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Abstract: To investigate the mobilization of iron and phosphorus in the sediments of reservoirs in southern China during the disap-
pearance of seasonal thermal stratification, physicochemical indexes were in-situ monitored from November 2019 to January 2020 in
shallow and deep area of Tianbao Reservoir. Simultaneously, diffusive gradients in thin films ( DGT) technique were used to ac-

quire the concentration distributions of labile Fe and P in the sediments. The results show; (1) The concentrations of labile Fe
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ranged from 4.67 to 18.72 mg/L, which far exceeded that of Lake Taihu, Lake Poyang and Lake Dongting, while the concentra-
tions of labile P ranged from 0.003 to 0.073 mg/L. The concentrations of labile Fe in sediments of the shallow area were higher than
those of the deep area. (2) The space-time differences between labile Fe and P in the sediments were obvious during the disap-
pearance of thermal stratification. In the shallow area, the concentrations of labile Fe presented decline order: Dayl4>Dayl >
Day32>Day54, and labile P was Dayl>Dayl4>Day32>Day54, while the concentrations of labile Fe and P increased in the sedi-
ments of the deep area. It was attributed to the quick response of thermal stratification in shallow area to the sudden drop in temper-
ature, consequently increasing the release of Fe and P at the sediment-water interface. (3) The diffusion flux of labile Fe at the
sediment-water interface ranged from 6.58 to 31.59 mg/(m?-d) , and that of labile P ranged from 0.008 to 0.086 mg/(m?*-d),
which meant Fe and P diffused from the sediments to the overlying water. The mixing time in the shallow area was earlier than the
deep area, resulting in the significant contribution of internal Fe and P release to deterioration of water quality in winter. Therefore ,
the internal release of sediments in the shallow area should be paid more attention in reservoirs of southern China.

Keywords ; Tianbao Reservoir; thermal stratification; sediment; iron; phosphorus; diffusive gradients in thin films (DGT)
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Fig.1 Locations of the sampling sites and blackwater in Tianbao Reservoir
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Tab.1 Elemental contents composition of surface sediments in Tianbao Reservoir
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Fig.2 Vertical distribution of water temperature and dissolved oxygen concentration in Tianbao Reservoir
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Fig.3 Vertical distributions and Pearson correlation analysis of labile Fe and P in sediment profiles
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Fig.4 Changes of the labile Fe and P diffusion fluxes at sediment-water interface
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Fig.5 Seasonal changes of water temperature and dissolved oxygen concentration in Tianbao Reservoir



1160 J. Lake Sci.(#3a#2) ,2021,33(4)

2011 AKX (KIE>20 m) B4 2R K, L E K A DO e B 748 fb 58 38 138 57 3h vk B W 2 & T 2010 45,
IXEETERA T g 7 BTG g A X KRR K X AR Z T TR DX SR T AR B PN 5 A B R i AT i R
IR B A B B R .

PR 2 UCRAERT I (Day14) | RE KT 2058k SRk, oA Sy v 7 T AR R /K K U ., LKA SR B 30 i)
W TR A/ PR IR I U 2 A 7 /K TR A 1) T ) TSR TR, 45 5 40 2B 45 SR T R, R AR v K IX AR
Y)— EHRSE E K BT Fe AP B0URK X 6 SR B T kAR BE . R [ g Jr L K K A% BLK £ T
I & 7 IR TRl LA P50, CUEEKJE 4313 i, 29 4 & IRK AR 1 4.4% , BB IE 54% I 7K EEFF AR /K T
SEAR RS, PR MR I K 2R T K DX P W5 Al ANk P S RS AL B HL X 3 A 22 XK R 114 5 i) 28 S T

3 it

1) REKIFETIRRYIA B Fe 1P Uk 5351k 4.67~18.72 F10.003~0.073 mg/L, Hrh 5303 Fe AL
TR 0 IO 3 R T v — AN B A, BLERK XU R A RS Fe ¥R BE T TIRK X TUAR

2) PP EHT I, REDK VTR A S Fe FI P M BE QY B 25 22 5 K K KA RS Fe M 2 Dayl4>
Dayl>Day32>Day54 #3554 P e B 2 3 Dayl>Dayl14>Day32>Day54 #43 | il K X A 502 Fe f1 P ik
FEAS MR /INEE 28 BRI TR TR K X 3 2 25 A X S5 TR B0 % e o i B b, K A e 1) YR )
T UL Fe £ P (FEIL.

3) KA K AT RAS Fe FI P 28l 3 54 6.58 ~31.59 11 0.008 ~0.086 mg/ (m’-d) , 4 [ JLRH 1]
EEKAPRWHERS , T /K BEK X A2 T T A T OK X, K X N TR Fe™ Rl POY BT & 2
IR JFEAR Y TR K, I 5 T 7K JEE P 7K X TR ) DA TR B8 ot R 4 221X K 5 4 B

4 B2

[ 1] ZhuZX, Yang J. The spatial distribution of reservoirs in Fujian Province: Higher density but lower storage in coastal than
inland regions. J Lake Sci, 2018, 30(2) : 567-580. DOI; 10.18307/2018.0227. [ RET, M7, Hi /K RS 0] o i b
fiE ;¥ B K D R EEAROK A 2. IR, 2018, 30(2) : 567-580. ]

[ 2] WangS, Qian X, Han BP et al. Effects of local climate and hydrological conditions on the thermal regime of a reservoir at
Tropic of Cancer, in Southern China. Water Research, 2012, 46(8) : 2591-2604. DOI; 10.1016/].watres.2012.02.014.

[ 3] CaoJX, Sun Q, Zhao DH et al. A critical review of the appearance of black-odorous waterbodies in China and treatment
methods. Journal of Hazardous Materials, 2020, 385 121511. DOI. 10.1016/j.jhazmat.2019.121511.

[ 4] Sun QQ, Chen JA, Wang JF et al. High-resolution distribution characteristics of phosphorous, iron and sulfur across the
sediment-water interface of Aha reservoir. Environmental Science, 2017, 38(7) : 2810-2818. [ M, MrlilZe, FHlE
S BT K RGN /K S0 VR B 4 B s ) s A AR BRBERLAE, 2017, 38(7) : 2810-2818. ]

[ 5] Gong MD, Jin ZF, Wang Y et al. Coupling between iron and phosphorus in sediments of shallow lakes in the middle and
lower reaches of Yangize River using diffusive gradients in thin films ( DGT). J Lake Sci, 2017, 29(5) ; 1103-1111. DOI;
10.18307/2017.0508. [ 22457}, &4, FMEAE. KILH R iF A KA TR YK A RS BRIV G C R Wi
Bl2g, 2017, 29(5) : 1103-1111.]

[ 6] Yuan ZR. Migration and transformation of phosphorus and heavy metal in sediments in drinking water reservoir| Disserta-
tion]. Xi’an; Xi’an University of Architecture and Technology, 2014. [ J&¥mlE. /K IF/K PENCIRME M 4 )R T B 554k L
HRFE A0S PY% . PHEERIRE, 2014.]

[ 7] Meng FD. Physical-chemical characteristics and form of phosphorus speciations in the sediments from lakes in the middle
and lower reaches of the Yangtze River[ Dissertation |. Beijing: Capital Normal University, 2005. [ 7 JLf&E. KT A R ijif
WA DAY FRAG P T S W S RS IR WP [ 2 A8 3] Ut B, 2005. ]

[ 8] Li L. Geochemical character and environmental significance of iron fractions in lakes sediments of west Inner Mongolia plat-
eau[ Dissertation ]. Hohhot: Inner Mongolia University, 2017. [ 2%, N5 8 BB IA 2k A s ERfb 27 R AF 5 R85 78
[ZAOEESC]. MERIEAS : S R, 2017.]

[ 9] Chai BB. Pollutants flux on the sediments multi-phase interface in drinking water reservoir and pollution controlling tech-

nology[ Dissertation |. Xi’an; Xi’an University of Architecture and Technology, 2012. [ 44f&#%. /K IF/KFEDTFRY) 240 5



K IEF @HAKREFT RS B TR A BT

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

1161

TG Yy iR e AL S5 Yot BRI [ 24008 3] V9% TR @ SRR, 2012, ]

Lei P, Zhang H, Wang C et al. Migration and diffusion for pollutants across the sediment-water interface in lakes: A re-

view. J Lake Sci, 2018, 30(6) : 1489-1508. DOI: 10.18307/2018.0602. [ T&ili, skitt, TAA%E. YIAWI K A IS U s

TR BT EE. W1AFEE, 2018, 30(6) : 1489-1508. ]

Qin BQ, Zhou J, Elser JJ et al. Water depth underpins the relative roles and fates of nitrogen and phosphorus in lakes. En-

vironmental Science & Technology, 2020, 54(6) : 3191-3198. DOI. 10.1021/acs.est.9b05858.

Li H, Gao ZW, Qin ZX et al. Temporal and spatial characteristics of heat exchange at sediment-water interface in a small

stratified reservoir. Water Resources Protection, 2019, 35(1) : 63-69. [ Z84T, @\, ZEEH%. 02/ INVKEEDIH

KSR AT 2 AR RFAE . K BEIRERS, 2019, 35(1) : 63-69. ]

Han BP. Reservoir ecology and limnology in China: A retrospective comment. J Lake Sci, 2010, 22(2) . 151-160. DOI.

10.18307/2010.0201. [ FHId-F-. rp /K A 282 RS 14 [l s 5 e 2. A RL2%, 2010, 22(2) : 151-160. ]

Liu GF, He J, Fan CX et al. Environment effects of algae-caused black spots: Impacts on Fe-Mn-S cycles in water-sedi-

ment interface. Environmental Science, 2010, 31(11) ; 2652-2660. DOI; 10.13227/j.hjkx.2010.11.017. [ XI| @4, fi

R, FRGHAE. BEIRE R K BRI RON . X R-ULAR Y AT AL Fe Mn S R E IR, BRI R, 2010, 31(11) .

2652-2660. ]

Liu GF, Shen QS, Zhang L et al. Environment effects of algae-caused black spots: Driving effects on the N, P changes in

the water-sediment interface. Environmental Science, 2010, 31(12) . 2917-2924. DOI. 10.13227/].hjkx.2010.12.015.

[XVEEE, HAKSE, SRTEAE. PEURIE K P RBERON . XK -TURR A S il AR AL i SR SR . SRR, 2010, 31

(12): 2917-2924. ]

Han C, Ding SM, Yao L et al. Dynamics of phosphorus-iron-sulfur at the sediment-water interface influenced by algae

blooms decomposition. Journal of Hazardous Materials, 2015, 300. 329-337. DOI. 10.1016/j.jhazmat.2015.07.009.

Pan F, Guo ZR, Liu HT et al. High-resolution distribution and biogeochemical behavior of phosphorus and iron at sedi-

ment-water interface of tidal flat. Earth Science, 2018, 43(11) ; 4109-4119. [ i, 5855, X 6%, WIMETTH

K ST R R B AR B A ) MR A2 AT . MR, 2018, 43(11) : 4109-4119.]

Li YP, Luo F, Guo JC et al. Mechanism of “black-water” occurrence in the reservoirs with Eucalyptus plantation, South-

ern China. J Lake Sci, 2018, 30(1): 15-24. DOI: 10.18307/2018.0102. [ Z=—-, Z JL, & )I145. I8 E 5 7 Fem

(Eucalyptus) N THRIXK PESE B MEZ BIE ALEWIER. WAL, 2018, 30(1) : 15-24.]

Wang Y, Ding SM, Ren MY et al. Enhanced DGT capability for measurements of multiple types of analytes using synergis-

tic effects among different binding agents. Science of the Total Environment, 2019, 657 446-456. DOI. 10.1016/].scitote-

nv.2018.12.016.

Xu D, Chen YF, Ding SM et al. Diffusive gradients in thin films technique equipped with a mixed binding gel for simulta-

neous measurements of dissolved reactive phosphorus and dissolved iron. Environmental Science & Technology, 2013, 47

(18): 10477-10484. DOI: 10.1021/es401822x.

China Environmental Monitoring General Station ed. Modern analytical methods of soil elements. Beijing: China Environ-

ment Science Press, 1992. [ H [ FRSEE 1IN Gk H3ETR LAk, dLat: hEFRSER A AL, 1992. ]

Wang X, Cheng B, Yang Z] et al. Differences in diffusive fluxes of nutrients from sediment between the natural river areas

and reservoirs in the Lancang River basin. Environmental Science, 2018, 39(5). 2126-2134. DOI. 10.13227/j. hjkx.

201709054. [ T, #49, HILMEE. WG VL ITR Y 1R Bk — b ADKCE FRERRHIE S s34 43 1. PRI,

2018, 39(5) : 2126—2134.}

Li YH, Gregory S. Diffusion of ions in sea water and in deep-sea sediments. Geochimica et Cosmochimica Acta, 1974, 38

(5): 703-714. DOI: 10.1016/0016-7037(74)90145-8.

Murray LG, Mudge SM, Newton A et al. The effect of benthic sediments on dissolved nutrient concentrations and fluxes.

Biogeochemistry, 2006, 81(2) : 159-178. DOI: 10.1007/510533-006-9034-6.

Jensen HS, Kristensen P, Jeppesen E et al. Iron: phosphorus ratio in surface sediment as an indicator of phosphate release

from aerobic sediments in shallow lakes. Hydrobiologia, 1992, 235/236(1) :731-743. DOI . 10.1007/978-94-011-2783-7_66.

He JB. Vertical characteristics of water temperature, dissolved oxygen and Chlorophyll @ in Qiandachu Lake[ Dissertation ] .

Hangzhou : Zhejang University of Technology , 2014. [ fif 3. T W1KiR 5 K426 o Tl B AERISEL 2000
SCTL BN WHT IR, 2014.]



1162

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

J. Lake Sci. (#:a#+3),2021,33(4)

Pierson DC, Weyhenmeyer GA. High resolution measurements of sediment resuspension above an accumulation bottom in a
stratified lake. Hydrobiologia, 1994, 284(1) : 43-57. DOI. 10.1007/BF00005730.

Jiang X, Zhu L, Xu SG et al. Effects of seasonal stratification and suspended sediment behaviors on the mobilization of
manganese and iron in a drinking water reservoir—A case of Biliuhe Reservoir, Liaoning Province. J Lake Sci, 2019, 31
(2): 375-385. DOIL: 10.18307/2019.0207. [ 3Zfik, dbk, %%, KUK R 205 153 )2 KOs R AT % Bk i
R RS ——LLIL 748 ZH K A ). AR, 2019, 31(2) : 375-385.]

Sun QY. Geochemical characteristics of sulfur and its coupling mechanism with iron and phosphorus in estuary sediments
[ Dissertation]. Yantai; Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, 2016. [ #MEHE. [ 0
DUBBR A HIR A 2 R SO 5 SRR BR RS S AL A DE R [ 2608 3] MG P EBL B0 6 1 2
fir, 2016.]

Luo J, Chen J A, Wang JF et al. Estimation of the phosphorus flux from the sediment of Hongfeng Lake using the Zr-Oxide

diffusive gradient in thin films (Zr-Oxide DGT) technique. Bulletin of Mineralogy, Petrology and Geochemistry, 2015, 34
(5):1014-1020. [ 24, WRiZe, EAURSE. FIREIED Bobh B BORAR L LU LR BE R . )25 A1 b
FRAb2EE i, 2015, 34(5) :1014-1020. ]

Norgbey E, Li YP, Ya Z et al. High resolution evidence of iron-phosphorus-sulfur mobility at hypoxic sediment water inter-
face: An insight to phosphorus remobilization using DGT-induced fluxes in sediments model. Science of the Total Environ-
ment, 2020, 724 138204. DOI; 10.1016/].scitotenv.2020.138204.

Huang TL, Zeng MZ, Qiu XP. Response of water quality of Zhoucun reservoir during the disappearance of seasonal thermal
stratification. Chinese Journal of Environmental Engineering, 2016, 10 ( 10): 5695-5702. DOI. 10. 12030/j. cjee.
201504216. [ BEEEAR, 8 WIIE, SRLEMS. JAART K4 20 PE 3 2 8 T 01K B B Re k. PRI TR 24, 2016, 10
(10) : 5695-5702. ]

Sun X, Zhu GW, Da WY et al. Thermal stratification and its impacts on water quality in Shahe reservoir, Liyang, China.
Environmental Science, 2018, 39(6) : 2632-2640. DOI; 10.13227/j.hjkx.201710223. [ #MFE, )4, B3R5 KH
WD P SR AR A B HERT K BT 2. BRIEER)2F, 2018, 39(6) : 2632-2640. ]

Wang JF', Chen JA, Yang YQ et al. Physical and chemical characteristics of water in lake Hongfeng during the disappear-
ance of seasonal stratification. Research of Environmental Sciences, 2012, 25(8) ; 845-851. DOI; 10.13198/].res.2012.08.
4.wangjf.009. [ AR, PRAUE, HKBEE. L0310 PR3 2 I T WK B BEAL AR AE. FREERMERTSE, 2012,
25(8): 845-851.]

Lin GE, Wang T, Lin QQ et al. Spatial pattern and temporal dynamics of limnological variables in Liuxihe Reservoir,
Guangdong. J Lake Sci, 2009, 21(3) ; 387-394. DOI; 10.18307,/2009.0312. [ #k[E &, BHF, MAKATLE. | R IR
KPR 2 AR R 28 S A ARAE. WITARLS:, 2009, 21(3) : 387-394. ]





