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Abstract: Selecting Pearl River as a typical case, over a decade of data tracking and investigation was conducted. Simulated using
the analytical data as well as future scenarios of climate warming and river acidification, this study predicted the evolution of nutrient
element ratios and trace metal concentrations over the next 80 years. Three significant changes in natural water bodies were
suggested: firstly, insufficient carbon source allocation and nutrient accumulation leading to decreased biochemical efficiency;
secondly, elevated ion exchange due to acidification, resulting in higher background concentrations of trace elements; lastly, water
quality fluctuation inducing the co-release of heavy metals and toxic organic micropollutants and phase distribution shifts, forming a
multi-loop feedback of pollution sources. Our study suggests that changes in aqueous solution properties of water bodies are driven
by the results of simultaneous occurrence of concentration resonance and convergence effects, which are crucial factors of the
physical fields. Combined pollution irreversibly changes the physicochemical properties of water bodies, resulting in a rapid
fluctuation of geological background baseline values over decades. Consequently, this necessitates epochal adjustments to the
evaluation of natural water body thresholds. A new emergence of water environmental challenges may include element exposure and
fate changes caused by the natural evolutions, water quality structure conflicts from continuous inputs and emissions, and the
approaching demands for species equity in ecological era.
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Table 1

Relative abundances of stratigraphic sediments at different periods

[14 20]

1979 1985 % 2006 & 2009 *

Ve S ST v A < A I

A . o 1979 % 1985 2006 & 2009 &
JLFE  OER4L a4 L ,

K2 JZ Jz Jz Jz JZ JZ Jz
Al 3.0 13.6 12.8 9.4 8.0 8.6 8.7 N 245
As 0.4 5.0 14.0 36.3 Na 1.0 3.5 3.3 0.7 29 0.8 0.7
Ba 1180 643.0 600.0  550.0 500.0  522.0 Nb 4.7 12.9 25.0 13.0 13.5
Be 3.3 Nd 15.2 35.0 26.0 29.0 322
Bi 0.1 0.9 Ni 32.8 21.0 31.5 90.0 20.0 50.0 74.5
Br 1.7 5.0 9.0 21.5 P 470 700 581 1150 1000 2010
Ca 4.1 1.0 6.4 22 3.0 2.6 2.6 Pb 14.4 20.4 100 20.0 25.0 61.1
Cd 0.1 0.1 0.5 1.6 Pr 4.4 7.1 7.7 8.0
Ce 43.3 95.0 64.0 68.0 73.6 Rb 97.4 97.2 100 112 77.0 78.5
Cl 231.2 S 1140 581
Co 16.1 3.4 20.0 10.0 19.0 22.5 Sb 2.5 0.2 1.4 22
Cr 145.0 62.3 64.9 100.0 35.0 85.0 130.0 Sc 3.5 18.0 14.0 18.2
Cs 1.1 6.0 3.7 5.2 6.3 Si 8.9 59.3 28.5 30.8 25.6 25.4
Cu 51.3 8.8 24.2 100.0 25.0 45.0 75.9 Sm 2.9 7.0 4.5 5.8 6.1
Dy 22 3.5 4.5 43 Sn 5.5 2.9 4.6
Er 23 23 2.6 22 Sr 179 258 150 350 150 187
Eu 0.6 1.5 0.9 1.4 1.3 Ta 0.5 1.3 22 0.9 1.3
Fe 22 1.8 4.7 4.8 3.5 5.0 5.8 Tb 0.4 1.0 0.6 0.8 0.9
Ga 14.0 16.6 25.0 17.0 20.0 18.1 Te 0.5
Gd 2.5 3.8 5.6 5.3 Th 9.8 14.0 10.7 10.0 12.1
Ge 0.8 1.4 1.2 Ti 0.2 0.6 0.3 0.4 0.4
Hf 4.1 6.0 5.8 4.4 4.0 Tl 0.8 0.6 0.5
Ho 0.8 0.9 0.9 Tm 0.2 0.3 0.4 0.4
K 1.4 4.6 52 2.0 2.8 22 1.7 U 1.6 1.3 3.0 2.8 2.4 3.3
La 20.8 45.0 30.0 32.0 37.4 v 64.0 20.2 170 60 120 129
Li 21.2 25.0 35.0 8.5 \ 0.3 1.4 2.0
Lu 0.3 0.5 0.3 0.4 0.4 Y 15.0 30.0 22.0 25.0 21.9
Mg 4.6 52 2.7 1.2 13 1.4 1.3 Yb 1.6 35 22 2.5 2.1
Mn 200.0  400.0 6854 1050 600.0 1150 1679 Zn 27.0 383 69.4 250 71 130 208
Mo 1.2 3.0 1.8 3.0 Zr 144 190 150 160
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Table 2 Comparison of the differential physicochemical
properties of important metal element hydrates in rivers

and pure water

EELAD Fe Cu Pb Cd Mn Zn Cr
HWIZEMB(mg/L) 57060 37.4 12.5 0.102 929 77 228
HWAETHIB(mg/L) 30890 143 17 0.101 527 52 35
PURAMmE/L) 35900 32 16 02 720 127 71
HHUAHmE/L) 48000 100 150 1 1050 350 100

7KH(mg/L) 40 10 1 0023 82 30 1
AF 123 30 65 49 63 32 80

WAL 109 23 9.3 - 85 40 69

—pKq BL© 114 35 70 56 83 49 67
ZHEG 121 42 71 - 94 67 80
HUEEEE 128 55 7.9 44 94 6.1 123

AEk 118 1.5 36 28 58 19 74

WL 104 03 4.1 - 59 17 63

K HiL® 108 14 33 21 58 24 6l
PR gmm 116 17 24 - 66 37 74

LT 123 2.6 1 12 66 32 117

gk 374 197 149 13.6 127 169 302
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Fig.1 Sampling area of the experimental data set and

correlation links of elemental features in different
river sections
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Table 3 Characteristic correlations of affinity components of

two groups (according to combined results of 3data sets)

[4:4  [N4%&  MSE  RMSE  MAE  MAPE ”»
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Experimental Control
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Main stream MK 6919 7563 7563 7563 E—'— 0.00 [0.00;0.01] 14%
Main stream GY 6687 7563 7563 7563 — 0.00 [0.00;0.01] 19%
Main stream DQ 6574 7563 7563 7563 1:—!— 0.00 [0.00;0.01] 22%
Main stream FK 6523 7563 7563 7563 - 0.00 [0.00;0.01] 23%
Tributary SJ 1277 7563 7563 7563 —4— 0.00 [0.00;0.00] 13.9%
Tributary FLX 1121 7563 7563 7563 —°—i— 0.00 [0.00;0.00] 14.2%
Tributary YD 383 7563 7563 7563 —+ 0.00 [0.00;0.00] 15.8%
Tributary GD 354 7563 7563 7563 —°—f 0.00 [0.00;0.00] 15.9%
Tributary SLT 233 7563 7563 7563 ! 0.00 [0.00;0.00] 16.2%
Tributary XS 214 7563 7563 7563 —'—i 0.00 [0.00;0.00] 162%
Common effect model 75630 75630 - 0.00 [0.00; 0.00] 100.0%
11T 1

Heterogeneity: I° = 69%, ©° = 4.4121, p < 0.01
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Fig.2 Heterogeneity test of the flow section of the main stream and tributaries and the characteristic importance of some important

chemical indicators
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Fig.3 Characterizes the sensitivity distribution of nutrient substance and trace elements to physical conditions

according to the features derived from eight

machine learning algorithms
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Fig.4 Estimation of biogeochemical element ratios in rivers and estuaries based on machine learning and future scenarios
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Fig.5 Estimation of concentrations of important trace elements (Fe, Cu, Pb) in rivers and estuaries based on machine learning and

future scenarios
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Fig.7 Spatial distribution of PAHs/OCPs/PAEs in the two rivers
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Fig.8 Pearson correlation plot of major pollutants and physicochemical characteristics
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