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Abstract

Rivers are an important part of the earth’s ecosystem, and currently the water ecological environ-
ment in the lower Yellow River region is not optimistic because of frequent human activities and
climate change. In order to explore the status of water ecosystem in the lower Yellow River region,
the researchers studied the annual and seasonal changes of nitrogen in five cities, namely, Tai’an,
Liaocheng, Jinan, Binzhou, and Dongying, from January 2022 to December 2023, respectively. It was
found that on the time scale, the nitrogen content showed a decreasing trend on an annual basis.
The five cities could be roughly divided into two groups in terms of seasonal distribution, the first
group being Tai’an City and Liaocheng City, whose nitrogen contents were higher in spring and win-
ter than in summer and fall, and the second group being Jinan, Binzhou and Dongying City, whose
nitrogen contents were significantly higher in summer than in other seasons. On the spatial scale,
the comparative analysis of the nitrogen content in the water bodies of the five cities revealed sig-
nificant differences in nitrogen concentration among the cities. From high to low, they are Taian,
Jinan, Binzhou, Dongying and Liaocheng. By studying the spatial and temporal distribution of nitro-
gen content among five cities in the lower reaches of the Yellow River, this paper explains the
changes in nitrogen content as well as its sources, provides a reference for designating reasonable
strategic ideas and countermeasures for water ecological and environmental security, and provides
a model for water pollution management and protection in other regions.
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Figure 1. Water system distribution map of Shandong section of the Yellow River Basin
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Figure 2. Annual changes of water nitrogen content in five cities (A)~(E) represent the water bodies of Tai’an, Liaocheng,
Jinan, Binzhou and Dongying, respectively
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Figure 3. Average quarterly nitrogen content of water bodies in Tai’an City and Liaocheng City. (A)
Tai’an City; (B) Liaocheng City
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Figure 4. Average quarterly nitrogen content of water bodies in Jinan, Binzhou and Dongying
cities. (C) Jinan City; (D) Binzhou City; (E) Dongying City
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Figure 5. 5 Spatial changes of water nitrogen content in eight quarters of cities. (A)~(H) represent quarters 1 through 8,
respectively
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Table 1. Total nitrogen content of water bodies in the five cities
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Figure 6. 5 Linear fitting of nitrogen pollutants in urban water bodies and watershed area
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