Chapter 3      Methodology


General Approach
Upon agreement by the Texas Department of Transportation (TxDOT) and the University of Houston’s research team, a test site was selected at Clear Lake, Texas on NASA Road 1.  The test site was a 2.368 mile construction site, with the western end located 0.36 miles east of FM 270 and its eastern end, 0.63 miles east of Space Center Blvd.  A more detailed map of the general area, with the NASA Road 1 and Lyndon B. Johnson Space Center indicated, is shown in Figure 1.
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Figure 1:  USGS map of the construction site and the sampling locations along Cow Bayou in Clear Lake, Texas.

The construction site area on NASA Road 1 was approximately 52 acres and it involved a disturbance of 35 acres.  Because this project disturbed more than one acre, a general permit under the NPDES system was required and all the necessary SW3Ps were placed on the site.  The construction project involved the widening of NASA Road 1 and included mainly activities such as excavation, utilities relocation, grading, and paving.  

The final receptors of the drainage from this project were two watersheds.  There were several drainage outfalls to Clear Lake and only one to Cow Bayou.  Because Cow Bayou had a single drainage input from the entire western end of the construction project, and because it was a rather small stream with no localized construction alterations present, it was selected as our target stream.  Figures 2 and 3 are images of NASA Road 1 and the drainage outfall on Cow Bayou.  Figure 2 is a picture taken while standing on the bridge overpass along NASA Road 1, looking west into Cow Bayou.  Figure 3 is a picture taken while in Cow Bayou, looking east towards the drainage outfalls.


Selection of sampling locations and development of sampling techniques
 The initial idea of this pollution impact assessment evaluation was to monitor any changes on the health of the stream from upstream to downstream of the construction drainage outfall.  Three sampling stations were selected.  The first sampling station 

[image: image2.png]


Figure 2: Drainage outfalls from the construction site as seen from NASA Road 1.
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Figure 3: Drainage outfalls from the construction site as seen from Cow Bayou.

was selected immediately downstream of the drainage outfall.  This station, which was named Station 2, was anticipated to experience the highest stresses as the majority of the sediments from the construction were expected to first deposit at that location.  

The next sampling station was selected further downstream of the drainage outfall and was named Station 3.  Such a station was expected to demonstrate the extent of any impairment to the stream at a distance from the source and provide information on the recovery process of the bayou.

The choice of an upstream location was to serve not only as a picture of Cow Bayou that was undisturbed by the construction but also as an indicator of the overall quality of this aquatic system.  The selection of such a location would have to limit the amount of uncontrolled variables that could interfere with the comparison process.  The location of Station 1 (upstream sampling station) was finally selected by assuring  that no other significant sources of pollution were present between it and Station 3, it had a habitat similar to the outfall and downstream stations and it was easily accessible from the street.  The latter requirement was imposed because further upstream the area surrounding Cow Bayou changed from commercial to residential and it would involve special permission from the home or apartment owners to access the bayou at that point.  All three sampling stations are shown on Figure 1.  Stations 1 and 3 are approximately half a mile upstream and downstream of Station 2 respectively.

The first visit to Cow Bayou took place on Thursday, July 11, 1996.  The main focus of this visit was to select the exact location of the sampling stations and develop proper sampling techniques.  By observation it was decided that no station should be located underneath any permanent structure, such as the bridge overpass (NASA Road 1).  That is why Station 2, the drainage outfall station, was located slightly downstream of the drainage outfalls, in an area not directly covered by the bridge.  The reasoning behind this decision was based in the understanding that all readings with the secchi disk should be recorded under the same light conditions.  Light obstruction from any permanent structure would introduce another variable and would make the light readings not comparable among sampling stations.  

On this visit, light penetration readings could not be performed close to the bayou banks because of shallow water depths.  Wading to the middle of the Bayou proved to be an impossible task as the analyst begun sinking in the clayish substrate.  Therefore incorporating wading in the regular field trips would require for one person to have a safety rope tied around his/her waist and another person to hold the rope from the shore.  This idea was judged as impractical, inefficient, and even dangerous.  For these reasons a floating device (canoe) was used in all future trips.

It was decided during the first visit that all water quality sampling and in situ water measurements would have to be conducted at a precise location in the middle of the bayou for each station, using certain manmade structures as reference points.  The column support for a pipe crossing and a bridge column were selected as our references for Stations 1 and 2, respectively.  The two reference locations are shown on Figures 4 and 5.  Figure 4 shows a picture of the column support used as our sampling reference for Station 1 and the overhanging pipe above it, while Figure 5 depicts a picture of  water quality sampling taking place along the bridge column used as our reference for Station 2.  A water mark in the middle of Cow Bayou further downstream was selected as our reference for Station 3.  This water mark is shown on Figure 6.  

On this first visit, a LaMotte stainless steel bottom sampling dredge was tested for future benthic macroinvertebrate collection.  The sampler was designed to settle in the substrate and then be removed.  When this technique was used in the field, the sampler recovered a minimal amount of material.  The instrument failure was blamed on the cohesive nature of the soil.  In order to counteract the cohesive soil’s resistance, the sampler was inserted deeper in the substrate by exerting a force downwards into the substrate.  By doing so, a much greater volume of bottom sediment was recovered.  The obtained sediment sample was then sieved through a No. 35 sieve (0.41 mm) while at the field and all materials retained on the sieve were collected and properly stored.  A subsequent laboratory analysis however showed that this technique was not suitable for the collection of benthic macroinvertebrates as most of the sample consisted of decomposed leaves, plant seeds and small twigs.  The
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Figure 4: Column support used as reference for all water measurements at Station 1. 
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Figure 5: Bridge column used as reference for all water measurements at Station 2.
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Figure 6: Water mark used as reference for all water measurements at 

Station 3. 

act of forcing the sampler into the substrate appeared to result in the collection of sample that did not belong in the benthic category.  

In order to collect benthic sample, a new device was incorporated in our next visit to accommodate for the substrate conditions present at Cow Bayou.  This device is shown graphically on Figure 7.  A long wooden stick was attached to a plastic cap which was opened faced at one side and closed by a No. 35 sieve (0.41 mm) on the other side.  This design allowed the operator to reach in small water depths and scoop 
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Figure 7:  A graphical presentation of the apparatus used for benthic 

macroinvertebrate collection at Cow Bayou.

away the surface of the substrate.  The collected material would then have to be sieved on the site, emptied into a container and returned to the lab for further analysis.  This technique would prove to be very successful as a great number of benthic macroinvertebrates was collected during the first try and unwanted material was reduced considerably.

Field trip procedures
Regular sampling began on August of 1996 and finished on December of 1997, almost a year and a half later.  A canoe was used for both shallow and mid stream measurements and sampling.  The field trips were performed according to the analysts’ schedules (once or twice every month) but also immediately after certain large rainfall events.  The post-storm visits were conducted to identify any immediate effects on the bayou from the stormwater runoff.  

Two people had to be physically present at every field trip.  The canoe was loaded on the roof of a University of Houston’s van and properly tied down.  All the field instruments, samplers, containers and other apparel where then loaded in the van.  The instruments and containers used were the following:

 (1) A Portable Hach One pH Meter, Model 43800-00 by Hach company, was used 

      for measurements of pH and temperature

 (2) A Conductivity / TDS (Total Dissolved Solids) Meter, Model 44600 by Hach 

      company, was used for measurement of conductivity and total dissolved solids

 (3) A Dissolved Oxygen Meter, Model 50B by YSI Incorporated, was used for 

      measurement of dissolved oxygen concentrations

 (4) A self made Secchi Disk was used for measurement of light penetration

 (5) A self made stream depth measure was used to make mid stream depth 

      readings

 (6) Three polypropylene Clear Boxes with a volume of 4.4 L, by Rubbermaid(,   

       were used for the storage of the benthic macroinvertebrate sample from each 

       station

 (7) Three polypropylene containers with a volume of 0.95 L, by Anchor Hocking, 

were used for the storage of soil samples from each station for later analysis 

using Microtox( 

      (8) Three 500 mL widemouth amber sample jars were used for storing water sample 

       for Total Suspended Solids (TSS) analysis in the lab

In addition to all the instruments and containers mentioned above the following miscellaneous items were carried along at every field trip: Two paddles, two life jackets and two coolers. 

After loading was completed, the team proceeded to drive to Cow Bayou.  A suitable area behind a commercial establishment was used for unloading the canoe upon arrival to the bayou.  This area was located between the upstream station, Station 1 and the outfall station, Station 2.  The canoe was then inserted in the bayou and all the equipment loaded in.  A picture showing the unloading of the canoe from the van is presented in Figure 8, while the exact area where the canoe was inserted in Cow Bayou is shown in Figure 9.  

Once in the stream, the team paddled upstream to the reference location of Station 1.  The canoe was tied around the column support to allow the operators to work freely in taking measurements and samples.  One operator was making the measurements while the other was recording the readings on the field data sheet.  A copy of this field data sheet is shown in Figure 10.  

Most of the important physical and habitat parameters, as those are defined in the U.S.EPA  Rapid Bioassessment Protocols (RBPs) , appear in this field data sheet.  Measurements of pH, temperature, dissolved oxygen, conductivity, total dissolved solids, light penetration, stream depth, and high water mark were made using the 
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Figure 8: Unloading of the canoe at the field site.
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Figure 9: Area where canoe was inserted in Cow Bayou.

STATION  No.






Date:       /      /     .                      

Estimated Stream Depth:

Estimated Stream Width:

High Water Mark:

Light Penetration:

pH:

Water Temperature:

Dissolved Oxygen:

Conductivity:

TDS:












          .

Water Odors:

Sediment Odors:












          .

Figure 10:  Field data sheet used in all field trips at Cow Bayou

instruments mentioned before, while the stream width, sediment, and water odors were field estimated.  Once the field data sheet was completed for Station 1, a water sample was collected in the 500 mL amber sample jar and then the operators proceeded to move directly to the western bank of the bayou.  At that location, a previously established 5 ft x 5 ft sampling area was used for benthic macroinvertebrate sampling and soil sample collection. 

Such sampling areas were created for all three stations by inserting four wooden sticks in the bayou substrate.  One such sampling area can be seen to the left of the water mark, used as a reference for Station 3, in  Figure 6.  The use of a defined sampling area for benthic macroinvertebrates is strongly recommended in most bioassessment techniques.

Once all samples and readings were completed for Station 1, the operators went on to repeat the same procedure at Stations 2 and 3 further downstream and then returned to the launching area.  The time spent in the water decreased as the operators became more familiar with the canoeing and sampling techniques.  At the end of this research project, the time spent in the water was approximately 2 hours.  To preserve the samples, ice was purchased and placed in the cooler containing all the samples.  Upon arrival at the University, all sample containers were unloaded and placed in a refrigerator at 4(C.  By the end of this research study the entire time spent on a field trip was reduced to approximately 3 hours and 30 minutes.  

Once all the samples were stored in the laboratory, a Suspended Solids (SS) analysis was performed on all water samples.  The benthic macroinvertebrate analysis on the sieved benthic sample was usually the second to follow with Microtox analysis on the soil samples performed last.

Suspended Solids Analysis
The Suspended Solids (SS) analysis was performed within 48 hours from initial storage.  The water sample was removed from the refrigerator and 500 mL were poured in a commercial blender.  The sample was mixed at a high speed for exactly two minutes and then poured in a calibrated beaker of greater volume than the sample itself.  The sample was manually stirred in the beaker and immediately 25 mL were poured on a sample cell provided by the Hach Company. 

A Hach DR/2000 spectrophotometer was used for the analysis.  In using this instrument, the sample should be compared to a blank sample.  The spectrophotometer analyzed the amount of light of a predetermined wavelength that passed through the blank sample and would calibrate that amount to zero.  The instrument would then read the light passing through the actual sample and using calibration curves built in the spectrophotometer was able to provide a value for the sample itself. 

 The program number entered in the Hach DR/2000 spectrophotometer for the calculation of Suspended Solids was 6-3-0 and the wavelength that was measured was 810 nm.  The blank sample was simply 25 mL of deionized water (DI water) poured in a sample cell.  All Suspended Solids analysis results were recorded in a laboratory notebook in units of mg/L.

Benthic Macroinvertebrate Analysis
Benthic macroinvertebrate samples are usually stored in some type of ethanol or formaldehyde mixtures to ensure preservation of the sample.  In this study no preservative mixtures were used.  The organisms were stored and analyzed while still alive. 

The reason why this approach was selected and followed in all analyses thereafter, had to do with the initial inexperience of the researcher in benthic macroinvertebrate identification.  The researcher’s selection to observe and record the benthic species while alive, was based at the observation that the individuals of certain species, exhibited identical behavior when alive and also retained their natural coloration.  This property made recognition of organisms of the same species much easier.

At the beginning of this analysis, a small subsample was scooped from the sample container and placed into a standard petri dish.  Deionized water (DI water) was added to fill up the bottom surface of the dish.  The subsample was uniformly spread over the dish, to ensure that approximately the same amount of material would be observed at every point in the dish.  Such a uniform distribution of sample material was a means of standardizing the whole procedure.  

The petri dish was then placed over a transparency with enumerated square grids, each 1 cm x 1 cm wide, enveloped by a subscribed circle, the size of the dish.  The circle in the transparency was separated into four quadrants.  Both the transparency and the petri dish containing the sample were then placed under an SZ40 model Olympus macroscope.  

The researcher would then proceed to look at the enumerated square grids (starting from grid 1,2,3... etc.).  Whenever a benthic macroinvertebrate was found, it was picked up using forceps and removed to another petri dish, also covered by DI water. Each time this procedure was done, the type of organism (by an assigned number) and the quadrant that it was found in were recorded in a laboratory notebook.  Whenever a quadrant was completed the researcher would then move to the next one, until close to 100 macroinvertebrates were recovered.  

If all four quadrants within the subscribed circle were examined and 100 organisms could not be recovered, the subsample was wasted and another scoop was placed in its place.  The same procedure was then repeated making sure that the introduction of the new subsample was recorded.  If 100 organisms were recovered, the researcher would proceed to finish the enumeration of the quadrant were the 100th organism was found in and complete the analysis.  

At the beginning of this research project, benthic macroinvertebrate analysis was very time consuming.  Approximately 9 hours were required for the operator to enumerate 100 organisms from a single sample.  The researcher would have to carefully sketch every new organism encountered in the sample and assign a number.  Therefore during the analysis of samples from the first field trips, a considerable amount of time was spent in this characterization (sketching) procedure.  Figure 11 shows the characterization procedure that was involved in the initial stage of this study.  Different benthic macroinvertebrates, numbered 1 through 9 are depicted through sketches created by the researcher. 

Further along in this research, the operator became increasingly more knowledgeable and was able to recall easier the species’ numbers assigned in previous analyses.  Additionally, fewer new species were found as the research progressed.  Those species found early on this project (and assigned a small number) were the dominant species for Cow Bayou, whereas the ones found at the later parts of this research (and assigned a large number) would be species rarely found again during this project.  

A SONY CCD_IRIS/RGB color video camera, connected to a SONY camera adaptor, a SONY HR-TRINITRON PVM1353MD model color video monitor, a VAS archiving system and a SONY UP-5600MD model color video printer, was introduced in the middle of this research project.  This equipment eliminated the time spent sketching new species.  Most of the species were now photographed, given the same number as before and then stored in a large database.  Figure 12 illustrates the type of photographs taken using this system by showing some representative species.  It is interesting to compare some of the photographs with the initial sketches shown in Figure 11.  In doing so one might see that the idea of first sketching the organisms and assigning them a number, was a good one, as the sketches seem to be a good representation of the actual organisms.
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Figure 11: Sketches and assigned numbers for the first nine species found during benthic macroinvertebrate analysis
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Figure 12: Photographs of representative species, taken using the SONY system during benthic macroinvertebrate analysis.

All of the improvements mentioned above, contributed towards a considerable reduction in time spent during analysis.  One sample was now completed within 3 hours instead of 9 hours.  This reduction in analysis time had an effect on the storage period for the benthic samples.  The maximum time the samples were kept in the refrigerator was reduced from approximately a week (during the beginning of this study) to about 2-3 days.

Microtox Analysis
The last of the analyses performed in the laboratory after each field trip was the Microtox analysis on the soil samples.  The Microtox assays were done in accordance to the basic solid phase test protocols, as those are established by Azur Environmental, using a Microtox 500 analyzer.  The materials, reagents, diluents and reconstitution solutions were all purchased from Azur Environmental, Carlsbad, California.


The reagent used is composed of naturally occurring Photobacterium phosphoreum, a non pathogenic marine organism.  The metabolic process of this bacterium is intrinsically tied to its respiration and the end product of its respiration includes the production of light.  The Microtox 500 analyzer is able to detect changes in the light outputs that can be attributed to the introduction of a toxicant in the system.  By testing a series of nine dilutions from the sample, the analyzer is able to produce a value of effective concentration which reduces light production by the Photobacterium phosphoreum by 50 % relative to controls used (EC50).  

When preparing the sample for the basic solid phase test, the soil should be first thoroughly mixed to ensure that both soil particles and toxicants are homogenized throughout the sample.  A manual mixing of about 10 minutes is recommended.  Then a slurry of soil and solid phase diluent is created to run for Microtox.  The highest concentration of soil sample in the analyzer, after all procedures are followed should be 0.099 mg/mL.  However such a concentration for certain soil samples might be too lethal for the bacteria.  In that case, a reduction of the highest concentration should be made to provide reasonable results.  The Microtox analyzer’s software is designed to accommodate changes of initial concentrations.  A number of initial dilutions ratios were run for the soil samples from Cow Bayou and it was found that an initial dilution of 1/1.5 over the recommended concentration or in other words an initial concentration of 0.066 mg/mL was suitable for most samples in this analysis.

When performing most of the toxicity assays using the Microtox 500 analyzer, reference samples are highly recommended.  The reference sample should have similar particle size, organic material, moisture content, turbidity and color as that of the sample under investigation.  By selecting a reference sample, natural toxicity  is distinguished from human induced toxicity.  However an approach of how to select reference samples is not provided in the training manuals for Microtox.  It is therefore left to the individual researchers to select a way of providing a baseline toxicity for their samples.  Samples from Station 1 were selected as our reference samples for every field trip.  These samples were not intended to separate natural toxicity from human induced toxicity.  They were intended to provide a baseline for separating any human induced toxicity taking place at any point beyond the upstream station, from the toxicity introduced at any point before the upstream station.  All Microtox runs with the soil samples from Cow Bayou were performed in triplicates in this study.

It was also assumed that the organic material, moisture content and color of the samples from all three stations were similar to each other.  However particle size was initially expected to be a variable among stations.  In addition the use of different initial dilution for our samples raised a concern that the turbidity of the samples was now altered.  Therefore a method was developed to provide an interpretive strategy of examining the results from Microtox by using particle size and initial dilution of each sample for correction.  The fact that most of the soil samples were not analyzed until a week after collection led to development of a method of evaluating the effect of storage period to measurable toxicity by Microtox. 

Particle Size and Initial Dilution Experiments
The development of a method to demonstrate the effects of particle size and initial dilution in the EC50 values produced by the Microtox basic solid phase test is described in this section.  It was initially hypothesized that particle size has an effect on the effective concentration values (EC50) produced by the Microtox test.  A set of samples, with identical natural toxicity but different particle sizes was run through the Microtox analyzer to support this hypothesis.  

The soil sample used for this experiment was collected at the Clear Lake area.  This was not soil from Cow Bayou but rather regular top soil.  Soil from Cow Bayou was not used in order to minimize the presence of excess organic content and the effects of coloration.  Particle sizes however, were similar to those present in Cow Bayou. The sample was oven dried and a dry sieve analysis was performed on a Tyler portable sieve shaker.  Intermediate sieves (No. 50 and No. 100) with greater aperture sizes than 75 m were used to retain the flaky soil particles that were created when the sample was oven dried, while the No. 200 sieve was used as the bottom sieve in the stack.  The soil retained at the No. 200 sieve was collected in a widemouth jar and properly labeled.  The same was done for the soil that passed the No. 200 sieve and collected at the pan.  The 75 m particle diameter is considered by most classification systems as the separation point between clay-silt and sand.  Based on this fact and the findings from the Carolinian Province study, where the presence of clay-silt in the soil samples had a considerable effect on the EC50 values (Ringwood et al. 1997), the 75 m diameter was selected as the criteria in separating small particles from larger ones.  

A series of mixtures for the two samples was generated.  These mixtures ranged from 0% by weight for the soil passing the No. 200 sieve to 100%, by increments of 10%.  All these  soil mixtures were then run through a Malvern Instruments Mastersizer to further check the effectiveness of dry sieving.  From the results produced by the Mastersizer, the 0%, 10%, 50%, 70% and 100% mixtures were selected as a good distribution of particle sizes to demonstrate any effect of particle size on the Microtox EC50 values.  

These soil mixtures were expected to provide information on the effect of particle size on EC50 values.  However the effect of cloudiness (turbidity) on the bioassay readings could not be accomplished solely on the results of this experiment. Therefore dilutions, such as the ones performed in the samples from Cow Bayou, were performed for the five different mixtures selected for Microtox analysis.  By doing so, the particle sizes would remain the same while turbidity was expected to change because of the dilution process.  The same dilution as the one used when running the Microtox analysis on the soil samples from Cow Bayou (1/1.5 initial dilution) as well as 1/3 and zero initial dilution were selected.  All fifteen samples (five mixtures of three different dilutions) were first run through the Microtox analyzer using the basic solid phase test described in the Microtox analysis section of this chapter.  All Microtox runs using the previously mentioned soil mixtures, were performed in duplicates in this study because the necessary mixture volumes were hard to predict and the sample preparation was extremely time consuming.


Storage Time Experiments
Because of the delay in the analysis of many of the soil samples collected during this study using the Microtox basic solid-phase test, an experimental procedure was developed to assess the effects of prolonged storage of soil samples on the Microtox’s EC50 values.  A soil sample collected from Cow Bayou was first homogenized by a procedure described earlier in the Microtox Analysis section and then separated in five different glass containers.  Four of the five containers were tightly sealed and then stored at a constant 4(C temperature.  The sample in the fifth container was tested the same day of collection in triplicates using the Microtox analyzer.  The rest of the samples were analyzed subsequently.  Test runs were performed the day after, 1 week, 2 weeks  and 1 month following the date of collection.  All Microtox runs for this experiment were done in triplicates.
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