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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
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Abstract; Iron and manganese are both redox-sensitive elements and important chemical indicators of drinking water quality. The
anaerobic hypolimnion caused by thermal stratification results in the release of iron and manganese from sediments in water-supply
reservoirs. The exceeding concentration of them may have a great impact on urban water supply. Little research has focused on the
relationship between suspended sediment behaviors and the mobilization of iron and manganese in the water-sediment interface of
reservoirs. To demonstrate the seasonal variation of iron and manganese and the influence of suspended matter on its behavior in the
Biliuhe Reservoir, we comprehensively investigated and analyzed the vertical distribution characteristic of iron and manganese in
water, suspended sediments, and sediments from February 2014 to February 2015. According to the results of Spearman correlation
analysis, the concentration of iron is highly correlated with total suspended solids, total nitrogen, and total phosphorus, while, the
concentration of manganese is significantly correlated with total suspended solids, dissolved oxygen, pH and total nitrogen. Further
analysis results indicate that the thermal stratification, the anaerobic hypolimnion, and the resuspension of sediments significantly

affect the concentration of iron and manganese in the Biliuhe Reservoir. The average dissolved manganese concentration accumulates
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on the bottom layer to 0.18 mg/L in the stratified season, while the dissolved iron releases very little from the sediment. The manga-
nese concentration of the surface and middle layers increase to 0.07 mg/L in the mixing season. Because the average concentration
of particulate iron in the bottom layer is approximately 0.3 mg/L, the resuspension of sediments may be the main iron source in the
bottom layer of the Biliuhe Reservoir. In addition, the flocculated particulate matter and its adsorbed manganese could stay in the
reservoir for a long time, so that the content of manganese in the suspended matter is about 7 times higher than that in the surface
sediments. Thus, to reduce the impact of elevated iron and manganese concentrations on water supply in the Biliuhe Reservoir, the
most effective management practices focused on multi-level intake, hypolimnetic aeration, and amalgamated waterworks, which
could ensure the safety of urban water supply in Dalian.
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Fig.2 The seasonal vertical profiles of water temperature and
dissolved oxygen nearby the Dam of Biliuhe Reservoir (S4)
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Fig.3 The vertical distribution of the Fe and Mn concentrations of the Biliuhe Reservoir in different periods
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Tab.1 Spearman correlation analysis between Fe and Mn concentrations and environmental variables
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Fig.4 The PCA loading plot of water quality parameters in the Biliuhe Reservoir
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Fig.5 The iron and manganese contents in the suspended and surface
sediment (0—2 c¢m) in the deep area of the Biliuhe Reservoir
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Fig.6 Iron and manganese mobilization in response to reservoir stratification and

suspended sediment behaviors in the Biliuhe Reservoir

32 RAH EWRDUKIELE 3—5 A 10— 12 A PR, K DO WEZ T . i T /K 2 B4
OYEEH RIS ARARAFAE SR ZL R X SR, S BOK IR R K DFe A1 DMn GEAS T 58 Mo i) [ 3%, [7] i £
K% Fe A1 Mn (9%, 11 T7E pH 6~8 4 T Mn SUILHE RIS 8% 0T B4 AL E D S 50
TEIR A IR Z A 2 A DMn ¥ B2 28 T AU, 177 Fe BEAS Pt 44k , K DFe BERE 7R XU/ B8R
PO LR K AR IZ ORI R B LA K Fe 1 Mn S 52 BRI 1O SUEARE I T BIR 4 h iy Fe
Hl Mn e (B 5) 1 HoK RS BEIR Y Y Fe il Mn 22 7330 AW 5, R HGE G 39 PFe F1 PMn i B 22
1 T A 3.

DUBW 38 52 2K 3h F10 8l (XN R B AR T A ) R A TG 3 A T4 (3 I8 RS AR AT
A ) RSN T FUCR T B K T, Y 2R 32 W PR IR 2o R TR T e A T 4 R ™ K P B
SR A IRIR)Z 1938 3h 2 SEURP I R N 2 AT DL Y, SR PEAE 43 2] 6— 9 J1 03, TR
2B T S , 24 T B 2 B I S B 7 5 5 R AR 1 PR 2 i T OB Fe & B TR0
Y, 1m0 Mn 55 % T B, NI DU 80 22 5 DR Z 83 W b Fe/Mn B3, w] DU RS JLUC il T8
U B IR 5 EA PFe MRBERY LT, I Fe W72 TSS MR2 MK T Mn. i 43 )2 W1 AR & 300 RUTR A 3K
gy, 7K PR AR DX AR AORE A ORI 22 52 B4 8l HERF BK A 78 2 AR I B a6 AR T, Bk BRSE IR
(1 X B DOR T 3R, 33— AL S TR T M [ kb @ s ™ S UOK X VOB &2 Mn 5 i
BEFTHOKX ™ WSS R, 15 Mn AR, 289000 K PE U (1 FB PR R OB T Fe 1S )2



382 J. Lake Sei. (#a#+5),2019,31(2)

IR E ORI, 3T RZAREA PRe MR T Loh, B Wy S5 OB Fe/Mn 192253 5 B 5y
M i LR PR TR RS2 R S L 1 AT AT B0 07 10 e 2 A5 rh T AT Bt — 2 i 18

W 6 FiR, M TFIRA WK IR A VEH , DFe R DMn fF— 4400 I IR , 78 TR 0k B2 7 10 3L )
SR, R TFe A TMn (R BEAESS  (HJ2 22X LL PFe 1 PMn S 32, i TR LY Fe FI Mn ALY SR BEMART]
A2 FEOGK B IR I8 , i Z00 10 SR B BOCHE LS IR BB 1t S e 2 0%
313 vk HH EEDKAEAE 12 H AR 2 H 9k, B K e vk EHY DO W BEAR &, P v A fig
JFE. TEA EAMF T Fe Mn F 2 DU AT U7 7E , IR VK DFe A DMn AR AR, vkEH] SRR K 4
FEUK R A AR T ARESZ B KGR B3N, (E2: il TR Rk H R ik, 7 REULIN B ISR 1 i 3l , 22 %8
KPR ™ A —Se 4 3y , 2 75 5y 17 A ORE - HE A B A . T8 KB 8 K R SR ML K R 3R 95 2%
PEHEAT I (I 7)) , T oREH KRB, PR A3 S0 LI B 240 /N B0RE LK Fe Min f9 48046 LA 18 ) 32 3L
Bk, 7K P2 TR 22 LA 2R AR ) R A 1, SR A A TR B K RSSO v, DRI K JEJESJZ PFe \PMn
55 L. WA 7 FoR e KB KRB RAL (15 m LA _E) BRJEHE 5~ 10 m % i 77 76 KR ZORE 7Y,
BOK D F K BE S B AR LA b 10 m 2247, SRR BORS AT 52 i

WHE:22.4m

P 7 DREHIACT SRR A 2R K PR R 2 B P M IR

Fig.7 The suspended sediment photo captured by an underwater camera

in the bottom layer of the Biliuhe Reservoir with ice covered
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