J. Lake Sci.(# 7 #+5), 2027, 39(1):000-000
DOI 10.18307/2027.0101
©2027 by Journal of Lake Sciences

EEFUHIEE T RERERKGHRAIRIR B SHRR

FTM, FERAED, KRET 2, ARMEHY R OE? A K2 FERE, BRAR,
I g

(1: ZEMTE RS AR, = U B FE S A A b i segh ==, M 650500)

(2: T EEMES R RIS WOTE AT, WIS REOK 4 A [ E e R, B 211135)

(3: FRUE S TRERF IR0, F5 210044)

(4: BEURZHIR SHEAER 2B, Fat 210008)

(5: PEBFARERY, L 100049)

8 F: BOKWNEEE T CBON RIRMEIAEE A, BRI RS TR RIS T, HAEDIRW 2340 DL R A B2 (Wl e
MELIZEE A N IR TOR AN A5 R . BUAIT 78 2 AR T BRI IR, XK o] JRUBE R VA 8 TR AR

PRSI A 508 S RS IR BRI 5 IR Bk Z RGERT IT o« AT AR E AR E-F SR 37 /KA AT FExT 5, J T PR R L,
S E DU KBRS, R T HFERBATUR I BIE S A 8, PR 7 IR SRR, WSR3k
AT, RIZVRRP T R TR AT PEAS RS & B S LU BT, AR AR IO ES B (Ca-P) S EEAILLGI N, [FIRY, Ca-
P 545 (Ca) HILLAETEMS [0 FF 51 L RFERIRAR, RIS BRI P RO B e T A WS, BRI T (POS) XF CaCOs
PR R RR 2 BRI B T I B 4 (CO3>), AKHEVEIERS N I7E CaCOs dh AR R I BN B B, X HE— 2P W 5B RIS 5t
KA RS RARAE ) AT RIS . DT TCUATURR M rh s VR B T R 8 G IR ORI, A
WOKZSIERBLRE, ERWEA S RGE TN xE.

R WEIMG BUBE: WhBUR, RBG RE

Eutrophication weakens the inert phosphorus accumulation in sediments of shallow lakes in
eastern China*®

Huang Siao', Mi Juntao?, Zhang Chenxue?, Zheng Jianan*, Zhao Yu?, Qin Bo?, Li Guozhan®°, Chen Guangjie'” &

Wang Rong>*

( 1: Yunnan Key Laboratory of Plateau Geographical Processes and Environmental Change, Faculty of Geography, Yunnan Normal
University, Kunming 650500, P.R.China )

( 2: State Key Laboratory of Lake and Watershed Science for Water Security, Nanjing Institute of Geography and Limnology, Chinese
Academy of Sciences, Nanjing 211135, PR.China)

( 3: Nanjing University of Information Science and Technology, School of Geographical Sciences, Nanjing 210044, PR.China )

(4: School of Geography and Ocean Science, Nanjing University, Nanjing 210008, P.R.China )

( 5: University of Chinese Academy of Sciences, Beijing 100049, PR.China )

Abstract: The eutrophication of shallow lakes has become a global environmental issue. Phosphorus (P) is a key driver of lake
eutrophication, and its distribution within sediments, as well as the transformation among its different fractions, directly influences the
potential for internal P release and the trajectory of ecological restoration. While existing studies predominantly focus on internal
phosphorus (P) release in shallow lakes, the long-term alterations in sedimentary P speciation driven by eutrophication, as well as the

underlying ecological feedback mechanisms remain poorly understood. In this study, 37 shallow lakes in the eastern plain of China were
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selected as research subjects. Based on sediment core records and combined with contemporary physicochemical water quality
observations, we reconstructed the centennial evolutionary history of P fractions in lake sediments and explored their environmental
implications. The results indicate that eutrophication has increased algal biomass, raising the content and proportion of high-release-risk
active phosphorus in surface sediments, while decreasing the content and proportion of relatively stable calcium-bound phosphorus (Ca-
P). Furthermore, the ratio of Ca-P to calcium (Ca) continuously decreased over the time series, indicating a gradual weakening of
phosphorus fixation processes associated with calcium carbonate. These processes include the substitution of phosphate ions (PO4>) for
partial carbonate ions (COs>) within the crystal structure of calcium carbonate (CaCOs), as well as the formation of insoluble calcium-
phosphate minerals on the surface or within the interior of CaCOj crystals. This further suggests that the accumulation capacity for inert
phosphorus in shallow lake sediments may be impaired under eutrophic conditions. This study concludes that the elevated proportion of
labile P in sediments will exacerbate the risk of internal P release and intensify the positive feedback loop of the turbid water state, thereby
making the restoration of lake ecosystems significantly more difficult.
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Fig.1 Distribution of sampling sites in 37 lakes in the eastern plain
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Tab.1 Basic information of 37 lakes in the eastern plain

Fr 51 . _ W T TLI
WA iG] PR TN TP B IR
5 (G KR EizRd
E(°) N(°) (km?) (m)  (mg/ll)  (mg/L)
S1 Ft45H] SIH 117.07 3038 103.9 4.89 0.52 0.03 40.43 TR
S2 it T PGH 117.14  30.64 22.7 2.76 1.17 0.17 61.39 HEEE R
S3 ST CZH 117.07 30.8 146.3 6.54 0.6 0.04 43.98 g IR
S4 A POH 116.44  30.17 175.3 533 0.55 0.03 40.91 TR
S5 Y30 LGH 116.15  29.95 312.9 424 1.06 0.05 50.61 BEEER
S6 KEW DGH 11632 30.04 279 4776 1.76 0.11 61.31 R EE R
S7 pNEL TBH 11581 2997 27.1 3.16 1.93 0.51 74.55 TR
S8 TRl CHI 11569  29.78 50.5 2.5 1.56 0.09 58.66 BEEER
S9 £ SAI 11585  29.69 425 4.44 0.96 0.04 47.96 g IR
S10 S CEH 11516 3026 9.06 1.5 1.87 0.62 75.87 TR
Si1 ez i BAH 11471 3025 41.7 3 1.5 0.09 58.33 BEEER
S12 BT LZH 11451 3023 247.9 49 1.96 0.08 59.64 BEEER
S13 D TXH 11436 3042 353 2.95 1.93 0.23 68.08 R E TR
S14 7Sk FTH 11423 30.02 136.4 3.7 1.57 0.1 59.57 BEEER
S15 PEIH XLH 114.08  29.95 72.3 3.8 1.43 0.07 55.88 BEEER
S16 B A HGH 113.55 29.7 70.6 5.6 1.66 0.05 54.41 BEFER
S17 ] 2 8 DTH 11274 29.07 2625 6.39 145 0.09 58.04 BEEER
S18 i HH 11334 29.86 329.4 2.7 1.59 0.07 56.78 BEEER
S19 YR oK) CJH 11638  28.67 18.63 7.04 0.99 0.06 51.51 BEFER
S20 11 JSH 11634 2853 17732 843 0.44 0.02 35.73 IR
S21 PR YH 116.06  28.69 18.89 321 121 0.12 58.84 BEEER
S22 9 YFH 116.53  28.53 27.99 2~4 1.22 0.09 56.58 BEFER
S23 XIH TPH 11673 30.01 28.9 5.47 1.39 0.21 64.56 R EE R
S24 R E WCH 11672 3028 107.5 3.94 0.39 0.03 38.00 IR
S25 JRYHE ] MTH 116.6 30.42 727 2 0.78 0.06 49.50 BEEEHR
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S29 K5 CDH 11954 3161 84.3 1.72 126 0.14 60.44 T EE R
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Fig. 2 Contents and variation trends of surface physicochemical parameters of 37 lakes in the Eastern Plain (a indicates the contents of
C/N, TOC, TP, Fe, and Ca in surface sediments; b-f indicate the fitting results of the corresponding parameters versus core depth)
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Fig. 7 Conceptual model of ecological feedback mechanisms involving phosphorus fractions
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Tab. S1. Depth-to-Age conversion for the 37 lakes

WA g5 IREE (cm/year)  HFLIRE (cm) AR, Bt 22 SRk
PAR AL SJH 0.56 15 1992.214286 [2]
il T VA PGH 0.39 20 1967.717949
¥T1W  czH 0.39 10 1993.358974

SR POH 0.39 10 1993.358974
W LGH 0.62 20 1986.741935 [3]
KEW  DGH 0.34 15 1974.882353 [4]
KHAW  TBH 0.46 20 1975.521739 [5]

AR CHI 0.39 30 1942.076923

FEH SAI 0.39 30 1942.076923

H CEH 0.39 30 1942.076923
fR24  BAH 0.39 35 1929.25641
B LZH 0.53 40 1943.528302 [6]
W TXH 0.39 30 1942.076923
7 i FTH 0.22 30 1882.636364 [7]
PR XLH 0.258 15 1960.860465 [8]
#EW  HGH 0.46 25 1964.652174 [9]

ARiHpEEH  DDTH 0.56 10 2001.142857 [10]

b HH 0.16 25 1862.75 [11]
B 2K CJH 0.39 30 1942.076923
1l JSH 0.26 35 1884.384615 [12]

BRI YH 0.39 25 1954.897436
o YFH 0.39 45 1903.615385
P NER TPH 0.39 25 1954.897436
HEW®  WCH 0.39 25 1954.897436
R MTH 0.39 30 1942.076923
H SHJ 0.26 20 1942.076923 [13]
B GCH 0.39 15 1980.538462
MW NYH 0.35 35 1919 [14]
K¥%W  CDH 0.46 35 1942.913043 [15]

T GEH 0.39 15 1980.538462
Al SBH 0.39 25 1954.897436
= 1S 358 GYH 0.34 30 1930.764706 [16]
wEl] HZH 0.4 30 1944 [17]
HgW  BMH 0.39 30 1942.076923

TETH TUH 0.39 30 1942.076923
el HUA 0.39 35 1929.25641
Eqiif NSH 0.39 35 1929.25641
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