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Abstract: Total load control of riverine pollutant transport is essential for protecting aquatic environmental quality. Frequent
extreme precipitation and increasing hydrological variability further highlight this importance, because changes in pollutant
load and discharge directly affect final river pollutant concentrations. Clarifying how pollutant concentration and flux
respond to discharge variations can support watershed water quality risk assessment. This study used daily water quality
data from 136 representative stations across major Chinese river basins from 2021 to 2024, together with matched

hydrological observations. We analyzed the spatiotemporal heterogeneity of total nitrogen (TN) and total phosphorus (TP)
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concentrations and fluxes. Power function regression models were applied to establish concentration-discharge (C-Q) and
flux-discharge (F-Q) relationships and to identify the underlying response mechanisms of TN and TP to discharge changes.
The results showed clear spatial differences in riverine TN and TP concentrations and fluxes across China. Northern river
basins presented a pattern of high concentration but low flux. In these regions, TN concentrations ranged from 4.0 to 8.0
mg/L and the average TP concentration was 0.09 mg/L, while limited runoff led to low pollutant transport fluxes. By contrast,
southern river basins showed a pattern of low concentration but high flux. The average TN and TP fluxes in the south were
4.29 kg/(km2-d) and 0.18 kg/(km2-d), which were notably higher than the northern values of 3.62 kg/(km2-d) and 0.12
kg/(km2-d). TN and TP exhibited distinct seasonal variations and driving mechanisms. TN mainly existed in dissolved forms
and was controlled by dilution effects. It showed high concentrations in dry seasons and high fluxes in wet seasons, and
runoff dominated seasonal changes in TN flux. TP was primarily bound to particles and was governed by scouring effects.
Intense wet-season rainfall induced soil erosion and sediment resuspension, which caused synchronous increases in TP
concentration and flux. C-Q analysis revealed a significant negative correlation between TN concentration and discharge,
with b values of —0.20 for northern basins and —0.16 for southern basins, confirming the dominant dilution effect for TN.
The correlation between TP concentration and discharge was weak, and no significant correlation was detected in northern
basins. F-Q analysis indicated that the sensitivity of TN flux to discharge showed no obvious regional difference. However,
TP flux was more sensitive to discharge in northern basins (b' = 0.41) than in southern basins (b' = 0.28), suggesting a higher
risk of phosphorus export under extreme rainfall in northern regions. This study proposes targeted watershed management
strategies for different regions. Northern basins should focus on reducing dry-season TN concentrations and preventing
particulate phosphorus export during rainy seasons. Southern basins should prioritize wet-season total pollutant load
reduction and establish early warning systems to address concentration rebound risks during low-flow periods.
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Fig. 1. Spatial distribution of major river basins and monitoring stations in China
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Fig. 2 Spatial distribution patterns of Total Nitrogen concentrations and fluxes in major river basins of China

W E R SR E SRR AR RNE 3 iR. ERERHE (B 3a) , SEHERKE
TP W EFME )Y 0.08 mg/L (JEF: 0.01~0.35 mg/L) , HAr 93% (KM TP ik EHIL T (b AKIE
B EAAME)  (GB 3838-2002) IR /AKIIZEAKARERAE (0.2 mg/L) . dLT73iIs TP W EEFHME A
0.09 mg/L, 7RI TP WEFHMEN 0.07 mg/L, 677 3BT A A B B B4R v T p 7 i, 7638
#JH (F 3b) , TP BRI MM 2 EAGES, 5 TN BEA—5. TP HEENFHEN 0.15
kg/(km?-d), BTELE N 0.01~1.43 kg/(km?-d). FH g i3 TP @& 4 0.18 kg/(km?-d), ZEHL77iIK
) 0.12 kg/(km?-d).

(a) }”\

A E | B i .

(mg/L) T (kg/km?/d) - ’
0.00 - 0.05 B / 0.00 - 0.05 ’ !
10.05-0.10 NPT a) 0.05-0.10 vt el

@®0.10-0.20 i i ©0.10-0.20 ; )

®0.20-0.30 ®0.20-0.30

@030 (Tt ®:>0.30 (T

bttt 1000 km S L 1000 km \

3 o ] 2 AL AU R 3 ) 2 ) AT A R
% BT B AR SR AT AR v P I 55 W R B S0 GS(2016)1554 5 (AR e Il ik E 1Bk
Fig. 3 Spatial distribution characteristics of Total Phosphorus concentrations and fluxes in major river basins
of China
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Fig. 4 Relationships between concentrations and fluxes of Total Nitrogen and Total Phosphorus in major river
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