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a b s t r a c t
The routine water quality monitoring data from 2010 to 2015 were collected, and 24 routine water 
quality monitoring items were analyzed by single factor standard index method. The results show 
that the proportion of inferior V-type monitoring sections in the basin has reached 77.78%, which 
is generally severe pollution, and the main pollution factors are chemical oxygen demand, NH4

+–N 
and total phosphorus. After investigation, it was found that the basin was affected by some heavy 
pollution tributaries, and the upstream to downstream of the main stream showed a trend of grad-
ual pollution, especially when flowing through densely populated urban areas. Through the mon-
itoring of various indicators, according to its concentration, change law and on-site analysis, the 
main reasons for the occurrence of black and odor in the basin are lagging construction of sewage 
pipe networks and sewage treatment plants, many heavily polluting enterprises, direct discharge 
of domestic sewage, random disposal of garbage, and low bottom mud release and management 
ability. Aiming at the current situation and causes of the black and odorous water bodies in this 
basin, combined with the research of other scholars, this paper compared the removal effects of 
various methods on pollutants. Aeration and magnetic flocculation technology can be adopted 
as emergency treatment measures in the river basin, and the treatment effect of each pollution 
factor is estimated to reach 80%. At the same time, in the long-term improvement stage of water 
quality, corresponding rectification measures are proposed, and the comprehensive water environ-
ment improvement project system is scientifically planned. The environmental quality is condu-
cive to the sustainable development of urban economy and society, which is of great significance 
for promoting the coordinated development of economy, society and environmental protection in 
Eastern Guangdong.

Keywords:  Single factor standard index method; Pollution factor; The black smelly water basin; 
Aeration and magnetic flocculation technology; Sustainable development.

1. Introduction

With the continuous development of China’s industry, 
economy, and society, the population continues to increase, 
people’s living standards continue to improve, and the dis-
charge of domestic sewage is getting higher and higher. 
However, the backward municipal drainage facilities make 
it impossible to collect sewage effectively. Part of the sewage 

is directly discharged into the surrounding or internal riv-
ers of the city, causing annual or seasonal black and odor 
pollution [1], destroying the urban landscape, affecting 
the image of the city, endangering the health of residents, 
and reducing the happiness of residents’ lives.

In order to improve the quality of China’s water envi-
ronment and ecological environment, the State Council 
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formally promulgated the “Water Pollution Prevention and 
Control Action Plan” in April 2015, which clearly stated 
that: “By 2020, water bodies in built-up areas in cities at 
prefecture level and above, should be controlled within 
10%” [2]. Subsequently, the Ministry of Housing and 
Urban-Rural Development issued the “Guidelines for the 
Treatment of Urban Black and Smelly Water Bodies”, which 
clearly explained the urban black and gaseous water bodies 
as: “Urban built-up areas show unpleasant color and (or) 
uncomfortable smell water collectively” [3].

The specific reason for the formation of black and odor-
ous water is that under anaerobic conditions, microorgan-
isms in the bottom sludge undergo denitrification and 
iron-manganese respiration. Iron is reduced from Fe3+ to 
Fe2+, and manganese is reduced from Mn4+ to Mn2+, form-
ing black precipitates or suspended solids, making the 
water body appear black [4]. When the oxidation–reduction 
potential of the sediment further decreases, obligate 
anaerobic microorganisms become the dominant species, 
sulfate-reducing bacteria undergo sulfur respiration, and 
sulfate radicals are reduced to hydrogen sulfide. As the 
oxidation-reduction potential drops to a lower level, meth-
ane will be produced [5]. The corruption of other organic 
matter in the water body can also produce ammonia and 
other odorous gases, which can cause the water body to  
stink [6].

Compared with China, Western developed countries 
have experienced rapid economic development after the 
Industrial Revolution, but at the same time the legal sys-
tem was imperfect and the infrastructure construction lags 
behind, resulting in serious river black and odor problems 
[7]. Since the 1930s, many western developed countries 
began to pay attention to the problem of river black and 
odor, and actively study technologies for restore river 
health and improve the ecological environment [8]. Seifert 
of Germany first proposed the theory of river ecological 
restoration, that is, the concept of “near-natural river man-
agement” combining river management and landscape con-
struction. The renovation project is proposed to ensure the 
basic functions of river flood control, irrigation, and water 
conservancy, so as to maintain the natural environment state 
[9]. Later, developed countries such as Europe, America and 
Japan have successively proposed sustainable ecological 
engineering restoration concepts, which mainly included 
aquatic animal and plant restoration, ecological diversity 
protection, and coastal residents’ pollution prevention and 
control methods [10,11].

It can be found that foreign scholars focus on studying 
water pollution control issues from the macro-management 
level, and have relatively in-depth research in theoretical 
systems, governance models, policy tools and other fields. 
However, domestic scholars tend to study and solve spe-
cific practical problems in the water pollution control pro-
cess from the micro level. For example, in terms of system 
construction and governance technology, their research 
results often come from the experience summaries after 
solving many practical problems. Zhang et al. [12] took 
London’s water pollution control as the research object and 
mentioned the positive effects of measures such as improv-
ing the water management system, improving the sewage 
collection system, and establishing a sustainable drainage 

system on water pollution control, and analyzed the water 
environment governance concept of “pollution first, treat-
ment later”. Aiming at a black and smelly river located in 
the urban-rural combined area of Suzhou, Kong et al. [13] 
proposed “forward investigation and reverse source trac-
ing”, sewage disposal and pollution source elimination, 
and other shore projects, and implemented comprehensive 
river management with river ecological restoration mea-
sures. Hou and Wang [14] reviewed the current outstanding 
problems of environmental pollution in our country from 
the perspective of chemical technology, demonstrated the 
advantages of chemical technology in the treatment of envi-
ronmental pollution problems, and introduced its practical 
application in the treatment process. Lin et al. [15] studied 
Dongting Lake, Guo et al. [16] studied Poyang Lake, and 
Zhang et al. [17] studied the distribution characteristics and 
influencing factors of water pollutants in the urban area of 
Yixing City.

In addition, most of the research focuses on the forma-
tion mechanism of black and odorous water bodies [18,19], 
compounds that cause blackening and odor formation [20], 
development conditions [21], biogeochemical processes 
[22–24] and methods to control or deal with black and 
odorous water bodies. Common treatment methods can 
be divided into physical technology, chemical technology, 
biotechnology, etc. according to the principle of technical 
action. According to the current experience of treating black 
and odorous water bodies in China, the current physical 
technologies mainly include dredging [25], water diversion 
and water transfer [26], aeration and reoxygenation [27], 
pollution interception control, etc., which are currently 
commonly methods for black and odorous water bodies. 
Compared with physical treatment technology, chemical 
treatment technology has a clear directional and fast pro-
cessing speed. Common treatment technologies include 
coagulation precipitation [28] and redox [29]. The root cause 
is the addition of chemical compounds to the water body, 
while most of these additives are synthetic and expensive. 
After sewage treatment, new pollutants may be generated, 
which will deteriorate the water quality again. Therefore, 
this technology is rarely used in practical engineering, but 
is often used for some sudden pollution. Compared with 
physical and chemical technologies, biological treatment 
technology has the advantages of simple process, low oper-
ating cost and stable effect. It can be divided into plant biol-
ogy method [30], microbial method [31] and biofilm method 
[32], etc. However, the disadvantage is that certain organ-
isms can only absorb, utilize, degrade and convert certain 
types of pollutants.

If the focus of the treatment of black and smelly rivers 
is only the breakthroughs of engineering technology, and 
there is no systematic analysis of the whole process of water 
pollution prevention and control, it is very easy to cause 
the of black and smelly water bodies to rebound, and long-
term stable treatment effects will not be achieved. Based on 
the detection data of pollutants in the research basin, this 
article will analyze the reasons for the formation of black 
and odorous water bodies, systematically explore the whole 
process of water pollution, and promote comprehensive 
treatment in many aspects, so as to achieve the goal of 
effective treatment.
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2. Research criteria and methods

2.1. Research criteria

With the rapid development of cities and economic con-
struction, pollution has become more and more serious. 
The water quality of this river basin has deteriorated year 
by year, especially at the intersection of the two cities, where 
the water quality of the section has exceeded the standard 
for a long time, which has severely restricted the sustainable 
development of the regional economy and society. It has 
affected the long-term deep feelings between the two cities 
and become a bottleneck factor in the construction of a har-
monious society. Therefore, the pollution treatment of the 
river basin is imminent.

In order to comprehensively understand the water envi-
ronment quality of the river basin, this paper collected the 
routine water quality inspection data of the river basin from 
2010 to 2015, and supplemented the monitoring of the cur-
rent status of hydrology and water quality of the river basin, 
providing a solid basis for objectively analyzing the tempo-
ral and spatial characteristics of the water quality of the river 
basin.

According to the “Guangdong Province Surface Water 
Environmental Function Zoning” and the “Guangdong 
Province Cross-prefectural Level Management Plan for 
Cross-section Water Quality Compliant with Listed Rivers”, 
the “Surface Water Environmental Quality Standard” 
(GB3838-2002) Class IV standard is implemented. Therefore, 
each section in the basin is evaluated using Class IV stan-
dards, and the specific indicators are shown in Table 1.

2.2. Research methods

In this paper, refer to the relevant content of “Surface 
Water Environmental Quality Assessment Method” and 
“Environmental Impact Assessment Technical Guidelines for 
Surface Water Environment” (HJ/T 2.3), and use single factor 
standard index method and other methods for evaluation.

For general water quality indicators, the calculation 
formula of the single factor standard index method is:
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In Eqs. (2)–(4), DOf is the measured saturated DO value 
(mg/L) under temperature and pressure environment, DOj 
is the jth measured DO value (mg/L), DOs is the evaluation 
standard value (mg/L).

The standard index formula for pH is as follows:

S j
j

jpH
su

pH
pH

pH,

.
.

, .=
−
−

≤
7 0
7 0

7 0  (5)

S j
j

jpH
sd

pH
pH

pH,

.
.
, .=

−
−

>
7 0
7 0

7 0  (6)

In Eqs. (5) and (6), pHj is the jth actual measured value, 
pHsd is the upper limit of the evaluation standard, and 
pHsu is the lower limit of the evaluation standard.

The formula for calculating the over-standard rate (Re) is:

R
n
ne
e= × 100%  (7)

In Eq. (7), ne: the number of exceedances of a certain 
item, n: the total number of monitoring of a certain item.

3. Overview and problem analysis of the river basin

3.1. Water quality analysis and evaluation

Routine water quality monitoring items include water 
temperature, pH, DO, permanganate index, chemical oxy-
gen demand (COD), biochemical oxygen demand (BOD5), 
NH4

+–N, total phosphorus (TP), total nitrogen (TN), Cu, Zn, 
fluoride, Se, As, Hg, Cd, Cr6+, Pb, Cyanide, volatile phenol, 
petroleum, LAS, sulfide, fecal coliform, etc. According to the 

Table 1
Environmental quality standard limits for surface water

Classify
Project

Unit: mg/L

Class I Class II Class III Class IV Class V

COD ≤ 15 15 20 30 40
BOD5 ≤ 3 3 4 6 10
NH4

+–N ≤ 0.15 0.5 1.0 1.5 2.0
TP ≤ 0.02 0.1 0.2 0.3 0.4
TN ≤ 0.2 0.5 1.0 1.5 2.0
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monitoring data of the handover section from 2010 to 2015, 
the single factor standard index method was used to ana-
lyze the over-standard situation of its 24 routine water qual-
ity monitoring items, and the top five major over-standard 
indicators in the order of standard index values are listed in 
Table 2.

As can be seen from Table 2, the annual mean of water 
quality showed that the main factors exceeding the stan-
dard of the intersection section were TP, TN, NH4

+–N, DO 
and BOD5, and the other indicators reached or were bet-
ter than class IV. Among them, DO exceeded the standard 
index most seriously from 2010 to 2012, and the standard 
index value reached more than 4. After 2013, the standard 
index began to improve, and the standard index dropped 
to 1.00 in 2015. TP index had been a more serious factor 
exceeding the standard.

From the perspective of time trend, the change trend 
of water quality at the handover section is not obvious, 
but fluctuates greatly. The fluctuation of water quality is 
mainly affected by factors such as dry and high seasons 
and flow, and it has shown a trend of improvement in the 
past five years. Among them, the DO index has shown a 
trend of improvement year by year during the wet season, 
normal water season and dry season, and the water stan-
dard has changed from a poorer Category V to a Category 
IV water standard, which was significantly improved 
(Fig. 1). The lowest value appeared in the dry season of 
January 2011, and the organic matter index CODCr indica-
tor was classified as Class V except for the normal water 
period in 2010 and the low water period in 2014 and 2015. 
The rest periods basically reached the Class IV water stan-
dard, and the maximum concentration appeared during 
April in the normal period of 2010 (Fig. 2). The concentra-
tion of BOD5 index in the high-water season from 2010 to 
2015 was lower than that in the normal water season and 
the low water season. The concentration of BOD5 index in 
each water period was higher than that in the IV water stan-
dard, which was in line with or worse than that in the V 
water standard, and the maximum concentration appeared 
in 2011 (Fig. 3). The nutrient salt indexes of N and P (TN, 
TP and NH4

+–N) fluctuated greatly, and there was no sig-
nificant difference in the water quality of the concentration 
values in different water periods, presenting alternating 
fluctuations and falling into the standard of poor V water 
throughout the year. The maximum value of TN concen-
tration appeared in April of the horizontal period in 2010 

(Fig. 4), and the maximum value of NH4
+–N appeared in 

March of the horizontal period in 2010. The maximum TP 
appeared in March of the normal period of 2010 (Fig. 5).

It can be seen from the above that the whole basin was 
seriously polluted during the study period. The propor-
tion of monitored sections inferior to Category V reached 
77.78%, and the main pollution factors were NH4

+–N, TP 
and CODCr, and the maximum exceeding multiples were 
1.84, 3.86 and 1.83 times respectively. Most of the exceed-
ing rates reached 100%. The overall water quality status is 
inferior to Category V, which belongs to severe pollution. 
The investigation found that the basin is affected by some 
heavily polluted tributaries. The main stream is gradually 
polluted from upstream to downstream, and the water body 
changes from upstream Category III to downstream junc-
tions to become inferior V. The deterioration of water qual-
ity is particularly obvious when flowing through densely 
populated urban areas, and the water quality of heavily pol-
luted tributaries is worse than Category V.

3.2. Analysis of heavy metals in bottom mud

During the inspection period, the study conducted a 
river surface sediment inspection at the river basin junc-
tion, which was implemented simultaneously with the 

Table 2
Major projects exceeding the standard of the handover section from 2010 to 2015

Time Over-standard items/standard index

1 2 3 4 5

2010 DO/4.95 TN/3.53 NH4
+–N/2.32 TP/2.26 BOD5/1.74

2011 DO/4.12 TN/3.21 NH4
+–N/2.15 TP/2.28 BOD5/2.02

2012 DO/4.90 TN/2.64 NH4
+–N/2.08 TP/2.39 BOD5/1.25

2013 DO/2.30 TN/2.31 NH4
+–N/2.19 TP/2.31 BOD5/1.46

2014 DO/1.82 TN/1.59 NH4
+–N/1.62 TP/1.59 BOD5/1.42

2015 DO/1.00 TN/2.31 NH4
+–N/1.91 TP/2.31 BOD5/1.60

Fig. 1. Change trend of DO time at the junction section.
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hydrological and water quality survey. The inspection and 
analysis results are shown in Table 3.

It can be seen from the above table that the contents 
of various heavy metal pollutants in the bottom sludge of 
the transfer section are within the control standard range 
of the neutral and alkaline soil, most of which are within 
the control standard value range of acid soil, and only two 
indicators Cd and Cr exceed the acid soil control stan-
dard. It can be seen that there are fewer heavy metal pol-
lutants in the water pollutant discharge in this watershed, 
and the source of domestic pollution should be the main 
source. After being dredged, the sediment can be used for 
nearby agricultural purposes under non-acidic conditions.

4. Causes analysis of water environment problems

The study found that the water pollution prevention 
and control situation in this river basin is severe. The river 

section is in a state of heavy pollution. The water quality of 
the main stream and most of its tributaries is worse than 
class V. The main pollution factors are chemical oxygen 
demand, ammonia nitrogen and total phosphorus, oxygen 
consumption organic matter and nitrogen and phosphorus. 
The problem of nutrient pollution is prominent.

4.1. Construction progress of sewage pipe network and sewage 
treatment plant is lagging behind

The sewage pipe network is still the main shortcoming 
of pollution control measures. According to the investiga-
tion, the first local sewage treatment plant has a total scale 
of 100,000 ton/d, and the length of the supporting main 
pipe is only 1.4 km, and the supporting pipe network is 
seriously insufficient. At present, the water plant only con-
centrates on the treatment of domestic sewage collected in 
the urban area. The regional distribution is uneven, and the 
sewage treatment rate needs to be improved. According 
to the concentration calculation, it is estimated that the 
domestic sewage collection rate in the urban area is only 
about 60%, which is already the highest in the whole basin. 
The domestic sewage that is not collected effectively has 

Fig. 2. Trend diagram of CODCr time variation at the junction 
section.

Fig. 3. Time variation trend diagram of BOD5 at the junction 
section.

Fig. 4. TN, NH4
+–N time variation trend at the junction section.

Fig. 5. Tendency diagram of TP time at the junction section.
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a high concentration and directly enters the river basin, 
which has a greater impact on the downstream assessment 
section. The most critical problem in the basin is that the 
sewerage pipe network cannot achieve effective collection.

The construction progress of the sewage treatment plant 
needs to be accelerated. The amount of domestic sewage 
in the study basin is about 150,000 ton/d, and the amount 
of industrial wastewater is about 100,000 ton/d. The only 
domestic sewage treatment facility built and operating is 
the first sewage treatment plant (100,000 ton/d), which is 
far from meeting the sewage treatment requirements in 
the basin.

4.2. There are many heavy polluting enterprises, 
which are scattered and have limited control ability

According to the environmental statistics database, 
there are 166 major pollution sources in the basin, with 
daily discharge of 26,787.48 tons of wastewater, 3.32 tons 
of chemical oxygen demand, and 0.16 tons of ammonia 
nitrogen. The analysis shows that among the distributed 
enterprises, the heavy-polluting industries account for a 
relatively large proportion. The chemical oxygen demand 
and ammonia nitrogen emissions in the basin rank first in 
the industrial output value of machine-made paper and 
paperboard, cotton chemical fiber textile, printing and 
dyeing finishing, feather (velet) processing, and leather 
tanning processing industries. It shows that there are 
many heavy-polluting industries with high emissions and 
low output. In addition, the enterprises are small in scale, 
scattered, and limited in governance capabilities, causing 
serious structural and pattern pollution.

4.3. River sediment pollution restricts water quality improvement

According to the results of on-site sampling and analysis, 
the sediment near the junction section in the basin has been 
seriously polluted, and the pollutants have accumulated in 
the sediment. Under appropriate conditions, the pollutants 
in the sediment will be released into the water body, caus-
ing endogenous pollution in the water body and affecting 
the subsequent water quality improvement process.

4.4. Lack of sewage treatment facilities in rural areas, 
and the rural sewage in the region is basically discharged 
without treatment

Part of the domestic waste collected by villages and 
towns in the basin is transported to a simple landfill for cen-
tralized treatment, and part of the waste is dug nearby for 

landfill. Trash accumulation has been found along roads, 
rivers and in the rivers. And aquaculture wastewater and 
domestic sewage are directly discharged into the nearby 
rivers without treatment. Non-point source pollution was 
caused by the use of chemical fertilizers and pesticides.

4.5. Environmental management capability needs to be improved

According to the investigation, the average chemical 
oxygen demand and ammonia nitrogen concentration in the 
drainage of seasoning, fermented products manufacturing, 
vegetable and fruit processing, cosmetics manufacturing 
and other industries in the basin far exceed the discharge 
standards. In particular, undocumented production and 
environmental violations such as illegal discharge, leak-
age and excessive discharge have been repeatedly banned. 
Administrative capacity according to law, environmental 
supervision and punishment, and punishment for environ-
mental violations need to be improved urgently.

5. Comprehensive rectification suggestions

The treatment of black and odorous water bodies is a 
systematic project, and the causes, current situation and 
influencing factors of black and odorous water bodies are 
different. According to the rectification measures in other 
parts of the country and the actual situation in eastern 
Guangdong, from the perspective of water environment 
treatment in river basins, the following treatment measures 
are proposed from the two stages of emergency treatment 
and long-term water quality improvement, aiming to pro-
vide a macro perspective and theoretical basis for the con-
trol of black and odorous river channels and the prevention 
and control of water pollution in river basins.

5.1. Program recommendations for emergency governance phase

The main pollutants in the basin are COD, NH4
+–N and 

TP. Studies have shown that magnetic adsorbents have 
a good effect on phosphate removal, and the maximum 
removal rate of phosphates can reach 98.14%, which can be 
used as an emergency treatment method for water bodies for 
rapid recovery and clarification of water bodies [33]. Harsha 
et al. studied a novel bentonite–alum adsorbent system to 
treat phosphates in black and odorous water. The results 
showed that the removal rate of phosphates by the system 
was 92.2% under the optimal adsorption conditions [34].

According to Huang [33] research on Caojiagou in 
Harbin, the main control factors of Caojiagou are COD, 
NH4

+–N, PO4
3––P, DO, T and Fe. The coagulation and aeration 

Table 3
Analysis results of river surface sediment detection in the basin

(mg/kg)

Project Cu Cd Cr Pb Hg As
Detection value 129 5.08 791 139 2.79 28.9
Agricultural sludge 
control standard

Acidic 250 5 600 300 5 75
Neutral alkaline 500 20 1,000 1,000 15 75
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experiment results on Caojiagou raw water showed that 
the maximum removal rates of COD and nitrate by mag-
netic flocculation reached 89.77% and 98.14%, respectively. 
The maximum removal rate of COD by the aeration oxy-
genation method can reach 65%; the addition of activated 
sludge during aeration can further increase the removal 
rate of COD and ammonia nitrogen; under the combina-
tion of aeration and magnetic flocculation, the removal 
rates of COD, NH4

+–N, PO4
3––P, TP and Fe can reach 99.42%, 

80.87%, 100%, 99.22% and 85.35%, respectively. The specific 
comparison before and after removal is shown in Fig. 6.

It can be seen from the figure that under the combina-
tion of aeration and magnetic flocculation technology, the 
reduction of each indicator has reached 80%, which can 
quickly restore the water body to a better sensory effect and 
quickly achieve the purpose of water purification. The main 
pollution factors in the basin are COD, NH4

+–N, and TP, 
which are similar to those in Caojiagou. Therefore, aeration 
and magnetic flocculation technology can be used for emer-
gency treatment measures in this basin, and the treatment 
effect of each pollution factor is estimated to reach 80%.

5.2. Long-term water quality improvement 
phase program proposal

After emergency treatment measures, the degree of 
blackness and odor of the water body will be alleviated. 
However, in order to prevent the water quality from turn-
ing black and smelly, comprehensive treatment should be 
taken from multiple perspectives such as source emission 
reduction, process interruption and management from a 
long-term perspective and combining the on-site situation 
to achieve the goal of clear and odorless water body.

5.2.1. Accelerate the pace of the construction of urban 
sewage treatment plants, with emphasis on supporting the 
construction of sewage collection pipe network

In view of the uneven distribution of local sewage 
treatment plants and the low sewage treatment rate, the 
construction of the second sewage treatment plant should 
be accelerated in light of the local conditions. The sewage 

collection pipe network in the old urban area and heavily 
polluted rivers should be actively promoted to implement 
rain pollution in the river basin, speed up the improvement 
of rain and sewage diversion in the drainage system of the 
old county, expand the sewage collection area, and increase 
the concentration of the inflow of the sewage treatment 
plant. For the road network and all construction projects in 
the new district of the county, it’s necessary to strictly imple-
ment the rain and sewage of the pipeline network diver-
sion, adopt measures such as clean-up and diversion and 
interception along the river to greatly increase the sewage 
collection rate, and send to the pollution treatment plant 
through pipelines, box culverts and other facilities.

5.2.2. Adjust and optimize the industrial structure 
and optimize the spatial layout

In accordance with the “Guidance Catalogue for Elimi-
nating Outdated Production Process Equipment and 
Products in the Industrial Sector”, “Industrial Structure 
Adjustment Guidance Catalog” and relevant industry pol-
lutant discharge standards, combined with water quality 
improvement requirements and industrial development, 
the basin leader should formulate and implement annual 
backward production capacity out of plan, and vigorously 
promote the elimination and withdrawal of outdated pro-
duction capacity in heavy-polluting industries such as 
electroplating, papermaking, and leather and so on out of 
backward production capacity. The governance should 
effectively control key sources and other enterprises with 
water pollution, encourage enterprises to introduce high-
tech and pollution-free technological processes, make 
full use of resources, save water, and build clean produc-
tion projects with low pollution emissions. The person in 
charge must gradually adjust and optimize the industrial 
structure and optimize the spatial layout.

5.2.3. Steadily promote the comprehensive improvement 
of the rural environment

Townships and towns in the basin should establish a 
three-level sanitation team at county (district), town and 
village levels, formulate environmental sanitation manage-
ment measures, comprehensively clean up the domestic gar-
bage accumulated on both sides of the roads and rivers in 
the jurisdiction, and prevent the behavior of piling up and 
placing indiscriminate. Regularly salvage the town’s ditches 
garbage can alleviate the secondary pollution caused by 
domestic garbage to the water environment. At the same 
time, the relevant government must strictly implement the 
regulations on the delimitation of restricted areas for live-
stock and poultry, clean up the prohibited areas, large-scale 
livestock and poultry farms, strictly limit the scale of family 
free-range breeding, and regularly organize the develop-
ment of livestock and poultry breeding industry pollution 
prevention and control special inspections, strictly pre-
vent the rebound of pollution from livestock and poultry 
breeding, and establish a sound long-term prevention and 
control mechanism. In addition, the governmental should 
also encourage the use of organic fertilizers such as human 
feces, reduce the use of chemical fertilizers, pesticides, 

Fig. 6. Removal rate of each indicator (Data comes from Huang’s 
research [33]).
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and hormone-like substances, promote cleaner agricultural 
production, realize the recycling of agricultural produc-
tion and living materials, and promote the transformation 
of extensive agriculture to ecological agriculture.

5.2.4. Promote the construction of water resources allocation 
projects to ensure the ecological base flow

The basin is a rain-source river with small flow during 
the dry season and very limited environmental capacity. 
On the basis of vigorously promoting source control and 
emission reduction, the construction of water conservancy 
projects has been increased, and a large number of water 
conservancy and water engineering facilities have been 
constructed and renovated to gradually form surface water 
and groundwater. A good pattern of joint dispatching, opti-
mized allocation, and efficient utilization of groundwater, 
local water and transit water will improve the deployment 
and security capabilities of regional water resources, and 
give full play to the role of controlled water conservancy 
projects in improving water quality.

5.2.5. Strict law enforcement and supervision, 
strengthen management

We should implement the reform of the vertical man-
agement system of environmental supervision agencies 
below the provincial level. At the same time, the govern-
ment should comprehensively implement the networked 
management of environmental supervision, optimize the 
allocation of supervision forces, and promote the exten-
sion of environmental supervision services to rural areas. 
The government should implement systems such as pol-
lutant discharge declaration, pollutant discharge permit, 
total pollutant control, time limit treatment, target respon-
sibility system, quantitative assessment, etc., strengthen 
the supervision of pollution sources, and eliminate illegal 
pollutants. In addition, it is necessary to strictly manage the 
environmental impact assessment of construction projects, 
strengthen risk assessment, adhere to the environmental 
assessment and acceptance, and eliminate environmental 
risks from the source.

6. Conclusion

In this paper, the water quality and its changes in a basin 
in eastern Guangdong are monitored. Based on the moni-
toring data, the single-factor standard index method is used 
to analyze various indicators to determine the main pollu-
tion factors that cause the black and odor of water body in 
the basin. Combined with the research of other scholars, the 
pollutant removal effect of each method was compared, and 
the combination was selected. This study appropriate black 
and odorous water treatment technology, combined with 
local social and economic conditions, puts forward sugges-
tions for a comprehensive improvement plan for the water-
shed. The research reached the following conclusions.

•	 This paper collected the routine water quality testing 
data of a section of the basin from 2010 to 2015. The 
results showed that during the study period, the whole 

basin showed a serious pollution trend, with 77.78% of 
the inferior V-type sections detected, and the overall pol-
lution was severe. The investigation found that the basin 
was affected by some heavily polluted tributaries, and 
the upstream to downstream of the main stream showed 
a trend of gradual pollution, especially when flowing 
through densely populated urban areas.

•	 Through the monitoring of various indicators, according 
to its concentration, change law and on-site analysis, the 
main reasons for the occurrence of black and odor in the 
basin are lagging construction of sewage pipe networks 
and sewage treatment plants, many heavily polluting 
enterprises, direct discharge of domestic sewage, ran-
dom disposal of garbage, and low bottom mud release 
and management ability. Therefore, it is recommended 
to adopt corresponding measures such as dredging, 
sewage interception and storage pipes, improvement 
of management ability and environmental protection 
awareness, so as to eliminate pollutant discharge and 
reduce pollutant input from the root.

•	 The main control factors for black and odor determined 
by the single-factor standard index method are COD, 
NH4

+–N and TP. Combined with the research of other 
scholars, the pollutant removal effect of each method is 
compared. Aeration and magnetic flocculation technol-
ogy can be adopted as emergency treatment measures 
in this basin, and the treatment effect of each pollution 
factor is estimated to reach 80%.

•	 According to the two stages of emergency treatment and 
long-term improvement of water quality, a comprehen-
sive remediation plan for the watershed is proposed. 
At the same time, the watershed passes through two 
cities, and the water pollution at its handover section 
is serious. The people’s governments of the two cities 
should actively negotiate and determine the respon-
sibilities of each group to ensure that the water quality 
meets the standard and achieves the purpose of clear and 
odorless water body.
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