Chapter 5      Summary and Conclusions

Summary
The Federal Register requires all construction activities that disturb over one acre of land area to be authorized by a National Pollutant Discharge Elimination System (NPDES) general permit.  Such a permit mandates the usage of Storm Water Pollution Prevention Plans (SW3Ps).  The effectiveness of these plans has not yet been determined in protecting the health of the surface waters.  In order to justify the usage and continuation of such practice a road construction site in the Houston area was selected together with a target stream that was determined as one of the final receptors of the drainage from this project.  Monthly monitoring and sampling of the stream was undertaken during construction.   Two techniques were to be used in detecting the presence of impact on the aquatic ecosystem.  A traditional benthic bioassessment technique was accompanied by a newly developed sediment testing technique, the Microtox basic solid phase test.  Samples from three stations were collected at every field trip.  One station was located upstream of the drainage outfall, one was located at the outfall and the third was a small distance further downstream.  A total of 17 sets of samples were collected in a period of 1-1/2 years.


Conclusions
At the beginning of this field monitoring study, construction on NASA Road 1 was the heaviest right at or just near Cow Bayou.  The most land disturbance observed in the area adjacent to the test site during this study was at that period of time.  Slowly thereafter, the construction moved along NASA Road 1 further to the east.  By the end of sampling, no equipment or workers could be located near the test site.  Official completion of the part of the project that drained in Cow Bayou was not claimed until April 1998, almost four months after the last sample collection.  Completion of the whole project and removal of all SW3Ps was announced on August 1998.  

For the first three field trips a significant difference in the structure of the benthic community upstream and downstream of the construction was detected.  There was 25% - 50% less taxa in the downstream sampling station (Station 3) comparing to the upstream station (Station 1) for those three measurements.  Diversity showed no apparent reduction for the same period of time.  It might be concluded that the presence of construction near the test site during the early stages of this study had the most adverse effect to the benthic population downstream of the construction site.

After the first three field trips however and for every field trip thereafter, both total taxa and diversity (H’) indices showed variability in their results.  The downstream station showed increase as well as reduction in taxa and diversity when compared to the upstream station. 

The relation between rainfall and the structure of the downstream benthic community was investigated.  It was found that a large rainfall event has an immediate effect on the total taxa of the benthic community located downstream of the construction.  There was 22% - 55% less taxa in the downstream sampling station (Station 3) comparing to the upstream station (Station 1) for those days when large rainfall occurred during or shortly prior to sample collection. 

The Microtox sediment testing reported increased toxicity in the sediment of the downstream  sampling station when compared to the upstream station.  Unlike the total taxa and diversity (H’) data, this trend lasted the entire study period.  In contrast with the findings from the bioassessment study, sediment toxicity results were independent of precipitation, a somehow unexpected result.

Shortcomings of the Microtox toxicity test were discovered from experiments that were initially developed to understand the sensitivity of this procedure.  The basic solid phase test was found to be very sensitive to the sediment composition of a soil sample.  For example, when a sample’s silt-clay content (expressed in percentage by volume smaller in size than 75 m) exceeded 55 - 60 %, even if the sample had only small natural toxicity levels, the sample appeared highly toxic with EC50 values falling below the value of two.  Observations similar to this were made by the researchers involved in the Carolinian Province EMAP study while using the traditional solid phase test.  For that test whenever the silt-clay content (expressed in percentage by weight smaller than 75 m) exceeded 10 - 20 %, the sample appeared toxic with EC50 values falling below two.  

Despite such shortcomings, the Microtox basic solid phase test still possesses some advantages:

(1) The Microtox basic solid phase test is not a complicated test and does not require 

      a trained biologist to perform.

        (2) It is a relatively fast procedure when compared to the bioassessment method.
 (3) It provides a single output which is easy to understand.

Recommendations
The amount of impact observed in the early phases of the construction activity, expressed as reduction in total taxa, is quite comparable to the impact observed in studies that were undertaken when minimal erosion-control measures were required.  

Reed (1977) reports reduction in taxa between 23% to 40% as the primary response observed in the macrobenthic community directly downstream of a construction activity.  This reduction is actually less severe than the one observed in this study where reduction in taxa ranges from 25% to 50%. 

This result leads the author to believe that the presence of such measures provides little if any relief to the benthic communities early in the construction process.  The long term effect of such measures however cannot be concluded with confidence from the results of this study.  One thing that might be concluded however is that the present measures do not seem to protect the benthic community from the immediate effects of large rainfall events.

As far as selecting a technique that might be appropriate for monitoring similar aquatic ecosystems as the one monitored in this study, the traditional bioassessment method appears more reliable when compared to the newly developed technique of testing sediment toxicity (Microtox basic solid phase test).  

For studies performed in estuarine environments where the silt-clay content is quite high and where external stresses are similar to the ones experienced from a road construction activity, the Microtox toxicity test on sediments will fail to show any subtle changes in actual toxicity as the presence of a high silt-clay content will overshadow the results of these tests.  

However, in a site with high silt-clay content and highly contaminated sediments, or in a site with a more sandy substrate, this test might prove more useful.  Great care should be exercised when choosing a reference sample.  If the reference sample has a different clay-silt content than the actual sample to be tested, the results can be grossly misleading.


Future Work
Although this research has provided evidence that there might be a detectable early change in the health of the aquatic system adjacent to the construction site more work is necessary to identify whether any long term effects from road construction activities such as the one examined in this project to receiving watersheds can be detected.  

This research has shown that there is evidence of a connection between rainfall amounts and the health of the benthic community downstream of a construction activity; however additional effort should be put in quantifying the relation between the two.  A future research project that would attempt to quantify such a relation would have to monitor the aquatic life more frequently while at the same time collect daily site specific rainfall data.

From conclusions made in this thesis it is apparent that when developing such a project, care should be taken that all phases of construction are monitored and recorded.  The type of daily activities near the sampling site should be carefully recorded as well as the location in respect to the investigated site.
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