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The study of non-steady variations of phosphate release from sediment
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The response of phosphate release rate due 1o a rapid change in the fow velocily of the averlying water was studied using a non-steady
aumerical model as well a5 labaratory experiments. First, adynamic model, which predicts the non-steady variations in the phosphate release rate,
was developed. The model consists ol mass conservation equations for dissolved oxygen, phosphate and {errous iron, According lo the model
analysis, a step change in shear velocity i: the overlying water leads to drastic changes in the phosphate release rate within ~1 hour, The reason
why diflusive fluxes in overlying waler reach sieady state in ~1 hour is that the diffusive fluxes are mainly governed by the response in the
coneeitration botdary Jayer, and that its time scale t is expressed ast~ %D, where 8 is thickness of concentration boundary layer, (~lmm) and
D is molecular diffusion coefficient {~1 0-%em®s*). Onthe other hand, the concentration profiles in the sediment reached a steady state with the
time scale of about one day. The much stower change in the concentration profiles in the sediment is due 1o the long time scales of diffusive
transport and/or biochemical reactions. These differences in time scales cause rapid increases in the phosphate release rate immediately after the
change in shear velocity. Secondly, alaboratory experiment was also performed using a rectangular closed fume with dimensions of 1 5em high,
12.5cm wide and 250cm long. A rapid increase in the phosphate release flux continued for ~30 minutes atter the change in flow velocity, which
was followed by a lower, steady release flux. The sudden increase in the flux was due to the rapid transport of phosphate, which has been
accumulated within the concenlration boundary layer, to the upper kayer by turbulent diffusion. The phosphate release rate at the steady slate was
a decreasing function of the mean flowveloeity. This might be due to the fact that the nitrate supply is enhanced by the increasing tlow velocity
produced the surface layer of the sediment oxic condition, and suppressed the phosphate release from the sediment. The calculated resulis of the
phosphate release rate qualitatively agreed with the experimental results. Therefore, cur medel can polentially simulate the response of the
phosphate concentration profile to tetporal variations in the flow velocity. However, the effect of NO3 must be laken into account [or a inore
qunnlilalivecliscussions.
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