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Abstract 

The safety of water quality is a matter of health, sustainable economic development and 
social stability. In this paper, we establish a mathematical model to study the change of 
ammonia nitrogen concentration at water quality monitoring station C under the 
participation of different pollution sources. For problem one, the ammonia nitrogen 
discharge from farmland was suitably simplified, i.e. the two-dimensional surface source 
was simplified to a one-dimensional steady-state point source, and the steady-state 
bottom sediment ammonia nitrogen discharge and the integration of bottom sediment, 
sewage treatment plant A and sewage treatment plant B with time and flow position was 
used as the objective function to establish a model based on the variation of river 
ammonia nitrogen concentration, dividing the whole river into four river sections, and 
discretizing the model and solving it by programming iterations. The problem was 
analysed to have only two calculation results, and the difference in ammonia 
concentration before and after the rainy season was reflected in the number of days 
above which the two calculation results occurred. 
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1. Problem Restatement 

1.1 Problem Background 

Water environmental protection is the top priority of national water security. The safety of water 

quality is related to the health of residents, sustainable economic development and social stability. 

Mastering the evolution of the water environment under the new situation is the key to carrying out 

water environmental protection work. 

Under the influence of climate change and human activities, the changes in the concentration of 

ammonia nitrogen in the basin and the evolution process of the water environment as the carrier have 

undergone great changes. By establishing a water quality model, it can accurately simulate the 

dynamic process of water quality response to the reduction of pollution sources, and comprehensively 

consider the impact of factors such as industrial point sources, urban non-point sources, and the 

release of sediments in water bodies on water quality, which is conducive to the management and 

planning of water quality, and is conducive to the management and planning of water quality for 

residents. Life and health are guaranteed. 

1.2 Problems to Be Solved 

It is known that a river has a total length of 42 km, an average flow velocity of 5 m/s, and the 

dispersion coefficient of ammonia nitrogen in the river is 10. There are large areas of basic farmland 

on both sides of the 10-18km of the river. In the rainy season (6.1-9.30), the average concentration of 

ammonia nitrogen emission in the farmland area is 1.25mg/L, the standard deviation is 0.1mg/L, and 
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the probability of rainy days in this area is 0.36. A sewage treatment plant A and B are built at 25km 

and 32km of the river, respectively. The ammonia nitrogen emission concentrations in the tail water 

of WWTPs A and B are constant throughout the year, respectively the first-class A standard (5 mg/L) 

and the first-class B standard (8 mg/L). The release concentration of ammonia nitrogen in the river 

sediment was 0.42 mg/L. The end of the river is the state-controlled water quality monitoring station 

C. Based on the above information, complete the following questions: 

(1) Use the above information to establish a suitable model to calculate the ammonia nitrogen 

concentration before the rainy season (5.31), during the rainy season (7.31) and after the rainy season 

(10.1) at the water quality monitoring station C. 

(2) The local water environment problems are becoming more and more prominent, and the 

government has introduced a series of river water environment improvement measures. Including the 

upgrading of sewage treatment plants, the dredging of river sediments, and the construction of 

riparian vegetation buffer zones. If sewage treatment plant A is closed and the effluent of sewage 

treatment plant B is adjusted to the first-class A standard, how much mg/L will the annual average 

ammonia nitrogen concentration of water quality monitoring station C drop? 

(3) On the basis of question (2), if a 10-meter buffer zone is set on the farmland on the 10-15km bank 

of the river, the concentration of ammonia nitrogen entering the river from the farmland can be 

reduced by 48.62%; the sediment dredging measures can effectively control the release of ammonia 

nitrogen and sediment , the ammonia nitrogen release concentration of the river sediment after 

dredging is 0.28mg/L, how much mg/L does the annual average ammonia nitrogen concentration of 

water quality monitoring station C drop? 

2. Problem Analysis 

For the first problem, it is required to establish a suitable model to calculate the ammonia nitrogen 

concentration at the water quality monitoring station C. In this paper, farmland agricultural non-point 

source pollution is regarded as "equivalent pollution point source", which is equivalent to the new 

sewage plant at the position of x=14km. The "equivalent pollution point source", together with the 

ammonia nitrogen concentration discharged by WWTP A and WWTP B, gradually attenuates with 

the flow of river water. The sediment in the channel is spread throughout the entire channel, and it is 

a process of continuous attenuation and accumulation with the flow. Therefore, the channel is divided 

into four calculated reaches. The focus is on the analysis of the concentration of ammonia nitrogen 

released from the river sediment, and the discrete calculation of the channel is performed. According 

to different precisions, a more appropriate precision is selected for iterative calculation, and the data 

is organized and drawn to show the change rule of the ammonia nitrogen concentration released from 

the river sediment. As for the ammonia nitrogen discharged from farmland, sewage plant A and 

sewage plant B, it only gradually decreases with the flow. According to the one-dimensional river 

steady-state water quality model, the attenuation law of the three ammonia nitrogen concentrations 

with the length of the river channel is directly obtained, all in the form of images. exhibit. Finally, the 

ammonia nitrogen concentration at the water quality monitoring station C can be obtained by 

accumulating the ammonia nitrogen concentration of the four parts at the water quality monitoring 

station C. 

For this problem, there are only two possible calculation results in the analysis, namely, the ammonia 

nitrogen concentration at the water quality monitoring station C in the absence of rain and the 

ammonia nitrogen concentration at the water quality monitoring station C in the rainy condition. Only 

affected by the probability of rain, the ammonia nitrogen concentration in the three cases of question 

1 is only a matter of the number of days that the ammonia nitrogen concentration at the C of the two 

water quality monitoring stations. 
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3. Model Assumes 

• It is assumed that the selected reach is runoff, regardless of the river and width, and the simplified 

reach is a one-dimensional problem; 

• Comprehensive assessment of the water quality of the reach assumes that the water quality is only 

affected by the four main indicators given in the title; 

• It is assumed that the two-dimensional surface source of farmland ammonia nitrogen concentration 

can be equivalent to a one-dimensional point source without other effects; 

• Assume uniform ammonia nitrogen concentration in the same section of the reach; 

• Ammonia nitrogen concentration increases with the river until the monitoring station C is not 

saturated. 

4. Symbol Description 

Table 1. Symbol Description 

symbol significance unit 

iA  Concentration of ammonia nitrogen discharged from WWTP A at position x=i mg/L 

iB
 

Concentration of ammonia nitrogen discharged from WWTP B at position x=i mg/L 

wuC
 

Ammonia nitrogen concentration at water quality monitoring station C without rainfall mg/L 

youC
 

Ammonia nitrogen concentration at water quality monitoring station C under rainfall 

conditions 

mg/L 

C  Annual average ammonia nitrogen concentration mg/L 

5. Model Establishment and Solution 

5.1 Model Establishment and Solution of Problem 1 

5.1.1 Calculate the Division of the Reach 

Different from the characteristics of ammonia nitrogen concentration discharged from agricultural 

non-point sources and industrial point sources, the concentration of ammonia nitrogen released from 

river sediments reflects the law of continuous release, accumulation and attenuation with river flow. 

However, the concentration of ammonia nitrogen emitted by agricultural non-point sources and 

industrial point sources only shows the characteristics of gradually decreasing, and there is no 

cumulative effect. If the whole river channel is considered as a whole, it means that the bottom 

sediment of the river channel is the "equivalent pollution point source" at the center of the river 

channel, and only the attenuation effect is considered, which will make the calculation results 

seriously deviate from the reality. Taking into account comprehensively, the division of the calculated 

river section and the remixing of the divided sections are carried out for the whole river channel, so 

as to calculate the cumulative effect of the ammonia nitrogen release concentration in the river bottom 

sediment, and the obtained results will be more accurate. 

Among them, considering the average effect of ammonia nitrogen concentration in the farmland area, 

the agricultural non-point source in the farmland area is regarded as the "equivalent pollution point 

source" at the center of the farmland. The calculated river segments are divided as follows: 
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Figure 1. Calculation of reach division 

5.1.2 One-dimensional River Steady-state Water Quality Model 

0 2

4
exp[ (1 1 ) ]

2

u kE
C C x

E u
= − +

 

 

Among them, C is the concentration of pollutants in the river water at x (mg/L); is the concentration 

of pollutants in the river water at x=0 (mg/L); u is the average flow velocity (m/s); k is the attenuation 

coefficient of the pollutants (1/s), k takes 1.4; E is the dispersion coefficient ( ). 

5.1.3 Determination of Ammonia Nitrogen Concentration at Water Quality Monitoring Station C 

Without Rainfall 

Determination of Ammonia Nitrogen Concentration at the Interface of Zones One, Two and Three. 

When the rainfall is not considered, that is, the emission of ammonia nitrogen in the farmland area 

due to rainfall is not considered, the first and second areas can be considered as a river reach area. 

STEP1: Discretization of Continuous Reach. 

The calculated river section is divided into i equal parts according to the distance, and the length of 

each part is as follows: 

 

 

Figure 2. Discrete of continuous river reach by distance 

 

Among them, the position corresponding to x=0 corresponds to the position of x=25km. The 

corresponding concentrations are respectively at , and the ammonia nitrogen concentration is the 

release concentration of ammonia nitrogen in the river sediment, ie = 0.42 mg/L. 

STEP2: Determination of the concentration of each place. 

At x1, the determination of the ammonia nitrogen concentration decayed by x0 satisfies the one-

dimensional river steady-state water quality model: 

 

1 0 2

4
exp[ (1 1 ) ]

2

u kE
c c x

E u

 = − + 
 

 

Add the ammonia nitrogen release concentration of the river bottom sediment at x1 to get the total 

ammonia nitrogen concentration at x1. 
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which is: 
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At x2, the determination of the attenuated ammonia nitrogen concentration at x1 also satisfies the 

one-dimensional river steady-state water quality model. Similarly, the total ammonia nitrogen 

concentration at x2 can be deduced. 
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By analogy, the total concentrations of ammonia nitrogen at x3, x4,...,xi-1,xi are as follows: 
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ci is the “cumulative effect” ammonia nitrogen concentration formed by the continuous attenuation 

and accumulation effect of the ammonia nitrogen released by the river sediment after passing through 

the first and second reaches, which is recorded as “the cumulative ammonia nitrogen concentration 

in the river sediment”. 

STEP3: Determination of total ammonia nitrogen concentration at the interface. 

The total ammonia nitrogen concentration at the interface is recorded as Ci, and the calculation of Ci 

is as follows: 

 

5.0i iC c= +
 

 

Among them, 5.0 is the ammonia nitrogen concentration (unit: mg/L) discharged by sewage treatment 

plant A as a point pollution source. The total ammonia nitrogen concentration Ci at this interface is 

also the initial concentration of the new reach area starting from this interface. 

Determination of Ammonia Nitrogen Concentration at the Interface of Zone 3 and Zone 4 and at 

Water Quality Monitoring Station C. 

STEP1: Discretization of the three-zone calculation of the reach. 
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Divide the calculated river reach of the three areas into j equal parts according to the distance, and 

the length of each part is as follows: 

 

 

Figure 3. The discretization of the calculated reach in the three regions 

 

Taking the starting point of the three zones as the starting point of the coordinates, y0 corresponds to 

the position of y=0, and yj corresponds to the position of y=7km. The corresponding concentrations 

of Y0, y1, y2, y3, ..., yj-1, yj are c0, c1, c2, c3, ..., cj-1, cj, respectively. At y0, the ammonia nitrogen 

concentration is the ammonia nitrogen concentration at the interface between the first, second and 

third zones, that is, c0=Ci. 

STEP2: The regularity of the concentration in the third zone and the total concentration of ammonia 

nitrogen at the interface between the third zone and the fourth zone. 

By reasoning in the same way, it can be deduced that the same law of the same two calculation reaches 

can be obtained. 
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The total ammonia nitrogen concentration at the interface between the third zone and the fourth zone 

is recorded as Cj, and the calculation of Cj is as follows: 

 

18.0j jC A c= + +
 

 

Among them, 8.0 is the ammonia nitrogen concentration (unit: mg/L) discharged by sewage treatment 

plant B as a point pollution source, and A1 is the ammonia nitrogen concentration at which the 

ammonia nitrogen produced by sewage treatment plant A decays to this location. The total ammonia 
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nitrogen concentration Cj at this interface is also the initial concentration of the new reach from this 

interface. 

STEP3: Calculation of ammonia nitrogen concentration at water quality monitoring station C. 

The discretization of the four-area calculation river reach, divide the four-area calculated river reach 

into m equal parts according to the distance, and the length of each part is as follows: 

 

 

Figure 4. The four-district river section plan is divided into equal parts 

 

Taking the starting point of the four zones as the starting point of the coordinates, z0 corresponds to 

the position of z=0, and zm corresponds to the position of z=10km. The corresponding concentrations 

of z0, z1, z2, z3, ..., zm-1, zm are c0, c1, c2, c3, ..., cm-1, cm, respectively. At z0, the ammonia 

nitrogen concentration is the ammonia nitrogen concentration at the interface between the third zone 

and the fourth zone, that is, c0=Cj. 

The ammonia nitrogen concentration at the water quality monitoring station C is obtained by 

derivation: 

 

1 2

4
0.42 exp[ (1 1 ) ]

2
j

u kE
c c z

E u
= + − + 

 

2 1 2

4
0.42 exp[ (1 1 ) ]

2

u kE
c c z

E u
= + − + 

 

 

1 2 2

4
0.42 exp[ (1 1 ) ]

2
m m

u kE
c c z

E u
− −= + − + 

 

1 2

4
0.42 exp[ (1 1 ) ]

2
m m

u kE
c c z

E u
−= + − + 

 

 

The ammonia nitrogen concentration at the water quality monitoring point C is recorded as Cm, then: 

 

2 1m mC A B c= + +
 

 

Among them, A2 is the ammonia nitrogen concentration of the ammonia nitrogen produced by the 

sewage plant A attenuated to this position, and B1 is the ammonia nitrogen concentration of the 

ammonia nitrogen produced by the sewage plant B attenuated to this position. 

5.1.4 The Effect of Ammonia Nitrogen Discharge from Farmland on Water Quality Monitoring 

Station C under Rainfall Conditions 

According to the title, as long as it rains, the farmland area can be regarded as a pollution source that 

discharges ammonia nitrogen pollutants stably. The "equivalent pollution point source" of farmland 

will have an impact on water quality monitoring, which will eventually cause the ammonia nitrogen 
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concentration at the water quality monitoring station C to be different from Ammonia nitrogen 

concentration in the absence of rain. Therefore, the whole problem only needs these two situations, 

that is, two different water quality monitoring ammonia nitrogen concentrations, namely no rain and 

rain. The difference in the results is only affected by the possibility of rainfall, the probability of the 

two situations. 

In the case of rain, it is necessary to consider the average effect of ammonia nitrogen concentration 

in the farmland area, and consider the agricultural non-point source in the farmland area as the 

"equivalent pollution point source" at the center of the farmland. This area of farmland is considered 

to be the "equivalent pollution point source" equivalent to x=14km. It is equivalent to the interface of 

an extra partition on the basis of no rain. 

5.1.5 Influence of Ammonia Nitrogen Discharged from Farmland on Water Quality Monitoring 

Station C under Rainfall Conditions 

Iterative Calculation of Cumulative Ammonia Nitrogen Concentration in River Sediment. 

Since the sediment is evenly distributed in the entire channel, after flowing, the ammonia nitrogen 

concentration at each location is composed of the attenuated concentration of ammonia nitrogen 

released from the channel sediment at the previous location and the concentration of ammonia 

nitrogen released at that location. There is a cumulative effect of ammonia nitrogen released from 

river sediments. Finally, when it reaches the water quality monitoring station C, because the ammonia 

nitrogen part of the river sediment is released, it is not only a simple attenuation effect, but a complex 

attenuation and accumulation process. 

The degree of calculating the distance of the river reach will affect the cumulative ammonia nitrogen 

concentration of the river sediment at the water quality monitoring station C. The following is an 

accuracy analysis for this part of the ammonia nitrogen concentration (the accuracy of each calculated 

river reach is the same): 

(1) When all 1000m are obtained, the iterative results are as follows 

 

 

Figure 5. Cumulative ammonia nitrogen concentration in river sediment(mg/L)1 

 

(2) When all 10m are obtained, the iterative results are as follows 
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Figure 6. Cumulative ammonia nitrogen concentration in river sediment (mg/L) 2 

 

(3) When all 10m are obtained, the iterative results are as follows 

 

 

Figure 7. Cumulative ammonia nitrogen concentration in river sediment (mg/L) 3 

 

Analyzing the image results, it can be seen that the smaller the value obtained, the more ideal the 

result, that is, the higher the precision. Therefore, the subsequent analysis chooses to obtain 1m for 

calculation. 

Concentration attenuation of ammonia nitrogen discharged from WWTP A and WWTP B. 

After WWTPs A and B discharge ammonia nitrogen at the positions of x=25km and x=32km, 

respectively, with the flow of river water, the concentration of ammonia nitrogen discharged by the 

WWTP will continue to decay, and the decay law conforms to the one-dimensional river steady-state 

water quality model. The changes of ammonia nitrogen discharged from WWTPs A and B with the 

length of the river channel are as follows: 
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Figure 8. Concentration of ammonia nitrogen discharged from sewage plant A with attenuation of 

the river channel (mg/L) 

 

 

Figure 9. Concentration of ammonia nitrogen discharged from sewage plant B with attenuation of 

the river channel (mg/L) 

 

Calculation of ammonia nitrogen concentration at water quality monitoring station C without rainfall 

According to the above results, comprehensive data processing is carried out, and the following 

changes in the concentration of ammonia nitrogen in the entire river channel are obtained. The results 

are as follows: 
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Figure 10. Variation law of ammonia nitrogen concentration in the absence of rain (mg/L) 

 

In this case, the final calculated ammonia nitrogen concentration at water quality monitoring station 

C is 3.566544 mg/L. 

Calculation of ammonia nitrogen concentration at water quality monitoring station C under rainfall 

conditions. 

The attenuation law of ammonia nitrogen emission from farmland "equivalent pollution point source" 

under the condition of rainfall is as follows: 

 

 

Figure 11. Attenuation Law of Ammonia Nitrogen Emission from Farmland "Equivalent Pollution 

Point Source"(mg/L) 

 

Considering the rainfall, the following changes in the concentration of ammonia nitrogen in the entire 

river channel are obtained, and the results are as follows: 
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Figure 12. Variation law of ammonia nitrogen concentration under rainfall conditions (mg/L) 

 

In this case, the final calculation of ammonia nitrogen concentration at water quality monitoring 

station C is $3.571166mg/L, the variation range is [3.571129, 3.571203], and the unit is mg/L. 

Analysis of the final result. 

The ammonia nitrogen concentration at the water quality monitoring station C can only have the 

results of the above two cases, and it is only affected by the rainy season. The ammonia nitrogen 

concentration at the water quality monitoring station C in the absence of rainfall and the ammonia 

nitrogen concentration at the water quality monitoring station C when there is rainfall. probabilities 

(or days) are different. 

Finally, the results of the first question are given: the ammonia nitrogen concentration at the water 

quality monitoring station C before the rainy season (5.31 and before) is 3.566544 mg/L; there are 

two results in the rainy season and after the rainy season. For the situation in the rainy season, from 

the beginning of the rainy season (6.1) to the middle of the rainy season (7.31), there will be 39 days 

of ammonia nitrogen concentration of 3.566544mg/L, and 22 days of ammonia nitrogen 

concentration of 3.571166mg/L; for the situation after the rainy season , from the beginning of the 

rainy season (6.1) to the end of the rainy season (10.1), there will be 78 days of ammonia nitrogen 

concentration of 3.566544mg/L, and 44 days of ammonia nitrogen concentration of 3.571166mg/L. 

6. Advantages and Disadvantages of the Model 

6.1 Model Advantages 

1) Effectively use the idea from part to the whole to divide the river into regions, and the research 

level of the problem is clear; 

2) Without considering the ammonia nitrogen emission caused by rainfall in the farmland area, some 

areas divided by the river channel are regarded as a whole, which appropriately simplifies the problem; 

3) The model method established in this paper is simple and easy to implement, and can be closely 

linked with the actual situation to solve the problem in combination with the actual situation. 

6.2 Model Disadvantages 

1) In the cumulative calculation of the ammonia nitrogen released from the sediment in the river 

channel, although the distance between the equal parts is smaller, the closer to the actual situation, 
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but no matter the distance between the equal parts is small, the river channel is still calculated 

discretely, and the final cumulative result is always does not meet the actual situation; 

2) The algorithm used by the model is relatively simple, which requires innovation and optimization 

of the algorithm. 
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