Lorie River in the indicators of
TP and TN. The Danube and Lorie are both in Europe,
which is a developed area. Then after the development of

Table 3. Comparison of the Liujiang River with major rivers of the world.

River COD,,, NH,-N TP ™ Year Reference

Eastern rivers in Taihu lake 4.42 0.29 0.11 2.48 2008 [40]
Major inputrivers of Three Gorges - 0.07-028 | 0.12-029 | 1.552.15 | 2004-2005 [41, 42]
Reservoir

Fenhe River in Taiyuan 23.95 35.49 - - 2007 [43]
Xiangjiang River in Changsha 2.39 0.51 - - 2002-2005 [44]
Zhujiang River in Guangzhou 7.88 8.63 - - 2007 [45]
Danube 1.7-5.3 %‘%2817' - - 2003 [46]
The Thames Tributary - 1.1-2.1 - - 1997 [47]
Marne - - 0.04 7 1991-2001 [48]
Lorie - - 0.06-0.09 1.0-2.0 1981-2011 [49]

Liujiang River in Liuzhou 1.7 0.27 0.06 1.35 2003-2014 this paper
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Liuzhou, whether or not Liujiang water quality can remain
high remains unknown.

Chlorophyll-a and Nutritional Status
Evaluation in 2014

Variations of Chlorophyll-a in 2014

The average concentration of Chlorophyll-a in
2014 was 1.20 pg/L, and the highest appeared in July
(1.80 pg/L). The monthly changes showed a trend that the
content in summer and fall were higher than in spring and
winter (Fig. 6). Presumably, Chlorophyll-a was related to
the seasonal variation of water temperature [50]. Because
the climate of Liuzhou is subtropical monsoon, a prevailing
southern wind in summer results in high temperatures,
humidity, and rain, but a northern wind in winter results
in low temperatures and little rain. In the longitudinal
changes, the concentrations of Chlorophyll-a in S7 and S8
were higher than others sites, which we can attribute to the
abundant nutrients, mostly from urban sources.

Generally, the  Chlorophyll-a  concentration,
representing the phytoplankton biomass, may be

controlled by different physical and chemical factors under
different conditions [51]. In this study, Chlorophyll-a was
predominantly related to water temperature, DO, COD,
TN, NH,-N, and TP (Table 4). The high linear relationship
between Chlorophyll-a and water temperature indicates
that temperature greatly determined the number of algae.
At the same time, the relationship between Chlorophyll-a
and the COD,, , TN, NH,-N, and TP indicates the influence
of domestic sewage effluent from Liuzhou.

Nutritional Status Evaluation in 2014

This part selected Chlorophyll-a, COD,,, TP,
and TN as eutrophication evaluation indices, and the
eutrophication state in different months and sampling sites
of the Liujiang River in 2014 are shown in Fig. 7. In time
scales: in June, the eutrophication level was the highest,
and the eutrophication level in the Liujaing was generally
mesotrophic except December. This showed a trend that
increased and then decreased, and the Chlorophyll-a
concentration also had the same trend, mainly because
of the water temperature. At the same time, the abundant
flow with a large number of pollutants is also a reason for
the high TLI(})) value in June and July. In spatial scales,

Table 4. Person correlation coefficients between water parameters for eight stations in the Liujiang River in 2014.

WT DO pH COD,,, TP N NH,-N Chlorophyll-a

WT 1.000
DO -0.332 1.000
pH -0.215 0.113 1.000

COD,,, 0.303 -0.252 -0.184 1.000
TP 0.154 -0.219 -0.270 0.141 1.000
TN 0.275 -0.092 -0.062 0.543 0.025 1.000

NH,-N 0.127 -0.101 -0.086 0.678 0.067 0.561 1.000

Chlorophyll-a 0.612 -0.345 -0.077 0.505 0.318 0.423 0.501 1.000

Values in bold have significant correlation at the 0.01 level (2-tailed), n = 96.
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Fig. 7. Eutrophication state in different months a) and sampling sites b) of the Liujiang River in 2014.

the water in S7 and S8 had the highest eutrophication
extent due to the location downstream, where lots of
nutrients converged. While the water areas in S4 and S6
had the lowest eutrophication extent because of the urban
municipal regulation. This indicates that the body of
water near S7 and S8 has the biggest risk of algal bloom
outbreak.

Nutritional Status Evaluation
from 2003 to 2014

By combining obtained data from 2003 to 2014, this
study selected COD,,, TP, and TN as eutrophication
evaluation indices, and the analysis results of the
eutrophication levels in different regions are shown in
Fig. 8. The TLI(})) of the Liujiang were between
30-50, which indicate that the eutrophication state of the
whole river was mesotrophic. In spatial scales, TLI(}))
in the lower river were higher than the other two, which
demonstrated that the water area near the lower river
had the highest eutrophication extent due to a higher

55
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Fig. 8. Eutrophication state in different regions of the Liujiang
River from 2003 to 2014.

concentration of nutrients. The value was approaching
eutrophic level as per the same nutrition state, the higher
index value, and the heavier nutrition level. This indicates
that the lower river had the biggest risk of algal bloom
outbreak in the three water areas.

In time scales, the TLI(})) in the lower river of 2006
was highest in those years than 2009, which may be
related to water storage of the Liujiang River in 2006; at
the same time, the rapid development in industry and the
quick growth in population impacted river quality, which
led to large amounts of sewage. In recent years the TLI(Y))
values decreased, which suggested that the environmental
protection consciousness of citizens was enhanced and
factories observed the sewage discharging standard.

Conclusions

The annual averages of water temperature, DO, pH,
TN, NH,-N, TP, and COD,, were 22.1°C, 7.8 mg/L,
7.58, 1.35 mg/L, 0.27 mg/L, 0.06 mg/L, and 1.7 mg/L,
respectively, in the Liujiang River. In the longitudinal
changes, the water temperature was basically similar. The
DO levels dropped gradually along the river and the pH
was weakly alkaline as a whole. The concentrations of
TN, NH,-N, and TP downstream were obviously higher
than other stations, and it was more inclined to phosphorus
restricted in the molar TN/TP ratio. On the whole, the
annual average concentrations of these seven parameters
had reached standard III, except TN, so the control of
nitrogen emissions should be strengthened.

The interannual variations of the three parts of the
Liujiang River showed that the water temperature in the
middle Liujiang was obviously lower than other parts,
and the pH in three sections all had a conspicuous trend
of acidification. The TN was rising on the whole due to
pollution from industry joint in agriculture, while NH-N,
TP, and COD,, were changeable without an obvious trend.
The concentrations of nutrient salts are higher in the lower
Liujiang than other parts because of the anthropogenic
influence, and the values of nutrients in 2006 were high
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because the Honghua dam began to impound water at
the end of 2005, and then the pollutants in the city were
blocked and accumulated.

Water quality parameters, especially pH and TN, were
significantly correlated with local GDP and population.
The average concentrations of Chlorophyll-a in 2014
were 1.2ug/L and the highest appeared in July, showing
that Chlorophyll-a was related to the seasonal variation
of water temperature. The eutrophication state of the
Liujiang was mesotrophic on the whole. In a hydrological
year the highest TLI(Y)) value appeared in June, while the
annual TLI(})) values decreased from 2006. Furthermore,
the water in the lower Liujiang River has the higher risk
of algal bloom outbreak than the other parts of the river.
The concentrations of nutrients in the Liujiang were at low
levels compared with others rivers.
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