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Abstract Hydrodynamic regulation, as an effective restoration method of ecologically degraded shallow lakes, has
attracted much attention. However, optimizing the hydrodynamic conditions to achieve the best repair effect remains
a key scientific challenge. This study focused on a shallow lake in Nanning City, dividing it into hydraulically
isolated experimental and control zones for a 36-day in sifu comparative experiment. In the experimental zone,
horizontal and vertical water circulation was achieved using a 100 m*h circulating pump, while the control zone
remained static. The study systematically investigated the effects of hydrodynamic conditions on the

physicochemical properties and nitrogen cycling in shallow lakes. The results demonstrated that: (1) Compared to
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the static control zone, the experimental zone exhibited reduced fluctuations in water conductivity (EC) and
dissolved oxygen (DO) concentrations during the 0-36 day experimental period, with decreased COD,, level.
Surface water NH;-N increased 1.83-fold while bottom water NO; concentration decreased by 45.09%,
accompanied by a 24.84% reduction in total nitrogen (TN). (2) Hydrodynamic circulation disrupted the original
aerobic-facultative-anaerobic stratification, thereby establishing a dynamic cycling system that enhanced water-
nutrient exchange between surface and bottom layers. This significantly strengthened the coupled nitrification-
denitrification process, effectively controlling nitrogen excessive accumulation and improving water quality and the
ecological environment. (3) Based on the pollutant degradation rate, key parameters required for calculating the
optimal circulation flow rate to achieve the desired denitrification efficiency in the study area were identified, such
as water depth, area, and TN concentration in the experimental zone, providing a quantitative basis for
hydrodynamic regulation. This study elucidates the critical role of hydrodynamic management in improving water

quality in shallow lakes and offers novel theoretical and practical insights for aquatic ecosystem rehabilitation.
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Fig.1 Map of the experimental zone and sampling points

BRI DX A IR X A3 B T 3 SRR (B 1),
DA 5 00 0 5z Bl 45 DX 3 R A B 9 AR FR AR . e, X
HRIX R oA A 13, TRI8 XM RFE A 4~6. RFESLH)
At Jry——XF iz, Xof B DX SR AE R 1, 2. 3 43 516 i ik
BSR4, 5. 60 A X U XTI SRA: 55 22 [R] 11
255, 0T LA 7R 7K sl A8 B Ak B AR TR A7 B K 5 A
AL

TR X e %e T KB TG RS, 8 7R A
6 AbLHEAEIR KA, K )2 20 em AYZKE L EIA KA
TE L ZE R RE S 440 1 m KR A7 B HE S, 754
65 DX K AR TE 7K ST FN 2 7 ] b SEBRRFSEAG IR, 3
TR . X B IX R L% R G, AMETEAY
IK BN I EFR T K 0 A SR 5

T 2023410 H 2 H—11 A 7 H, #1477 il
36 d IS o X5 ], PR K LA 100 m'/h
BT RS AT . B 4 d 7EIR IR X CRAEE 1 4~6)
FIDF RE DX CRAE A5 1~3) 730 R A2 22 (0.2 m ZKIR) Al
)2 (1.0 m /KIE) KAEE 500 mL, ZKAERAE I 7 Bl %
[ = i a8

I (it G A (8 45 20 2 28040 HQ30D Xif 7K 44
pH. HL 5% (EC) MV fif %0 (DO) Mk B EA T 5 o 7K
1437 W B2 (SD) e di SL 87—1994 (3 IA B2 it il 52 (i3

R F ok L TR k) ) R AT O A, A IR B 48 K
(CODy,, ) 4% GB 11892—89C/K it iR R 16 £k
D52 YA T A2 o

R R (HCO; ) B vk i 38 1 7R el i A 12 2
Mro Ml B T 4 3% 4 (ICS-600, Thermo Fisher
Scientific, 3¢ [ ) & /K #£ /1 19 S (CI) | i R AR
(SO ). B (NO;) ., #(K") . #h(Na"). £5(Ca™)
FEE(Mg™ ) BT . SR AA3 T sl 73 B (AA3
Auto Analyzer3, SEAL, & [E ) & 7K # b & A
(TN) . A (NH; -N) AR & (NO; -N) ¥R B .

W ARG E IR 4 a2 1701 (0~8 d) L 81T
I (8~16 ) FETT/E 1 (16~36 d), fifi ] Excel k1%
AR X CRAE AL 4~6) AU IR IX CRAE A 1~3) 3%
JZRJEJEKH TN, NH; -N FINO; -N ¥ V- 35{A, -
FH Origin 20255 {22 il A 2 e i (1 sf [R] AR L R

2 HREHH
2.1 ANEKRBDFHTEUSHTW
e 1R T RIS AR XK P 32 ZE AR

(P I S ARG T . 5 2R 3R W, 50 B IXAH L, 7K
ZIEI RGBEE TS X B EC S /K iR BLAL Y
Mo IR (0~36 d), 15 ORI EC AU T
29 2.58%, ALIE BERL/IN, RIS (5] 7K 3 3 R R
IR 2 U K BLA A B F R . X
TG R, AR K R & v, AR5 IRIK
TeBR . KB XRZE SD VN 23.1 cm, % &
TRHRIXHY 15.5 em, Wilk—PHAIE TiX— 5.

BEAh, SRS, SR X DO ¥ JBE - 45 {1 45 %o
XHEAN T 2 1.31%, Wi CODy,, P34 {EH 0} B IX I
T2 2.88%. NO;F-Huk & M 3.26 mg/L % % 1.79
mg/L, IR BE 5 45.09%; [A] i, SO FTHCO; -3

F1 KX BXAKEEEBECIERFEHENTLEE
Table 1 Mean values and ranges of main physicochemical indicators in the experimental and control zones
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X 1l = EC/ = Mn 3 X 4 S 3
% RE (uS/cm) (mg/L) pH em (mg/L) (mg/L) (mg/L) (mg/L)
SERE A4 308 7.16 7.3 245 14.6 1.82 24.02 133.59
- (291~323) (3.69~10.71) (7.0~7.5) ' (5.1~27.9) (0~3.10) (22.08~24.96) (113.46~175.68)
SERES 308 6.87 7.2 215 16.6 1.83 24.04 134.20
R (290~329)  (3.08~10.18)  (6.7~7.6) : (4.2~31.2) (0~2.48) (21.12~26.88)  (106.75~175.68)
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FHE 310 6.95 7.3 23.1 15.8 1.79 24.03 132.37
TR 314 6.76 7.3 17.4 1.82 24.00 138.47
(277-387)  (3.86-9.93)  (6.9~8.0) 105 (59371 (0~5.58) (21.12~29.76)  (111.02~190.32)
TRE A2 293 7.09 73 17.7 3.66 23.04 127.49
ke (264~352)  (4.539.93)  (6.9~7.6) 150  (51-439)  (0.62~3.10)  (20.16~26.88)  (85.40~175.68)
SRR 299 6.74 73 15.0 13.8 4.30 21.12 128.71
(260~326) (3.09~9.83) (7.1~7.6) ) (9.3~22.8) (0~3.72) (0~24.96) (85.40~183.00)
FEfE 302 6.86 7.3 15.5 163 3.26 22.72 131.56
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Fig.2 Changes of nitrogen concentration in different layers of water in experiment and control zones over time
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Fig.3 Schematic diagram of a shallow pond in a stationary state and under hydrodynamic circulation
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