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Abstract

Affected by persistent greenhouse gas emissions, global warming continues to intensify, leading to
frequent lake heatwave events that profoundly impact various lake functions. This study focuses on
Weiran Lake, a campus lake at Chuzhou University, to investigate the passivation effect and mecha-
nisms of lanthanum-modified bentonite (LMB) on phosphorus under different temperature scenarios
(normal temperature: 25°C; heatwave period: 35°C). Indoor simulation experiments revealed that the
concentrations of total dissolved nitrogen (TDN), total dissolved phosphorus (TDP), and soluble reac-
tive phosphorus (SRP) in the 30°C group were 11.26%, 18.55%, and 15.11% higher, respectively, than
those in the 25°C group. In the 30°C + LMB group, the TDN concentration was 9.70% higher than in the
25°C + LMB group, while the TDP and SRP concentrations decreased by 46.55% and 77.74%, respec-
tively, compared to the 25°C + LMB group. The study reveals that lake heatwaves promote the release
of nitrogen and phosphorus from sediments in Weiran Lake, increasing their concentrations in the
water. However, LMB still demonstrates effective phosphorus control, significantly inhibiting sedi-
ment phosphorus release and reducing phosphorus levels in the lake water.
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Figure 1. Conductivity and pH of water in the different treatment, error bars represented standard deviation, significant dif-
ferences between treatments are indicated by different letters (A-D, p < 0.05)

E 1. NEIREKFEFERM pH, RELRTIVERE, TEFHA-DRRAEBEEREE (P <0.05)

Table 1. Two-way ANOVA analysis of water physicochemical parameters at the end of the experiment

F 1. SREREKFBUIETRNERFESTER

o SR pH TDN Stown
F Pr>F F Pr>F F Pr>F F Pr>F
B 1 740.56 ok 192.16 ok 19.93 ok 11.45 ok
LMB 1 340.94 *ox 0.06 n.s. 0.12 n.s. 1.32 n.s.
B xLMB 1 0.03 ns. 23.42 ok 0.10 ns. 0.56 n.s.
TDP Stop SRP Ssrp
i 1 0.71 n.s. 1.96 n.s. 0.85 n.s. 0.55 n.s.
LMB 1 132.98 ok 108.87 ok 56.21 ok 34.73 ok
B xLMB 1 17.59 ok 32.65 ok 5.48 * 6.15 *

**: p<0.01; *: p<0.05; n.s.: p>0.05.

3.2. TDN 1 Son

TELRE T i 2 R KR TDN WK (p < 0.01), {H LMB X7K4k TDN JC 2 #5401, SR M ALEESL
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Figure 2. TDN and S7py in the different treatment, error bars represented standard deviation, significant differences between
treatments are indicated by different letters (A-B, p < 0.05)
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Figure 3. TDP and Srppin the different treatment, error bars represented standard deviation, significant differences between
treatments are indicated by different letters (A-D, p < 0.05)
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Figure 4. SRP and Sszpin the different treatment, error bars represented standard deviation, significant differences between
treatments are indicated by different letters (A-C, p < 0.05)
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Thi, —SH R AR, WO E LMB AR SRR 2K [22].

4.3. #ERFCRY LMB TiHIR N

AR, LMB 058 7 XS sl RO . AR H, @il X leiF st 28, 18 30°C4HK{k TDP
1 SRP B R T 25 CAIEM N, 30C + LMB 417Kk TDP A1 SRP #4% #{KF 25 + LMB 4, FIH#M

DOI: 10.12677/aep.2025.159137 1228 IR AT


https://doi.org/10.12677/aep.2025.159137

ERAF %

POR(EE T LMB XS CR . AR, 7£ SCEI 35 CIRETEEN, LMB fi SRP W75 &
DAE 30°C, SASEIGSE FAHMA23]. W EERUKET, oot iz L iR g R T AR, ORI 2 P
Tt PR R 5 007 R P AR 375 5 s ) S S M o 3 24 PR L R T 2 R a2 W B (-5 R AR ) A7 S
L), $Em R A R A, LMB 7E 30°C 44 NIRRT s B R I FT R 5 KAk pH A 0%, AHIRHEIT
RIKE pH AETE 5~9 JEH N, LMB 596 B3 MR SR, && pH (ETE 5-7 JEE N[23]-[25]. AT H
30°CHLE R KM pH KT 25°C, B AFEIR LMB i EGE pH JuHl. ABFFCEE 7 25°CoNAERTIEE,
30°CMIARIRIR L, FeT 2023 FERKAERHRTIM LRI IS . 2023 4 10 H &5 IAIBL, Bk 1T il 52
BARFERIA T, IR, RN B 2 VR X B AR K T B T &, AR Tt K 2
DRI, G s 5 v B B IRCR ) B s (2R, WV VIR R AR B 15 B SRR B vy, S &5 T e
PSR, eI R — Pt ot

B AR5 BT BT R I R X 20 A 3 A 22 9, v [ DRV K AR BH I A AN SR8, I i
TEM MG TR R KR SRR ST A E WO EZENIER, EESRFFERREREL T, e B AR
T EIA AR B . VLR N X B ZEaii 2 W, H 5 3205 AR S R R, =0 &
MEIER, MCHFAR, KV T X2 3 B AR S R AR f i RN ] 54 (1) i 28 Xk
2 —[26]-[28]. BbAb, KT A R IX #2250 & B KRR T A K P8, IR T AR RN B B, 325
TR T 230 X IR [29] [30]. [RIL, 25 R BT A I I b DX 9 Fr) 25 B FH R T W )9 9 TR P »
AVENZ A 222 75 THRFEE T AT AT Y b D65 90 FATR 1R e R AT 7

E&UWH
TR 258 5 A QT QDL ZR R0 H —— 9 IR BT B AR WU AR B R TR S B AL AL
W 55(202410377051)
SEEk
[1] RS, VR, REBE, % = TERKITH R s SR RIARIT R R R [T]. WinaE2, 2019, 31(6):
1510-1524.

[2] ABEEAE, DX, IR, S T 2 U5 R A S K K IR F I 284841(2009-2018 £F) /34T 5 A AR E A T
. WEARLEE, 2021, 33(2): 414-427.

[3] Smith, V.H. and Schindler, D.W. (2009) Eutrophication Science: Where Do We Go from Here? Trends in Ecology &
Evolution, 24, 201-207. https://doi.org/10.1016/j.tree.2008.11.009

[4] Schindler, D.W., Hecky, R.E., Findlay, D.L., Stainton, M.P., Parker, B.R., Paterson, M.J., et al. (2008) Eutrophication
of Lakes Cannot Be Controlled by Reducing Nitrogen Input: Results of a 37-Year Whole-Ecosystem Experiment. Pro-

ceedings of the National Academy of Sciences of the United States of America, 105, 11254-11258.
https://doi.org/10.1073/pnas.0805108105

[51 Schindler, D.W., Carpenter, S.R., Chapra, S.C., Hecky, R.E. and Orihel, D.M. (2016) Reducing Phosphorus to Curb
Lake Eutrophication Is a Success. Environmental Science & Technology, 50, 8923-8929.
https://doi.org/10.1021/acs.est.6b02204

[6] Mackay, E., Maberly, S., Pan, G., Reitzel, K., Bruere, A., Corker, N., ef al. (2014) Geoengineering in Lakes: Welcome
Attraction or Fatal Distraction? Inland Waters, 4, 349-356. https://doi.org/10.5268/iw-4.4.769

[7]1 kIS, F-BH, DEME, XIESC. S0 a4k i e A AR S KU IR AL R (0], WA Rk, 2019,
31(6): 1499-1509.

[8] Dithmer, L., Lipton, A.S., Reitzel, K., Warner, T.E., Lundberg, D. and Nielsen, U.G. (2015) Characterization of Phos-

phate Sequestration by a Lanthanum Modified Bentonite Clay: A Solid-State NMR, EXAFS, and PXRD Study. Envi-
ronmental Science & Technology, 49, 4559-4566. https://doi.org/10.1021/es506182s

[9] Woolway, R.I., Albergel, C., Frolicher, T.L. and Perroud, M. (2022) Severe Lake Heatwaves Attributable to Human-
induced Global Warming. Geophysical Research Letters, 49, €2021GL097031. https://doi.org/10.1029/2021g1097031

DOI: 10.12677/aep.2025.159137 1229 N RI R Y


https://doi.org/10.12677/aep.2025.159137
https://doi.org/10.1016/j.tree.2008.11.009
https://doi.org/10.1073/pnas.0805108105
https://doi.org/10.1021/acs.est.6b02204
https://doi.org/10.5268/iw-4.4.769
https://doi.org/10.1021/es506182s
https://doi.org/10.1029/2021gl097031

ERA %

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Woolway, R.I., Jennings, E., Shatwell, T., Golub, M., Pierson, D.C. and Maberly, S.C. (2021) Lake Heatwaves under
Climate Change. Nature, 589, 402-407. https://doi.org/10.1038/s41586-020-03119-1

Tassone, S.J., Besterman, A.F., Buelo, C.D., Ha, D.T., Walter, J.A. and Pace, M.L. (2022) Increasing Heatwave Fre-
quency in Streams and Rivers of the United States. Limnology and Oceanography Letters, 8, 295-304.
https://doi.org/10.1002/1012.10284

Ding, S., Chen, M., Gong, M., Fan, X., Qin, B., Xu, H., et al. (2018) Internal Phosphorus Loading from Sediments
Causes Seasonal Nitrogen Limitation for Harmful Algal Blooms. Science of the Total Environment, 625, 872-884.
https://doi.org/10.1016/j.scitotenv.2017.12.348

Yindong, T., Xiwen, X., Miao, Q., Jingjing, S., Yiyan, Z., Wei, Z., et al. (2021) Lake Warming Intensifies the Seasonal
Pattern of Internal Nutrient Cycling in the Eutrophic Lake and Potential Impacts on Algal Blooms. Water Research, 188,
Article ID: 116570. https://doi.org/10.1016/j.watres.2020.116570

Jeppesen, E., Kronvang, B., Meerhoff, M., Sendergaard, M., Hansen, K.M., Andersen, H.E., et al. (2009) Climate
Change Effects on Runoff, Catchment Phosphorus Loading and Lake Ecological State, and Potential Adaptations. Jour-
nal of Environmental Quality, 38, 1930-1941. https://doi.org/10.2134/jeq2008.0113

Qin, B., Deng, J., Shi, K., Wang, J., Brookes, J., Zhou, J., ef al. (2021) Extreme Climate Anomalies Enhancing Cyano-
bacterial Blooms in Eutrophic Lake Taihu, China. Water Resources Research, 57, e2020WR029371.
https://doi.org/10.1029/2020wr029371

Kraemer, B.M., Anneville, O., Chandra, S., Dix, M., Kuusisto, E., Livingstone, D.M., ef al. (2015) Morphometry and

Average Temperature Affect Lake Stratification Responses to Climate Change. Geophysical Research Letters, 42, 4981-
4988. https://doi.org/10.1002/2015g1064097

FRuE, BERCR, B PREE T A BRSO B R A I s M), AR, 1994, 6(3): 240-244.

Han, Y., Zhang, Y., He, H., Ning, X., Zhang, L. and Li, K. (2025) External Nitrogen Influxes Hinder the Efficacy of
Lanthanum-Modified Bentonite (LMB) on Phosphorus and Algae Control in Shallow Lakes. Environmental Research,
264, Article ID: 120364. https://doi.org/10.1016/j.envres.2024.120364

Waajen, G., van Oosterhout, F., Douglas, G. and Liirling, M. (2016) Management of Eutrophication in Lake De Kuil
(the Netherlands) Using Combined Flocculant—Lanthanum Modified Bentonite Treatment. Water Research, 97, 83-95.
https://doi.org/10.1016/j.watres.2015.11.034

Han, Y., Li, Q., He, H., Gu, J., Wu, Z., Huang, X., et al. (2021) Effect of Juvenile Omni-Benthivorous Fish (Carassius
carassius) Disturbance on the Efficiency of Lanthanum-Modified Bentonite (LMB) for Eutrophication Control: A Mes-
ocosm Study. Environmental Science and Pollution Research, 28, 21779-21788.
https://doi.org/10.1007/s11356-020-12045-8

Copetti, D., Finsterle, K., Marziali, L., Stefani, F., Tartari, G., Douglas, G., et al. (2016) Eutrophication Management in
Surface Waters Using Lanthanum Modified Bentonite: A Review. Water Research, 97, 162-174.
https://doi.org/10.1016/j.watres.2015.11.056

Han, Y., Zhang, Y., Li, Q., Liirling, M., Li, W., He, H., ef al. (2021) Submerged Macrophytes Benefit from Lanthanum
Modified Bentonite Treatment under Juvenile Omni-Benthivorous Fish Disturbance: Implications for Shallow Lake Res-
toration. Freshwater Biology, 67, 672-683. https://doi.org/10.1111/fwb.13871

Kang, L., Mucci, M. and Liirling, M. (2022) Influence of Temperature and Ph on Phosphate Removal Efficiency of
Different Sorbents Used in Lake Restoration. Science of the Total Environment, 812, Article ID: 151489.
https://doi.org/10.1016/j.scitotenv.2021.151489

Ross, G., Haghseresht, F. and Cloete, T.E. (2008) The Effect of Ph and Anoxia on the Performance of Phoslock®, a
Phosphorus Binding Clay. Harmful Algae, 7, 545-550. https://doi.org/10.1016/j.hal.2007.12.007

Mucci, M., Maliaka, V., Noyma, N.P., Marinho, M.M. and Liirling, M. (2018) Assessment of Possible Solid-Phase
Phosphate Sorbents to Mitigate Eutrophication: Influence of pH and Anoxia. Science of the total Environment, 619,
1431-1440. https://doi.org/10.1016/j.scitotenv.2017.11.198

IR E, IR, AT, FHUWN. e iR T A E TS A R S m R R (7], A, 2021, 41(3):
596-608.

TRER, WIRE, ABUT. KILE T & iR ARIN 2 RE & 59 AN (], KITR IR 5 3R 55, 2023, 32(2):
440-450.

Guo, G., Wang, D., Ren, Z., Yin, Q. and Gao, Y. (2021) A New Method to Estimate Heat Exposure Days and Its Impacts
in China. Atmosphere, 12, Article 1294. https://doi.org/10.3390/atmos12101294

Sun, Y., Zhang, X., Zwiers, F.W., Song, L., Wan, H., Hu, T., et al. (2014) Rapid Increase in the Risk of Extreme Summer
Heat in Eastern China. Nature Climate Change, 4, 1082-1085. https://doi.org/10.1038/nclimate2410

WS, AR, G EEE. ATE = UM S A R R i v I S S (AL SR R D], R AEIE AR, 2017,
62(Z1): 233-244.

DOI: 10.12677/aep.2025.159137 1230 N RI R Y


https://doi.org/10.12677/aep.2025.159137
https://doi.org/10.1038/s41586-020-03119-1
https://doi.org/10.1002/lol2.10284
https://doi.org/10.1016/j.scitotenv.2017.12.348
https://doi.org/10.1016/j.watres.2020.116570
https://doi.org/10.2134/jeq2008.0113
https://doi.org/10.1029/2020wr029371
https://doi.org/10.1002/2015gl064097
https://doi.org/10.1016/j.envres.2024.120364
https://doi.org/10.1016/j.watres.2015.11.034
https://doi.org/10.1007/s11356-020-12045-8
https://doi.org/10.1016/j.watres.2015.11.056
https://doi.org/10.1111/fwb.13871
https://doi.org/10.1016/j.scitotenv.2021.151489
https://doi.org/10.1016/j.hal.2007.12.007
https://doi.org/10.1016/j.scitotenv.2017.11.198
https://doi.org/10.3390/atmos12101294
https://doi.org/10.1038/nclimate2410

	湖泊热浪影响下锁磷剂对蔚然湖磷的钝化效果研究
	摘  要
	关键词
	Study on the Passivation Effect of Phosphorus Locking Agents on Phosphorus in Weiran Lake under the Influence of Lake Heatwaves
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 锁磷剂、沉积物和水来源说明
	2.2. 沉积物和水处理及实验方法
	2.3. 测试分析指标及方法

	3. 结果与分析
	3.1. 电导率和pH
	3.2. TDN和STDN
	3.3. TDP和STDP
	3.4. SRP和SSRP

	4. 讨论
	4.1. 湖泊热浪对蔚然湖水质的影响
	4.2. LMB施用对蔚然湖水质的影响
	4.3. 湖泊热浪对LMB功效的影响

	基金项目
	参考文献

