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This project describes a novel, weight-of-evidence approach that is superior to traditional assessment 
methods because the exposures to stressors are more realistic and less subject to sampling and testing 
artifacts.  The assessment methods employed range from sensitive molecular biomarkers to community 
level endpoints.  In addition, the identification of dominant stressors is possible through a proven, 
effective, tiered approach that separates out stressor sources (e.g., surface water, suspended sediments, 
pore water, surficial sediment, deep sediment, groundwater upwelling, low flow, high flow) and stressor 
types (e.g., dissolved oxygen, flow and suspended solids, substrate type, persistent and non-persistent 
organic pollutants, ammonia, photo-toxicants, endocrine disruptors, and metals).  Biological impairment 
is verified via assessments of benthic macroinvertebrate communities where impairment is based on 
realistic assessments of optimal watershed conditions considering hydrological characteristics and land 
uses. 
 
The primary objective of this research is to demonstrate a novel, systematic, and accurate approach for 
identifying the dominant stressors at stream and river sites.  Sub-objectives include showing:  
 

(1) how this approach adapts to widely differing ecoregions and fresh-water systems;  
(2) how significant biological impairment can be identified with a high degree of certainty; and 
(3) how the multiple lines of evidence utilized in the approach identify differing stressor classes 

where impairment is identified in a tiered assessment approach.   
 
The approach systematically determines stressor responses during both low and high flow conditions and, 
if stress is observed, identifies the type of stressor and its relative magnitude.  In Tier 1, an indication of 
stress is tested during short-term in situ exposures of four surrogate species (fish, cladoceran, amphipod, 
midge) or in the benthic communities.  If Tier 1 tests indicate the presence of stressors, then the type of 
stressors and their relative magnitude are determined in Tier 2 with more in-depth stressor identification 
testing to discern effects from: suspended solids, flow, photo-induced toxicity, metals, ammonia, and non-
polar organics.  The in situ assays described in Tiers 1 and 2 determine if meaningful, adverse effects are 
occurring at the individual to community levels.  Initial colonization studies will be conducted in 
contaminated and reference systems to better characterize existing benthic communities.  In Tier 3, more 
precise stressor identification, exposure and bioaccumulation potential is assessed by hour, in situ, 
oligochaete (Lumbriculus variegates) and fish (Omcorhynchus mykiss) via biomarkers and tissue 
exposures of caged fish.  The systems examined include a panel of three general stressor and three 
contaminant class-specific markers. 
 
In summary, this tiered, weight-of-evidence approach will produce accurate conclusions on stream 
ecosystem quality by providing realistic exposures at multiple levels of organization.  This will reduce the 
likelihood for sampling and laboratory-induced artifacts stemming from changes in contaminant 
bioavailability, stressor interactions, or organism exposures.  The tiered approach is relatively simplistic, 
cost-effective, and can be adapted for routine use by regulatory and environmental consulting personnel.  
This approach will improve the ability of assessors to determine the true cause and magnitude of water 
quality impairment and improve total maximum daily load (TMDL) assessments. 
 
Start and end date:  January 2002 – January 2005. 
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