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The Phosphorus Adsorption Rule and Surface Micro—topography Change of Sediment Particl

e

eS|

Jevb RURL; OIS0 ; e TR PR s FL o A1 5 Bk

FECR B

sediment particle;micro—topography;adsorption on sediment;pore distribution;phosphorus

S SE ]

M TR PR R, R H R H KRB S e frl fL . RIRKAE T AEAE R IV IE 3, i 3 B KL
KA HIJe b farb RO, PeIDETs RMHIE B ML R P AR EEA M. JeibXTa. BEsE
TSRO B3 1 KA 5 BRI L, SRV H BRSNS R e I A A A8, BT FER b S5 %Y
02 18] (R RH ELAE R A DI 28 I R 2 il AR SRR A B HH A, X0 W R Bt P AR S T 351
AT TR, SR C T BOM E Z AR WA LR LA i Sedt M4t A S Y v b Ok (1
TSI R B RIS PRI BRL R R+ R o, WHPE KRS, SHG T
b Z SRR BT b S5 Qe I 2255], W 7T LA KH2PO4 B IR, SR T AEAN R
B FRIAR L AT Vo B 25 1 F 2 PA A S IR B S, ISR P AR FREE XU B B i ¥ /b A 2 T 14 L&
FHIE, KBUBURLR T 1-10nm FIFLERAE 3275 Ge il Jn ARV i W 5 . BEETS G FE AN, Jeib bk
BB, FLAREAN, ~FEALARIE R, iRt R P AU BN SLBRIZ BT IR TE . 2 — P SCRATBE R IR
HICX SR RETEAX (EDS) XM e e vb R I T R BEAT oM, it &R woR, Jevb kiR i (i oz 77
At 5 ORI S M B O DGR R 0 M R OREMRE Bl AR T AL W R 4% 7 B R B A
AR AN T T, P B B AR, A TTAE T sAIR T b  R g, B T AT A
FEKTBI VI I WIER T, R e e W PR E 0K THT 1 1ol R AR B8 7K 22 I8 5 Jker 2 T o 1 24
G R, IR BT 75 G BR 2 SR A KRBT DI BN FLBR 2 v, 3 B0 80 FLER 1
KEHTE. ARG A HA ., @SRRI 7 s ele v B AR AR 4544, I
MR GEH R ITIEAEE T R R I 6 1%V 6 AT DRAETR YD ORI =45 T30, R At B S et
Je v RRL R i _E AR X OB B R . A% 6 45 S W 3 702207 B AT AT R 58 38 ©A f Kb Ak
JREARR, SEE Jn PR L2 I BB IS SRR o KR RS iR S bR i Sz v, F
s T TR ACR , RIZAR AT R N A5t

> eE ]

One of the consequences of rapid economic development in China over the past twenty years
has been a significant increase in aquatic pollution. There is a large amount of sediment
transported in natural aquatic systems, especially in China’ s big rivers. Sediment
particles, therefore, play an important role in the migration and transformation of
pollutants. The adsorption of nitrogen, phosphorous and other pollutants on sediment
particles changes not only the concentration of pollutants in the water but also the
surface micro—topography and transportation characteristics of the sediment particles
themselves. More and better research into the interaction between sediments and pollutants
is the key to solving these pollution problems. This dissertation discusses on a
microscopic level the adsorption law of phosphorus and the changes that phosphorus produces
on sediment particle surfaces. The methods and results are as follows. The study used an
advanced scanning electron microscope (SEM) to observe the surface micro—topography of
sediment particles. From the investigation, it was discovered that the surfaces of natural
particles are very complex. Often they are heavily coated with pollutants. These polluted
surfaces show notable differences compared to clean particles. In order to compare the
surfaces of clean particles to polluted particles, the study performed some laboratory
experiments using KH2P04 solution as the adsorbent. Then a series of adsorption experiments
were conducted on sediments with various degrees of initial phosphorus. The sediment
particle surface pores which have adsorbed phosphorous iron were measured using the gas
adsorption method. Based on our experiments, the study discovered that pores ranging in

size from 1 to 10nm show significant changes after the particles are polluted. As the

pollution levels increase, the specific particle surface area and pore volume decrease




and the average pore size inversely increases. Small sized pores, it was found, gradually
filled as the sediments were polluted. We used an energy dispersion spectrometer (EDS) to
analyze the chemical elements on the particle surface. The statistical results of our
analysis indicate a close causal relationship between the phosphorus distribution on the
particle surface and its micro—topography. There are two complementary processes at work
in the adsorption of phosphorous iron on particle surfaces—physical adsorption and
chemical adsorption. Physical adsorption is a reversible process which occurs rapidly

whereas chemical adsorption is an irreversible process which occurs slowly. As an effect
of constant flow shear stress, the phosphorous iron that is stably adsorbed on the particle
surface combined with the particle surface through a chemical reaction. Where the flow
shear stress is lower, pollutants, therefore, gather in pores as the reaction reached
equilibrium. This gathering action causes the pores to fill. Based on our SEM observations

we used mathematical methods to describe the form and texture of the clean surface
particles. From these mathematically derived results, we built a research platform. This
platform calculated not only the three dimensional topography of sediment particles but
also the interaction processes between the particle surface micro—area and the phosphorous
iron. Combining this platform and the adsorption kinetics equations, we were able to refine
an existent one dimensional numerical model for water, sediment and water quality by adding
modules to it to make it more powerful and to improve its predictive accuracy. The study
applied the model to simulate pollutant migration and sediment transportation respectively
in the Beiyun River and the Yantan Reservoir. We were able to obtain verifiable results
using this model and methodology. This model demonstrated strong potential for describing

the pollution processes which contaminate clean sediments in China’ s river systems.
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