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 Review and Comments of the April 17, 2001 Ripon Sediment Assessment, Ripon MGP as    

                     Prepared for ThermoRetec Consulting Corp. by Menzie –Cura & Associates, Inc. (referenced as   

                     the MC Report in the comments below).

Summary

Three lines of evidence were used in the MC Report to try to determine if releases occurred from the former gas manufacturing facility to the surface waters and sediments of the adjacent Ripon Millpond and if those releases are impacting the community of benthic organisms.  If the possibility exists that releases continue to occur due to contaminated groundwater under the area of the former site discharging to the bottom areas of the Millpond need to be determined.  The three lines of evidence used were: 1) evaluating the benthic community in the Millpond sediments, 2) sampling and analyzing the sediments for MGP-associated contaminants, and 3) conducting laboratory toxicity testing of sediments, pore water, and surface water utilizing representative test organisms.  An important component of this process is the selection of a representative reference site that has comparable habitat characteristics to (e.g., TOC content, particle size makeup, water depth) to the study sites but is outside of the influence of any possible releases of MGP-associated contaminants in the lower portions of the Millpond.  

In the review below, there are a number of specific questions and comments about the contents of the MC Report in regard to sampling designs, data interpretations, and habitat characterizations.  I will not summarize these issues here but will focus on the results of the three lines of evidence evaluated in the context of the approaches we routinely use.

No single line of evidence is used to determine potential adverse impacts to the organisms of the benthic community.  Each line of evidence is normally evaluated for 1) adequacy and quality of the data, 2) degree and type of uncertainty associated with the line of evidence, and 3) relationship of the evidence to the potential degree of impact being estimated.  Characterization of risk is based on an integration of the lines of evidence that considers the concurrence of the results of the lines of evidence, strength of relationships between the exposure and the effects data, magnitude of differences in endpoint responses between the reference site and study sites, extent of adverse effects predicted over the study area, and preponderance or strength of all the evidence related to a confidence level that impacts are occurring.

Table 11 below summarizes results of the three lines of evidence.  The three lines of evidence show that:

1) Based on a suite of biometrics used to characterize the benthic community structure, there were large differences in total taxa abundance, dominant taxa abundance, taxa richness, and species composition with changes in all of the metrics when the study sites were compared to the reference site.  This indicated a different community makeup that was less abundant, less diverse, and generally more tolerant of eutrophic conditions.  In general, the degree of change in the metrics was comparable at all of the study sites;

2) Based on the three sets of Sediment Quality Guidelines used to compare with the contaminant concentrations in the sediment, low to moderate risks or adverse impacts are predicted to occur to the benthic communities at the study sites; and

3) Based on the test organisms used and the level of contaminants they were exposed to, there were no endpoint response differences between the reference site and study site results in the matrices tested.

As noted above, there were large differences in the structure of the benthic communities between the reference site and the study sites in regard to metrics related to abundance, taxa richness, and species composition.  Possible causes of the differences may be due to effects from: 1) habitat factors, 2) presence of MGP-related contaminants at the study sites, 3) presence of urban-related contaminants from street and paved area runoff, or 4) some combination of the above factors.

The MC Report relates the causes of the effects to possibly either MGP contaminants or to habitat effects in the form of the presence of submergent plants at the reference site but not the study sites.  The presence of submergent plants at the reference site and not the study sites would indicate that the reference site was not comparable in all regards related to habitat factors at the study sites and may have introduced a confounding factor into interpretation of the data.  This should have been anticipated when the reference site was selected. While it is not believed that submergent plant presence has that much of a controlling influence on the benthic communities, there are other habitat factors differences that may account for the differences in benthic communities as discussed in the comments below.

Some observations that can be made are:

· The amount of differences between the reference site and the study sites and resulting makeup of the study site benthic communities are comparable indicating whatever factors are affecting them, the factor(s) are in common between all the study sites and of a comparable magnitude to yield communities of similar degraded makeup.

· The MGP contaminants present in the study site sediments do show a gradient of concentrations but within a low range.  The range of concentrations are related to low to moderate predicted risks based on a comparison with the SQG effect values.  It would appear that only at the highest PAH concentration associated with Site 2 that predicts acute toxicity based on the EPA SQG value would noticeable changes in the benthic community structure be predicted.  The one thing in common at all the study sites was that the summed ESG TU was greater that 1.0 which predicts chronic toxicity with acute toxicity being predicted as the value approaches 4.0.  Since the changes in the benthic community were large at all the study sites and all did not have such elevated PAH concentrations as Site 2, this may argue for the effects being caused by other factors that are acting similarly at all the sites. It is noted that MacDonald et al. (2001) did find at a PAH contaminated site that concentrations of total PAHs that were associated with altered benthic community structure ranged from 2 to 10 mg/kg.  The range of total PAH concentrations in the Millpond sediments was from 4.5 - 19 mg/kg.

· If the effect concentrations that were found by the EPA summed ESG TU approach are not entirely applicable to Millpond sites, this may argue for habitat factors contributing to the differences in benthic communities between the reference site and the study sites.  It is possible that MGP-related contaminants and/or urban related inputs are having some effects, but they cannot be distinguished from the overall effects on the benthic community due to habitat factor stressors.  

· The Hyalella azteca toxicity testing line of evidence due to showing no differences in endpoint results between the reference site and study site therefore shows no concurrence with either the benthic community study results (large amount of differences) or the predictions for effects based on the SQG lines of evidence (low or moderate predicted effects).  This may support the argument that effects to the benthic community are due primarily to habitat factor stressors acting on the benthic organisms at the study sites and not entirely to chemical stressors from MGP and/or urban sources

· Based on combining contingency tables (MacDonald et al. 2002; Milani et al. Undated) for integrating lines of evidence and reaching conclusions in regard to possible impacts and adverse effects, the following conclusions are drawn from the above line of evidence results for the Ripon Millpond:

Contingency Table for Assessing Impacts of Contaminated Sediments On Aquatic Life Based on Three Separate Indicators of Sediment Quality With the Reference Site Results as the Point of Comparison

(Adapted from MacDonald et al, (2002) and Milani et al. (Undated).

Ripon Millpond Sample Sites
Sediment Chemistry  (Compared to SQGs) 1.
Toxicity Test Results 2.
Benthic Community Studies. 3.
Possible Conclusions

Reference Site
-- 

(1)
--
Point of Reference
Reference site selected to have comparable habitat characteristics as study sites but out of influence of any contaminant releases from former MGP site.

Site 1
+

(2.33)
--
+
Impact likely.  Sediment-dwelling organisms degraded by toxic chemicals, but toxicity tests not sensitive to chemicals present.

Site 2
+

(3.0)
--
+
Impact likely.  Sediment-dwelling organisms degraded by toxic chemicals, but toxicity tests not sensitive to chemicals present.

Site 3
+ 

(1.67)
--
+
Impact likely.  Sediment-dwelling organisms degraded by toxic chemicals, but toxicity tests not sensitive to chemicals present.

Downstream Site
+ 

(1.67)
--
+
Impact likely.  Sediment-dwelling organisms degraded by toxic chemicals, but toxicity tests not sensitive to chemicals present.

Site-Specific Considerations
Additional Considerations
Adverse effects occurring but cause(s) may not be fully known.  Benthic community alteration may be due to habitat-related stressors in addition to or instead of chemical stressors


Management Recommendations
Determine cause(s) for benthic alteration on a priority basis.  Reassess, then take management action as required; monitor for further alteration.

1.   -- = No predicted effects to benthic organisms.  Value of 1.0 represents reference condition.  As values increase between 

       1 and 4 increasing risks to the benthic community are predicted based on the SQGs.  See discussion below for   

       derivation of risk numbers.

2. --  = No differences in endpoint responses when reference site compared to control and study sites compared to reference site.

3. + =  Large differences in benthic community metrics when study sites compared to reference site.


One consideration raised in the above contingency table is whether the toxicity test involving Hyalella 

azteca was sensitive enough to the levels of contaminants present in the sediments or given its habits, was there an exposure route from the contaminants in the sediments to the epibenthic Hyalella. Under normal circumstances, Hyalella is recognized as a relative sensitive organism in its responses to a number of types of sediment contaminants (MacDonald et al. 2002).  Our approach is to conduct multispecies exposure of benthic test organisms to contaminated sediments to ensure all exposure routes, different microhabitat useages, and different sensitivities are considered in the evaluation.  In addition to Hyalella, a burrowing, tube dwelling organism such as Chironomus tentans should be considered because it is integrally associated with sediments related to direct contact and deposit feeding habits.  Hyalella is epibenthic spending time in the water column and hiding under detritus on the sediment surface with some burrowing activity at the surface.

Other considerations in any additional assessments for the site should consider including a broader range of PAH concentrations found across the site, including the highest concentrations, for use in the toxicity testing rather than just the lower ranges as used in the MC Report.

Also, any additional assessments should consider what natural habitat factors may be acting as stressors in possibly causing or contributing to the differences in the benthic communities between the reference site and the study sites.  The standard parameters used to evaluate comparability of habitats such as TOC content and particle size makeup are similar between the reference site and study sites.  The water chemistry values and profiles in the MC Report do not appear to indicate any substantial differences between sites.  If there are habitat factors that may be different between sites on an upstream-downstream basis then it may be necessary to move the reference site farther downstream, even west of the railroad bridge into the southern part of the Millpond.

Specific Comments

Page 1. Section 1.0. Introduction.

WDNR’s Evolving Assessment Approach To Contaminated Sediments

The MC Report references the 1995 WDNR document titled Technical Guidance for Contaminated Sediment Clean-up Decisions in Wisconsin as point of reference for doing their sediment assessment.  The WDNR’s thinking and approaches on evaluating contaminated sediments, the role of sediment guidelines in that process, and how the results of various measurements as lines of evidence are to be used in a weight-of-evidence approach has evolved and are contained in more current documents produced by the Contaminated Sediment Standing Team such as the tiered framework for assessing sediment quality and developing sediment quality objectives (WDNR, 2001) and the recently published consensus-based sediment quality guidelines (WDNR, 2003). 

In the lower tiers of the assessment framework, which is a screening level, the evidence and information available about a site gives an indication whether or not there are potential use impairments, generally using conservative assumptions.  In the upper tiers involving more site-specific studies, a number of biological endpoints and other relevant information are used as lines of evidence in a weight-of-evidence approach that increases the certainty that effects and impairments are occurring due to the contaminated sediments.  The outcome of the process is site-specific effect-related contaminant concentration(s) to use in the development of sediment objectives for use in making cleanup decisions for the site.  While WDNR (1992a;1992b) guidance documents on conducting ecological risk assessments at contaminated sediment sites have been available for some time and were referenced in the above 1995 document, the current tiered assessment framework as discussed in the consensus-based sediment quality guideline document (WDNR, 2003), identifies more clearly the role formal screening level and baseline risk assessments can have in the management decisions for some sites at upper tiers of an assessment.  The tiered assessment framework allows for flexibility in conducting sediment assessments.  More information is developed in successive tiers until it can be determined that enough information is available to adequately assess the sediment quality related to biological effects. 

The MC Report used sediment guidelines on a screening level basis which equates with the lower tiers on the WDNR assessment framework as well as site-specific studies.  The information presented in the MC Report was reviewed to determine whether or not it could be established if the level of coal tar contaminants measured were relatable to biological effects and impairments with any certainty.  If the outcomes were inconclusive or data gaps where identified, then additional site assessments will be needed.  

Beneficial Uses of Surface Waters.  Page 1. 4th Paragraph.

In the list of uses, the MC Report appropriately identifies that the millpond waters do not serve as a water supply source for human consumption.  However, the ME Report does not include the recreational related aspects of the millpond as evidenced by the swimming beach along shore.  Swimmers, that are likely for the most part adolescents or children, may incidentally ingest water or come into contact with contaminated bottom sediments.  The potential for these exposure routes to be complete and the associated risks may need to be more thoroughly evaluated.  I note this exposure scenario was looked at in the November 2003 MWH Report.

See my comments on the human health risk assessment in this report.

Food Web Exposure to Fish and Piscivorous Birds and Mammals.  Page 1. 5th Paragraph.

The MC Report states that “PAH-contaminated sediments are not considered a source of exposure via food-web transfer through fish as PAHs are readily metabolized and excreted (Neff, 1979 and Hayes et al., 1996).”

I would not necessarily agree with this generalized statement and believe the aspects of food web transfers of the various molecular sized PAHs and their metabolic breakdown products need to be looked at more thoroughly both from the perspective of the health of fish themselves and their life stages, and the upper food chain organisms that consume fish.  Also, consideration needs to be given to insectivorous birds such as tree swallows, red winged black birds, and waterfowl ducklings that consume adult flying midges that emerge after transformation from the bottom inhabiting larvae life stage that may have accumulated body burdens of PAH compounds.

There are large interspecific differences in fish ability to absorb and assimilate PAHs into tissues.  Several endogenous biological factors such as size, nutritional status, body composition, age, and sex as well as exogenous physical factors such as temperature and the physical characteristics of the individual PAHs affect the patterns of uptake and release of PAHs by aquatic organisms.  The bioaccumulation of PAHs by fish has been documented in the literature (e.g., Clements et al. 1994), in fish tissues at an MGP site we have investigated (Ashland), and in fish collected from the Fox River (6 higher molecular weight PAHs detected).  Granted the levels accumulated in fish have been generally been low and are the lower weight molecular PAHs, but there are a number of implications associated with these detections related to fish health.   Biotransformations of PAHs and other xenobiotics in embryonic and larval stages of fish have been found to be insignificant compared to juvenile and adult stages (Petersen et al. 1998).  Early life stages of fish are a sensitive life stage and they accumulate higher body burdens of PAHs.  PAHs accumulate in the yolk sac lipids which act as a toxicant sink.  During development, PAHs sequestered in the yolk are transported to sensitive organs in which the toxic action or metabolism to toxic reactive intermediates can occur.  

The metabolism of PAHs by fish can lead to either the formation of toxic, mutagenic, or carcinogenic intermediates or to detoxification of these chemicals.  Fish have been shown to have enzyme systems that transform procarcinogens to their active forms and therefore to be susceptible to chemical carcinogensis.  Data on the biological fates of these chemical metabolites and the nature of the metabolites formed by various species in the food web are needed to predict the hazards potentially posed by these environmental contaminants to organisms at various trophic levels and humans.  For example, in a study where brown bullheads were injected with radioactive benzo(a)pyrene (B [a]P), some was converted to water soluble, and presumably nontoxic derivatives.  However, the fish also produced significant amounts of the highly genotoxic BP-7-8-diol.  Significant amounts of active intermediates of B[a}P capable of damaging DNA and other macromolecues were formed in bullhead tissue.  Bioaccumulation of PAHs and their potentially toxic metabolites in edible tissues of bullheads is of potential public health concern.  Although some PAHs are known procarcinogens in mammals, there are no established safe levels for aquatic biota destined for human consumption.  Based on the ability of PAHs to exert their toxicity following biotransformation to toxic metabolites, an assessment based on parent PAH compounds in tissues is insufficient.  Tissue levels of parent PAH compounds are not a real biological indication of possible effects of exposure of fish to PAHs from a contaminated site over time.  To determine PAH exposure in fish, the fate of PAH metabolites should be investigated to quantify the PAH flux in fish.  Also, while not analyzed for, there is a demonstrated strong tendency for some fish species to accumulate alkyl-substituted aromatic hydrocarbons in preference to unsubstituted parent PAH compounds. 

There are to many questions about life stage and food chain exposures of PAHs and their intermediates that need to be answered or at least addressed to a fuller extent, and these issues cannot be dismissed at this initial screening level stage of the assessment effort.

Weight-of-Evidence Approach. Pages 1 and 2.

In the discussion in this paragraph, the Menzie et al. (1996) paper is mentioned.  This paper outlines a weight-of-evidence approach for weighing the individual lines of evidence (e.g., toxicity data and benthic community data) and assessing ecological risks.  The process used in the MC Report did not seem to follow the paper’s approach in an identifiable manner.  There are some aspects of the weight-of-evidence approach such as attempting to establish a priori criteria for weighting the lines of evidence that I would not necessarily concur with and question whether this is consistent with the EPA ecological risk assessment guidance.  A review of the use of the weight-of-evidence approach in doing sediment assessments in contained in Attachment  A below which contains my recommendation for how we should be applying the approach

The MC Report indicates that WDNR in its 1995 document describes the Chapman sediment quality triad (SQT) as falling under the highest tier in the assessment framework for determining sediment quality.  In the clarification and evolution of the WDNR’s assessment framework as discussed above, the highest tier for determining sediment quality and establishing effect thresholds involves conducting structured ecological risk assessments following EPA guidance (1997 and 1998) and the WDNR assessment guidance (1992a and 1992b).  The triad approach as advocated by Chapman et al. (1987) is now lower in the tiers of the assessment framework.  We do not believe any assessment at any tier level should be limited to the three components alone that make up Chapman’s “triad” but rather should have the flexibility to consider as much available and applicable data and information as necessary to do an adequate assessment.  The approach we take would be referred to as an integration of lines of evidence approach that would at a minimum consider the three accepted triad components but would have the flexibility to consider additional lines of evidence on a site-specific basis.

We don’t see the Chapman triad approach as having a primary role in any structured ecological risk assessment for sites.  Chapman et al. (2002) has recently developed a weight-of-evidence approach in association with his SQT that attempts to establish a priori criteria for associating various levels of ecological significance with the results from each triad line of evidence.  Based on the attempt of Chapman to use this system on a contaminated sediment site in Wisconsin (Newton Creek and Hog Island Inlet site in Superior that involves residual petroleum hydrocarbon contamination that includes PAHs), we had a number of questions about the approach which was seen as to limited and inflexible.  The approach used only a single benthic metric to assess the benthic macroinvertebrate community and only accounted for the significance of the decreases in metrics between the reference site and study sites.  In the particular case involved, increases in some metrics were more important and more relevant than decreases in metrics, but the Chapman system did not address this.

Page 2.  Section 1.1. Site Description

The MC Report states that water quality measurements and observations indicate that the pond was eutrophic.

However, based on the field water quality measurements taken (Table 2.12 of the MC Report), there does not appear to be any that could be used to clearly identify eutrophic conditions versus mesotrophic or some less nutrient-enriched trophic status.  What particular measurements or observations that were made were directly associated with eutrophic conditions?

Page 2. Section 1.2. Location of Sample Stations.

The MC Report indicates the sampling sites were selected to profile a possible concentration gradient (assumed as it applies to any coal tar related contaminants) with respect to the water flow within the pond.  It would seem that in a phased assessment approach, collecting more specific information on the general distribution of site-related contamination in the sediments would precede the selection of sites for the benthic community and toxicity studies.  This would allow the selection of the sites with some certainty to assure the sites would be representative of a range of concentration gradients present in the sediments and to draw better information as to the relationship between exposure concentrations, toxic effects, and the benthic community structure.  It would seem this chemical characterization of the sediments was done in the November 2003 report prepared by MWH for Alliant Energy.  I’m uncertain why the toxicity testing and benthic community studies preceded the chemical characterization step.

It is indicated that three sample sites, S-1, S-2, and S-3, were designated as “Site Samples”.  The downstream sample site was not included in this grouping and was chosen to be representative of downstream conditions.  However, until the sediment chemical characterization data became available, it could not be assumed that downstream sites within the millpond were outside any influences of releases from the former gas manufacturing site.  This is borne out by the results from the November 2002 MWH Report where elevated PAH levels were found in lower segments of the downstream sample locations (K01 at 2-3 ft. and K02 at 2-4 ft.) which can possibly be related to releases from the gas manufacturing site.

The MC Report states that all the sample locations were located approximately 20 ft. from shore.  However, the positional locations of the sample sites on Figure 1 of the MC Report and Figure 1-2 of the MWH Report show sites 1,2, and 3 are at least 60 ft. off shore, the downstream site 90 ft. off shore, and the upstream reference site approximately 75 ft off shore.  What are the correct off shore distances of the sample sites?  Are the locations representative on the figures? Distances off shore would affect the water depth at the locations.  It is noted that the locations of sites 1 and 3 on the MWH Figure 1-2 are reversed from the locations on the MC Report Figure 1.0. 

It is noted that the MC Report references the 1991 Hydro-Search results and displays the sampling locations SD-801 and SD-802 on Figure 1.0.  The Hydro-Search results reported total PAHs concentrations of 83 (94 in the duplicate) and 133 mg/kg, respectively in the 0.5 – 1.0 ft segment.  Site 3 in the MC Report was located farther off shore from these locations and had 6.6 mg/kg total PAHs in the sediments.  Given the information available about the Hydro-Search results, it would have been appropriate to locate Site 3 closer to shore to sample an area possibly associated with more elevated concentrations of contaminants to get a representation of exposure over a gradient of concentrations.  The MWH results for sites E01 (0-1) and F01 of 86 and 247 mg/kg total PAHs would confirm the early Hydro-Search results that the near shore location next to the old plant site represents the higher end surface contamination that is found in the bottom of the millpond.

It is not clearly indicated what the water depth was at the sampling locations in the MC Report.  From the information available including the bathymetric map in Figure 2-2 of the MWH Report, it appears the water depths associated with Sites 1,2,3, and the downstream site were from 7.0 – 8.0 ft., and closer to 8.0 ft.  This assumes the location of the sites are positionally correct on the figures.  The only information as to the water depth at the reference site was that a water quality measurement was taken at 5.3 ft indicating the depth was at least this and may have been greater.  It is assumed that the reference site had a comparable water depth as the downstream study sites.

Page 3. Section 2.1.2. Benthic Invertebrate Samples

The MC Report indicates that the sediment samples for benthic invertebrate were sieved using a 0.5-mm mesh sieve.  The standard mesh size the WDNR uses for doing benthic macroinvertebrate studies is a #60 size sieve, which is 0.250 mm mesh size.  Small macroinvertebrates, early instars of larval insects, and especially midge larvae are severely under sampled by mesh sizes of 0.500 mm or larger.  A mesh size of 0.250 mm is the best compromise between efficiency and reasonably complete retention of most macroinvertebrates (Taylor, 1997).  All investigators using the same mesh size allows for better quantitative comparisons of benthic data that is in the data base when such metrics as abundance expressed as organisms / unit area and those metrics related to species composition are compared across sites, different bottom types, and different watershed areas.  Nematodes are too small to be retained with any efficiency with a 0.500 mm mesh size.  They are too small to be retained with even a 0.200 mm mesh size (Kilgour et al. 2000). The abundance counts for the three species of nematodes in the tables below are not representative of the actual abundance of these species in the sediments of the site.  A finer mesh sieve would be needed to retain representative numbers of these species in the samples.

The MC Report does not give information on the taxonomic keys used to identify the species of macroinvertebrates listed in Appendix B-6.  Information on the QA/QC used during the sample processing and the taxonomic identification keys used should normally accompany the raw macroinvertebrate data report.

Normally in fall sampling, a large portion of the Tubificidae are in the immature stage, are difficult to identify as to species, and are put into a taxa grouping designated immature tubificids.  In the Ripon Millpond sediments, what portion of the tubificids where in the immature stage and if immatures where present, what characteristics were used to assign them to specific species?

Page 3. Section 2.1.3. Surface Water Chemistry and Toxicity Samples

Surface water samples were collected approximately 1 ft. below the water surface.  In an initial screening effort, it would have been more appropriate to collect the water samples in near bottom areas where any contaminants released from the sediments by various mechanisms might be present before any dilution occurred with the greater volume of water in the overlying water column.   The collection of a water sample in the near bottom area would need to avoid disturbing the bottom.  Another component of the sampling would be to disturb the bottom and collect a water sample that would include any suspended particulates or released dissolved contaminants for analysis to determine if various mechanisms that disturb the bottom sediments result in putting contaminants into into suspension into the water column.

Page 3. Section 2.1.4. Surface Water Quality

It is stated that measurements for water quality parameters were taken at the surface and at depth intervals to establish a water quality profile.  It is assumed this was done at all 5 sampling sites.  However, only the water quality profile for site 1 is presented in Table 2.12.  The field notes in Appendix A shows measurements were taken along the profile of the downstream site but they don’t appear in Table 2.12.  Were measurements taken at the profiles of the other sites, and if so, where is the data?

Page 4. Section 2.2.2. Sediment Toxicity Bioassays

Both the 10-day acute and 42-day chronic sediment toxicity bioassays used the amphipod Hyalella azteca as the test organism.  It was stated that Hyalella azteca is a PAH-sensitive organism but this statement was not supported by studies. Some comments in regard to this are:

· Our general approach in toxicity testing involving sediments to assess contaminant exposures to benthic macroinvertebrates is to do multispecies toxicity tests using at least two different test species.  Using more than one test species assures different exposure routes and uptake, different habitat useages of organisms, and different organism sensitivities will be evaluated in the testing (Burton, 1991; Burton et al. 1996 and U.S.EPA, 1994).  The two test species we typically use are Hyalella azteca and Chironmus tentans.  The use of multi-species assays improves the chance of detecting sediment toxicity and increases the likelihood that any detrimental effects on the aquatic system will be detected.  The results of sediment bioassays and the sensitivity level is dependent on the toxicant mode of action, organism toxicokinetics, life stage, measurement endpoint, and properties of the sediment that determine the availability of the contaminant.

· Hyalella azteca  is an epi-benthic species in that it spends time in the water column over the sediments and on the sediment surface and it may burrow into the sediment surface.  Only minimal numbers of Hyalella azteca were found in the Ripon Millpond sediments (at two downstream sites but not at the reference site).  A test species like the larvae of midge Chironomus tentans represents an organism whose life habit involves burrowing into the sediments and is in integral contact with contaminated sediments through contact and ingestion.  Chironomus tentans is the dominant species of midge larvae found at all of the Ripon Millpond sediments sampled, making it more representative as a test organism for the site.
· Review of such studies as Day et al. (1995),  Suedel et al. (1996) and the results of some of our studies on the Ashland MGP site would question the general assumption that Hyalella azteca is more sensitive to PAH exposures than other test organisms.
An example where we used multispecies toxicity tests in two rounds of testing to derive a range of threshold levels related to protecting endpoints/organisms for the contaminated sediments associated with the Ashland MGP site is shown in the following table.  If the values in this table were to be applied to the Ripon Millpond site based on the range of total organic carbon content in the sediments of 5 – 8% and an assumed protective level of 94%, the sediment quality objectives for the site would be in the range of 4 – 6 mg/kg TPAHs.  The values below are based on a component of the toxicity testing that involved the use of simulating the ultraviolet (UV) light component of sunlight in the laboratory exposures. Field measurements of the UV light intensity in the water column of the site indicated penetration to the bottom areas.  UV light has been demonstrated to photoactivate certain PAHs that have been accumulated in aquatic organisms and thereby enhance toxicity over non-UV exposures (Ankley et al. 2002).  Applicability of UV light penetration in the water column at the Ripon Millpond site to cause photoenhaced toxicity was not discussed in the MC Report.  Given the water depths involved at the sample sites and the quality of the water, it can be assumed that UV light in sunlight is attenuated in the upper portions of the water column under most conditions and is not a toxicity component that needs to be considered at the site.

Conversion of TPAH NOC* Concentrations Related to Combined Chronic Toxicity and LC10 Values To a Range of Dry Weight Bulk Sediment Concentrations.1.

LC10 and ChronicToxicity TPAH

ug/g NOC
TPAH Dry Weight Bulk Sediment Concentrations At Increasing Total Organic Carbon Percentages in the Sediment


Estimated  %

Organism/

Endpoint Protected At Given TPAH Concentration


1%
2 %
4%
6 %
8 %
10 %
12%
14 %



mg/kg of Total PAHs


 74
0.74
1.48
2.96
4.44
5.92
7.40
8.88
10.36
100 %

80
0.80
1.60
3.20
4.80
6.40
8.00
9.60
11.20
94 %

100
1.00
2.00
4.00
6.00
8.00
10.00
12.00
14.00
88 %

120
1.20
2.40
4.80
7.20
9.60
12.00
14.40
16.80
75 %

 187
1.87
3.74
7.48
11.22
14.96
18.70
22.44
26.18
69 %

228
2.28
4.56
9.12
13.68
18.24
22.80
27.36
31.92
63 %

280
2.80
5.60
11.20
16.80
22.40
28.00
33.60
39.20
56 %

 642
6.42
12.84
25.68
38.52
51.36
64.20
77.04
89.88
50 %

700
7.00
14.00
28.00
42.00
56.00
70.00
84.00
98.00
44 %

    756
7.56
15.12
30.24
45.36
60.48
75.60
90.72
105.8
31 %

1,400
14.00
28.00
56.00
84.00
112.0
140.0
168.0
196.0
25 %

1,960
19.60
39.20
78.40
117.6
156.8
196.0
235.2
274.0
19 %

   1,987
19.87
39.74
79.48
119.2
158.9
198.7
238.4
278.0
13 %

 2,370
23.70
47.40
94.8
14.22
189.6
237.0
284.4
331.8
6 %

1. Based on two rounds of multispecies toxicity testing of sediments in Chequamegon Bay associated with the Ashland MGP Site.

     *   NOC = Normalized to organic carbon content of sediments.  

Pore Water Bioassays

It is stated that sediment porewater toxicity bioassays were performed.  However there is no information provided in the MC Report as to the method of extraction of porewater from the sediments and what procedures were used to minimize chemical changes to the in situ condition of the porewater during handling and storage.  Most sediment collection and processing methods have been shown to alter interstitial water chemistry thereby altering contaminant bioavailability and toxicity (U.S.EPA, 2001).  Conclusions about the results of the porewater toxicity testing using Daphnia only applies to the highest concentration of TPAHs in sediments from which the pore water was extracted from (i.e., 19 mg/kg at S-2) and to short term (2 day) exposures.  No conclusions can be drawn as to what may occur if the pore water was extracted from sediments with higher TPAH concentrations (e.g., 90 to 250 mg/kg) or if there would be chronic effects over longer term exposures.

The last paragraph on page 4 of the MC Report mentions that the results for a 10-d pore water toxicity bioassay were presented in Table 2.6.  However, Table 2.6 contains the results related to the 2-day pore water bioassay.  None of the appendices contain any results for a 10 day pore water bioassay using Daphnia magna. I assume the reference to a 10 day porewater bioassay on page 4 is incorrect and it should be two days.

The table below shows the results from testing sediment elutriate water (4:1 mixture of water and sediment mixed, allowed to settle, and decant centrifuged and used in the testing) from the Ashland MGP site.  While these results are not expected at all sites, it gives an indication of the potential for toxicity related to sediment- associated contaminated pore water even under diluted conditions.  It is recommended that additional pore water or sediment elutriate water be tested at the Ripon site including sediments containing PAH concentrations at the upper end of the range found at the site.

Results of Pimephales promelas (Fathead minnow) Exposure to Serial Dilutions of Elutriate From Contaminated Sand and Sediment Sites From the Ashland MGP Site in 1998 

TPAH NOC

ug/g OC
TPAH 

Dry Wt.

ug/kg
Dilution Series

% Sediment Elutriate
Pore Water

Strength Est. Based on 50% Water by Volume in Sediments
Test  Endpoints





% Survival
% Reduction in Weight Compared to Reference Site

Contaminated Sand Substrate



37 SE
91
6.25
0.69
95
-19

73 SE
180
12.5
1.33
85
-42*

146 SE
370
25
2.67
78
-67*

292 SE
730
50
5.35
38*
-79*

584 SE
1,500
100
10.7
5*
-68*

                        Contaminated Wood Substrate


1,361 WE
23,100
6.25 
0.69
18*
-66*

2,722 WE
46,300
12.5
1.33
0*
-100*

5,444 WE
92,600
25
2.67
0*
-100*

10,888 WE
185,00
50
5.35
0*
-100*

21,776 WE
370,00
100
10.7
0*
-100*

*  Indicates significantly different from control results.

Page 5. Section 2.2.3. Benthic Invertebrate Community.

Based on the discussion and Table 2.7 in the MC Report, only a limited number of metrics were used to evaluate the benthic community structure at the study sites compared to the upstream reference site.  Our procedure is to use a combination of several metrics to take advantages of the strengths of each and to develop a more complete understanding of possible changes and impacts to benthic community structure in a weight-of-evidence approach.  Along with diversity indices, we use indices related to dominant taxa, tolerance to eutrophic or nutrient enriched habitats that may affect oxygen availability, species composition including losses, similarities, and differences between sites, and taxa indicators of different trophic status.  A summary of the calculations, definitions, and various index values used are in the tables below and are summarized as follows:

Summary of Tables Showing WDNR Calculation of Metrics and Measurements Related to the Ripon Millpond Sediment Samples.

Table 1
Benthic Community Biometrics and Biological Attributes Characterizing the Reference Site and Study Sites Related to Ripon Millpond.  Following the table are the formulas for calculating the indices and interpreting them.

Table 2
TPAH Concentrations and Physical Characteristics of Sediments at Ripon Millpond Sites (09/06/00).

Table 3
Comments and Interpretations of Measurements and Diversity Indices.

Table 4
Calculation of Biotic Indexes For Ripon Millpond Sediment Samples.

Table 5
Macroinvertebrate Data for Upstream Reference Site (700 ft. above RR Grade) .   Ripon Millpond.  Sampled Sept. 2003.

Table 6
Macroinvertebrate Data for Sample Site 1.   Ripon Millpond.  Sampled September 2003.

Table 7
Macroinvertebrate Data for Sample Site 2.   Ripon Millpond.  Sampled September 2003.

Table 8
Macroinvertebrate Data for Sample Site 3.   Ripon Millpond.  Sampled September 2003.

Table 9
Macroinvertebrate Data for Sample Downstream Site. Ripon Millpond.  Sampled September 2003.

Table 10
Average Abundance of Taxa and Taxa Richness at Sediment Sampling Sites in Ripon Millpond (No. Organisms / m2).

Table 11
Summary of Results of Measurement Endpoints 

Incorrect Calculation of Relative Shannon Index of Diversity in MC Report

The formula for calculating Relative Shannon Index of Diversity in the MC Report is given as H’/H’ max or the Shannon Index for diversity for a site divided by the maximum Shannon Index for diversity for a site in the data set.  However, using the Shannon Index values (H’) in Table 2.7 of the report, the above formula does not yield the Relative Shannon Index values shown in the same table.  For example, it appears the values in Table 2.7

Relative Shannon Index Value
Upstream Reference Site

H’ = 1.65
Site 1

H’ = 1.35
Site 2

H’ =1.67
Site 3

H’ =1.32
Downstream Site

H’ =1.44

Shown in Table 2.7
0.47
0.52
0.53
0.48
0.53

Calculated using the formula

H’/H’ max
0.99


0.81


1.00


0.79


0.86



under the Relative Shannon Index column are actually Shannon Evenness Index (E) values calculated with the following formula:  

     E =   H’ 
where:     S’ = species richness
            (ln)(S’)                H’ =  Shannon’s Index of Diversity




    ln = natural log

However, the Shannon Evenness Index is not one of the metrics discussed in the MC Report so this all becomes very confusing.  If the values in Table 2.7 are actually Shannon Evenness Indexes , they appear to be calculated with the number of taxa in table 2.7 as the value for S’ in the formula above.  It is questionable if these values represented as the number of taxa are correct for use as the S’ value.  The values are actually the total number of taxa in the three replicates without accounting for the taxa that are in common between the three taxa.  Some taxa are being double or triple counted.

Number of Organisms and Number of Taxa

The number of organisms at each sample site in Table 2.7 and discussed in the MC Report are based on totaling the number of organisms found in each of three replicates at a site.  This is an unusual way of presenting abundance information.  Rather than this relative number, we normally present the abundance metric on a more absolute basis as a mean number of organisms based on averaging the abundance in each of the three replicates and calculating the standard deviation of the mean.  Additionally, we express the abundance based on a unit area basis, usually a square meter.  The number of organisms found in the area of the sampling device (in this case the petite Ponar samples with an area of 232 cm.2) is expanded to m2 basis by multiplying the average number of organisms in the replicates by a factor related to the area of the sampling device to expand it to a m2.   In the case of the petite Ponar dredge, this factor is 43.10.  Abundance expressed in this way allows comparison with abundance values from other sites and from sites in the literature.

As noted above the number of taxa in Table 2.7 are based on totaling the number of taxa found in all the replicates without regard for those taxa that are found in common between the replicates at a site.  Tables 5 – 8 below does a count across the replicates to count a taxa only once even though in may be in more than one replicate.  A count of the actual taxa present using this method compared to the number of taxa shown in Table 2.7 of the MC Report is shown in the following table.  

Total Numbr of Taxa

Source for Total Number of Taxa
Upstream Reference Site


Site 1


Site 2


Site 3


Downstream Site



Shown in Table 2.7 of MC Report
34
13
24
16
15

Derived from Tables 5 – 9 below. Across replicate count.  Used for the value of S’ to calculate the Shannon Evenness Index  values that appears in Table 1 below.
19
8
11
9
8

Totaling the across replicate counts of taxa based on Tables 5 – 9 below yields a total taxa value that was used as the S’ value in the formula to calculate the Shannon Evenness Index value as shown in Table 1 below.

Page 6. Section 3.0. Discussion of Results. Reasons for Differences in Benthic Community Metrics between Study Sites and Upstream Reference Site

Page 2 of the MC report states that that the upstream site, due to its location with respect to the site and general surface water flow direction, was considered representative of the background conditions for the assessment.  By representative it is assumed that the reference site was selected because it had all the characteristics of the study sites as close as practical, which included similar particle size fractions, total organic carbon content, depositional attributes, water depths, and was outside of the influences from any site releases of contaminants.  The characteristics related to particle size and TOC content based on Table 2 below would indicate the reference site was very comparable to the study sites in this regard.  As discussed, there is no clear identification in the MC Report as to the water depths at the sample sites.  Information would indicate that the water depths associated with the downstream sites were 7 – 8 ft.  The only indication of a water depth at the reference site was that a water quality measurement was taken at 5.3 ft. indicating the water depth was 6 ft or greater than this assuming the meter probe was held off the bottom.  All of these factors indicate the comparable nature of the physical characteristics of the sites.  Given the amount of water quality measurement data presented in the MC Report, the data looks comparable in regard to the water chemical data between the sites with no discernible differences in the values reported from site to site.  However, given the depth information above, the MC Report on page 8 states that field observations showed that the Millpond was deeper in the vicinity of the Site stations than in the vicinity of the upstream reference station.  No specific depth differences are given.  

On page 8, the MC Report recognizes that the number of taxa and abundance of organisms are higher at the upstream reference site compared to the downstream sites.  The MC Report indicates that the differences in benthic community metrics between the study sites and the reference site may be attributable to 1) site-related contamination and its effects, or 2) the singular presence of aquatic macrophytes such as Myriophyllum spp. and Potamogeton spp. in the vicinity of the reference site. The aquatic macrophytes where attributed to contributing a larger and more diverse benthic community as they increase dissolved oxygen, increase habitat heterogeneity, provide food, and offer cover from predation.

If in fact the aquatic macrophytes do introduce a confounding factor into the assessment because they were present at the reference site and not at the study sites, than the sampling design was flawed in the selection of the reference site. The MC Report statement above that the reference site selected was considered representative of the background conditions for the assessment is then not correct.  Selection of the reference site needed to take into account the absence of aquatic macrophytes at the study sites in order to avoid the possibly confounding situation that has now arisen.  

It is stated on page 8 that aquatic macrophytes were in the vicinity of the reference sampling site.  The positional location of the reference site based on the map figures was approximately 70 ft. offshore.  The field notes in Appendix A of the MC Report indicate submerged, rooted aquatic vegetation was observed along shore but there is no specific information given in regard to the presence of submergent plants at the reference sample site location.

Page 8 also states that growth of aquatic macrophytes, comparable to the upstream area, was not observed in the vicinity of the downstream sites in the Millpond.  However the Appendix A field notes for the first day of sampling  describe the shoreline of the Millpond followed by the comment that submerged aquatic plants are common including Myriophyllum and Potamogeton.  Submergents may not have been present in the deeper contours where the Millpond sampling sites were located but they were apparently present in the more shallow, shoreward areas.

There appears to be a number of conflicting statements and facts in the MC Report that need to be resolved about water depths at the sampling stations, the presence of submergent plants at or near the sampling stations, and exactly how far off shore the sampling stations were actually located.

If submergent vegetation was present at the reference sampling site, the question is, given all other factors being comparable, how much does the submergent vegetation influence the benthic community in quality or quantity?  

· One question is, how does the presence of submergent plants increase habitat heterogeneity? If submergent vegetation was present, the presence of the plants would provide habitat for the colonization by epiphytic or phytophilous macroinvertebrates (Cheruvelil et al. 2002 and 2001).  Sampling of this type of habitat would need to be done by sweep netting or box traps and would not be represented by dredge sampling of the bottom.  The only epiphytic type of organism that was found in the dredge samples from the site sediments was Hyalella azteca which spends time swimming in the water column and on the sediment surface.  If plant stems or leaves are present above the bottom, it may become associated with them.  Hyalella azteca was only found in the sediment samples from Site 3 and the downstream site which apparently did not have submergent plants.  Were pieces of submergent plants found in the dredge samples from the upstream reference site?  In lowering the dredge to the bottom it may have encountered submergent plants if the bed was at the sample site.

· Would habitat heterogeneity be increased within the bottom substratum to create different microhabitats (e.g., plant roots loosening sediments or the root mass) than exists that some additional species of macroinvertebrates would colonize?  This may be possible.  Chironomids may be utilizing the submergent macrophytes as well as the sediments.  Dredge sampling would not sample the macrophyte associated chironomids unless the plant stems were laying on the bottom.

· Do the submergent  plants provide food in the form of leaf fall and senescence when they drop to the bottom for use by benthic organisms.  While TOC content, which may reflect plant input is somewhat higher in the sediments at the reference site (7.6%), it is not that substantially different from the downstream sites (5.0 – 6.3%) to be related to supporting higher benthic populations.  The Appendix A field notes indicate very little plant detritus was present in the sediments at the reference site and detrital matter was observed at Site 2 in the Millpond. 

· Submergent plants provide oxygen to the water column through photosynthesis.  The dissolved oxygen readings in the water column at the reference site although not shown measured for all depths appears similar to the downstream sites and the D.O. at the deepest depth at 2.50 mg/L is less than that measured at the deepest depth at Site 1 which was 4.38 mg/L.  Plant stems can transfer oxygen down the stem to the roots and rhizomes and this gaseous diffusion may result in an oxygenating effect in the sediments around the immediate rhizosphere area.  The amount of oxygen diffused to larger areas of the bottom by this mechanism would partially depend on the density of the submergent plants rooted to the bottom and type of sediments.

· The last point is do the submergent plants offer cover from predation to benthic organisms?  Since most benthic organisms involved at the site have a burrowing behavior they already have a mechanism for attempting to avoid predation.  It would seem submergent vegetation would attract various predators like juvenile fish that use submergent beds for cover and as a food sources.  This would make benthic organisms in sediments associated with submergent beds possibly more susceptible to predation.

While the physical characteristics of the sediments appear similar at the reference site and study sites as measured by the standard parameters of TOC content and particle size, there may be other attributes of the sediments not measured that may promote the differences in benthic communities measured between the two areas.  There may be differences in geochemical properties of the sediments or the quality of organic matter that could be responsible for the benthic community differences.  Relatively large populations of bioturbating organisms like the oigochaetes at the Millpond reference site may have effects through conditioning on the geochemical properties of the sediments at this site. The majority of benthic lentic macrofauna are detrivorous (Pennak, 1978).  They tend to be localized where there is high 'quality" detritus.  Variations in the chemical components and organic matter quality may promote differential makeup of benthic communities within the bottom areas of the same pond, all other factors being equal (Jimenez et al. 1995).  Differences in nitrogen content of sediments may affect the detritus feeders' capacity and efficiency in transforming plant matter into more assimilable compounds.  The increase in the "quality" of organic matter will be responsible for a higher abundance of organisms that are detritivorous (Mann, 1988).  For oligochaetes, most of their habitat differentiation appears to be based on food availability.  Their food may consist of benthic algae, phytoplankton, plant litter, particle associated microorganisms bacteria and fungi, a wide range of detrital organic, and dissolved organic matter (Lopez, 1988).  The biomass of macrofauna is controlled by the amount of organic matter deposited each year and is a function of primary production and depth.  There is a possibility that the sediments at upper end of the Ripon Millpond impoundment are receiving more of a certain type of organic matter inputs coming off the watershed or nearby marsh edge that are not reaching the lower parts of the impoundment near the site.  The deposition of this type of organic matter at the upper end of the impoundment may support the different type of benthic community found at the reference site compared to sites downstream in the impoundment.  The “richness” of the sediment is measured by percent carbon, percent nitrogen, and percent phosphorus.  There are indications that an important factor in the distribution of benthic detrivores is the fraction of sediment able to support bacterial colonies and the interrelationships of benthic species in utilizing this food source.  This fraction depends more on the quality of the organic matter present than the total quantity (Nalepa et al. 1976).  

If a large portion of the surface sediments are inorganic soil particles from sedimentation out of the water column, they may dilute out the organic detrital component making less food available for detrivorous organisms.  More sedentary tube dwellers such as oligochaetes may be covered in such circumstances and more mobile chironomids may be better able to exploit foods at the sediment-water interface under sedimentation conditions (Lopez, 1988).

In regard to the oxygen status or anaerobiosis in the near bottom and in the bottom sediments, the following discussion was taken from Lopez (1988):

“The water overlying organic-rich muds is susceptible to oxygen depletion, particularly during periods when a stratified water column reduces mixing.  This problem is compounded in summer with enhanced microbial respiration.  Therefore, many poorly mixed bodies of water experience sustained periods of hypoxia or anoxia.  This is particularly the case in all but very shallow lakes.

Many invertebrates species in freshwater and marine sediments can live for a few hours to a few months without oxygen, but freshwater animals have more frequently developed the physiological mechanisms needed to withstand anaerobic conditions for long periods than is the case for marine animals.”

No oligochaetes can withstand the complete absence of dissolved oxygen indefinitely.  About 1/3 of a population will survive for 48 days without dissolved oxygen, but only a very small percentage will survive for 120 days. Not all oligochaetes are tolerant of low oxygen conditions.  Many are only faculatative and some are sensitive to pollution (Voshell, 2002).

Benthic organisms may not be able to maintain themselves, will have very low turnover, or only organisms tolerant of such conditions will be present if anoxic conditions are sustained in the sediments or near bottom areas over a long period.  The late summer sediment sampling done in the Ripon Millpond at the study sites could be the result of these types of conditions.  Why these conditions would not have prevailed in the area of the reference site not known.  Inflow of oxygenated creek water at the upper end of the impoundment that could reach the area where the reference site was located but not the downstream sites is a possibility.  This would depend on the creek flow volumes coming into the upper end of the impoundment through the summer.  I suspect the flows are not that great except for storm events.  The dissolved oxygen readings taken at the sites in the MC Report do not seem to reflect any substantial differences in the water column between sites.

Assemblages of oligochaetes have been used as indicators of trophic states and organic enrichment in natural systems (Howmiller and Scott, 1977; Krieger, 1984; and Lauritsen et al. 1985).  Based on these systems, the species of oligochaeta found in the Millpond sediments are in the following trophic categories:



Group 1

 Species Characteristic of Areas Which are Mesotrophic or only slightly Enriched
Group 2

Species Tolerating Extreme Enrichment or Organic Pollution

Ilodrilus templetoni (Naididae)  (3)
Limnodrilus hoffmeisteri  (Tubificidae)  (1)

Aulodrilus pigueti  (Tubificidae)  (4)


Aulodrilus limnobius (Tubificidae)  (5)


Dero digitata (Tubificidae)  (2)


The numbers following the species name gives the relative ordering of the species at the reference site based on abundance.

At the reference site, all five species of oligochaetes were found in the relative order of abundance indicated in the table above with the first three species dominating.  In mesotrophic conditions, it would be expected that a mixture of mesotrophic and more eutrophic oligocaetes would be found.  Based on the numbers and mixture of oligochaete species present at the reference site, it is assumed that the conditions at this site were more mesotrphic. As the conditions change to more eutrophic or extreme conditions, the more tolerant Limnodrilus hoffmeisteri, which is an opportunist and adapted to these conditions would dominate.  At the downstream sites in the Ripon Millpond, the mesotrophic indicator species Aulodrilus pigueti  and Aulodrilus limnobius were not found and the abundance other two mesotrophic species, Ilodrilus templetoni and Dero digitata were substantially reduced compared to the reference site abundance for these species.  Limnodrilus hoffmeisteri , the oligochaete species indicative of highly enriched trophic conditions dominated at the downstream sites but at a reduced abundance compared to the reference site.  This would appear to indicate more highly eutrophic or extreme enrichment conditions were present downstream.  It might be expected that if the downstream sites were organically enriched to support the tolerant Limnodrilus hoffmeisteri that densities of this organism would be much higher than found because of the food base, ability to adapt to changing and extreme habitat conditions, and the lack of competition from the less tolerant mesotrophic species.  That this was not the case would seem to indicate some extreme habitat conditions were present such as prolonged low oxygen conditions or some other factors were involved. 

Chironmid communities have also been used as indicators of the trophic status of lacustine systems ( Winnell et al. 1985; Saether, 1979).  The dominant chironomids found at the reference site in Ripon Millpond were, in order of abundance, Cladopelma sp., and Chironomus tentans, and followed by the non-Chironomidae Dipteran Sphaeromias sp.  Six other chironomid species were found at the reference site but in small abundance.  Of all the species, Chironomus tentans is recognized as being the most tolerant to enriched trophic conditions.  At downstream sites, the same three species that dominate at the reference site also dominate at the downstream sites but in reduced numbers. Procladius bellus is found at some downstream sites in somewhat greater abundance then it was found at the reference site.  Many of the other chironomids were not found. Given the tolerance value associated (Table 4) Sphaeromias sp. and Cladopelma sp,. they are seen to be less tolerant of enriched conditions but yet are found in comparable numbers to Chironomus tentans at the downstream sites.  Sphaeromias sp. and the Tanypodinae are carnivorous  and have predator feeding habit and are at the top of the food web in benthic communities.  The abundance of these species is regulated directly by available food items (which may include other Chironomidae larvae and oligochaeta (Callisto et al. 2002).   These species would not depend would on the organic matter present for food but detrivore organisms that utilize the organic matter.  

It is unknown if those benthic organisms found to be tolerant to enriched organic conditions in sediment are also tolerant to and can be used to characterize chemical pollution (e.g., heavy metals or PAHs) based on the presence of particular species in relation to the rest of the benthos.  There is some evidence that tubificid oligochaetes exhibit a high tolerance for chemical organic contaminants and can be used to characterize chemical pollution (Chapman et al. 1982; Chapman et al. 1993).  Wildhaber et al. (1998) found correlations between toxic units (as defined by the ratio of the estimated pore water concentrations of contaminants to their chronic toxicity values) and benthic organisms used as indicators of organic enrichment. 

From all the information available about the reference site and study sites characteristics obtained through the standard parameters of TOC and particle size, the majority of the habitat characteristics appear comparable.  The information is conflicting in the MC Report about the presence of submergent plants, and even if present, there is not enough site specific information available to demonstrate that their presence would substantially change the benthic community structure from that at a comparable site where submergent plants were not present.  Submergents would add an additional habitat type for epiphytic macroinvertebrates but they are not the focus of the assessment.  

Page 9. Section 5.0. Conclusions

In the conclusions of the MC Report, the low number of taxa, low numbers of individuals, and low diversity at the Millpond sites is stated as more likely due to poor habitat quality, such as low D.O. concentrations, silty sediments, and high organic content.  As discussed above, these characteristics are also present at the reference site, and yet there are significant differences in many of the metrics between the reference site and the Millpond sites.  It would appear that some factor(s) other than environmental factors are responsible for the differences between the reference site and the Millpond sites.  One of the factors that needs to be looked at more closely are site-related MGP contaminants.

The biological use that Silver Creek currently supports is a Warm Water Sport Fishery, which includes waters capable of supporting a community of warm water sport fish or serving as a spawning area for warm water sport fish (WDNR, 2001).  While Silver Creek is not officially classified as a trout stream, trout fishing regulations apply from Green Lake to the first upstream dam at Ripon (WDNR, 1996).  Silver Creek rises in northwestern Fond du Lac County and flows west to Green Lake.  It drains the largest of Green Lake's watersheds and is heavily agricultural.  The dam on Silver Creek has altered the habitat conditions of the free flowing creek and in effect turned it into a small, shallow lake.  The bottom deposits in the pool behind the dam will be formed by naturally nutrient-rich soils off the watershed which will receive additional sediments and nutrients from agricultural runoff off the watershed to become highly nutrient enriched that results in poor water quality and clarity.

The benthic community of the Millpond bottom area represents human-modified biodiversity because of the dam and the alteration of the flows in Silver Creek and resulting changes in habitat conditions from lotic to lentic.  The structure of the benthic community that will be established (without the influence of any possible site-related contaminants) will be determined by the environmental factors associated with the Millpond and its watershed.  It appears that the type of benthic community that is representative of the habitat conditions present in the Millpond bottom areas is that which is present at the selected upstream reference site.

Environmental conditions in the Millpond will be influenced by suspended sediment and nutrient loading that comes off of the watershed of Silver Creek, which is largely agricultural (Corsi et al. 1997).  The particular species of benthic organisms that may be found in the bottom sediments is also influenced by the watershed location in the southeastern Wisconsin till plains ecoregion.  The quality of the benthic community is relative.  It is expected that the benthic community will achieve its potential as the natural environmental factors of the pond bottom habitat of the Millpond determine.  

Page 7. Section 3.1. Evaluation of Sediment Chemistry.  

Comparison to EPA Equilibrium Partitioning Sediment Guidelines (ESG) Model

The ESG model is based on the summed toxicity of PAHs that partition from the sediment organic carbon to the sediment pore water.  The summed (∑) toxicity is expressed in toxic units (TUs). The toxicity value for each PAH is based on the Final Chronic Value (FCV) as given in the EPA guidance. The MC Report states that TU values less than or equal to 1.0 are considered unlikely to result in significant exposures to benthic organisms.  However, additional screening criteria that can be derived from the U.S. EPA (2000) ESG guidance document  are as follows:  

Range of ∑ ESGTU Values
Predicted Types of Toxicity

If ∑ ESGTU is < 1.0
The concentration of the mixture of PAHs in the sediment is acceptable for the protection of benthic organisms

If the ∑ ESGTU is > 1.0
The concentration of the mixture of PAHs in the sediment is not acceptable for the protection of benthic organisms. Sensitive benthic organisms may be affected by chronic toxicity.

If the ∑ ESGTU is >1.0 but than < 4.0
Chronic effects to benthic organisms are expected from exposure to the PAH mixture in the sediments. If the species are unusually sensitive, then acute effects may be expected.

If the ∑ ESGTU is > 4.0
Acute toxicity or lethality to benthic organisms is predicted.  Based on an acute to chronic ratio of 4.16 and a mean ∑ ESGTUFCV  of 3.8 that was associated with 50% mortality in toxicity testing.

The MC Report also cites the U.S. EPA ESG guideline document as stating that the assumption of additivity of PAH mixtures is conservative in that PAH mixtures may not be completely additive.  This would impart a protective measure into the model by causing an overestimation of toxicity.  However, the EPA ESG guidance publication states that there is a wealth of aquatic toxicological data that supports the additivity of PAHs.  The guidance document also states that even if PAH interactions are slightly less than additive, the potential error introduced by the assumption of additivity in the derivation of an ESG for PAH mixtures would be relatively small and would be environmentally protective (i.e., the toxicity of mixtures would be slightly over-estimated).

The MC Report also commented on the adjustment factor derivation for the 13 PAHs to address the model based on 34 PAHs as being conservative and likely results in overestimating the summed toxic units, which in turn results in false positives (TU values exceeding 1.0).  The ESG guidance discusses the properly conservative uncertainty factor used in the adjustment factor derivation to ensure under protection does not occur.  The guidance also indicates where questions arise as to the outcomes in the use of the adjustment factor in the  prediction of toxicity, analysis on all 34 PAHs used in the model should be done.

Comparison to PAH Benchmarks

The MC Report used sediment quality guidelines (SQGs) from NOAA and from Ontario for those individual PAHs that were not included in the NOAA SQGs.  The MC Report also used the U.S. EPA ESG values as discussed above.  It should be noted that our recently published CBSQGs (WDNR, 2003) have integrated the NOAA and Ontario SQGs with several other sets of SQGs to yield the consensus-based values.  The NOAA and CBSQGs sets of SQGs as well as the ESG TUs were used below on a screening level, weight-of-evidence approach to predict the potential for adverse impacts to occur to benthic organisms, with the focus on the total PAH effect level concentrations from each set of SQGs, rather than individual PAH compounds.  The concept of hazard quotients (HQ) is used to help to qualitatively assign risk categories to the possible impacts.  The upper and lower effect concentrations related to each set of guidelines are as follows as well as the assumption of effects that occur between the lower and upper effect levels:

SQGs or Partitioning Model
ug/kg for SQGs.  Toxic Units (TUs) for ESG TUs




≤ Lower Effect Level

No or Limited Adverse Effects
→
≥ Upper Effect Level

Probable Adverse Effects to Survival, Growth, and Reproduction

NOAA SQGs

( Long and Morgan, 1991)

Used in MC Report
Effect Range – Low (ERL)
As TPAH concentrations increase between the ERL and ERM concentrations, it is assumed the amount of toxic effects also increases
Effect Range – Median (ERM)


4,000

(Bulk sediment concentration)

35,000

(Bulk sediment concentration)

CBSQGs

(WDNR, 2003)
Threshold Effect Concentration

 (TEC)
As TPAH concentrations increase between the TEC and PEC concentrations, it is assumed the amount of toxic effects also increases
Probable Effect Concentration (PEC)


1,610 @ 1% TOC

22,800 @ 1% TOC

EPA ‘s

∑ ESGTUs

(U.S. EPA, 2000)
∑ ESGTU is < 1.0


∑ ESGTU is >1.0 but than < 4.0
∑ ESGTU is > 4.0




Acceptable for the protection of benthic organisms
Chronic effects to more benthic organisms are expected from exposure to the PAH mixture in the sediments as ESGTU values increase.  If  the species are unusually sensitive, then acute effects may be expected.
Acute toxicity or lethality to benthic organisms is predicted

Hazard Quotient (HQ) values are calculated by dividing the concentration of total PAHs in the sediment by the lower and upper effect concentrations associated with each set of SQGs.  The formulas are:

HQLEL =  Sediment Concentration of TPAHs in ug/kg                 where HQLEL  =  Either the ERL or TEC value

         Lower Effect Level Concentration from SQG in ug/kg

HQUEL =  Sediment Concentration of TPAHs in ug/kg                 where HQUEL  =  Either the ERM or PEC value

          Upper Effect Level Concentration from SQG in ug/kg

To help assign risk categories to the range of HQ values and ∑ ESGTU values, the following criteria and risk designations are used:

Screening Level Estimated Risk Categories to Benthic Communities and For Ecological Impacts Related to Total PAH Exposures

Risk Category

Code Number
Risk Category
Criteria Used to Assign Risk Category

1
No Risk or Some Possible Limited Risk
Exposures do not exceed either the HQLEL or HQUEL values of 1.0.

∑ ESGTU is < 1.0

2
Some Possible Risk
HQLEL value of 1.0 exceeded to some degree but not the HQUEL of 1.0.

∑ ESGTU is >1.0 but than <  2.5

3
Possible Risk
HQLEL of 1.0 exceeded to a large degree but not the HQUEL value of 1.0.

∑ ESGTU is > 2.5 but than < 4.0

4
Probable Risk
 The HQLEL value of 1.0 and the HQUEL value of 1.0 also exceeded.

 ∑ ESGTU is > 4.0

Calculation of HQ Values and ∑ ESGTU Values Based on Total PAH Concentrations in the Ripon Millpond Sediments for the Protection of Benthic Organisms

Sample Site
Total PAH Concentration
NOAA SQGs
WDNR CBSQGs
EPA

∑ ESGTU



HQERL
HQERM
HQTEC
HQPEC


Upstream Reference
Bulk - ug/kg
1,669
0.41
0.05
----
----
----


ug/kg @ 1% TOC
220
----
----
0.14
0.01
0.31

Site 1
Bulk - ug/kg
9,953
2.45
0.28
----
----
----


ug/kg @ 1% TOC
1,991
----
----
1.24
0.09
2.49

Site 2
Bulk - ug/kg
18,939
4.73
0.54
----
----
----


ug/kg @ 1% TOC
3,209
----
----
1.99
0.14
4.07

Site 3
Bulk - ug/kg
6,599
1.65
0.19
----
----
----


ug/kg @ 1% TOC
1,048
----
----
0.65
0.05
1.29

Downstream

Site
Bulk - ug/kg
4,542
1.14
0.13
----
----
----


ug/kg @ 1% TOC
874
----
----
0.54
0.04
1.10

Based on the above values and applying the criteria for the risk categories, the following are the potential risk categories for each of the Ripon Millpond sample sites.

Summary of Risk Categories Based on Each of the SQGs

Sample Site

Based on NOAA SQGs
Based on WDNR CBSQGs
Based on ∑ ESGTU

Upstream Reference Site
Risk Category Code
1
1
1


Risk Category Description
No risk or limited risks
No risk or limited risks
Acceptable for protection

Site 1
Risk Category Code
2
2
3


Risk Category Description
Some possible risks
Some possible risks
Possible risks

Chronic, possibly acute toxicity to sensitive organisms

Site 2
Risk Category Code
3
2
4


Risk Category Description
Possible risks
Some possible risks
Probable risks

Acute toxicity

Site 3
Risk Category Code
2
1
2


Risk Category Description
Some possible risks
No risk or limited risk
Some possible risks

Chronic toxicity

Downstream Site
Risk Category Code
2
1
2


Risk Category Description
Some possible risks
No or limited risks
Some possible risks

Chronic toxicity

Total Risk Categories Codes Based on Each of the SQGs From Above Table

Sample Site

Total of Risk Category Codes From the Three SQGs
Total of Risk Category Codes Normalized to Reference Site

Upstream Reference Site
Total Risk Category Codes
3


1

Site 1
Total Risk Category Codes
7
2.33

Site 2
Total Risk Category Codes
9
3.0

Site 3
Total Risk Category Codes
5
1.67

Downstream Site
Total Risk Category Codes
5


1.67

Worst Case Situation
Total Risk Category Codes = 12  ( 3 x 4)
12
4.0

Based on the above assessment approach, there are predicted to be various degrees of potential risks to the benthic organisms depending on the particular sample site. It is inappropriate to place all the study sites into the generalized descriptor of low potential risks to the benthic community due to the exposure to TPAHs as the MC Report has.  Based on the above, there appears to be a general ordering of risk to the sites with:

Site 2 > Site 1 > Site 3 = Downstream Site > Upstream Reference Site
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Table 1.   Benthic Community Biometrics and Biological Attributes Characterizing the Reference Site and Study Sites Related to Ripon Millpond

Assorted Metrics and Comparisons
Upstream

Reference

Site
Site 3
Site 2
Site 1
Downstream Site

Total Abundance (No. / sq. meter)
12,987
934
2,313
618
1,078

Std. Dev.
2,651
281
996
132
693

Range based on Std. Dev.
10,336 – 15,638
653 – 1,215
1,317 – 3,309
486 - 750
385 – 1,771

Relative % Difference from Reference Site
----
- 93 %
- 82 %
- 95 %
- 92 %

Abundance of Oligochaetes
10,775
690
1,523
445
661

Std. Dev.
2,805
302
875
132
514

Range based on Std. Dev
7,970 – 13,580
388 - 992
648 – 2,398
313 - 577
147 – 1,175

% Oligochaetes of Total
85%
74%
66%
72%
61%

Relative % Difference from Reference Site
----
- 94 %
- 86 %
- 96 %
- 94 %

Abundance of Chironomidae
1,207
172
402
129
273

Std. Dev.
216
75
109
156
163

Range based on Std. Dev
991 – 1,423
97 - 247
293 - 511
-27 - 285
110 - 436

% Chironomidae of total
10%
18%
17%
21%
25%

Relative % Difference from Reference Site
----
- 85 %
- 67 %
- 89 %
- 77 %

Chironomid/Oligochaete Ratio
0.11
0.25
0.26
0.29
0.41

Abundance of Remaining Taxa
647
72
388
43
144

Std. Dev.
188
50
129
75
125

Range based on Std. Dev
459 - 835
22 - 122
259 - 517
-32 - 118
19 - 269

% Abundance of Remaining Taxa to Total
5 %
8 %
17 %
7 %
14 %

Relative % Difference from Reference Site
----
- 88%
- 40 %
- 93 %
- 78 %

Taxa Richness
11.33
5.33
8
4.33
5

Std. Dev.
2.52
1.53
0
2.31
2

Range based on Std. Dev.
8.03 – 13.85
3.8 – 6.86
8
2.02 – 6.64
3 - 7

Relative % Difference from Reference Site
----
- 53%
-  29%
- 62 %
- 56%

All replicates composite count
19
9
11
8
8

Shannon Index of Diversity
1.67
1.32
1.67
1.35
1.44

Relative % Difference from Reference Site
----
- 11 %
+ 11 %
- 9 %
- 3 %

Shannon Evenness Index
0.57
0.60
0.70
0.65
0.69

Simpson’s Diversity Index
0.75
0.59
0.72
0.60
0.69

Biotic Index
9.54
8.37
8.0
9.3
9.0

Community Similarity Indexes  - Reference site compared to study site

Community Loss Index
0
1.33
0.91
1.88
1.50

Jaccard Coefficient of Community
1.0
0.33
0.45
0.22
0.35

Community Similarity Index (%)
100
32
38
30
52

Community Dissimilarity Index  (%)
100
68
62
70
48

Notes: 1)  Bold numbers for a site represent a preliminary qualitative statistical test of significance.  Where   

                  standard  deviation ranges around the mean do not overlap when the reference site range is compared with 

                  the study site range, it is assumed the differences are statistically significant.

Description of Biometrics and Biological Attributes Used

(Derived from the references listed)

Abundance Metrics - Abundance of organisms or standing crop based on the mean number of organisms / m2 in the 3 replicates.  Percent abundance of dominant taxa and other taxa are calculated relative to the total number of organisms in each sample. In regard to dominance, a healthy and stable community should contain a diverse group of organisms with few dominant taxa.  The percentage of a dominant organism (irrespective of the identity) increases with increasing perturbation (Barbour et al. 1996) or the factors in the habitat that limit the number of organisms that are tolerant to those factors.

Chironomid/Oligochaeta Ratio – Ratios of less than 1 can be an indicator of organic (decomposable) inputs and/or nutrient enrichment.  Under such conditions, there are generally greater populations of oligochaete species and less of chironomid species (Kilgour et al. 2000; Krieger, 1992).

Taxa Richness – Total of individual genera and/or species present in a sample.  Taxa richness for each site is based on the average taxa present in the 3 replicate grab samples taken at each site.

Diversity Indices – The following two diversity indices are measures of the complexity of community structure and are increased or decreased by physical, chemical, or biological factors.  High diversity is generally good, as it indicates a balanced stable, responsive community.  Low diversity occurs in an area where the community is dominated by few species, such as a stressed area of high pollution, large and frequent disturbances, or anoxic sediments.

Shannon’s Index of Diversity – Represented by the formulae:

H” = ∑ pi In pi    

Where pi = the proportion of individuals represented by each taxon to the total number of organisms in all taxa.

This metric incorporates taxa richness with taxon evenness (equal representation) to provide a general measure of diversity and composition.  The Index usually decreases as environmental perturbation increases or habitat quality decreases.  Diversity indices represent a measure of the distribution of individuals among different taxa present in a sample.  In theory, a macroinvertebrate community consisting of many taxa of even distribution (i.e., relative abundance) is considered more natural (and will have a higher Index value) than a simple community dominated by one or few taxa  (Lillie et al. 2003).  However, a simple community can result from natural conditions. The general Shannon’s Index of Diversity values range from 1 to 5.  The higher numbers can be reflective of unimpacted benthic communities and the lower numbers reflective communities impacted by various degrees of pollution.  The general index numbers developed using macroinvertebrates are: a) 3 – 5 as clean; b) 1.0 – 3.0 as moderately polluted; and c) less than 1.0 as substantially polluted (Washington, 1984).   The index value is obtained at the price of lost resolution because a large amount of data is reduced to a single number.  The index should be used with caution and in conjunction with other indices and species composition information.

The Shannon Evenness Index (E) is a measure of how similar the abundance of different species are.  When there are similar proportions of all species, then evenness is 1 (maximum diversity achieved) , but when the abundance are dissimilar, then the evenness value decreases (not similar to maximum diversity). The formula for calculating evenness is:

     E =   H’ 
where:    S’ = species richness
          (ln)(S’)                H’ =  Shannon’s Index of Diversity




    ln = natural log

Simpson’s Diversity Index -  The term Simpson’s Diversity Index can actually refer to any one of three closely related indices.  Diversity within the benthic macroinvertebrate community at a sampling site can be described using the Simpson’s Index (“D”), which is calculated as:



        s              where: pi = the proportion of individuals in the “i th” taxon of the community

                  D  = 1 - ∑ (pi)2                             s = the total number of taxa in the community. 



      i = 1

Simpson Index values range from 0, indicating a large proportion of individuals belong to a few taxa (lower sample diversity), to 1 – 1/s or slightly less than 1 indicating a more even distribution of individuals among taxa (higher sample diversity).  The index represents the probability that individuals randomly selected from a sample will belong to different species.

Simpson’s Index of Diversity (1-D) – The value of this index also ranges between 0 and 1, but now 1 represents greater sample diversity and 0 represents less diversity based on few taxa with each with high abundance.

Community Loss Index (CLI) – Measures the loss of benthic species between a reference station and a study site.  The CLI is an index of dissimilarity with values increasing as the degree of dissimilarity from the reference site increases. Values range from 0 to “infinity”.  The CLI as a similarity index provides greater discrimination than the Jaccard Coefficient of Community or Community Similarity Indexes discussed below.  The formula for determining the Community Loss Index 
is:

                           where:   a =  the number of taxa at the reference site

I  = a – c                           b =  the number of taxa at the study site

        b                               c  =  the number of taxa common to a and b

Jaccard Coefficient of Community -  Measures the degree of similarity in taxonomic composition between two stations in terms of taxa presence or absence and discriminates between highly similar collections.  Coefficient values, ranging from 0 to 1.0, increase as the degree of similarity with the reference station increases.  The formula for the Jaccard Coefficient is:

        Jaccard Coefficient  =            a

                                                                                      a+b+c

Where:

a = number of species common to both samples

b = number of species present in Sample B but not A

c = number of species present in sample A but not B

Sample A = Reference station

Sample B = station of comparison

Community Similarity (S) Index  -  Used to determine whether shifts in community assemblages have occurred along a stream gradient or above and below a pollutional impact.  The inverse of the Index of Similarity is known as the Index of Dissimilarity.  Both are represented by percentages with the higher percentage Index of Similarity value, the greater the similarity between the benthic communities between the reference site and the study site.  The opposite is true for the Index of Dissimilarity where a higher Index percentage value means the communities are not alike in the species composition.  The formula is:

                                                                    2C

                                                  S =      

                                                                 A + B

Where:  S = Community Similarity Index

  A = Number of Species in Sample 1

             B =  Number of Species in Sample 2

             C = Number of Species Common to both samples

      100 – S = Index of Dissimilarity                                                         

Tolerance Value and Biotic Index -  Tolerance values reflect principally  tolerance of the organisms to organic and decomposable wastes that exert a biological oxygen demand.  The tolerance values for each taxon are used in the calculation of the Hilsenhoff species-level Biotic Index and the Family Biotic Index. To derive tolerance values for individual species, the following sources were reviewed – Hilsenehoff, 1987; Mandaville, 2002; Lenat, 1993; and Plafkin et al. 1989.  Tolerance values range from 0 for organisms very intolerant of organic wastes to 10 for organisms very tolerant of organic wastes. The Tolerance values listed for the organisms in this and the following table were derived principally from Mandaville, 2002.  The degree of organic pollution associated with each Tolerance Values is shown in the accompanying table.   Letters following the Tolerance Value in the table for each organism is a description of the feeding habit of each organism.  The table below shows feeding habit associated with the letters.

Tolerance Values For Macroinvertebrates to Organic Pollution

Tolerance Value
Water Quality
Degree of Organic Pollution

0.00 – 3.50
Excellent
No apparent organic pollution

3.51 – 4.40
Very Good
Possible slight organic pollution

4.51 – 5.50
Good
Some organic pollution

5.51 – 6.50
Fair
Fairly significant organic pollution

6.51 – 7.50
Fairly Poor
Significant organic pollution

7.51 – 8.50
Poor
Very significant organic pollution

8.51 – 10.00
Very Poor
Severe organic pollution

Hilsenhoff (1987) developed a Biotic Index to summarize overall pollution tolerance of the benthic arthropod community with a single value.  The index was developed as a means of detecting organic pollution in communities inhabiting rock or gravel riffles and runs.  The index was modified to include non-arthropod species.  Although the Biotic Index may be applicable for other types of pollutants, it has only been evaluated for organic pollutants.   The formula for calculating the Biotic Index is:                                                      

 where:  xi    = number of individual in a species   

                  Biotic Index (BI) = ∑ xi ti                           ti      = tolerance value of a species


                         
   n
    
  n    = total number of organisms in a sample




Feeding Habits of Benthic Organisms

Collector- filterer
c - f

Collector-gatherer
c - g

Predator
prd

Scraper
scr

Shredder
shr

Parasite
par

Omnivore
omn

Piercer
pir
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Table  2.  TPAH Concentrations and Physical Characteristics of Sediments at Ripon Millpond Sites (09/06/00)

Physical or Chemical Parameter
Upstream

Reference

Site
Site 1
Site 2
Site 3
Downstream Site

Sediment PAH Levels (ug/kg)

Low Molecular PAHs
403.5 (24%)
1,143 (11%)
3,520 (19%)
897 (14%)
538 (12%)

High Molecular PAHs
1,265 (76%)
8,810 (89%)
15,410 (81%)
5,702 (86%)
4,004 (88%)

Total PAHs
1,668.5
9,953
18,930
6,599
4,542

Total PAHs ug/kg OC
21,954
199,060
320,848
104,746
87,346

Total PAHs at 1% TOC
220
1,991
3,209
1,048
874

Sediment Quality Guidelines

∑ ESG TU FCV34 (adjusted)
0.31
2.49
4.07
1.29
1.10

TPAH CBSQG TEC at site TOC
12,236
8,050
9,499
10,143
8,372

TPAH CBSQG TEC at 1% TOC
1,610
1,610
1,610
1,610
1,610

Physical Characteristics

% TOC
7.6
5.0
5.9
6.3
5.2

% Solids
31
31
32
27
27

% Sand
0.30
1.34
7.45
0.50
6.41

% Silts
57.7
59.7
65.6
52.5
63.1

% Clay
42
39
27 
47
30.5

% Fines (clays + silts)
99.7
98.7
92.6
99.5
93.6

Water Depths
 > 5.3
7.8
8.0
7.8
7.8

*  Could not find recorded water depth at Reference site in reports or field notes.  Water depths at study sites interpreted from   

             information in reports.

Table   3.  Comments and Interpretations of Measurements and Diversity Indices

Sample Site
Total Number of Organisms in all replicates 

(See Tables 

5 - 8 )
Taxa Richness Count

(See Tables 5 – 8)

S’


Shannon Index of Diversity

(See Tables 

5 – 8)

H’
Shannon Evenness Index

(See Tables

 5 – 8)

E
Simpson’s Index

D
Simpson’s Index of Diversity

1 - D

Upstream Reference
904
19
1.6678
0.57
0.23
0.77

Site 1
43
8
1.3465
0.65
0.40
0.60

Site 2
161
11
1.6718
0.70
0.28
0.72

Site 3
65
9
1.3212
0.60
0.42
0.58

Downstream
75
8
1.4393
0.69
0.31
0.60

Comments and interpretation of metrics.

                   (
Total number value used for calculation of pi  .  Used in Menzie-Cura Report text to describe abundance at each site.  Somewhat misleading.  Values were converted to no. organisms / m2  in WDNR Table x for comparison with existing data bases.
The 2001 Menzie-Cura Report adds all species in the 3 replicates at each site to yield number of taxa without considering those species in common in replicates.

Somewhat misleading as used in text.

Values above consider species in common and were used in calculations for S’. 
H’ Value Range

Clean

3 – 5

Moderately        Polluted

1 – 3

Substantial

Pollution

< 1 
1 – similar proportions of all species
0 – even distribution among taxa
1-even distribution among taxa





↑↓
↑↓
↑↓





0 – Abundance dissimilar, evenness value decreases
1 – large proportion of individuals from few taxa
0 - large proportion of individuals from few taxa





Higher the value, abundance more similar among species present
Lower the value,

abundance more similar among species present
Higher the value, abundance more similar among species present

Table  4.   Calculation of Biotic Indexes For Ripon Millpond Sediment Samples

Taxa


Reference Site
Site 3
Site 2
Site 1
Downstream Site


Tolerance

Value (TV)
Feeding Habit
Abun-

dance
TV x Abun-

dance
Abun-

dance
TV x Abun- dance
Abun-

dance
TV x Abun-

dance
Abun-

dance
TV x Abun-

dance
Abun-

dance
TV x Abun-dance

Nematodes













Alaimus sp.
NV
c-g






0.33
--



Dorylaimus sp.
NV
c-g
0.33
--









Miconchus sp.
NV
c-g
0.33










Oligochaeta













Dero digitata
10
c-g
92.33
923.3
2
20
7
70
1.33
13.3
1.67
16.7

Aulodrilus pigueti
7
c-g
9
63









Aulodrilus limnobius
7
c-g
0.66
4.62









IIyodrilus templetoni
10
c-g
46
460
0.67
6.7
3
30
0.33
3.30
1.33
13.3

Limnodrilus hoffmeisteri
10
c-g
102
1020
13.33
133.3
25.33
250.3
8.67
86.7
12.33
123.3

Mollusca













Psidium (clam)
6
c-f
0.33
1.98























Arachnoidea 













Neumania sp. (water mite)
6
prd
0.33
1.98























Crustcea













Hyalella azteca (amphipod)
8
c-g


0.67
5.36




0.33
2.64















Insecta













Diptera













Chironomidae 













Chironomus tentans
8
c-g
10.67
85.36
3.33
2.64
4
32
1.67
13.36
6
48

Cladopelma sp.
9 (3.5) 
c-g
17.33
155.97
0.33
2.97
3.33
29.97





Cryptochironomus fulvus
8
c-g











Tanytarsus guerius
6
c-g
0.33
1.98























Odontomesa sp.
4
c-g
0.33
1.32


0.33
1.32


0.33
1.32















Ablabesmyia parajanta
8
prd
0.33
2.64









Procladius bellus var. 3
9
prd
0.33
2.97
0.33
2.97
1.33
11.97
1.33
11.97



Tanypus carinatus
10
prd
0.66
6.6


0.33
3.30



















Non-Chironomidae Diptera













Culicoides sp
8
c-f
0.33
2.64


0.67



0.33
2.64

Sphaeromias sp
6
prd
10.33
60.33
0.33
1.98
8

0.33
1.98
2.67
16.02















Chaborus punctipennis
8
prd


0.67
5.36
0.33

0.33
2.64



Totals


293
2795
21.67
181
53.67
429
14.33
133
25
224

Biotic Index



9.54

8.37

8.0

9.3

9.0

Biotic Index = Sum of Tolerance Value x Abundance for each Taxa

                                        Sum of Abundance of all Taxa

Table  5.  Macroinvertebrate Data for Upstream Reference Site (700 ft. above RR Grade).   Ripon Millpond.  Sampled Sept. 2003.

Taxa
Replicate Statistics
Site Composite
Shannon Diversity Index (H’)  Calculations


Replicate Abundance


Total Taxa 

Abundance in replicates
Taxa Richness Count
Pi
In(Pi)
Pi(In(pi)


A
B
C
Mean
STD






Nematoda











Alaimus sp.











Dorylaimus sp.

1

0.33
0.58
1
1
0.0011
-6.8125
-0.0075

Miconchus sp.


1
0.33
0.58
1
1
0.0011
-6.8125
-0.0075

Total Nematoda

1









Oligochaeta











Dero digitata
58
103
116
92.33
30.43
277
1
0.3151
-1.1549
-0.3639

Total Naididae
58
103
116








Aulodrilus pigueti
3
14
10
9
5.57
27
1
0.0307
-3.4835
-0.1069

Aulodrilus limnobius

2

0.66
1.15
2
1
0.0023
-6.0749
-0.0140

Iiyodrilus templetoni
40
27
96
54.33
36.67
163
1
0.1803
-1.713
-0.3089

Limnodrilus hoffmeisteri
97
108
101
102
5.57
306
1
0.3481
-1.0553
-0.3673

Total Tubificidae
140
126
207








Total Oligochaeta
198
229
323
250
65.09






Mollusca











Psidium
1


0.33
0.58
1
1
0.0011
-6.8125
-0.0075

Total Pelycypoda
1










Arachnoidea











Neumania sp.
1


0.33
0.58
1
1
-0.0011
-6.8125
-0.0075

Total Unionicolidae
1










Crusatcea











Hyalella azteca











Total Crustacea











Insecta











Diptera











Chironomus tentans
15
9
8
10.67
3.79
32
1
0.0364
-3.3132
-0.1206

Cladopelma sp.
14
20
18
17.33
3.06
52
1
0.0592
-2.8268
-0.1674

Cryptochironomus fulvus
1

2
1
1
3

0.0034
-5.6840
-0.0193

Tanytarsus guerius

1

0.33
0.58
1
1
0.0011
-6.8125
-0.0075

Total Chironominae
30
31
28








Odontomesa sp.
1


0.33
0.58
1
1
0.0011
-6.8125
-0.0075

Total Prodiamesinae
1










Ablabesmyia parajanta
1


0.33
0.58
1
1
0.0011
-6.8125
-0.0075

Procladius bellus var. 3
1


0.33
0.58
1
1
0.0011
-6.8125
-0.0075

Tanypus carinatus

2

0.66
1.15
2
1
0.0023
-6.0749
0.0140

Total Tanypodinae
2
2









Total Chironomidae
33
33
28
28
5






Non-Chironomidae Dptera











Culicoides sp
1


0.33
0.58
1
1
0.0011
-6.8125
-0.0075

Sphaeromias sp
7
12
12
10.33
2.89
31
1
0.0353
-3.3439
-0.1180

Total Ceratopogonidae
8
12
12








Chaborus punctipennis











Total Chaoboridae











Total Organisms
241
299
364
301.33
61.53
904
19
Σ Pi In(Pi)
-1.6678

Taxa Richness
14
11
9
11.33
2.52


Shannon Diversity Index
1.6678

Table  6.  Macroinvertebrate Data for Sample Site 1.   Ripon Millpond.  Sampled September 2003.

Taxa
Replicate Statistics
Site Composite
Shannon Diversity Index (H’)  Calculations


Replicate Abundance


Total Taxa 

Abundance in relicates
Taxa Richness Count
Pi
In(Pi)
Pi(In(pi)


A
B
C
Mean
STD






Nematoda











Alaimus sp.


1
0.33
0.58
1
1
0.0233
-3.7593
0.0876

Dorylaimus sp.











Miconchus sp.











Total Nematoda


1








Oligochaeta











Dero digitata
2
1
1
1.33
0.58
4
1
0.0930
-2.3752
-0.2209

Total Naididae
2
1
1








Aulodrilus pigueti











Aulodrilus limnobius











IIyodrilus templetoni

1

0.33
0.58
1
1
0.0233
-3.7593
0.0876

Limnodrilus hoffmeisteri
9
11
6
8.67
2.52
26
1
0.6047
-0.5030
0.03042

Total Tubificidae
9
12
6








Total Oligochaeta
11
13
7
10.33
3.06






Mollusca











Psidium











Total Pelycypoda











Arachnoidea











Neumania sp.











Total Unionicolidae











Crustcea











Hyalella azteca











Total Crustacea











Insecta











Diptera











Chironomus tentans


5
1.67
2.89
5
1
0.1163
-2.1516
-0.2502

Cladopelma sp.











Cryptochironomus fulvus











Tanytarsus guerius











Total Chironominae


5








Odontomesa sp.











Total Prodiamesinae











Ablabesmyia parajanta











Procladius bellus var. 3
2

2
1.33
1.15
4
1
0.0930
-2.3752
-0.2209

Tanypus carinatus











Total Tanypodinae


2








Total Chironomidae


7
3
3.61






Non-Chironomidae Diptera











Culicoides sp











Sphaeromias sp


1
0.33
0.58
1
1
0.0233
-3.7593
0.0876

Total Ceratopogonidae


1








Chaborus punctipennis


1
0.33
0.58
1
1
0.0233
-3.7593
0.0876

Total Chaoboridae


1








Total Organisms
13
13
17
14.33
2.31
43
8
Σ Pi In(Pi)
-1.3465

Taxa Richness
3
3
7
4.33
2.31


Shannon Diversity Index
1.3465

Table  7.  Macroinvertebrate Data for Sample Site 2.   Ripon Millpond.  Sampled September 2003.

Taxa
Replicate Statistics
Site Composite
Shannon Diversity Index (H’)  Calculations


Replicate Abundance


Total Taxa 

Abundance in replicates
Taxa Richness Count
Pi
In(Pi)
Pi(In(pi)


A
B
C
Mean
STD






Nematoda











Alaimus sp.











Dorylaimus sp.











Miconchus sp.











Total Nematoda











Oligochaeta











Dero digitata
1
15
5
7
7.21
21
1
0.1304
-2.0372
0.2657

Total Naididae
1
15
5








Aulodrilus pigueti











Aulodrilus limnobius











IIyodrilus templetoni
4
4
1
3
1.73
9
1
0.0559
-2.8842
-0.1612

Limnodrilus hoffmeisteri
7
30
39
25.33
16.50
76
1
0.4721
-0.7506
-0.3544

Total Tubificidae
11
34
40








Total Oligochaeta
12
49
45
35.33
20.31






Mollusca











Psidium











Total Pelycypoda











Arachnoidea











Neumania sp.











Total Unionicolidae











Crustcea











Hyalella azteca











Total Crustacea











Insecta











Diptera











Chironomus tentans
1
2
9
4
4.31
12
1
0.0745
-2.5970
0.1935

Cladopelma sp.
4
5
1
3.33
2.08
10
1
0.0621
-2.7790
0.1726

Cryptochironomus fulvus











Tanytarsus guerius











Total Chironominae
5
7
10








Odontomesa sp.


1
0.33
0.58
1
1
0.0062
-5.0832
0.0315

Total Prodiamesinae


1








Ablabesmyia parajanta











Procladius bellus var. 3
4


1.33
2.31
4
1
0.0248
-3.6969
-0.0917

Tanypus carinatus


1
0.33
0.58
1
1
0.0062
-5.0832
-0.0315

Total Tanypodinae
4

1








Total Chironomidae
9
7
12
9.33
2.52






Non-Chironomidae Diptera











Culicoides sp
1
1

0.67
0.58
2
1
0.0124
-4.3900
-0.0544

Sphaeromias sp
5
10
9
8
2.65
24
1
0.1491
-1.9031
0.2838

Total Ceratopogonidae
6
11
9








Chaborus punctipennis

1

0.33
0.58
1
1
0.0062
-5.0832
-0.0315

Total Chaoboridae

1









Total Organisms
27
68
66
53.67
23.11
161
11
Σ Pi In(Pi)
-1.6718

Taxa Richness
8
8
8
8
0


Shannon Diversity Index
1.6718

Table  8.  Macroinvertebrate Data for Sample Site 3  .   Ripon Millpond.  Sampled September 2003.

Taxa
Replicate Statistics
Site Composite
Shannon Diversity Index (H’)  Calculations


Replicate Abundance


Total Taxa Abundance in replicates
Taxa Richness Count
Pi
In(Pi)
Pi(In(pi)


A
B
C
Mean
STD






Nematoda











Alaimus sp.











Dorylaimus sp.











Miconchus sp.











Total Nematoda











Oligochaeta











Dero digitata
5

1
2
2.65
6
1
0.0923
-2.3827
-0.2199

Total Naididae
5

1








Aulodrilus pigueti











Aulodrilus limnobius











IIyodrilus templetoni
1
1

0.67
0.58
2
1
0.0308
-3.4802
-0.1072

Limnodrilus hoffmeisteri
17
8
15
13.33
4.73
40
1
0.6154
-0.4855
-0.2988

Total Tubificidae
18
9
15








Total Oligochaeta
23
9
16
16
7






Mollusca











Psidium











Total Pelycypoda











Arachnoidea











Neumania sp.











Total Unionicolidae











Crustcea











Hyalella azteca
2


0.67
1.15
2
1
0.0308
-3.4802
-0.1072

Total Crustacea
2










Insecta











Diptera











Chironomus tentans
1
5
4
3.33
2.08
10
1
0.1539
-1.8715
-0.2880

Cladopelma sp.


1
0.33
0.58
1
1
0.0154
-4.1734
-0.0643

Cryptochironomus fulvus











Tanytarsus guerius











Total Chironominae
1
5
5








Odontomesa sp.











Total Prodiamesinae











Ablabesmyia parajanta











Procladius bellus var. 3
1


0.33
0.58
1
1
0.0154
-4.1734
-0.0643

Tanypus carinatus











Total Tanypodinae
1










Total Chironomidae
2
5
5
4
1.72






Non-Chironomidae Dptera











Culicoides sp











Sphaeromias sp

1

0.33
0.58
1
1
0.0154
-4.1734
-0.0643

Total Ceratopogonidae

1









Chaborus punctipennis
1

1
0.67
0.58
2
1
0.0308
-3.4802
-0.1072

Total Chaoboridae
1

1








Total Organisms
28
15
22
21.67
6.51
65
9
Σ Pi In(Pi)
-1.3212

Taxa Richness
7
4
5
5.33
1.53


Shannon Diversity Index
1.3212

Table  9 .   Macroinvertebrate Data for Sample Site Downstream (180 ft upstream of dam)  .   Ripon Millpond.  Sampled September 2003.

Taxa
Replicate Statistics
Site Composite
Shannon Diversity Index (H’)  Calculations


Replicate Abundance


Total Taxa 

Abundance in replicates
Taxa Richness Count
Pi
In(Pi)
Pi(In(pi)


A
B
C
Mean
STD






Nematoda











Alaimus sp.











Dorylaimus sp.











Miconchus sp.











Total Nematoda











Oligochaeta











Dero digitata
1
4

1.67
2.08
5
1
0.0667
-2.7076
-0.1806

Total Naididae
1
4









Aulodrilus pigueti











Aulodrilus limnobius











IIyodrilus templetoni
2
2

1.33
1.15
4
1
0.0533
-2.9318
-0.1563

Limnodrilus hoffmeisteri
7
23
7
12.33
9.24
37
1
0.4933
-0.7066
0.3486

Total Tubificidae
9
25
7








Total Oligochaeta
10
29
7
15.33
11.93






Mollusca











Psidium











Total Pelycypoda











Arachnoidea











Neumania sp.











Total Unionicolidae











Crustcea











Hyalella azteca

1

0.33
0.58
1
1
0.0133
-4.3200
-0.0575

Total Crustacea

1









Insecta











Diptera











Chironomus tentans
1
9
8
6
4.36
18
1
0.2400
-1.4271
-0.3425

Cladopelma sp.











Cryptochironomus fulvus











Tanytarsus guerius











Total Chironominae
1
9
8








Odontomesa sp.
1


0.33
0.58
1
1
0.0133
-4.3200
-0.0575

Total Prodiamesinae
1










Ablabesmyia parajanta











Procladius bellus var. 3











Tanypus carinatus











Total Tanypodinae











Total Chironomidae
2
9
8
6.33
3.79






Non-Chironomidae Diptera











Culicoides sp

1

0.33
0.58
1
1
0.0133
-4.3200
-0.0575

Sphaeromias sp

3
5
2.67
2.52
8
1
0.0107
-2.2377
-0.2388

Total Ceratopogonidae

4
5








Chaborus punctipennis











Total Chaoboridae











Total Organisms
12
43
20
25
16.09
75
8
Σ Pi In(Pi)
-1.4395

Taxa Richness
5
7
3
5
2


Shannon Diversity Index
1.4393

Table 10.  Average Abundance of Taxa and Taxa Richness) at Sediment Sampling Sites in Ripon Millpond (No. organisms / m2) (Rounded to nearest whole no.)

Taxa
Upstream Reference Site
Site 1
Site 2
Site 3
Downstream Site


Average
STD
Average
STD
Average
STD
Average
STD
Average
STD

Nematoda











Alaimus sp.


14
25







Dorylaimus sp.
14
25









Miconchus sp.
14
25









Total Nematoda











Oligochaeta











Dero digitata
3,979
1,311
57
25
302
311
86
114
72
90

Total Naididae











Aulodrilus pigueti
388
240









Aulodrilus limnobius
28
50









IIyodrilus templetoni
2,342
1,581
14
25
129
75
29
25
57
50

Limnodrilus hoffmeisteri
4,396
240
374
109
1,092
711
575
204
531
398

Total Tubificidae











Total Oligochaeta
10,775
2,805
445
132
1,523
875
690
302
661
514

Mollusca











Psidium
14
25









Total Pelycypoda











Arachnoidea











Neumania sp.
14
25









Total Unionicolidae











Crustcea











Hyalella azteca






29
50
14
25

Total Crustacea











Insecta











Diptera











Chironomus tentans
460
163
72
125
172
186
144
90
259
188

Cladopelma sp.
747
132


144
90
14
25



Cryptochironomus fulvus
43
43









Tanytarsus guerius
14
25









Total Chironominae











Odontomesa sp.
14
25


14
25


14
25

Total Prodiamesinae











Ablabesmyia parajanta
14
25









Procladius bellus var. 3
14
25
57
25
57
100
14
25



Tanypus carinatus
28
50


14
25





Total Tanypodinae











Total Chironomidae
1,207
216
129
156
402
109
172
74
273
163

Non-Chironomidae Diptera











Culicoides sp
14
25


29
25


14
25

Sphaeromias sp
445
125
14
25
345
114
14
25
345
43

Total Ceratopogonidae











Chaborus punctipennis


14
25
14
25
29
25



Total Chaoboridae











Total Organisms
12,987
2,652
618
100
2,313
996
934
281
1,078
693

Taxa Richness
11.33
2.52
187
100
8
0
5.33
1.53
5
2

Table 11.  Summary of Results of Measurement Endpoints

Lines of Evidence
Upstream Reference Site
Site 1
Site 2
Site 3
Downstream Site

Benthic Metrics 1.






Total Abundance
Point of Comparison
- 4
- 4
- 4
- 4

Abundance of Oligochaetes
Point of Comparison
- 4
- 4
- 4
- 4

Abundance of Chironimidae
Point of Comparison
- 4
- 3
- 4
- 4

Chironomid/Oligochaete Ratio
Point of Comparison
+ 4
+ 4
+ 4
+ 4

Abundance of Remaining Taxa
Point of Comparison
- 4
- 2
- 4
- 4

Taxa Richness
Point of Comparison
- 3
- 2
- 3
- 3

Shannon Index of Diversity
Point of Comparison
- 1
+ 1
- 1
- 1

Simpson’s Diversity of Index
Point of Comparison
- 2
- 1
- 2
- 1

Biotic Index 
Point of Comparison
- 1
- 1
- 1
- 1

Community Loss Index

(0 ( infinity)  As values >, dissimilarity >s
Point of Comparison
 1.33
 0.91
1.88
1.50

Jaccard Coefficient of Community
Point of Comparison
- 3
- 3
- 4
- 3

Community Similarity Index
Point of Comparison
- 3
- 3
- 3
- 2

Sediment Quality Guidelines 2.






NOAA SQGs
No Risk
Some possible risks
Possible risks
Some possible risks
Some possible risks

WDNR CBSQGs
No Risk
Some possible risks
Some possible risks
No Risk
No risks

EPA Σ ESGTU
No Risk
Possible risks
Possible risks
Some possible risks
Some possible risks

Summed Risks Normalized to 1.0
1.0
2.33
3.0
1.67
1.67

Toxicity Testing






Hyalella azteca 42-day survival, growth and reproduction endpoints

Epibenthic amphipod
Reference not different from lab control
Not different from reference

site
Not different from reference

site
Not different from reference

site
Not different from reference

site

Hyalella azteca 10-day survival and  growth endpoints

Epibenthic amphipod-Water column
Reference not different from lab control
Not different from reference

site
Not different from reference

site
Not different from reference

site
Not different from reference

site

Daphnia magna 48-h static acute toxicity.  Porewater

Zooplankton
Reference not different from lab control
Not different from reference

site
Not different from reference

site
Not different from reference

site
Not different from reference

site

Ceriodaphnia dubia 7-d acute/chronic survival and reproduction.  Surface water.

Zooplankton-Water column
Reference not different from lab control
Not different from reference

site
Not different from reference

site
Not different from reference

site
Not different from reference

site

Pimephales promelas 7-d survival and growth.  Surface water.

Fathead minnow.
Reference not different from lab control
Not different from reference

site
Not different from reference

site
Not different from reference

site
Not different from reference

site

1. Benthic Metrics -  Magnitude of Difference between Study Site and Reference Site Metrics 

                                              ( - indicates decrease in metric;  + indicates increase in Metric)

1. Difference < 20%

2. Difference 20% - 50%
3. Difference 50% - 75%

4. Difference > 75% 

2. Sediment Quality Guidelines  -  See discussion in text  for how qualitative and quantitative  risk characterizations derived.

3. Toxicity Testing  - Essentially no differences between study sites and reference site toxicity test results.



ATTACHMENT  A

 DRAFT

The Role of A Weight-of-Evidence Approach Based on the EPA  Ecological Risk Assessment Process Guidelines

The Weight-of-Evidence (WOE) Approach In the ecological risk assessment is done by evaluating separate lines of evidence which are represented by the individual measurement endpoints selected during the problem formulation step of the risk assessment.  The measurement endpoints are related to the assessment endpoint or the actual environmental component or its attributes that are to be protected.  Multiple measurement endpoints can be associated with a single assessment endpoint. The data and results of the measurement endpoints are used and evaluated by:  1) comparisons made of the concurrency and/or non-concurrency of the results from the individual measurement endpoints, e.g., are the results from the separate measurement endpoints of the same relative magnitude of difference when compared to the reference site results. 2) evaluating the magnitude of differences in measured results between the study sites and reference site , and 3) integrating the results of the measurement endpoints  and used as lines of evidence in the risk estimation along with other information to establish the strength of the evidence to show the likelihood of ecological impacts.  The uncertainty analysis of the risk summary identifies those attributes of each line of evidence that may influence the level of confidence in the use of the results from that line of evidence in the overall risk estimate.  The results of the WOE approach and uncertainty analysis used in the  risk characterization and risk estimate must be conveyed to the risk managers for the site and to the stakeholders in an understandable and coherent manner. 

A definition of the “weight-of-evidence approach” from Warren-Hicks and Moore (1998) is”

“Weight-of-Evidence Approach – The results of an evaluation of multiple lines of evidence in an ecological risk assessment.  A weight-of-evidence approach reduces many of the biases and uncertainties associated using only one approach to estimate risk.  The lines of evidence that may be considered in a weight-of-evidence approach include comparing levels in the environment to the levels in laboratory bioassays, field observations, in situ tests, ecoepidemiology, and population and ecosystem modeling.  Each line of evidence is evaluated for relevance of the evidence to the exposure scenario of interest, relevance of the evidence to the assessment endpoint, confidence in the evidence or risk assessment, and likelihood of causality.”

The biggest issue in the WOE approach is how much weight or if any weight or different degrees of importance should be given to an individual measurement endpoint relative to the other measurement endpoints in using them in the characterization of risks to the assessment endpoint being evaluated.  Various quantitative and qualitative weighting schemes have been proposed to assign a relative weight or level of confidence to each individual measurement endpoint relative to its contribution in characterizing and estimating risk to the assessment endpoint involved.  There is 1) a call for some type of quantitative, formalized weighting method for lines of evidence although it is unclear what this formal weighting is to consist of and how consistencies and inconsistencies from the results of lines of evidence are defined and determined, and 2) that the process be transparent and done early on in the risk assessment process (problem formulation stage) so that all parties will know how the measurement endpoint data will be used to characterize and determine risk. 

The weighting schemes are attempts to eliminate what are viewed as the subjective and qualitative nature of how different risk assessors weigh, interpret, and apply the results from various measurement tools used as lines of evidence.  Developers of such schemes claim their approaches lend more of an objective and quantitative basis for weighing the lines of evidence but in fact such schemes are mostly grounded in the professional judgements of the risk assessors, which can result in subjective and qualitative results.  Menzie et al. (1996) state that “professional judgements applied in the selection and evaluation of measurements may incorporate both knowledge about the strengths and weaknesses of various measurements and beliefs about whether the measurements in question are likely to overestimate or underestimate risk.”  As a result, regulatory agency risk assessors, who are charged with protection against harm may apply and interpret the results of measurements different from risk assessors representing the regulated community based on professional judgment, experience, or familiarity and use of particular measurement endpoints by a risk.  Menzie et al. also state “a formal weight-of-evidence evaluation will not eliminate the influence of such beliefs from professional judgment.  It may, though, increase risk assessor’s awareness of his/her beliefs, and elucidate for the user/reviewer of the assessment the beliefs on professional judgment.”  At best weighting schemes characterize professional judgements and allow others to see it in this light.  

Quantitative weighing schemes have also been perceived as being to inflexible to allow for consideration of all pertinent data and information in a risk assessment. Some pertinent, useful information/data may not fit into weighing schemes but it is important to include a careful evaluation of the information to help understand and explain observed results and relationships among the lines of evidence.  Also, some line of evidence weighting schemes are viewed as being overly complicated and to mechanistic.  A qualitative approach instead of a quantitative approach may be more understandable and useful while still maintaining the process of characterizing professional judgements regarding the attributes of the lines of evidence. 

Difficulties can be encountered in attempting to assign quantitative weights to the individual measurement endpoints even though risk assessors for the regulator and the responsible parties may agree that the weighting should be attempted and used in the WOE approach.  Professional judgment, experience, or familiarity and use of particular measurement endpoints by a risk assessor may result in assignment of different quantitative weights to those endpoints compared to another risk assessor’s values. 

There is presently no consensus of exactly what it means or how a weight-of-evidence approach in a risk analysis involving contaminated sediments should be carried out (Menzie et al. 1995).  Similarly, there is no consensus of how weights in the form of quantitative values or qualitative descriptors to indicate varying degrees of importance should be derived and assigned to individual lines of evidence.  U.S. EPA’s Guidelines for Ecological Risk Assessment indicates a preference for using the term “line of evidence” rather than WOE based on the following discussion extracted from their Ecological Risk Assessment Guidance:

“For ecological risk assessments that entail more than one type of study (line of evidence), a strength-of-evidence approach is used to integrate different types of data to support a conclusion.  The data might include toxicity test results, assessments of existing impacts at a site, or risk calculations comparing exposures estimated for the site with toxicity values from the literature.  Balancing and interpreting the different types of data can be a major task and require professional judgement.”

The development of lines of evidence provides both a process and a framework for reaching a conclusion regarding confidence in the risk estimate.  It is not the kind of proof demanded by experimentalist (Fox, 1991), nor is it a rigorous examination of the weights of evidence.  (Note the term “weight-of-evidence” is sometimes used in legal discussions or in other documents, e.g…Menzie et al. 1996).  The phrase “lines of evidence” is used to de-emphasize the balancing of opposing factors based on the assignment of quantitative values to reach a conclusion about a “weight” on favor of a more inclusive approach which evaluates all available information, even evidence that may be qualitative in nature.  It is important that risk assessors provide a thorough representation of all lines of evidence developed in the risk assessment rather than simply reduce their interpretation and description of the ecological effects that may result from exposure to stressors to a system of numeric calculations and results.

Confidence in the conclusions of a risk assessment may be increased by using several lines of evidence to interpret and compare risk estimates.  These lines of evidence may be derived from different sources or by different techniques relevant to adverse effects on the assessment endpoints, such as [hazard] quotient estimates, modeling results, or field observational studies. 

There are three principal categories of factors for risk assessors to consider when evaluating lines of evidence: 1) Adequacy and quality of data, 2) degree and type of uncertainty associated with each line of evidence, and 3) relationship of the evidence to the risk assessment questions.” 

Based on the above WOE approach, the EPA guidelines do not advocate weighting individual lines of evidence and based on this, do not delve into possible weighting schemes or their application in risk assessments.

It is interesting that while consultants insist on strict adherence to the U.S. EPA guidelines for conducting ecological risk assessments, they want to introduce WOE approaches that call for a priori establishment of 

ranking and weighting of measurement endpoints against one another and criteria related to assigning the likelihood of ecological impacts (e.g., none possible, likely, and probable) that the results from each measurement endpoint can be compared with on a stand alone basis.  This process is not part of the EPA ecological risk assessment guidance.  The perspective on the use of lines of evidence in the EPA ecological risk assessment guidance is discussed above.  

Adherents to the establishment of a priori  components in the WOE process claim such an approach does not deviate from the ERA process described by EPA but rather adds structure by defining and documenting the process.  The Figure below shows the association of an a priori WOE approach process with the standard ERA process.  Also shown in the column to the far right is the WDNR perspective on the use of a WOE approach in association with the ERA process.  Such a WOE approach does not establish a priori weighting or criteria in the evaluation process.  Uncertainties and advantages and limitations of measurements methods and endpoints used are normally discussed in the risk characterization section of the ERA.

Association Between the Standard ERA Process and Steps Associated with Versions of the WOE Approach

EPA ERA Process
WOE Approach A Priori Established Components
WDNR Inclusive WOE Approach Consistent with EPA ERA Guidance

Problem Formulation

1) Develop a conceptual site model

2) Identify stressors (COPC)

3) Identify potential effects of stressors

4) Evaluate stressor release, migration, fate

5) Identify receptors

6) Identify exposure pathways

7) Select assessment endpoints (AEs)

8) Select measurement endpoints (MEs) based on relevance to AEs
1)  Select MEs 

2) Develop a numerical weight for each ME based on set of scaled attributes.

3)  Develop criteria that relates the magnitude of difference in each ME between the study sites and reference site to the likelihood of degree of ecological impact  (effect size ranges)

4)  Recommendations have been made for a priori establishment of remedial actions/decisions based on ERA study findings, i.e., go beyond risk characterization and get into risk management.
1)  Select MEs based on relationship to AEs and with known advantages and limitations based on literature and experience with use.

2)  MEs selected consistent with the Problem Formulation process.





Exposure

Assessment

1)  Quantify    release, migration, fate

2)  Characterize receptors

3)  Measure or estimate exposure points concentrations
    Ecological

Effects

    Assessment

1) Review of literature

2) Review of studies from sites with same COPC

3) Evaluate results from ME results (e.g., tox. testing, benthic studies)

 
1)  Evaluate ME results considering the weight assigned to each ME and the magnitude criteria related to the assumed ecological impact for that ME as established a priori in the Problem Formulation stage.
1) Evaluate ME results along with pertinent literature and results from studies at other sites with same COPCs.

2)  While magnitude of differences determined for each ME, effect sizes relatable to likelihood of impact based on individual ME is not done.

3)  Exposure and effects assessment consistent with EPA ERA processes





Risk and Impact Characterization

1)  Evaluate risks to AEs based on ME results

2)  State and discuss observed and/or predicted adverse ecological  effects

3) State and discuss Uncertainty and confidence analysis of methods, results, and information/data used in the risk characterization process and outcome.
1)  Use the weight and magnitude criteria to evaluate risk for the site.
1) MEs and other info/data lines of evidence are used in a strength-of-evidence approach which is inclusive in nature and integrates and evaluates all pertinent information both ME results and other site and literature info and data.  Logical evidence-based argument is for causation, potential impacts, and risk characterization.  Uncertainty and confidence in methods and results is a part of the risk characterization discussion of the ERA.

Comments on WOE Approach Using a priori Established Criteria and Components

Approach is mechanistic, inflexible, and exclusive of some data that would be useful in the characterization process.  Prior knowledge of factors most relevant in population specific regulation is not available and cannot be developed a priori for generic application to all sites and situations.  ERAs are a site-specific process based on integration of a number of sources of data and information subsequent to the collection, evaluation, and integration of that data.  If a priori established criteria and components are to be used, it is antithetical to the ERA process that calls for thoughtful consideration and using casual arguments and inferences, logical arguments, professional judgements, and informed decision making.  If a priori criteria are established, why even go through the ERA process.  Establishing a priori impact criteria based on stand alone ME results has no place in the ERA process for integrating and comparing all ME and other results for risk characterization decisions.

Suter’s (1996) discussion of the WOE approach and the need for weighing the individual lines of evidence includes the following:

· If all the results of the lines of evidence are relatively consistent, then no formal weighting of the individual measurement endpoints is necessary.

· Recognition that attempts at quantification in the weighing of lines of evidence such as done by Menzie et al. (1996) may not give as reasonable a result in every case as a careful ad hoc weighing of all the data and information associated with the lines of evidence being used. 
· Suter indicates that another approach to weighing multiple lines of evidence is to determine whether there are logical relationships among the lines of evidence.  The process of developing a logical explanation for differences among lines of evidence is potentially more convincing than attempts at assigning quantitative weights to lines of evidence because of the mechanistic, inflexible nature of the process.
· Inferences of causality in ecological risk assessments are made by weight-of-evidence rather than traditional scientific standards of proof.  The traditional standard for inference in science is, in effect, proof beyond a reasonable doubt in a decisive experiment.  Such a standard is appropriate for pure science, which is engaged in adding to the body of reliable knowledge concerning the nature of the world.  However, risk assessors do not have the luxury of suspending judgment until a scientific standard of confidence can be met.  Decisions are made on schedules that are not within the control of scientists and will be made on other bases if scientific input is not available.
· Further research needs as noted by Suter include: 1)  Proposed procedures for weighing evidence need to be validated;  2) Methods for presenting the results of weight-of-evidence analysis to risk managers and stakeholders need to be developed; and 3)  Appropriate methods for estimating and expressing the uncertainties for different lines of evidence need to be developed.
Considering all of the above issues points to the need for assembling and interpreting (in a qualitative or quantitative fashion) all of the available data and information collected in the risk assessment process in an inductive process.  The integrated data is then used in a logical evidence-based argument for causation and consideration of alternative hypotheses.  Even within a formal experimental framework, a causal inference is made by logical assembly, presentation, and interpretation of available evidence including conclusions from statistical analyses.  The basis for drawing conclusions from impact studies using causal arguments is more consistent with scientific method because it promotes thoughtful consideration about alternative hypotheses and about what constitutes a causal relationship.  Thus causal inference by means of a carefully structured argument considering all pertinent data and information increases the likelihood of correct scientific conclusions.  This approach is superior to one based on simplistic, mechanistic attempts to arbitrarily assign weighting factors to measurement endpoints in the initial formulation stages of the risk assessment and establishing a priori decision criteria that have not been validated and do not address the variables and interactions of factors occurring on a site-specific basis.   Additionally such approaches are without provision or flexibility to examine all pertinent data and information that should be considered in the risk characterization process. 

Some thoughts from Burton et al. (2002) on a WOE framework for assessing sediment contamination include:

· It is apparent that no single WOE approach is appropriate for all assessments of ecosystem impairment.

· Ideally, the various LOE will be collected in a synoptic, contemporaneous fashion to increase the certainty of exposure-effect linkages when the are integrated.

· An important aspect of the WOE process is to ensure that the data are valid prior to use and integration.  Data validation should identify any questionable results and the questionable data identified with the appropriate qualifiers.  By identifying questionable data, the uncertainties associated with the risk characterization outcomes can be minimized.

· In analyzing the LOE, aspects of the analyses that must be addressed and documented include:  QA/QC; stressor magnitude; frequency; duration and interactions; and exposure-biological effect relationships.  Estimation and evaluation of uncertainty of these aspects is a critical component of the analysis. 

· Causality criteria used to link stressors and effects for each LOE should be clearly stated, together with how the links were established or refuted.  The following key considerations for establishing strength of stressor effect linkages (causality) have been modified from USEPA (2000): co-occurrence (spatial correlation); temporality (temporal correlation); effect magnitude (strength of link); consistency of association (multiple site; experimental confirmation (field or laboratory); plausibility (realistic stressor to response scenario); and specificity (stressor link to effect).

· Causality evaluation should be conducted both with individual LOE analyses, and following their integration, to establish how well each LOE links stressors with adverse biological responses.  The approach uses results of quantitative assessments of stressor-effect relationships, followed by a combination of quantitative findings and best professional judgment in the causality decision.  This is a diagnostic process whereby possible stressors are ruled out.  While the causality criteria may be qualitative in nature, they add significant and reliable weight to the decision-making process when combined.  

· Various processes have been described for establishing effect size limits (effect size means the amount of ecological change that is important enough to signal ecological concern), ranging from best professional judgment to more quantitative approaches.  The effect limits establish at what level a measurement endpoint response is judged to be ecologically significant.  The effect limits may be study specific, as they are affected by study design (e.g., characterization accuracy), societal values, and understanding of ecosystem components, dynamics, and inter-relationships.  Effect size should be determined a priori even though it may be difficult to do so for biological effects.

· While it is possible to combine the information in multiple LOE into a single number that describes the degree of impairment can result in excessive reduction of information.  Integration of all the lines of evidence into a single number is likely to over simplify the evidence.

· Each element of the proposed WOE framework comprises some degree of best professional judgement.  Adequate expertise is required for the various LOE as well as quantitative methods used to evaluate the LOE.  Expert judgement must be carefully incorporated and documented from the beginning to the end of the WOE process to ensure the transparency of the process. 
Selecting and Weighing the Measurement Endpoint Attributes

EPAs ecological risk assessment guidance (1998) makes the following statement, part of which relates to the attributes of the individual measurement endpoints as lines of evidence that the risk assessor should consider

in using the data involved in the overall WOE approach.  This involves the degree and type of uncertainty associated with each measurement endpoint in its use as a line of evidence.  

“There are three principal categories of factors for risk assessors to consider when evaluating lines of evidence: 1) Adequacy and quality of data, 2) degree and type of uncertainty associated with each line of evidence, and 3) relationship of the evidence to the risk assessment questions.” 

Some schemes have been attempted (Menzie et al. 1996) to weight or establish the relative confidence level in each selected endpoint a priori in the problem formulation stage of risk assessments before the use of that endpoint in the overall WOE approach in the risk characterization stage of the risk assessment after all the data has been collected.  This is part of the transparency of the risk characterization process that responsible parties and their consultants are asking for.

The workgroup involved in the Menzie et al. (1996) WOE approach identified three major components that reflect the weight-of-evidence of measurement endpoints, with respect to a specific assessment endpoint:

1) Weight assigned to each measurement endpoint.  Measurement endpoints may vary in the degree to which they relate to the assessment endpoint, the quality of the data, or the manner in which they were applied.  Based on these attributes, an investigator may assign more weight to, or have more confidence in one measurement endpoint compared to another.

2) Magnitude of response in the measurement endpoint.  Strong or obvious responses are typically assigned greater weight than marginal or ambiguous responses.

3) Concurrence among measurement endpoints.  More weight or confidence is generally attributed to findings in which there is agreement amount multiple measurement endpoints.  An investigator generally has less confidence in findings in which the lines of evidence contradict one another.

In weighing the individual endpoints, Menzie et al. (1996) have a quantitative approach which assigns fixed numerical weights to ten attributes to reflect differing degrees of importance.  The qualitative method does not involve pre-assigned weights but requires the risk assessor to rate endpoints in non-numerical terms (i.e., high, medium, and low).  The qualitative approach is somewhat more flexible, in that it is more amenable to determining the relative importance of the attributes on a case-by-case basis.  The risk assessor may opt either to assign weights on a case-by-case basis or to assume that each attribute is of equal importance.  The rationale needs to be provided for the assigning the qualitative descriptor of weight or confidence in the use of each measurement endpoint in the qualitative method.

For the purposes of ecological risk assessments performed by and for WDNR, such approaches as the  Menzie et al. (1996) quantitative approach will not be taken for assigning relative weights or confidence levels in the measurement endpoints to be reflective of the assessment. In cases were there is disagreement between risk assessors representative of the involved parties as to the importance of a particular measurement endpoint and the results from that endpoint, the attributes of Menzie et al. may be used and applied to the measurement endpoint in question to discern the basis of the perceived disagreements in measurement importance. 

Weight-of-Evidence Decision Criteria Related to the Benthic Community Structure Line of Evidence

In interpreting the observed changes in benthic community structure, Batley et al. (2002) state the following:

“In terms of the key processes in benthic sediments, can we identify that degree of change in community structure that is “unacceptable”?  In other words, at what points should management action be triggered to protect the ecology of the system?  Given that complete ecological understanding of these issues is lacking, a practical approach may be to consider any statistical detectable impact on community structure as ecologically undesirable.”

Given the above, the results of the evaluation of the differences in metrics for benthic community structure in the following table are related to magnitude of differences in the metrics between the study sites and the reference site.  Any statistically significant difference that is 20% or greater is deemed “ecologically undesireable”.  Given that the general lack of complete ecological understanding at this time about what the differences in individual metrics or multiple metrics may mean to the long term structure, function, and sustainability of the benthic community or to higher trophic level organisms that may consume benthic organisms who have bioaccumulated sediment contaminants, the > 20% difference level in any metric or multiple metrics will be considered of significance related to potential ecological impacts to the benthic community and will be integrated with other measurement endpoint results into the considerations in the risk characterization process..

No attempts will be made in the decision criteria in any stand alone line of evidence to attribute the degree of differences to the likelihood of increasing ecological or adverse impacts (e.g. the arbitrarily assignment of the qualitative descriptors such as none, potential, probable, and likely, to increasing ranges of differences).  What will be assigned in the decision criteria for the benthic community metrics as shown in the following table is a qualitative descriptor related to the magnitude of difference in the metrics between the reference site and the study sites as follows:

% Difference in Metric Mean Between the Reference Site and the Study Site
Qualitative or Numerical Descriptor of the Magnitude of Difference Range

< 15%
Insignificant

> 15% - < 20%
Review

>20% - < 50
1 

> 50% - < 75%
2 

> 75% - < 100%
3 

> 100%
4

The assignment of a descriptor for the likelihood of ecological impact to the benthic community assessment endpoint will only be done at that point in a matrix table where all lines of evidence are integrated, the magnitude of differences in all endpoints and metrics compared, and all pertinent information reviewed to make  a structured argument for causation and characterizing risks.

Attempts to make final conclusions about the likelihood of ecological impacts as it involves each assessment endpoint through decision criteria, matrix tables, tabular matrixes, etc. are attempts to make understandable and relate a large amount of data.  In doing so, the totality of information and data may not fit into such a system and some may not be used in consideration of its contribution to the overall weight-of-evidence.  The approach we will take will not use the results of such matrix table displays alone to make final judgements as to the likely impacts to assessment endpoints.  All of the pertinent data assembled for the site as it relates to measurement endpoints and other auxiliary and supportive data (e.g., other site and ERA studies and toxicological information) will be assembled and structured arguments made for causal inferences and the strength of the weight-of-evidence for the likelihood of impacts to the assessment endpoints.

Note the following table not only identifies statistically significant differences in metrics that are > 20% for consideration but also those differences that may or may not be statistically significant but are between 15% and also < 20%.  All differences are assigned a qualitative descriptor of the magnitude of difference with those not related to statistical significance noted.  

With the mean difference in benthic metrics, in the following table, it is important to note the amount of difference is proceeded by either a positive or negative sign indicating an increase or decrease in the numerical value of the study site metric compared to the reference site metric.  It is commonly associated that only decreases in such metrics such as abundance and diversity are associated with contaminant presence and ecological impacts.  However, cases can be made that increases in certain benthic community metrics are also associated with contaminant presence and ecological impacts.  Bias toward associating only reductions in metrics with impacts and overlooking the significance of increases would result in inaccurate estimations of impacts and risk in certain cases.  

Weight-of-Evidence Criteria Related to the Toxicity Testing Line Of Evidence

The  three different test species of macroinvertebrates utilized in the bioassays are representative of different life cycle characteristics, and habitats  occupied in or on the sediment surface (infaunal and epi-benthic) by macroinvertebrates at the site.  As such they have different a) life cycle lengths, b) reproductive potentials, 

c) exposure routes, d) death rates, e) sensitivities to the contaminants of concern, and e) different dispersal rates (i.e., immigration and emigration into and from a site).  As with the benthic community metrics, there is an incomplete understanding of the ecological implications and/or consensus of what the endpoint results and effect sizes observed in the laboratory mean in attempts to extrapolate the results to the field setting.  Therefore the same practical approach as applied to the benthic community metrics will be applied to the endpoint results from toxicity testing.  This establishes that any statistically significant difference of 20% or greater between the survival and growth endpoints when the study site results are compared to the reference/control site results will be deemed ecologically undesirable.  Differences of < 20% but greater than > 15% will also be evaluated, especially in those circumstances when the percentage difference is slightly less than 20% and statistically significant.

Given the above attributes of the different test organisms and variable responses, it will not be assumed that increasing ranges of differences in endpoint results between study sites and reference site have the same implications as related to potential ecological impact for all three test organisms.  In just about all cases, prior knowledge of factors most relevant in population-specific regulation is not known.  Attempts at establishing a priori effect sizes (i.e., amount of ecological change that is important enough to signal concern) generically to apply to all organisms and measurement endpoints (e.g., ranges of < 20%, > 20% to < 50%, and > 50%) is inappropriate, to mechanistic and inflexible, and may result in risk characterizations that are completely inaccurate.  

As with benthic community metrics, no attempts will be made in the decision criteria in any stand alone line of evidence to attribute the degree of differences to the likelihood of increasing ecological or adverse impacts (e.g. the arbitrarily assignment of the qualitative descriptors such as none, potential, probable, and likely, to increasing ranges of differences).  What will be assigned in the decision criteria for the toxicity testing endpoints as shown in the following table is a qualitative descriptor related to the magnitude of difference in the toxicity test endpoints between the reference site and the study sites as follows:

The assignment of a descriptor for the likelihood of ecological impact to the toxicity testing endpoints will only be done at that point in a matrix table where all lines of evidence are integrated, the magnitude of differences in all endpoints and metrics compared, and all pertinent information reviewed to make  a structured argument for causation and characterizing risks.

Attempts to make final conclusions about the likelihood of ecological impacts as it involves each assessment endpoint through decision criteria, matrix tables, tabular matrixes, etc. are attempts to make understandable and relate a large amount of data.  In doing so, the totality of information and data may not fit into such a system and some may not be used in consideration of its contribution to the overall weight-of-evidence.  The approach we will take will not use the results of such matrix table displays alone to make final judgements as to the likely impacts to assessment endpoints.  All of the pertinent data assembled for the site as it relates to measurement endpoints and other auxiliary and supportive data (e.g., other site and ERA studies and toxicological information) will be assembled and structured arguments made for causal inferences and the strength of the weight-of-evidence for the likelihood of impacts to the assessment endpoints.

Establishing a priori decision criteria based on stand alone toxicity testing results are presumptuous unless comparable types and amounts of laboratory toxicity endpoint impacts have been related to site ecological impacts involving benthic community assessment endpoints.  The demonstration of correlations between laboratory-based toxicity test results and field impacts to the benthic community assessment endpoint must from other studies and from other sites.  These correlations at other sites may be at best tenuous in their application at other sites because of the myriad of site-specific variables involved that will affect results.  Therefore, other than determining the magnitude of differences between metrics and measurements at this stage, we believe it is inappropriate to try associate stand alone metrics and measurements to the likelihood of ecological impacts at this point.

Weight-of-Evidence Decision Criteria Related to the Sediment Chemistry and Sediment Quality Guideline Lines of Evidence

The table below summarizes the sediment chemistry results and sediment quality guidelines for a number of measurements related to the mix of petroleum hydrocarbons that are the primary contaminants of concern for the site.  The sediment chemistry measurements (as opposed to the sediment quality guideline values) are not risk based but simply represent the relative degree of enrichment of the measured chemicals in the study site sediments compared to the reference site. To be consistent with how percent differences in the benthic community metrics and toxicity testing endpoint results were calculated, the percent differences in the chemical concentrations and guideline values between the study sites and the reference site were calculated similarly yielding relative percent difference values. 

% Difference in Metric Mean Between the Reference Site and the Study Site
Qualitative or Numerical Descriptor of the Magnitude of Difference Range

< 15%
Insignificant

> 15% - < 20%
Review

>20% - < 50
1 - Low

> 50% - < 75%
2 - High

> 75% - < 100%
3 - High

> 100%
       4 -Very High

The percent difference value as calculated applies to concentration values as well as some other metrics (e.g. PEC-Q, ESG and number of TEC and PECs exceeded).  All differences are related to magnitude of differences in chemical concentrations and other metrics and are not related to impacts to the benthic community assessment endpoint.  Decisions and decision criteria about the significance of the chemical test results can only be made in the total context of integrating all the measurement endpoint data and other auxiliary and supporting information.  Establishing a priori decision criteria based on stand alone toxicity testing results are presumptuous unless comparable types and amounts of laboratory toxicity endpoint impacts have been related to site ecological impacts involving benthic community assessment endpoints.  

Integration of Measurement Endpoint Results based on the Confidence in the Measurement Endpoint and the Magnitude of Differences in the Endpoint Results as they Relate to Study Site Compared to the Reference Site.

The following three matrix tables integrate the individual measurement endpoints with the magnitude of differences in the measurements involved when the each of the study site results are compared to the reference site results.  All differences are displayed whether they were statistically significant or not and whether or not they were greater than the threshold value of 20% difference that are related to the threshold for undesireable conditions.  In the overall WOE evaluation, differences that are statistically significant and greater than the 20% threshold will have more weight than differences that don’t have these attributes.  
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