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Conceptual Model for Sediment Quality 

 

Sediment Properties: 

Sediments represent a complex and dynamic environment. The properties of sediments 

can influence the ultimate fate and effects of the contaminants it contains.  Sediment 

particles can vary from coarse sand with a diameter of about 1 mm to fine silts and clays 

with diameters less than 0.01 mm.  Variations in the size and composition of these 

particles have an effect on the binding of contaminants to them. Finer particles generally 

contain higher contaminant concentrations due to a much greater surface area and greater 

number of chemical sorption sites.   

 

Contaminant Sources: 

Assessment of sediment quality in bays and estuaries is based on information regarding 

the sources, fates and effects of the contaminants of concern.  The types of sources 

determine the overall magnitude, as well as spatial and temporal patterns, of contaminant 

input into nearshore environments.  Contaminants in the receiving water environment are 

again influenced by many physical, chemical and biological processes that ultimately 

determine the type and amount of contaminant exposure to organisms.  Because there are 

many gaps in our knowledge of contaminant sources and fates, measurement of the 

biological end effects is often needed to determine the ecological significance of 

chemical measurements.  

 

Some of the multiple sources that contribute to sediment contamination in embayments 

are shown in Figure 1.  Runoff and discharge from rivers, creeks, and drainage channels 

produce some major ñnonpointò contaminant sources, as they carry storm water and dry 

weather runoff from the upland watershed.  Nonpoint sources refer to diffuse pollution 

sources that are not tied to a specific origin, such as an individual wastewater pipe. 

Contaminants may also come from point source discharges, such as accidental spills or 

regular municipal wastewater and industrial discharges located within embayments.  

Additional nonpoint contaminant sources include atmospheric deposition and 

groundwater.  Though a large portion of these contaminants may be associated with 

suspended particles in the discharge or receiving water body, each source influences 

water and sediment quality on different spatial and temporal scales.  This variety of 

sources, combined with various physical mixing processes such as currents, tidal 

exchange, and ship traffic, can produce complex and widespread patterns of sediment 

contamination. 
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Figure 1. Principal sources, fates, and effects of sediment contaminants in enclosed bays and 

estuaries (adapted from Brides et al. 2005) 

 

Contaminant Transformation: 

A number of processes occur in embayments to affect the fate and distribution of 

sediment contaminants (Figure 2).  Upon introduction into the receiving water body, 

dissolved contaminants from the source may bind to suspended particles in the water 

column, or particle-associated contaminants may desorb back into the water column.  In 

brackish embayments in particular, a primary mechanism for introduction of 

contaminants to surface sediments is flocculation and aggregation of small suspended 

particles, which then form large agglomerates.  Where strong enough river or tidal 

currents are present, some of the particulate matter will then be transported (advected) out 

of the system.   
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Figure 2. Sediment processes affecting the distribution and form of contaminants 

 

The fraction that remains and eventually settles to the bottom forms the sediment surface, 

a layer about 5-20 cm deep that fosters a great deal of physical, chemical, and biological 

activity.  Most benthic infauna (bottom-dwelling organisms that spend part or all of their 

lives buried beneath the substratum) resides in this surface layer.  The layer of sediment 

below is less active. The contaminants that are contained in this layer generally exert 

little influence on organisms; however, they can affect habitat quality if they are 

transported to the surface by deep burrowing organisms, transformed into different 

chemical species under anaerobic conditions, or resuspended by physical processes such 

as sediment erosion or dredging.   

 

Sediment contaminants in the surface layer are not static; rather, their concentration, 

distribution, and chemical form are being continually modified.  For example, particle-

bound contaminants can move into the water column by diffusion (desorption from 

particles), resuspension, or from the burrowing and feeding activities of many benthic 

organisms (bioturbation).     

 

Biological Exposure to Contaminants: 

The form and biological availability of contaminants is influenced by many factors in the 

sediment.  The sediment particles contain variable amounts and types of organic carbon, 

including natural plant or animal detritus, microbial films, and anthropogenic materials 

such as ash, soot, wood chips, oils, and tars.  The partitioning of many contaminants 

between sediment particles, water, and biota is strongly influenced by the nature of 

sediment organic carbon (Figure 2).  The predominant forms of metals species are largely 

governed by the reduction-oxidation (redox) potential (or Eh) and the co-occurrence of 

binding constituents such as sulfides, organic material, metal oxides, and clay minerals.  

The general mechanisms affecting partitioning and speciation of contaminants are 


