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Biofilm—coated sediment transport and its potential environmental effects
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Fine—grained sediment is a complex assemblage of various minerals and exists ex
tensively in the river, lake and reservoir. Fine—grained sediment serves as an
excellent substratum for microorganism colonization, resulting in the formation
and growth of biofilms on sediment surfaces. A biofilm is a complex structure
consisting of living microorganisms and their metabolic products known as extra
cellular polymeric substances (EPS), and the formation of biofilms has been fou
nd ubiquitously distributed in aqueous ecosystems. However, most models for sed
iment transport are based on experiments using clean sediment without biologica
1 materials. The development of biofilms can influence sediment properties (e.
g., architecture, density, morphology and size gradation) and their transport p
rocesses, but also has potential environmental effects due to the absorption an
d microbe decomposition of biofilms. This paper aims to explore the roles of bi
ofilms on sediment transport and the potential environmental effects in aqueous
ecosystems. The improved flocculation evolution model for biofilm—coated sedime
nt is presented with a comprehensive consideration of both the attached biofilm
s and dissociative long—chain EPS, based on the conceptual model of sediment bi
oflocculation. Then, the diffusion—limited aggregation and diffusion—limited ag
gregation cluster model are developed to study the influences of biofilms on se
diment bioflocculation. Both the two models show that the turning radius and po

rosity of the floc increase and the fractal dimension of the floc have no obvio




us change with the increase of attached biofilm content, while the turning radi
us and porosity of the floc increase significantly and the fractal dimension of
the floc decrease with the role of long—chain EPS. Moreover, the effects of at
tached biofilms and long—chain EPS are more obvious in the DLA model.A three—di
mensional model of hydrodynamics and bio—sediment transport is proposed with a
comprehensive consideration of the biofilm effects. In this model, the main pro
perties, bedform dynamics and transport characteristics for bio—sediment are co
mprehensively analyzed to explore the distinctions between the transport of cle
an sediment and bio—sediment. The proposed model is validated by the measured f
low and sediment transport in the flume experiments, and the results show that
the simulated results agree well with the measurements. Then, the proposed mode
1 is applied to evaluate the biofilm effects on the hydrodynamic characteristic
s and sediment transport. It shows that the bedform dimensions and bed resistan
ce decrease due to an enhanced stabilization after the biofilm growth under the
same flow condition, resulting in an increase of mean velocity and a decrease
of turbulence intensity near the river bed. Moreover, the suspended sediment co
ncentration and erosion quantity of bio—sediment are significantly smaller than
those of clean sediment under the same flow condition. The dynamic model of bio
film growth is developed to represent the influences of sediment erosion and de
position. The biofilm effects on the phosphorus accumulation in the Three Gorge
s Reservoir (TGR), and the change of microbial community and corresponding micr
obial function along stem stream of Yangtze River are studied based on the mode
1 of hydrodynamics and sediment transport, developed biomass dynamics model and
the analysis of microbial community structure. It shows that (1) the spatial d
istribution of mean concentration of biofilms and phosphorus in the sediment is
negatively correlated with the sediment deposition, while the spatial distribu
tion of the cumulative amount of biofilms and phosphorus is affected by both th
e sediment deposition and the deposition velocity in TGR. (2) The microbial ric
hness and diversity in TGR are greater than those at downstream of the dam. Mea
nwhile, there is an obvious change in the microbial community composition after
the Three Gorge Dam construction. (3) The functions of decomposition of organi
¢ carbon and nitrification change little along stem stream of the Yangtze Rive
r, while the functions of denitrification and organic pollutants degradation in

TGR are greater than those at downstream of the dam.
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