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Mechanisms controlling seasonal variations of hydrochemistry in a
typical river of the Baiyangdian Basin

YANG Xi, JIANG Xiaowei, GENG Xiaohong, MA Rongtao, JI Taotao, ZHANG Zhiyuan
(Key Laboratory of Groundwater Conservation of Ministry of Water Resources, China University of
Geosciences (Beijing), Beijing 100083, China)

Abstract: To investigate the seasonal variation characteristics and controlling mechanism of the hydrochemistry of
rivers that flow into the Baiyangdian Basin, the Angezhuang Reservoir—Zhongyishui River—Nanjuma River—
Baigou Canal was selected to compare the hydrochemical composition of the rivers pre and post-rainy season in
2023. Various methods, including mathematical statistics, Piper diagrams, Gibbs diagrams, end-member analysis,
and PHREEQC simulation, were employed. The results indicate that the hydrochemical characteristic of the
Angezhuang Reservoir exhibited seasonal variation in the year 2023, which significantly influenced the
hydrochemistry of the downstream river. At the confluence of the Yishui River and the Nanjuma River, the

hydrochemical components were predominantly similar to those of the Yishui River, indicating that the Yishui
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River's flow primarily governs the mixed hydrochemistry composition of the Nanjuma River. Before and after the

rainy season, due to low flow rates and weak weathering, the primary ions in the Yishui-Nanjuma River showed

minimal changes with the runoff distance. During the rainy season, however, the large discharge flow from the

reservoir and intense rock weathering resulted in a sharp increase in the concentration of major ions with the

runoff distance. End-member analysis and PHREEQC simulation results indicated that the main hydrogeochemical

processes occurring in river water during the rainy season were the dissolution/weathering of calcite, gypsum,

halite, and dolomite. As a river that directly flows into Baiyangdian Basin, the hydrochemical composition of the

Baigou Canal was influenced by evaporation and concentration before the rainy season, while during and after the

rainy season, it was controlled by the mixing of the Nanjuma River and Baigou River. This study enhances the

understanding of the mechanisms controlling river hydrochemical composition and aids in analyzing the origins of

Baiyangdian Lake’s water quality.

Keywords: Baiyangdian Basin; surface water; hydrochemistry; seasonal variation; chemical weathering
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a Mg Na K HCO; SO; Cl NOj3

S1 LA VIR 7 0.0 9.70 20.8 243 11.6 1.8 62.0 53.5 15.7 35 7
N2 PRSI 7 59.6 9.41 22.1 25.6 14.4 3.8 80.8 56.8 24.1 2.9 2
N5 R HE E Y 7 75.9 10.14 20.7 26.1 17.5 3.3 71.4 64.5 28.1 3.1 3
Bl SRAEIRD) 7 83.5 9.20 28.8 27.4 25.4 4.9 116.8 724 28.1 3.8 3
B2 SRAEIRD) 7 86.2 9.06 30.2 26.8 28.1 49 114.7 73.5 30.6 4.6 4
B3 ERAEIRT) 7 89.9 8.93 32.3 26.8 326 5.1 129.8 76.1 34.0 38 2
NO [ReEiR=hE) 9 — 8.17 258 4.0 5.4 5.0 88.0 16.3 13.4 5.7 -6
Sl GG K 9 0.0 7.85 44.1 16.8 8.4 3.4 148.6 41.6 13.0 133 2
Z1 th 5y K3 9 12 7.82 43.1 15.9 7.3 3.4 158.0 34.4 12.1 11.6 1
72 v Gy K 9 10.2 7.91 51.0 19.2 8.4 33 184.6 38.1 13.5 14.5 2
72 Hh gy 7K 9 20.6 8.06 67.1 25.5 11.2 3.7 245.2 54.6 27.4 23.0 -2
74 Hh gy 7K 9 27.9 8.19 71.2 30.8 13.4 4.0 223.6 63.6 31.6 28.7 -1
75 1 5y K 9 37.4 8.07 74.9 322 14.1 3.8 238.7 66.3 33.0 30.5 1
76 1 5y K] 9 453 8.09 52.8 27.5 13.1 3.6 190.4 61.5 232 19.7 0
77 1 55 7K 9 47.6 8.21 70.6 29.9 17.0 4.0 2272 73.3 34.3 272 -1
N1 [ReEi=hn) 9 48.6 8.23 70.4 29.0 16.7 43 240.2 71.5 34.0 26.7 -2
N2 AT 9 59.6 8.16 63.7 29.5 18.5 3.6 213.5 68.5 34.8 23.7 0
N3 AT 9 65.0 8.19 64.8 29.9 183 3.8 207.0 68.6 345 24.1 1
N4 [ReEiR=ht) 9 723 8.06 66.0 28.7 17.8 4.4 214.2 66.0 34.0 21.7 1
N5 [EEEAT) 9 75.9 7.89 77.7 26.5 23.4 3.9 230.1 86.2 36.6 16.7 2
Bl 85 9 83.5 8.57 73.4 24.6 21.9 38 200.5 83.5 36.4 11.6 2
B2 BRG] 9 86.2 8.05 74.5 24.9 21.8 3.7 199.8 84.9 35.6 10.8 3
B3 85 9 89.9 8.12 73.9 249 21.9 4.1 209.9 84.8 35.7 11.7 3
NO F 15 B 9 — 8.42 58.6 19.9 10.5 4.5 196.2 349 18.4 1.7 2
S1 LA VIR 12 0.0 8.14 52.0 18.0 9.6 4.4 175.3 53.7 11.5 14.3 0
Z1 gy 7K 12 12 8.02 52.8 18.5 9.8 43 177.4 52.9 11.4 14.1 1
72 gy 7K 12 10.2 8.24 53.0 18.6 9.9 45 176.0 55.2 11.8 14.5 -2
72 1 5 K3 12 20.6 8.17 533 18.8 9.9 4.6 181.0 55.7 12.4 15.7 -1
74 1 5y 7K 12 27.9 8.28 53.1 19.0 10.1 4.6 172.4 55.1 12.7 15.4 -1
z5 1 5y 7K 12 374 8.07 54.4 193 10.0 4.5 186.1 56.2 12.6 15.5 0
76 Gy Kim] 12 453 8.15 53.7 19.2 10.0 42 189.7 55.2 12.7 15.5 -2
77 gy K] 12 47.6 8.31 56.9 20.6 12.1 45 194.0 60.9 16.2 18.5 -1
N1 FAE Sy 12 48.6 8.29 59.1 21.1 12.8 33 202.7 60.7 20.0 19.6 -2
N2 [eEiEREhC) 12 59.6 8.21 61.6 223 15.1 3.7 207.7 62.8 22.7 20.4 -1
N3 FAEL 12 65.0 8.01 61.8 22.4 15.8 4.0 199.8 64.0 242 21.0 -2
N4 F 15 B 12 723 8.38 63.3 23.7 17.0 3.9 211.3 63.0 26.4 22.9 0
N5 P 15 B 12 75.9 8.27 75.2 255 323 4.7 220.4 94.0 403 223 0
Bl ERAEM) 12 83.5 8.17 72.0 25.1 322 5.7 225.0 85.7 42.7 24.0 0
B2 [ERAETN) 12 86.2 8.38 74.2 25.7 32.8 4.4 2185 89.5 43.8 243 1
B3 SRAEIRD) 12 89.9 8.14 74.0 25.8 332 5.4 211.3 87.3 439 24.6 -1
BG RG] 12 — 8.36 86.2 26.4 49.5 6.5 238.7 118.7 62.8 24.8 1
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