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Fig. 1 Experimental sediment gradation curve
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Table1 Components of experimental sediment

Di/um Dsy/um Do/um Fhit/% ¥ytib/ve k% Wifiikit/(mgg™)

1479 39.74 7384 230 79.21  18.49 0.000
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Fig. 2 Experimental device of sediment incipience (a) and schematics of hydrodynamic measurement (b), (c)
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Table 2 Parameters setup for hydrodynamic measurement

KBTI e /(rmin ") JE 39/ e [ 1) A 11 BE 3 ¢ /em IR T PR IR 37 B /em TR /fps
! 0 0714  5.10.15,20,25, 30,35, 40, 45,50, 51,57 10 1000
5 73 0384 5.10.15,20,25, 30,35, 40, 45,50, 51,57 10 1000
3 104 0.288 5.10, 15,20, 25, 30, 35, 40, 45, 50, 51. 57 10 1000
4 128 0234 5.10,15,20,25 30,35, 40, 45,50, 51,57 10 1000
5 156 0.192 5.10, 15,20, 25, 30, 35, 40, 45, 50, 51. 57 10 1000
p 178 0160  5.10.15,20,25, 30,35, 40, 45,50, 51,57 10 1000
7 196 0.153 5,10, 15,20, 25, 30, 35, 40, 45, 50, 51. 57 10 1000
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Fig. 3 The relative position of laser profile (a), schematic diagram for the velocity calculation using PIV method (b)
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U8 BB HE AT 0 2 A o L Y R v B VR T 4 UKL e 7, %
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Table 3 Parameters setup for hydrodynamic measurement
o) rweridi vl Ve Bt e e/ B R Gy BT IR SR/ Y B W/ BRI i/
(mg'L™ L)) (hg'g ) (mgL™) gL (hgg)
S1-0 05.1,2.3.4.5.6 1 0 S10-0 2 10 0
S1-200 05.1,2.3.4.5.6 1 200 S10-200 2 10 200
S1-1000 2 1 1000 S10-1000 2 10 1 000
S1-2000 2 1 2000 S10-2000 2 10 2 000
15 = = = = = = = 1.8
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Fig. 4 The total adsorption capacity and the change rate of phosphorus by non-XG bed sediment
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Table 4 Experimental results

B AR GE LU/
] K IRy ‘ ‘ » ‘
L Pa AR R A Al R D U R B AR A S B A R YD IR B AL AR
P/ [mg-(20 min) '] FEIE/[g20 min-L) "] FHEIME/[mg-20 min) '] SFHEIfE/[g-(20 min-L) ]
0~120 min 14 0.002 3 0.030 0.000 0.016 ~0.062
120~240 min 24 0.005 0 0.008 -0.075 0.027 0.040
240~3 600 min 3% 0.020 5 0.096 0.577 ~0.003 0.125
360~~480 min 494 0.035 6 0.355 2.602 0.074 0.060
480~600 min 54 0.0759 0.950 7.667 0.014 0.775
600~720 min 6% 0.168'5 0.336 1.665 1.019 6.657
720~840 min % 03119 0.161 0.298 0.582 3.422

S £8P K Bl T AR R S I, KR Rl g o
kAR R . YR T Y)Y ) () AT 0.005 Pa
WI0E (1 %%, 0~ 240 min), 5 & ¥k B B A% 2 16 0~
0.24 mg/L Z [A1E 8l i HL2°h 2%, 19 ] 6 % Fff & °F- 1
AR AR AT T 0, AR R e Vb 2 B X i LA
WS B VE o Bl TH558 2 0.021 Pa(2, 3 4%, 240~
360 min), 5T f Wk B B AIG i 4E 47 7F 0.24~0.80 mg/L
Z ], S5 2R 6.9%, F- #4948 4k 1 % 0.096 mg/
(20 min), & V0 T 8% 1) W BT BB 07 A AR R T A S ) 1 o
FER AN 2Nk YNSRI E G

Wi ST 6 7 £ P K Bl T S PR R DR VD X AR R v g
P B Ak SR 2 B . FE T 0.036 Pa g fE A T
(490), W2 TH = 2,933 mg, 5 b 25.2%, 1 F- )
A4k A K 0.355 mg/(20 min), ¥4 B FRTF. ME T
5 2 0.076 Pa(5 2% ), 600 min I 1) W% B K H AR 4k
R BT — AP W] s, b B 4 T % 8.635 mg,
b7t 74.3%, #4748 46 3K 4 0.950 mg/(20 min), H
A~ 4. 5 HoKE I3V ] (360~ 600 min), W B i
FE AR THIE 70%, 156 BH 12 B B A R U0 X K AR v il 442 1
BRFVE Y = 2B B o

MK B ) A — 2D B BR, BEAR G R AR TH 3
T AR AR AL HOR RO B W T R, fE7R 0.168 Pa
HIVE T (6 92, W Bh o 720 1k i 228 #9553, R 600 min
AF Y 8.635 mg 7 720 min 2T+ % 10.650mg. 5L 91.7%,
AL TV 17.4%, 36 K 480~ 600 min 3] 8] (1) 32 TH i
(49.1%), HH I IR 7T 0 W B 55 A5 Ak 3 238 32 T [ 1K,
600~ 720 min Hf [A] V3425 fb 3 22U K 0.336 mg/20 min,
5 4 oK 3l 714 AT 8] S 2 748 4k 3 2R (0.355 mg/
20 min) &b 8] — KV . W5 7E T8 0.312 Pa BYAE
T (720~ 840 min), W% fff & $2 F+ % 11.617 mg, “F- 3448

A R, FFEM 0.161 mg/(20 min)., [ 600 min
ZJE B AR RSB T B, R RVD XK A rp
T8 118 VR 6 32 347 35 B A

AT, TR 1~T oK 1 5ETR, IR
VDX KR gl S B W R S AR A AE DL 3 A B B
(1) JC P & 5% 55 W% B B B (£<0.021 Pa, 0~ 360 min),
Z B B W B AR AR AN B, AR A R 5, (KT
0.1 mg/20 min; (2) PR3 W B B Bz (0.021<7<0.076 Pa,
360~ 600 min), % B B PR I0 %t 7K A v 8 ) i o o
T, 28 AL R KT 0.1 mg/(20 min), $2 T i 5 A 2
(3) W B - Fa By Bt (¢ > 0.076 Pa, 600~ 840 min), & >
X 7K AR v B £ I R ek 3 A AR R, AR bR R T B

BE 7K Bl 1 55 A AR Ak, S 30 B ) R R VD T vk AR
e ant&l 5 FraR, LAR] 2R S 46 v R e v 14 Bl ik
T o PRI V0 Bif 1 62 By ok 55 I k2 Ak o e s 9
HHIR], B K 2 1 2 A 1G58k, Ve Vb R i ke ), e 2
TSI A N R v B, R U T R A AR B e K
H G e FEfa e, KN 75 /L. AR B VD i it ik i AR
R, AR AT DK e e gh i o oAk i g L IR IR
E BB (1, 2 F1 3 %K 3 Jj 4%, 0~360 min), HR#E
Bl B (4 Fi1 5 9ok 8 01 444, 360~ 600 min) Fl 5%
SRS RYB (6 1 7 2K 3 71 2 4F, 600~ 840 min).

RV (4 B3 5 W B ok R AR B L, A &
PR AR A r B8 8 IO v R A Ak X IR I e VD B S B A
AT S A N o E R T 908 VD A SRS B B B (0~ 360 min),
TERSS WK BN T AR T, IR IR R TH — )2 By Je 10 X
KR B B B LT C R A, B AT, I
TR AL B K 3 M AE Jo 1oF [) 9 & 2B 5 48k, T K A rp
W 2 T it vk BE OO0 B W Ak 2 o s ) (360~
600 min), K If & 0 I i IF K it 3y, B IF i e v i
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L T S ST ) P T Tl 15 - B L BB 5 1 R B, K
A e B S IO v R R R A AR s SR AR TR VD
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Vi 5 B AR, 5 SO R RSB G T
3.2 BANEER &G TR ST 2 355 U Bt A 220
]I PRIV H 8 A BRI S, 1 e v b B e 1%
R 200 pg/g, [R5 R HYI N 7 (o) FFE R B R, IR
VDX 7R AR e 5l 1 82 6 R 0 A A I e 2 O O o VA
AL R A 10.372 mg/L, FEARIREE 200 1%, Kik

rh Rk VD A R R A A R A 5 A W o R LT —
o MRV IC BRI, S0 £ v B 2B VD
WHE R 76.4 g/L. [MERIR VB ARG, il
Vb b 8 IR iR 200 pglg, [74E TR R R R, R
YOV S By i A BRI, S0 T ) N e 2B VD o v
FER 66.1 g/L, BEARIREE 298 13.5%. MWK L F, B
AR Kk AR v %y R B A A 2 2ot A 449 L A 1 S ) 9 i 4
Fo BRI B R AR gl B i an 2% 4. &1 6 FNiAl 7
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Fig. 5 The suspended sediment mass concentration and the change rate by non- XG group
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Fig. 6 The total adsorption capacity and the change rate of phosphorus by XG bed sediment
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Fig. 7 The suspended sediment concentration and the change rate by XG group
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AR Xof 7K A o ol (0 A (] 02 B L S Bl B B
B BRI Y PR X6 7K A v gl 1 WA B ek 5 A A P
225, TR 55 W B R B (R 3l . T ta 2 3l Y B
i JR 56 <<0.021 Pa(1~3 2K 5 )1 %1, 0~360 min),
0l %) +=<<0.0.076 Pa( 5 %K 3 71, 0~ 600 min), JK T
X T HEPTRE S 4R T2y 2 4%, B Be e W R AEAC . T
JETE 6. 7 K3 TIAE T 35 3] PR s g Jh B B (Pt i
BB, H O 2 S50 45 N A i AW RS B B (58
SR Bl BE), (1 75 die 2 W R R v SR U R
I J0 B D S SE B A IR

IR VD F9 B 3 5 R K AR H A Tl 1 W B R
KA, T T e 2 5 2H R N TC W L 55 B Y B (R
E BN TF UG R B B B ) ) PR g B B (PR R 2 B
B ik P Y kR b R B R R AR v JBT vk B R Ak
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The effect of sediment incipient motion characteristics on phosphorus mass
concentration in water under the influence of xanthan

3

Yao Yinpeng"*®, Xu Chunyang"?, Chen Yongping®, Zhou Chunyan’

(1. Jiangsu Key Laboratory of Coast Ocean Resources Development and Environment Security, Hohai University, Nanjing 210024, China;
2. College of Harbor, Coastal and Offshore Engineering, Hohai University, Nanjing 210024, China; 3. Shanghai Waterway Engineering
Design and Consulting Co., Ltd., Shanghai 200120, China)

Abstract: The transport of phosphorus by suspended sediment plays a pivotal role as a nutrient and ecological
factor in aquatic environments, particularly in the complex hydrodynamic and sedimentary settings of Jiangsu’s
coastal tidal flats, where diverse organic coatings on sediment surfaces further complicate sediment dynamics.
Investigating the impact of organic matter on both sediment transport and phosphorus adsorption processes, there-
fore, is crucial for predicting phosphorus dynamics in coastal tidal flats and nearshore waters. To elucidate the influ-
ence of organic matter content and sediment initiation characteristics on aqueous phosphorus mass concentrations,
this study employs xanthan as a model organic substance. Through sediment initiation-resuspension-adsorption ex-
periments and constant-temperature oscillation tests, the study systematically examines how xanthan alters sedi-
ment mobility and phosphorus adsorption under varying flow conditions. The research findings are as follows:
(1) Xanthan significantly impedes the initiation of sediment motion from the bed, enhancing the bed’s resistance to
erosive shear stress by approximately twofold. (2) Sediment initiation characteristics act as a direct determinant in
the adsorption of phosphorus by the bed sediment, a marked increase in aqueous phosphorus concentration is ob-
served only after substantial sediment initiation commences. (3) While xanthan itself has negligible direct impact
on phosphorus adsorption, it indirectly suppresses phosphorus adsorption by the bed sediment through inhibiting

sediment initiation.

Key words: fine sediment; hydrodynamic conditions; xanthan; initiation; phosphorus
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