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Abstract: Polyphosphate (poly-P), a phosphorus component that is widely present in organisms and exhibits high biological
activity, plays a critical role in the biogeochemical cycling of phosphorus in eutrophic water bodies. To elucidate the degradation
and transformation processes of poly-P at the sediment-water interface and within the water column, as well as its response to
key environmental factors in lake sediments, in situ samples were collected from the Zhushan Bay area of Lake Taihu. These
samples were used to simulate near-natural conditions for studying the degradation and transformation of poly-P. The results
indicated that under near-natural conditions, the short-term hydrolysis rate of dissolved poly-P showed no obvious upper limit
and increased with rising concentrations. After two days, the SRP (soluble reactive phosphorus) concentration generated by the
hydrolysis of high-concentration poly-P could reach 0.1 + 0.01 mg-L™'/d. The hydrolysis of poly-P was primarily driven by
biological degradation, with key factors influencing the degradation rate including dissolved oxygen, carbon sources, temperature,
and sediment resuspension caused by disturbances. Low dissolved oxygen concentrations accelerated the hydrolysis of poly-P
and brought the SRP concentration to its peak 12 hours earlier. The addition of carbon sources slightly increased the hydrolysis
rate and promoted sustained SRP release throughout the incubation period, with a net increase reaching twice that of the control
group. Low temperatures significantly reduced the hydrolysis rate, although the overall SRP concentration continued to rise.
Disturbances that led to sediment resuspension increased both the hydrolysis rate of poly-P and the peak SRP concentration. In
the sediment, poly-P mainly existed in a strongly bound form within the Al-P fraction, undergoing continuous release and further
hydrolysis, while only trace amounts were present as free poly-P in the sediment and pore water. Dissolved poly-P could rapidly
settle and hydrolyze within 48 hours under near-natural conditions, contributing to the sustained supply of SRP to the water
column. This study on the occurrence and rapid hydrolytic turnover of poly-P in the water column provides insights into tracing
and clarifying the sources of active phosphorus that fuel algal cell proliferation during the summer and autumn seasons. It also
sheds light on the biogeochemical processes involving polyphosphate in the phosphorus cycle of water bodies.
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Tab.1 Experimental Setup Conditions for Polyphosphate Degradation in Near-Natural Water across Different Groups
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Tab.2 Experimental Conditions for Polyphosphate Degradation in the Sediment-Overlying Water System Across Different Groups
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Tab.3 Fitting Results of Polyphosphate Concentration in Overlying Water During Degradation in the Sediment-Water System
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pH=9 41 18.535 +6.552 8.813 +0.740 -0.011 +0.014 0.907
BriR4E 65.058 +81.728 6.790 +1.643 0.084 £0.035 0.946
KEH 0.554 +0.334 26.744 +14.901 0.161 +0.039 0.814

R4 (10°CH 4.547 £0.150 71.165 +30.941 -0.059 £0.723 0.997
EGAH 20.407 £9.027 8.821 +1.051 0.004 +0.016 0.933
afi7k4H 30.758 +12.587 11.942 +1.63 0.012 +0.061 0.969
Hahh 25.016 +19.833 6.860 +1.769 0.019 +0.006 0.677
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Tab.4 Fitting Results of Soluble Reactive Phosphorus (SRP) Concentration in Overlying Water During Polyphosphate Degradation in

the Sediment-Water System

y=a-b*In(x+c) a b c R?
xR 0.297 +0.141 -0.352+0.037 -0.493 + 0.240 0.99995
R 0765+ 0.399 -0.764 +0.13 1.909 = 0.987 0.99997
pH=9 0.176 £0.518 -0.409 +0.152 -0.258 + 1.021 0.99639
TR -12.919 + 17.684 -3.222+3.298 55212+ 76.788 0.99886
10°C 0.328+0.143 0.525+0.041 1.064 = 0.443 0.99999
i 0.624 +0.190 -0.257+0.072 -0.890 + 0.149 0.99822
ik -0.864 + 0.346 -0.600 + 0.089 3.620+1.617 0.99915
£l -0.867 + 1.348 -0.721 +0.346 2.57+4.501 0.99918
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Fig.7 Net Increase in Soluble Reactive Phosphorus (SRP) Concentration Over the Experimental Period
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Tab.4 The one-way ANOVA results for SRP concentrations of each group in the last 48 hours of the experiment.

(D) group  (J) group FRER ¢ PR BN 3% (I

1) TR R

IREH 0.061 0.131 642 -0.198 0.320

pH9ZH 0.040 0.131 757 -0.219 0.300

IR ZH -0.657 0.131 .000° -0.916 -0.397

LSD  XTHE4 KEH 1.220° 0.131 .000" 0.960 1.480
10°C4 -0.118 0.131 367 -0.378 0.140

WA -0.050 0.131 702 -0.310 0.209

URIE) -0.311" 0.135 024" -0.580 -0.042
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