IMMC 2024 Problem A (Greater China, Autumn) (English Ej{& £82)

Lake pollution control towards sustainable development

Background

Green mountains and clear waters are a precious gift from the ecological environment to humanity.
However, the process of social and economic development, urbanization, and industrialization often
causes environmental pollution. Environmental governance is of great significance for the
sustainable development of the economy and ecology.

Lake Taihu is one of the five largest freshwater lakes in China (with a volume of about 4.43 billion
cubic meters). Driven by short-term economic interests, paper mills around the lake have
developed rapidly in past years, causing serious environmental pollution to Lake 7aihu. To achieve
the sustainable development of the ecological environment, it is necessary to take appropriate
pollution control measures. However, simply shutting down paper mills is not conducive to
economic development and will also lead to a large scale of unemployment.

Although the outflow process of lake water (assuming a constant flow rate) will take away a certain
amount of pollutants, the decrease in the concentration of such pollutants is slow and limited. After
setting a weekly quota limit on upstream paper mills, the local government's environmental
protection department dispatched staff to regularly monitor the concentration of water pollutants
(mainly suspended particles) at five monitoring points in Lake Taihu. The monitored data is shown
in Table 1.

Tasks

1. After setting the production limit quota, assuming that the flow rate and concentration of
pollutants discharged by the upstream paper mills remain unchanged without considering the
effects of other factors, please establish an appropriate mathematical model based on the
environmental protection department's monitoring data of lake water pollutant concentrations
to predict the pollutant concentration after the 20th and 30th weeks, respectively.

2. The upstream paper mills cooperate with the local government to control wastewater pollution,
and adopt a new paper production process that can reduce the pollutant concentration
discharged from the original quota production from an initial 25mg/L to Smg/L. Activated
carbon adsorption is used to treat suspended pollutants in wastewater. The adsorption effect of
activated carbon can be regarded as a proportional relationship with the concentration of
filtered suspended pollutants (the proportion coefficient is 0.25); the weekly flow rate of
wastewater discharged by the paper mills is fixed at 100 million cubic meters, as shown in
Figure 1. Please establish an appropriate mathematical model to describe the changing
relationship of suspended pollutant concentration in Lake 7aihu, and study how much the
suspended pollutant concentration in the Lake can be reduced after adopting activated carbon
adsorption.



Table 1. Concentration monitoring of suspended particle contamination produced

by papermaking industry (Concentration Unit: mg/L)

manufacture raw
contamination

5
Papermaking

Water flow natural
sewage discharge

Monitoring Monitoring Monitoring Monitoring Monitoring Monitoring
period site 1 site 2 site 3 site 4 site 5
Ist week 10.8366 10.8286 10.8418 10.8313 10.8413
2nd week 9.35012 9.33735 9.36265 9.36667 9.36858
3rd week 8.16433 8.16756 8.1424 8.13454 8.15106
4th week 7.1481 7.16879 7.17691 7.16098 7.15679
5th week 6.3267 6.35153 6.33866 6.38672 6.33468
6th week 5.64729 5.69483 5.68283 5.72216 5.72069
7th week 5.15103 5.18964 5.19767 5.1787 5.18579
8th week 4.69592 4.72477 4.69179 4.7502 4.76333
9th week 4.42042 4.32338 4.3661 43312 4.35653
10th week 4.0741 4.02744 4.14201 4.02247 4.09824
11th week 3.82257 3.8737 3.88571 3.85653 3.86492
12th week 3.66742 3.59325 3.64282 3.66924 3.69893
13th week 3.50337 3.47648 3.5374 3.48706 3.54225
14th week 3.31069 3.31237 3.34224 3.34739 3.30775
15th week 3.26862 3.24237 3.26983 3.27488 3.28471
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Figure 1. lllustration of Lake Taihu water resources pollution and control




3. In addition to using activated carbon adsorption to treat wastewater, the local environmental
protection department also considers using microbiological decomposition to treat pollution.
The staff regularly monitored and estimated the number of microorganisms, as shown in
Table 2. Assuming that the decomposition of suspended pollutants by microorganisms is in a
linear relationship with the total population (the proportion coefficient is 0.03), please establish
an appropriate mathematical model to describe the changing relationship of suspended
pollutant concentration in Lake 7aihu after comprehensive treatment with both the paper mill
and microbiological decomposition. Study how much the suspended pollutant concentration in
Lake 7aihu can be reduced after considering both the paper mill adsorption and
microbiological decomposition.

Table 2. Estimation of total number of microbial groups (Unit. hundred million)

Monitoring Estimated Monitoring Estimated Monitoring Estimated
period quantity period quantity period quantity
1st week 2.0000 6th week 5.8750 11th week 5.9961
2nd week 4.0000 7th week 5.9375 12th week 5.9980
3rd week 5.0000 8th week 5.9688 13th week 5.9990
4th week 5.5000 9th week 5.9844 14th week 5.9995
5th week 5.7500 10th week 5.9922 15th week 5.9998
Submission

Your team's solution paper should include a 1-page Summary Sheet. The body cannot exceed 20
pages for a maximum of 21 pages with the Summary Sheet inclusive. The appendices and references
should appear at the end of the paper and do not count towards the 21 pages limit.

Special Note

The principles of Honor System of IMMC also applies to the use of LLMs (large language models)
or generative Al tools. If a team uses any large language model or generative Al tool in completing
the modeling tasks, from problem research, model development, programing to paper/report writing,
the team must make honest, open and transparent disclosure, including making in-text citations and
detailing relevant content in the "References" section. It should be recognized that although large
language models or generative Al have the advantages of productivity tools, they also have obvious
shortcomings and pose risks to users (such as Al-generated content containing Al hallucinations or
possible plagiarism in the produced content). Whether or not using large language models or
generative Al tools itself in the team’s work has no impact on judges' evaluation; the judges seriously
remind every team that if any Al tool would be used, use it correctly, honestly, open and transparently.
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. BRBEHET LR ENEM GREF45 mg/L)

B 0 s [ B 1 BRI R 2 LAY P=g] R 4 LA P=4
1A 10. 8366 10. 8286 10. 8418 10. 8313 10. 8413
%2 A 9. 35012 9. 33735 9. 36265 9. 36667 9. 36858
%53 8. 16433 8. 16756 8. 1424 8. 13454 8.15106
W4 7.1481 7.16879 7.17691 7.16098 7.15679
9555 6. 3267 6. 35153 6. 33866 6. 38672 6. 33468
956 4 5. 64729 5. 69483 5. 68283 5.72216 5. 72069
557 H 5.15103 5. 18964 5.19767 5. 1787 5. 18579
o5 8 4. 69592 4. 72477 4. 69179 4. 7502 4.76333
94 4. 42042 4. 32338 4. 3661 4. 3312 4. 35653
10 JE 4.0741 4. 02744 4. 14201 4. 02247 4. 09824
11 3. 82257 3.8737 3. 88571 3. 85653 3. 86492
12 JH 3. 66742 3. 59325 3. 64282 3. 66924 3. 69893
%13 3. 50337 3. 47648 3.5374 3. 48706 3. 54225
14 3. 31069 3. 31237 3. 34224 3. 34739 3.30775
%515 J& 3. 26862 3. 24237 3. 26983 3. 27488 3. 28471
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32 4. 0000 7 5. 9375 %12 4 5. 9980
%3 )4 5. 0000 5% 8 )4 5. 9688 %13 J 5. 9990
54 5. 5000 %9 5. 9844 514 5. 9995
%5 5. 7500 5510 5. 9922 515 5. 9998
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k1. B BFEETLEmEERNEE GEEELE mg/L)

B RIE BIIES 1 BIIRE 2 BIIRE 3 BIIE 4 BIIRE 5
1M 10. 8366 10. 8286 10. 8418 10. 8313 10. 8413
%2 9.35012 9.33735 9. 36265 9. 36667 9. 36858
%3 8. 16433 8. 16756 8. 1424 8. 13454 8. 15106
4 7.1481 7. 16879 7.17691 7. 16098 7.15679
%5 M 6. 3267 6.35153 6. 33866 6. 38672 6. 33468
%6 5. 64729 5. 69483 5. 68283 5. 72216 5. 72069
%7 5. 15103 5. 18964 5. 19767 5. 1787 5. 18579
% 8 4. 69592 4. 72477 4.69179 4. 7502 4.76333
9 4. 42042 4. 32338 4. 3661 4. 3312 4. 35653
10 A 4.0741 4. 02744 4. 14201 4. 02247 4. 09824
FH11H 3. 82257 3. 8737 3.88571 3. 85653 3. 86492
12 3. 66742 3. 59325 3. 64282 3. 66924 3. 69893
13 JH 3. 50337 3. 47648 3. 5374 3. 48706 3. 54225
F14 3. 31069 3.31237 3. 34224 3. 34739 3. 30775
15 A 3. 26862 3. 24237 3. 26983 3. 27488 3.28471
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S5 B TR EOR S5 B i TR EOR S5 B TR EOR
1 2. 0000 %6 J 5. 8750 %11 8 5.9961
%52 4. 0000 %78 5.9375 %12 5. 9980
%3 5. 0000 % 8 J 5. 9688 % 13 A 5. 9990
%4 5. 5000 %9 F 5.9844 514 A 5.9995
%5 F 5. 7500 %10 JA 5. 9922 % 15 JA 5.9998
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