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CHAPTER 11





BIOLOGICAL SAMPLING AND ECOLOGICAL RISK ASSESSMENT�tc  \l 1 "BIOLOGICAL SAMPLING AND ECOLOGICAL RISK ASSESSMENT"�








�
11.1  PURPOSE.  This chapter provides guidance for conducting sampling of aquatic life, including assessing organism responses, gathering microbiological data, toxicity testing, and risk assessment.





11.2  SCOPE.  The scope includes sampling small streams, rivers, lakes, ponds, wetlands, waste lagoons, and waste effluents.  





11.2.1  Assessing Organism Responses.  Sampling for floating algal mats; filamentous attached algae (stringy, or with long streamers), bacterial, and fungal growths attached to the bottom or other substrates (rocks, sticks, or some solid surface on which organisms can attach); aquatic vascular plants (plants other than algae); fish; and bottom associated organisms (benthos) are all included in the chapter.





11.2.2  Microbiological Sampling.  Sampling for microbiological testing must follow the appropriate regulatory protocol.  For the Drinking Water program sampling requirements refer to the Drinking Water Chapter.  Other microbiological sampling may include swimming pools, bathing places, industrial discharges for the NPDES program, surface water, ground water, air, filters, and other media.  Microbiological sampling and testing of wastewater samples is part of the NPDES program found in 40 CFR Part 136.  Microbiological testing of sludge composting is part of 40 CFR Part 503.  Sampling of air for fungus, molds, bacteria and viruses are performed when assessing indoor air quality or worker health and safety issues.





	Several methods for collecting samples may be used depending on the data needs. All sampling devices, containers or other apparatus coming into contact with the sample must be sterilized or disinfected to ensure that samples are not inadvertently contaminated. Samples are collected using a sterilized or disinfected sampling device and transferred to a container for transport to a laboratory.  In cases where microbial populations are difficult to detect, large quantities of the sample are concentrated through filtration and placed on selective media to isolate the organisms.  The filter is analyzed by microscopic techniques, selective culture media or using a variety of techniques to isolate the organisms of interest.  Samples may be collected on non-selective or selective holding culture media and returned to the laboratory for further isolation and identification.  In all cases the volume of source material is quantified to report results based on a consistent sampling volume. 





	Samples collected to establish data trends should be consistent as to depths, tides, location, name, method of sampling, method of testing, sampling frequency and as appropriate, correlation to turbidity or particulates, rainfall, flow velocities, and seasonal effects.  





	Samples are collected in the appropriate size and type of sterilized container.  Grab samples of water are collected with a minimum sample volume of 100 milliliters.  Water samples are placed in containers with at least one inch headspace to allow for sample shaking prior to analysis.  Holding times range from six hours to 72 hours depending on regulatory requirements. Samples are stored under refrigeration during transport to reduce growth of the organisms prior to sample analysis.  Samples containing disinfectants such as chlorine are collected in containers with a dechlorinating agent such as sodium thiosulfate. Chemical preservation is needed to prevent continued bacterial action and indicate a more accurate count of the microbial content at the time the sample was collected.





11.2.3  Toxicity Testing�tc  \l 3 "11.2.3  Toxicity Testing"�.  The majority of toxicity sampling is performed as part of wastewater compliance with the National Pollution Discharge Elimination System (NPDES) program.  Toxicity tests for Chronic Toxicity or Acute Toxicity are specified for the type of water being measured, such as marine, estuarine or freshwater. Toxicity samples, sometimes referred to as bioassay samples, are collected from any one of the following locations, the effluent specified in the NPDES permit, a location between the final treatment and the discharge point, a location prior to final chlorination, the influent to a treatment plant, separate wastewater process streams or non-contact cooling water. 





	The objectives of the test must be clearly defined  and an understanding of the short and long-term operations and schedules must be considered when determining the type of sample to collected. Grab or composite samples are taken based on the type of wastewater characterization required, whether the discharge is intermittent or continuous, and the logistical problems associated with sample collection. 


	Sampling handling should be minimized to ensure that significant changes do not affect the representativeness of the sample. Aeration during collection and transfer should be minimized to reduce the loss of volatile chemicals. Sample containers should be completely filled leaving no air space between the contents and the lid.  Sample volumes range from one liter to four liters depending on the test selected. 





	Samples should be chilled as they are collected and held at 4o C until used.  Chilling the samples inhibits microbial degradation, chemical transformations and loss of highly volatile toxic substances.  Chlorine residual is measured immediately following sample collection.  Sample holding time for acute and chronic toxicity is 36 hours for off-site tests and 24 hours for on-site tests.  Variances may be granted by the state authority as long as supportive data shows volatilization or sorption of toxins on the sample container surfaces does not reduce the sample toxicity.





	The number and frequency of renewal samples are specified in permits or study protocols.  Sufficient sample must be collected to perform the toxicity test and the related chemical tests.  Chemical tests are performed to determine the general water quality characteristics of the samples.  These may be compared later to known stream conditions to evaluate deterioration or possible sources of toxicity.  The chemical tests should be sampled and preserved following standard NPDES program criteria.  





	Sample collection must be coordinated with the laboratory.  Tests must commence within the specified holding times.  The EPA recommends the test start on the day of arrival at the laboratory.  Test organisms for controls must be prepared by the laboratory starting at least one week prior to receiving the sample.  Laboratory notification should be at least two weeks prior to sample delivery.  The laboratory should be called when the samples are shipped and told of the estimated time of arrival.  When the samples arrive at the laboratory they are logged in and the temperature is measured and recorded.  Samples are to remain at 4o C until the samples are used.  Sampling for bacteria, viruses, and protozoa requires the collection of water samples while employing precautions against sample contamination.  The laboratory can provide information on the type and quantity of samples needed.





11.2.4  Risk Assessment.  Knowledge of the relative number and kinds of organisms that live in a reach of water provides a basis for evaluating pollution risk to the ecosystem, to fish and shellfish, and to man, who may use the water for drinking, a source of food, or for recreation.      





11.3  HAZARDS AND SAFETY PRECAUTIONS.  Where applicable, see Chapter 3, Section 3.3.3.





11.4  SAMPLING CONDITIONS.





11.4.1  Flowing Water.  Biological considerations in streams and rivers include sampling for fish, bottom and other substrate associated organisms, and filamentous attached growths.  Suspended algae sometimes are used but they flow with the current and are difficult to assess, unless one is an expert in identification of algae.





	Artificial substrates sometimes are used in stream reaches where physical conditions may not present an adequate habitat for colonization of bottom associated organisms.  The artificial substrates provide such a habitat at the site where they are anchored.  





	Although fish may be transient, they are an important consideration in stream sampling.  Fish represent one of the end products of the aquatic phase of the food chain.  However, because of their mobility, they indicate water quality only at the particular time of capture.  Fish samples may be collected by nets, poisons, and electrofishing.





11.4.2  Standing Water.  Biological considerations in lakes, ponds, wetlands, and waste lagoons include sampling for suspended algae and bottom associated organisms.  Fish should be sampled if practical, but it often is not practical to obtain the equipment necessary for fish sampling.  This equipment for lakes generally consists of large nets, experimental gill nets, or hoop nets.  Floating algal scum and filamentous algae in shallow water along shorelines should be qualitatively sampled for the purpose of identification.  Submerged and emergent, rooted and floating, vegetation should be identified and the general location and extent of growth noted on an appropriate site map.





11.4.3  Qualitative Sampling.  Qualitative sampling determines the variety of species (kinds of organisms) occupying a reach of waterway.  The qualitative search for bottom associated or substrate associated organisms in rivers and streams includes rocks, gravel, sediment or sludge, plants, submerged twigs or debris, or leaves of overhanging trees that become submerged and waterlogged.  It is convenient to scrape and wash organisms from these materials into a bucket partially filled with water and then pass this water through the U.S. Standard No. 30 sieve to concentrate and retain the organisms.  The collected sample may be preserved for organism sorting and identification later.  The investigator should search until there is certainty that the majority of species in the sampling area have been collected.  In some environments, it is possible only to collect qualitative samples because the physical nature of the waterway may be such that quantitative sampling is not feasible.





	The entry in the log book should note that 30 minutes were spent in collecting a qualitative sample of organisms from isolated rocks on the stream bed, and from waterlogged twigs and submerged leaves from overhanging tree branches along the stream banks.





	Filamentous growths of green algae, fungi, and bacteria are often found in rivers and streams enriched with nitrogen, phosphorus, and sugars.  Finding such growths provides another indicator of water quality, which the biologist can use in assessing waterway conditions.  Generally, it is sufficient to qualitatively collect such growths and place them in a sample jar with preservative for later identification.





	Suspended algae can be quantified, but it is a laborious task.  Generally it is sufficient to identify the major components of an algal population and indicate the relative abundance of those components.  This requires only that a l-liter water sample, containing the algae, be collected and preserved for later identification.   





11.4.4  Quantitative Sampling.  Quantitative sampling involves a sample that can be associated with a volume of water for suspended algae, or with the sediment surface area for bottom associated organisms. A quantitative bottom sample for organism identification and determining relative abundance can be obtained by any of the deep water dredges, such as the Ponar dredge or Ekman dredge, and the Surber stream sampler.  Quantitative determinations also can be obtained from samples for microbiological testing, as well as bioassays for toxicity determination.





11.5  PREPARATION.  





11.5.1  Assessing Organism Responses.  For field species identification and ecological assessment, samplers should be accompanied by a scientist experienced in field biology to assist in performing sampling and assessment of site conditions.





	There are, however, general principles to be applied when preparing to collect biological samples.  Upon approaching a sampling location, a number of observations should be noted and recorded in the field log book.  These observations may be required later in assessing biological findings.  Observations are made on water depth; presence of riffles and pools; stream width; flow characteristics; bank cover; presence of slime growths, attached algae, scum algae, and other aquatic plants; any organisms noted; and unusual physical characteristics such as silt deposits, sludge deposits, iron (brown staining) precipitates, or noticeable waste material.





	An example entry in the log book follows: May 15, 1996, 0900 hours, Sampling location - Rapid Run Creek; 500 feet due west of State Highway 252 crossing; stream 50 feet wide; water 18 inches deep; swift current; substrate composed of sand, gravel, and fist-sized rough rock; one Surber Stream Bottom Sample collected from mid-stream; qualitative sample from submerged brush near shore also collected; no sludge or silt deposits; no algae noted; minnows noted but not identified. 





11.5.2  Microbiological Sampling.  Preparation for collecting samples for bacteria, viruses, and protozoa requires precautions to ensure that sterile collection bottles are used and that sampling procedures will not contaminate the collected samples.  The examining laboratory should provide the collection bottles, as well as guidance on sample collection.  Collected samples may need to be cooled, and should be returned to the laboratory as rapidly as possible for examination.





11.5.3  Toxicity Testing.  Testing effluents for toxicity to test organisms may involve bringing test equipment to the site, however, certain bioassay tests can be performed when samples are properly collected and brought to the laboratory.  This is another area in biological testing where experienced or certified laboratories with proper equipment and healthy test organisms should be consulted or employed to perform the required tests.  Many States certify biological and chemical laboratories for permit testing purposes.





11.5.4  Risk Assessment.  Preparation for risk assessment requires an understanding of the water ecosystem, including chemistry, toxicology, organism interrelationships, food webs, sediment transport, persistency, bioaccumulation, and organism purging.  





11.6  SAMPLING PROCEDURES.





11.6.1  Assessing Organism Responses.  The species composition and relative population of fish and bottom associated organisms provide information on the relative "health" of the environment in which they live. Stream organisms can be divided into those that are sensitive and require clean water, such as stonefly nymphs; those that are moderately tolerant of pollution, such as many leeches or sowbugs; and those that are very tolerant of pollution, such as sludgeworms.  Organisms that live on riffles in streams (shallow rocky areas with strong current), and in bottom sediments, do not travel great distances during their life spans of two or more years.  Thus, the presence of these organisms provides a history of water quality for a lengthy period.  This is as demonstrative test; it demonstrates the effects of pollution on a receiving waterway.





11.6.1.1  Plankton Net.  Samples of water for suspended algae and other plankton are obtained in much the same manner as samples of water for chemical analyses.  In most cases, a 1-liter volume of ambient water is sufficient.  Unless the samples are examined soon after collection they must be preserved with either 4 percent formalin or one of the special plankton preservatives.





	A plankton net (Figure 11-1) is useful in 





concentrating algae and other plankton when the population is sparse.  It can be towed behind a boat for a specified distance.  A recorded volume of water can also be poured through it.  In either case, the fine-meshed net will retain microscopic organisms, which are washed down the interior of the net into a collection vial at the end.
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Advantages:


Concentrates microscopic organisms from water





Disadvantages:


Towing behind a boat may sample only a portion of the volume of water because the fine mesh of the net creates flow resistance


More time consuming than collecting a sample of water for later laboratory concentration





11.6.1.2  Kemmerer Depth Sampler.  Used to collect algal and other plankton sample at any water depth.  For description, see Section 7.5.1.5 and Figure 7-4.





11.6.1.3  Ekman Dredge.  Used to collect bottom associated organism sample in non-flowing or sluggish waters with soft sediment or sludge bottoms.  For description and use, see Section 10.5.1.2 and Figure 10-1.  After the dredge is closed, it is brought to the water surface and the contents are placed in a large pail or tub.  Water for sample dilution is added, and the sample is mixed into a slurry with the slurry being passed through a U.S. Standard No. 30 sieve while the sieve is being rotated in the water.  The washing operation is repeated until all fine material has passed through the sieve, and all organisms are retained in the sieve.  The organisms and coarser debris are then removed from the sieve and are preserved.  





	Wide-mouthed, tapered pint freeze jars have proven to be excellent bottom organism sample containers.  When these jars are filled half full with 10-percent formalin before the day's activities of sample collection, it is a time-saving process to transfer the concentrated sample from the side of the sieve to the jar of preservative by lightly tapping the sieve against the top of the jar.  The investigator is assured always of a minimum of 5 percent formalin in the sample container, which is a sufficient strength to preserve the collected organisms.  After the samples are preserved in the field they are brought to the laboratory where the organisms are separated from the debris, placed in respective groups, identified, and counted.


 


11.6.1.4  Ponar Dredge.  Used to collect bottom associated organism sample.  For description, see Section 10.5.1.3 and Figure 10-2.  Collect the sample in a manner similar to the procedure for sample collection with the Ekman dredge.





11.6.1.5  Surber Stream Bottom Sampler.  To sample riffle areas in streams, a Surber square-foot stream bottom sampler (Figure 11-2) is widely used.  It consists of two 1-foot-square brass frames hinged together at right angles; one frame supports the net which is held extended downstream by current velocity, the other encloses the sampling area.  In operation, the sampler is so placed that organisms dislodged by hand from the substratum within the sampling frame will be carried into the net by the current.  In stagnant or in slowly moving water, it often is not practical to employ this sampler.  


�
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Advantages:


Rapid, effective means of collecting bottom organism sample


Sample is concentrated and ready to be put into collection jar





Disadvantages:


Can only be used in wadable streams where the sampler's hand can easily reach to the stream bottom


When substrate is composed of larger than fist-sized rocks, sampler will not collect quantitative sample


Sampler will not function properly in water with sluggish current





11.6.1.6  Electrofishing Equipment.  Electrofishing is conducted by means of an alternating or pulsed voltage applied to water using a positive and negative electrode.  The fish are attracted to the positive electrode.  An electrical field is of sufficient potential to demobilize the fish near the positive electrode, but decreases in intensity with distance.  Within a short time, demobilized fish will recover, unharmed.








CAUTION








Use due caution when working with electricity and water





�
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	The electrofishing unit may consist of a 110 volt, 60 cycle, heavy duty generator; an electrical control section, which is a modified commercially-sold variable voltage pulsator; and electrodes.  The electrical control section provides selection of voltages from 50 to 700 volts AC and 25 to 350 volts DC.  The variable voltage allows control of field size in various types of water.





	Electrofishing can be performed by personnel protected by waders in shallow waters, or from a boat. 





WARNING











When a boat is used, the front portion should have a constructed deck on which two fish collection personnel may stand.  The deck should have a sturdy waist-high rail that will protect personnel from accidentally falling into the water should the boat operator suddenly reverse the motor.





	An appropriate "dead-man" switch is installed on each electrode handle when used in wading, as well as individual foot switches for the fish collectors when the electrodes are attached to the boat.  These switches must be depressed for the current to flow through the electrodes.





	When electrofishing in estuarine (slightly saline) waters, it is often useful to perform the sampling at night with the use of lights on the front of the boat.  Fish collection under these conditions is more effective.





Advantages:


Permits collection of fish for identification, weighing, measuring, and scale sample collection without injury to the fish


Effective in waters less than about 20 feet deep





Disadvantages:


Requires a minimum of 2 persons, and preferably a 3-person crew to adequately operate


Generally not suitable for pond or lake environments, except in near-shore areas





11.6.1.7  Multiple-plate Artificial Substrates.  Artificial substrates have been successfully employed for collecting bottom fauna in flowing streams, especially where the bottom substrate is composed of sand, bedrock, or other material that is not conducive to other sampling procedures.  One multiple-plate sampler constructed of tempered hardboard (Hester-Dendy type, Figure 11-3) has been especially useful.  This sampler is constructed of eight 3-inch squares, separated by seven l-inch squares, and held in place by a bolt or threaded rod.  When constructed in this manner, the sampler exposes slightly more than one square foot of surface to which organisms can attach.





	Artificial substrates are placed in the water for 3 to 6 weeks and then carefully removed to prevent losing the organisms that have made them a temporary home.  The substrates should be placed at similar depths and in similar physical relationship to the stream at all locations.  Usually they are placed about 1-foot beneath the water surface or 1-foot off the stream bed. 





NOTE:  


Loss of some substrates because of vandalism or flooding should be anticipated.





Advantages:


Provides a convenient means of collecting organisms from areas with otherwise poor habitat for organisms


Provides quantitatively comparative sample because substrates offer the same organism colonization area





Disadvantages:


Requires two trips to sampling area:  one to set the samplers in the water, and one to collect the substrates 


May result in loss of some data and equipment (Equipment is left unattended for several weeks.) 





11.6.2  Microbiological Sampling.  Sampling for bacteria requires great care to ensure that the sample does not become contaminated.  The sample collection bottle must be sterile.  Care must be taken to ensure that the fingers of the sample collector do not touch the inside or lip of the sampling bottle or inside of the lid.  In flowing water, the opened sample bottle should face upstream.  Generally, a sample collected from the mid-stream area of flowing water is adequate.  





	When sampling streams by wading, or when sampling from a boat in lakes and ponds, the sample collector faces upstream, and the sample is collected by opening the sample bottle and collecting the sample upstream from the sample collector by a scooping motion that thrusts the sample bottle into the water and up when the bottle fills.  The lid is replaced on the sample bottle with care to ensure that sterile conditions are maintained.  When sampling from a bridge, a weighted sample bottle holding device is used to lower the sample bottle into the water.  Care should be taken to ensure that the sterile sampling bottle is upstream from the holding device to preclude contamination from the holding device from entering the sterile bottle.  	Coliform bacteria are often used as indicators of pollution.  They are found in the intestinal tract of all warm-blooded animals, but they are found also in other situations.  A more positive identification of a health hazard is the further identification of fecal coliform bacteria.  If the purpose of sampling is to comply with drinking water requirements or specific permit conditions, the sampling protocols will be detailed in the approved method.





	In cases where microbial populations are difficult to detect, large quantities of a sample are concentrated through filtration and placed on selective media to isolate the organisms.  The filter is analyzed by microscopic techniques, selective culture media, or using a variety of techniques to isolate organism of interest.  In all cases the volume of source material is quantified to report results based on a consistent sampling volume.





	Sampling for algae in lakes, ponds, or reservoirs may be for purposes of identifying the predominant species, or for obtaining a quantitative count.  Samples may be collected from different water strata vertically, as well as several identifiable locations in the lake or pond.





11.6.3  Toxicity Testing.  Toxicity testing involves exposing an identified test organism to a known concentration of a potential toxicant for a defined time under controlled conditions and observing the organism response.  Generally, discharge permits require the testing of whole effluent in a series of dilutions to determine the concentration in which there is a mortality of 50 percent of the test organisms.  Usually, also, the test is required on more than one test organism, and a species of fish and an invertebrate species often are used.  Most permits specify the test organisms to be used.  Also, the regulatory authority has specific procedures for conducting the toxicity test.





11.6.3.1  Acute Toxicity Testing.  An acute toxicity test is a short term test of 24, 48, or 96 hours.  The test may be performed as a static test in which test organisms are placed in a known concentration of an effluent or a potentially toxic substance.  Temperature, dissolved oxygen, pH, and number of surviving organisms are recorded at the beginning of the test and each 24 hours thereafter.





	A static renewal test may be used in which the test organisms are transferred every 24 hours to a fresh solution containing the same mixture concentration as the initial 24 hours.  Dead test organisms are removed as soon as noted.  Temperature, dissolved oxygen, pH, and number of surviving organisms are recorded at the beginning of the test, each time before test solutions are changed, and at the end of the test. 





11.6.3.2  Chronic Toxicity Testing.  Chronic toxicity tests are longer term tests, generally lasting seven days or longer depending upon the test circumstances.  They may involve flow-through tests in which equipment provides for a continuous flow of a predetermined mixture of effluent or potentially toxic material and dilution water through the test chamber holding test organisms.  Generally, the dilution water is taken from the receiving waterway.





11.6.3.3  Caged Organism Testing.  Placing appropriate test organisms in suitable cages upstream and downstream from an effluent or a suspected source of pollution is a convenient way of determining toxicity within the receiving water.  Fish known to inhabit the waterway may be used as test organisms, and at the end of the test, fish tissues may be examined to determine bioaccumulation of the toxic substance.  Large invertebrates, such as stonefly or mayfly nymphs or caddisfly larvae may be used as test organisms, and small pieces of pipe with wire mesh covering the ends may be used as suitable cages.  Potential cannibalism within the test organism community must be avoided.  These procedures require collecting a sufficient number of organisms to be used as test organisms.





11.6.3.4  Sediment Testing.  Sediments can be used as a substance to be tested.  Specific procedures for testing dredged spoil toxicity have been developed by the U.S. Corps of Engineers and Environmental Protection Agency.  Generally, three inches of sediment to be tested is placed in a test jar, unpolluted water is carefully introduced above the sediment, the suspended solids are allowed to settle, and a known number of test organisms are introduced.  Test organisms may be those from an unpolluted portion of the receiving waterway, such as burrowing mayfly nymphs, small clams, or midge larvae.  Temperature, dissolved oxygen, and pH of the superimposed water should be recorded at intervals during the test.  This test may be continued for several days, and some tests have been continued for 30 to 60 days.  At the end of the test, the live test organisms are recovered through sieving the sediment.





11.6.3.5  Bioaccumulation Determination.  The bioaccumulation potential of specific toxic substances is an important consideration in the investigation of any waterway.  These potentials often are recorded in the literature for many specific elements and compounds.  They may be determined in any investigation by sacrificing surviving test organisms that have been exposed to a toxic substance, and chemically testing the organism flesh.  The bioaccumulation within the whole organism, in which the ground up organism is tested, is often separated from the bioaccumulation in the fatty tissues alone.  It should be noted that bioaccumulation represented the sum of a specific element or compound absorbed by an organism from the water, as well as the food ingested, which may have increased the bioaccumulating substance concentration as it has passed up the food web.





	Surviving caged organisms may serve as organisms on which to determine bioaccumulation, providing they had not bioaccumulated the specific substance prior to being selected for the caged experiment.  Otherwise, organisms residing in the reach of waterway of interest may be captured for the bioaccumulation determination.





11.7  QUALITY ASSURANCE, QUALITY CONTROL�tc  \l 2 "11.7  QUALITY ASSURANCE/QUALITY CONTROL"�.   Quality assurance in the collection of field biological samples is based primarily on the demonstrated integrity of the sample collector.  Biological sampling equipment must be used in its intended manner.  Every effort must be made to ensure that the collected sample is representative of the ecosystem from which it was collected.  





	All samples must be accompanied by a complete Chain-of-Custody Record.  Main elements of the Quality Assurance Plan (QAP) for biological sampling are:





A clear objective


Sampling procedures


Preservation techniques


Sample custody


Analytical procedures


Quality Control parameters


Equipment check


Performance audit


Quality assurance report


Corrective action





11.8  SAMPLING EQUIPMENT LIST.  Chapter 4, Section 4.8 provides a generic sampling equipment list applicable to most sampling events.  The following list provides additional specific equipment applicable to biological sampling:





	¨	Sterilized sample containers with or without dechlorinating agent


	¨	Disinfection solution(s)


	¨	Wide-mouth jars for bottom organism samples


	¨	Preservation chemicals and reagents


	¨	Formalin solution or alcohol for sample preservation


	¨	Kemmerer Depth Sampler, with rope


	¨	Ponar Dredge, with rope


	¨	Ekman Dredge, with rope


	¨	Plankton Net


	¨	Surber Stream Bottom Sampler


	¨	Multiple-plate artificial substrates


	¨	Electrofishing Equipment


	¨	Flat-bottomed boat, with motor


	¨	Waders


	¨	Large bucket or small tub to contain dredge samples


	¨	U.S. Standard No. 30 sieve


	¨	Forceps





11.9  Ecological Risk Assessment�tc  \l 3 "11.9  Ecological Risk Assessment"�.  The U.S. EPA defines Ecological Risk Assessment (ERA) as "the process that evaluates the likelihood that adverse ecological effects may occur or are occurring as a result of exposure to one or more stressors" (USEPA, 1992).  ERA is a relatively new, multi-disciplinary, and rapidly evolving set of procedures.  If an ERA is required or indicated at your installation, you should recognize that it will entail a planned technical approach, with much attention to the problem definition, in which the sampling methodology is a relatively small but necessary piece.





	The ERA process begins by identifying the stressors (e.g., the release of a toxic chemical into surface waters) and then using a series of measurement and test procedures, often with statistical modeling, to evaluate the relationship between the stressors and the potential effects (Suter, 1993).





	The purpose of this section is to introduce ERA principals and provide preliminary guidance on when and how to use the ERA process.  More detailed guidance may be found in the references section.





11.9.1  Legislative and Regulatory Drivers.�tc  \l 4 "11.9.1  Legislative and Regulatory Drivers."�  The initial legislative impetus for ERAs came from the National Environmental Policy Act (NEPA, 1969).  This Act required federal agencies to consider the environmental impact of their proposed actions.  Since then, a number of environmental laws have used the principals of ERA to establish regulations, criteria, and standards, including the Clean Water Act (CWA), Clean Air Act (CAA), and the Marine Protection, Research, and Sanctuaries Act.  Most recently the EPA has promulgated protocols to address the environmental risks of past hazardous waste sites under the Comprehensive Environmental Response Compensation and Liability Act (CERCLA, or Superfund).  In particular, the Remedial Investigation/Feasibility Study (RI/FS) process of CERCLA requires the characterization of the nature and extent of contamination and the resulting human and environmental risks posed by the site (USEPA, 1988.)  





	Human health risk assessment, which dates to the early 1980s (National Research Council, 1983) established the structured process that became the initial framework for an ecological risk assessment.  The EPA published its first guidance on ERA, Review of Ecological Risk Assessment Methods, (USEPA, 1988).  Thereafter, the EPA stepped back to reassess the overall process.  It convened a series of workshops with highly experienced environmental scientists to develop a framework specifically for ERA (USEPA, 1992).  During these early stages, responsible parties under CERCLA, or under the Navy's Installation Restoration (IR) program, began learning ERA by doing it and incorporating EPA guidance as it was published.  The application of ERAs increased with the advent of Corrective Actions under the Resource Recovery and Conservation Act (RCRA) that were designed to address hazardous waste sites created after the cut-off date (about 1980) for action under CERCLA.  Since 1992 the EPA has also incorporated ERA into the implementation of the Toxic Substances and Control Act (TSCA) and the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) to provide protection from "unreasonable [environmental] risks" (Suter, 1993).  The EPA is now finalizing the first detailed set of guidelines for conducting ERA.  The draft of this document has been out for public review since October 1995 (US EPA, in prep).





11.9.2  Benefits of ERAs.�tc  \l 4 "11.9.2  Benefits of ERAs."�  The potential benefits from conducting ERAs include:





Correctly identifying harm, ecological risk can reduce the cost of unnecessary or overprotective remediation that may cause further environmental damage (e.g., habitat destruction)


Providing data to support environmental programs besides CERCLA, such as RCRA, CWA, dredging, MPRSA, natural resource conservation, and NEPA


Developing a baseline ecological database that can be used for a long-range environmental profile of the facility


Providing data for the decision-making associated with managing ecological risks, including:


	°	Comparing, ranking, and prioritizing risks


	°	Analyzing uncertainty to lend credibility to the assessment and focus on information gaps


	°	Predicting the outcomes from remediation alternatives, thereby assisting decision-makers who must evaluate tradeoffs and alternative risk scenario





11.9.3  ERA Protocol.�tc  \l 4 "11.9.3  ERA Protocol."�  Assessing the risks to an ecosystem as a whole requires the development and implementation of complex methodologies that consider spatial and temporal variability.  An ERA requires:





An understanding of the movement and transformation of pollutants and other stressors within the environment and into the air, water, soil, sediment and biota 


An assessment of potential effects caused by those stressors


A Characterizationing of the risk and an evaluation of the weight of evidence of an effect  





	The outcome of the risk assessment can be used in setting policy and analyzing economic costs and benefits.





	Although formal national guidance for conducting ERAs has not yet been finalized by the EPA, regional EPA offices and states are implementing these studies based on the EPA's Framework for Ecological Risk Assessment (USEPA, 1992), which includes three phases:  Problem Formulation, Analysis, and Risk Characterization (see Figure 11-4).
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Figure 11-4  Framework for Ecological Risk Assessment


Problem Formulation.  This first phase defines the problem, determines the assessment endpoints (the ecological values to be protected at the site) and measurement endpoints (a measurable ecological characteristic that is related to the assessment endpoint), and lays out a plan.





	To define the problem, all available information about the site is gathered, including source and stressor characteristics, ecosystems potentially at risk, and any observed ecological effects.  To select the proper assessment endpoints, three criteria should be met:





the endpoint has ecological relevance within the affected ecosystem


the receptor exhibiting the endpoint is susceptible to the stressor(s)


policy and societal goals have been considered





	The final products of Problem Formulation are a Conceptual Model, consisting of testable hypotheses to explain how the stressors may affect the ecosystem, and an Analysis Plan.  








Source:  USEPA, 1992





Analysis.  This phase involves characterization of exposure and of effects.  The former involves determining of the spatial and temporal distribution of pollutants of concern, and their interaction with the ecosystem.  It evaluates the interaction of the stressor with one or more ecological components.  Stressor characterization considers not only the primary stressor but also secondary stressors that can arise as a result of various processes. 





	Characterization of ecological effects involves determining the impact of pollutants on individuals, populations, and communities.  It evaluates adverse effects of a stressor on a population or community under a particular set of circumstances.





Risk Characterization.  Risk characterization takes the information developed in the analysis phase to make a statement about the likelihood that exposure to chemical stressors is producing or may produce adverse ecological effects.  Because methods for quantifying risk are not widely available, ERAs usually develop  conclusions based on a "weight-of-evidence" whether there are  ecological effects  or not.  Although this may not result in a hard-and-fast number, the result can be used in the risk management process to prioritize and rank remedial alternatives and optimize the environmental benefit of costs expended.





11.9.4  New EPA Guidelines for ERA�tc  \l 4 "11.9.4  New EPA Guidelines for ERA"�.  The EPA's "Draft Proposed Guidelines for Ecological Risk Assessment" builds on and expands the original three steps.  Improvements being considered by the EPA are mainly in the problem formulation and risk characterization areas.  Problem formulation expands the interactions between the risk assessor and risk manager that help define the purpose, boundaries, and resource limitations of the  assessment, delimiting ecological values, goals, and assessment endpoints, preparing the conceptual model, and developing an analysis plan.  Within risk characterization, key elements include estimating risk and evaluating ecological significance, using a weight of evidence, and calculating uncertainty levels to the degree possible.  It is anticipated that the new EPA guidance document for ERA will be published in 1997. 





	ERA requires careful planning before initiating the work effort.  Problem formulation, which should include development of testable hypotheses, is key to a successful ERA.  To the degree possible, ERAs should be designed to provide high quality quantitative data that evaluate definable risks.  It is important that the risk assessment and assessors are separate from the risk management process because the latter must weigh economic, social and operational considerations as well as ecological risk.





11.9.5  Tiered Approach to ERAs.  Without detailed and careful planning ERA's can become costly and complex studies that may not yield appropriate information to evaluate risk.    Since the potential toxicity or impact of sites or stressors is likely not known prior to conducting an assessment, a tiered or phased approach to conducting ERAs has been advocated by the EPA and others.  If initial studies indicate that there is a likelihood of ecological risk, then progressively more complicated and complex assessments are done.  





	Typically the first step in a tiered approach is a "screening level" assessment that involves limited sampling of contaminated media, calculation of hazard quotients and an evaluation of the site's habitat.  These screening procedures can help to identify the specific ecological habitats that could be impacted by the contaminants at a site.  The result should be fewer receptors that would need to be evaluated for the site.  It should also provide the basis for further evaluation (i.e. Problem Formulation).





	It is useful to consider that for any given site (or facility) a large number of possible receptor (ecological component exposed to a stressor) and contaminant pathways exist.





	The initial step in the screening procedure should be to reduce the possible pathways and identify the important receptors and pathways that will be necessary to define the ecological risks.  There are several approaches to accomplishing this including, literature review, exposure models or direct measurement receptor exposure to the stessor.  One cost effective option could be the use of off-the-shelf receptor and exposure pathway models that are selected based on the characteristics of the habitats at the site.





	For example, if the site were near a freshwater stream or pond, then an aquatic exposure model should be considered.  If the site were associated with coastal or estuarine resources, than an estuarine exposure model should be considered.  Obviously, sites without the potential to impact aquatic resources would not need to evaluate those exposure pathways.  





	This approach may seem overly simplified, but the fact is that much redundant work and lost time can be avoided if off-the-self exposure models were available for screening purposes.  The models would need to be fairly generic (i.e., could be applied on a national basis), however, specific endpoints and benchmarks could be developed for use on a regional basis.





	As an illustration, consider the estuarine and coastal wetlands exposure pathway developed for Portsmouth Naval Shipyard, and the coastal uplands exposure pathway developed for Naval Air Station Whidbey Island.  Similar exposure pathways exist for all facilities that have similar habitats.  The generic models focus on specific trophic levels (feeding guilds) and types of ecological receptors present in those habitats.  The specific applications of the models would require identifying specific receptors and benchmarks applicable to the site being screened.





	Where possible, the models would contain food chain transfer functions to relate exposure levels to tissue concentrations.  In other cases, the models would define the exposure point concentrations that need to be developed for the risk assessment.  Some possible generic models include: Inland Meadow, Inland Desert, Inland Forest, Inland Wetlands (fresh water lakes, streams, and wetlands),Coastal Plain (forest, grassland, marsh), Coastal Wetland (saltmarsh, intertidal, eelgrass) Estuarine/Marine (bays, harbors, inlets, etc.).





	Table 11-1 provides examples of estuarine and coastal wetlands exposure pathways and screening





criteria for three case studies from different regions of the country.





	The receptors need to be coupled with ecological benchmarks developed for each specific region.  In the process, data gaps would be defined that will suggest hypotheses to be tested by the ERA.  Site investigations should be identified to determine if receptors are being harmed (e.g. determining the health and status of eelgrass beds adjacent to the site).  The procedure would identify field and laboratory studies being conducted that will help develop benchmarks for use in future ERAs.  By using this process, chemicals may not be screened out, but unnecessary work will be eliminated.  This will reduce the time required to complete the ERA for the RI/FS or other regulatory requirement.





11.9.6  Quality Assurance/Quality Control (QA/QC) Criteria�tc  \l 4 "11.9.6  Quality Assurance/Quality Control (QA/QC) Criteria"�.  The following are the minimum QA/QC criteria that should be included in an analytical chemistry contract, especially if the contractor will be analyzing tissues and sediments.  Having this information delivered to you is the only way to ensure the Navy obtains scientifically sound and legally defensible data.  This  approach has been validated by field use in several case studies and has been acceptable to regulatory agencies.





�
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Table 11-1  Example of Screening Criteria and Possible Receptors Exposed in Pathway





Endpoint�
Northeast (NE)�
California (CA)�
Puget Sound (PS)�
�
Sediment�
EYRE-L; EYRE-M; Sed. Quality Criteria; Regional Background from EMAP-VP�
EYRE-L; EYRE-M; RWQCB (e.g., SF Bay Ambient Values)�
WA Sediment Management Standards�
�
Water�
Ambient Water Quality Criteria�
CA Ambient Water Quality Criteria�
WA Water Quality Criteria�
�
Macro-benthos�
Amphipod (Ampelsica abdita)�
Amphipod (Rhepoxynius abronius)�
Apparent Effects Threshold�
�
Plankton�
Phytoplankton�
Phytoplankton�
Phytoplankton�
�
Bottom Feeder�
Flounder; Lobster�
Sole; Crab�
Ling Cod; Crab�
�
Filter Feeder�
Blue Mussel�
CA Mussel�
Blue Mussel�
�
Carnivore�
Cormorant; Sea Gull�
Brown Pelican�
Blue Heron�
�
Top Carnivore�
Osprey�
Peregrine Falcon�
Eagle�
�
Aquatic Plants�
Eelgrass; Salt Marsh; Fucoid Algae�
Eelgrass�
Kelp�
�
Water Fowl�
Black Duck; Canadian Goose�
Mallard; Black-necked Stilt�
Mallard�
�
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	�
Each batch of sample material for each matrix (e.g. tissue and sediment) at a minimum should contain:





Reagent Blank


Laboratory Duplicate


Laboratory Fortified Sample Matrix


Standard Reference Material (SRM)





	Table 11-2 presents an example of how to set up a "batch".  The QA/QC samples are treated just as field samples and carried through the complete analysis process (e.g., acid digestion for metal analysis, solvent extraction for organics).





	The Marine Environmental Support Office (MESO) has a publication which provides more detailed information.  This QA/QC procedure was optimized for marine/estuarine systems (MESO, 1992).





11.9.7  Data Management�tc  \l 4 "11.9.7  Data Management"�.  Data management is an essential adjunct to environmental measurements, in particular measurements required for an ERA.  Natural environmental processes can have very broad spatial extents and turnover rates on the order of decades.  Most risk-based assessments must supplement the measurements they make with measurements made by other investigators, often for quite dissimilar purposes. Such comparisons may not be possible if the other investigators did not fully document their primary measurements and record the data in digital form.  You must do the same with the measurement data you collect.  Moreover, you should incorporate the plans for managing the data into the planning what to measure, how to make those measurements, etc.  Key (1996) has discussed these issues at length.  MESO has prepared a draft data reporting specification based on model discussed by Key.  This specification includes a detailed discussion of what attributes to record and how to organize primary environmental measurement data.  The Federal Government has adopted standards for recording metadata (i.e., data about data) for data sets of environmental measurements.  While the MESO document cited above incorporates many of these same elements into a common data model rather than storing them in separate data files, you should be aware of the Federal standard found in the FR 48 (191):30503.





11.9.8  References.�tc  \l 4 "11.9.8  References."�  The following references provide in-depth information about ecological risk assessment:  


Key, G.S.; 1996, "Some Experiences Developing a Generalized Environmental Data Model", Volume 1, pp 101-111, Proceedings Oceanology International '96 Conference, Brighton, UK, March 5-8 1996.





Marine Environmental Support Office (MESO), 1992, "Analytical Chemistry Quality Assurance And Quality Control Protocols, Criteria, And Corrective Action For The Estuarine Ecological Risk Assessment At Naval Shipyard Portsmouth, Kittery, Me." NCCOSC RDT&E Division Technical Document 2296.





�
Table 11-2  Minimum Number of QA/QC Samples and Sequence of Analysis for 16 Field Samples





Minimum Number of Samples�
�
�
Sequence of Analysis�
�
�
�
Sample�
Number�
Description�
Sample�
Number�
Description�
�
S1, S2,...,S16�
16�
Field Samples�
CC1�
1�
Calibration Check�
�
SRM�
1�
Standard


Reference Material�
ES1,...,ES10�
10�
Extracted Samples�
�
LD�
1�
Laboratory Duplicate�
CC2�
1�
Calibration Check�
�
LFSM�
1�
Laboratory Fortified Sample Matrix (Spiked Sample)�
ES11,...,ES20�
10�
Extracted Samples�
�
Blank�
1�
Reagent Blanks�
CC3�
1�
Calibration Check�
�
Total (ES1, ES2,...,ES20)�
20�
Extracted/Digested Samples�
Total�
23�
Analytical Analyses�
�






�
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National Research Council, 1983, Risk Assessment in the Federal Government: Managing the Process, Committee on the Institutional Means for Assessment of Risks to Public Health, National Academy Press.





Suter II, G., et al, 1993, Ecological Risk Assessment, Lewis Publishers, Chelsea, Michigan.





U.S. Environmental Protection Agency, in prep, "Draft Proposed Guidelines for Ecological Risk Assessment", Draft EPA/630/R-95/002, (Draft Dated October, 1995). 


U.S. Environmental Protection Agency, 1992,  Framework for Ecological Risk Assessment,  EPA/630R92001, Risk Assessment Forum, Washington D.C.





U.S. Environmental Protection Agency, 1988, "Review of Ecological Risk Assessment Methods", EPA /230-10-88-041.





Department of the Navy, Naval Engineering Command, Northern Division, "Draft Final Estuarine Risk Assessment Portsmouth Naval Shipyard Kittery, Maine", 1995.





Mueller, C.; Munns, Jr. W.R.; et al; 1992, "Standard Operating Procedures and Field Methods Used for Conducting Ecological Risk Assessment Case Studies", Naval Construction Battalion Center Davisville, RI, and Naval Shipyard Portsmouth, Kittery, ME. NCCOSC RDT&E Division Technical Document 2296.
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