[image: image1.png]Printed on
Recycled
Paper




DATE:
February 17, 2004                                              DRAFT
FILE REF: 

TO:
Jennifer Pelczar – NER/Oshkosh

FROM:
Tom Janisch – RR/3

SUBJECT:
Review and Comments on the November 2003 Phase III Site Investigation Addendum. Sediment Investigation for the Former Manufactured Gas Plant Site. Ripon, Wisconsin. Prepared for Alliant Energy and WPL by MWH (referred to as the MWH Report in the comments below).

Page 1-1. Section  1.2. Previous Sediment Investigation Activities.

It is stated that sediment sample results in the Hydro-Search 1991 Phase 1 Assessment identified low levels of PAHs impacts.  Since the Hydro-Search report did not assess for biological effects and made only visible observations, the reference to impacts in the MWH Report has to be in the context of contaminant levels.  

Since the levels of total PAHs reported in the Hydro-Search Report for the 0.5 – 1.0 depth segments for sediment sites SD-801, SD-801 (DUP), and SD-802 were 82.5, 93.5, and 133.1 mg/kg, respectively, these cannot be considered low levels of impact.  At these levels, the sediments are impacted and impacted to a relatively high degree when comparisons to background levels and sediment quality guideline levels are made.

The MWH Report indicates Figure 1-2 shows the above locations for the sediment samples from the Hydro-Search Report.  In Plate 1 of the Hydro-Search Report, site SD-801 is located approximately 25 ft. off shore. Figure 1-2 of the MWH Report has the site located exactly at the shoreline.  It is assumed the latter is not correct.  Also, the MWH Report Figure 1-2 appears to have the locations of the Menzie-Cura sites 1 and 3 reversed based on Figure 1.0 from the Menzie – Cura Report.

The MWH Report states that the Menzie-Cura investigation confirmed the presence of low levels of PAHs in the sediments.  However, since the sampling was limited and not in the area where the high levels of PAHs were found by Hydro-Search, a conclusion about low levels or the extent and degree of PAH contamination cannot be drawn from the Menzie-Cura samples.

Page 1.2 – 1.3.  Section 1.4 Overview of Previous Sediment Investigations

The referenced Menzie-Cura Report has been previously reviewed and commented on along with the WDNR’s evolving process for conducting assessments of sediment quality for effects to aquatic organisms.  The MWH Report mentions that WDNR has not adopted a specific set of SQGs for use on the lower levels of the tiered assessment process.  As of December 2003, we have now published SQGs based on the MacDonald et al. (2000) consensus-based sediment quality guidelines (CBSQGs).  Prior to this, we have routinely been using these CBSQGs for doing lower tier assessments.  

The MWH Report discusses the TEC and PEC values in relationship to effects.  The WDNR CBSQG document discusses the interpretation of the contaminant concentrations that fall in the gradient of concentrations between the TEC and PEC levels.  As concentrations increase between these two effect levels, it is assumed toxicity and effects to benthic species related to reductions in survival, reproduction, growth and benthic community  alterations correspondingly increase and/or are increasingly more probable.  It has been demonstrated that for the most reliable consensus-based sediment quality contaminants, there is a consistent and incremental increase in the incidence of tocxicity to sediment-dwelling organisms with increasing chemical concentrations (WDNR, 2003).  See Tables 1 and 5 below.

The MWH Report is only including the three nearshore sampling locations in the Menzie-Cura Report as “site” samples.  The downstream sample also has the potential of being impacted by releases from the former MGP site and should also be considered within the boundaries of the site.  Table 2-4 of the MWH Report indicates the 51 mg/kg total PAHs were found in the lower strata of the downstream sample site K01, which could be site related. 

Page 2-1. Sediment Probing

The Report states while probing, the depth to the sediment surface from the ice surface  was based on the depth that sediment was first encountered with the probe rod.  Is it possible that a certain amount of soft or semi-solid sediment was not “felt’ with the probe rod and was pushed through before the first solid sediment was encountered?

Pages 3-1 – 3-2. Section 3.2 Ecological Sediment Quality Guideline Section

Some observations on the use of SQGs in the MWH Report:

· Most of the PAH values Ecological SQG values in Table 3-5 are the TEC values from MacDonald et al. (2000).  Use of the TEC values without the corresponding PEC values for comparison does not give a relative idea of how much the TEC value is exceeded and if the PEC value is approached or exceeded.

This information would be useful to help gauge and characterize the potential risk to the benthic  community.  Table 1 below shows the risk characterization system based on our CBSQG document.  Risk categories are based on the premise discussed above where incremental concentrations between the TEC and PEC are associated with increasing risks.  Risk categories and risk descriptions are assigned to the increasing concentration ranges.

· On page 2-1 of the MWH Report, there is a statement about the need to normalize site sediment concentration data for PAHs to a 1% TOC basis in order to compare the concentrations to the MacDonald et al. (2000) CBSQGs which are expressed on a 1% TOC basis.  However, while the MacDonald et al. TEC concentrations in Table 3-5 under the Ecological SQG column for PAHs are based on a 1% basis, the concentrations in the columns for the site samples are based on the reported laboratory results, not normalized to 1% TOC basis.  Comparisons done on this basis will result in conservative or overestimations of the predicted risk to the benthic community.  Also, Table 3-5 only contains the TEC values for individual PAHs, and not total PAHs.  The MacDonald et al. and WDNR CBSQGs contain TEC and PEC values for total PAHs normalized to a 1% basis.  It is somewhat easier to use the effect levels for total PAHs in order to characterize overall exposure risks then to work with the individual PAH values.  Tables 2 and 3 below show the risk categories for the surface segments and the deeper segments, respectively, based on the risk characterization system in Table 1 related to total PAH concentrations.  Table 2 shows the Risk Category Code and risk description in parentheses that would result if the total PAH concentrations in the sediments unadjusted to 1% TOC were compared to the TEC and PEC effect levels that are normalized to 1% TOC.  The greater risk category code compared to the risk code where both the site concentrations and effect levels are on a 1% basis shows that the risk are overestimated for 14 of the 32 results.  The risk category codes in Table 3 below that apply to the total PAHs in the lower segments would only be applicable if the upper segments were removed and the lower segments then became the surface bioactive zone where benthic organisms would become exposed to these levels.

· The MWH Report in its use of sediment quality guidelines did not make use of the U.S. EPA (2000) equilibrium portioning sediment quality guidelines (ESGs) as the Menzie-Cura Report did.  The ESG guidelines represent another assessment tool and line of evidence that looks at the specific mixture of PAHs at a site and their potential to partition to the sediment pore water to cause toxicity to benthic organisms.  We are routinely using the ESG approach in addition to the empirically derived CBSQGs as an additional assessment tool at contaminated sediment sites (e.g., the Ashland MGP site and the petroleum contaminated Newton Creek and Hog Island Inlet systems on Superior Bay).  Tables 1 and 4 below show the toxicity effects associated with the range of summed ESG TU values and the risk characterization level that is associated with each of these ranges.  Table 5 below shows the effect level relationships between the CBSQGs and the ESG TU Ranges for total PAHs.  All of these latter tables were used in the review for the Menzie-Cura Report.

· I did not calculate the summed ESG TU values for PAHs in the sediment samples in the MWH Report.  But based on the summed ESG TU values in the Menzie-Cura Report and relationship to the total PAHs in the samples, it may be possible to derive a factor that can be applied to the total PAH concentrations in the samples to derive a summed ESG TU value.  Table 6 below shows the derivation of this factor based on the Menzie-Cura data.  The conversion factor that can be applied to the total PAH concentration to yield a summed ESG TU value is 0.22.   Table 7 below utilizes the total PAH concentrations in the surface sediments reported in the MWH Report shown in Table 2 below and applies the conversion factor of 0.22 to these values to estimate the summed ESG value for the sample.  Table 7 assigns a risk category to the estimated summed ESG TU values based on the criteria in Table 1 below.  It should be noted in Table 6 that the % TOC content in the sediment samples from the Menzie-Cura study were in the range of 5.0 to 7.6 %.  TOC content outside of this range may change the total PAH concentration and summed ESG TU relationship to change the ratio from 0.22.

The percent TOC content found in the surface sediment samples from the MWH study is included in Table 7 to evaluate any uncertainties associated with the use of the 0.22 conversion factor. For a given PAH concentration in sediments, the higher the TOC content, the less of the PAH that will partition to the pore water compared to a low TOC content.  For those sites where the TOC content is greater than 8%, the use of the 0.22 factor will result in an overestimation of the PAH concentration in the pore water.

· Table 8 below shows a comparison of the risk characterizations done for the MWH sites based on total PAH concentrations in the sediments by using the empirically derived CBSQGs and the EPA summed ESG toxic units that involves predicting the partitioning of individual PAHs in the mixture in the site sediments to the pore water to cause toxicity.  The risk characterizations are based on the criteria in Table 1 below and applied in Tables 2 and 7 below.  Table 8 shows that based on the relative percentages of the sites in each of the four risk categories using both approaches, a greater number of sites are classified in a higher risk categories using the summed ESG TU value approach.  The ability of either set of guidelines to predict toxicity and effects may be dependent on site-specific characteristics of sediments that control availability, release, and exposure of contaminants to benthic organisms.  As is stated in the WDNR (2003) CBSQG document, cautions need to be placed on the use of any one set of guidelines as stand alone decision tools in the assessment and remediation decision making process without additional supporting data from toxicity testing and in-field studies.  It is possible  that the actual risk status to benthic organisms at the Ripon Millpond site lies between the predictive risk characterizations based on the CBSQGs and the summed ESG TUs approaches, with exactly where it lies dependent on site-specific factors.  Also placed in Table 8 under the site percentage column under CBSQGs is the approach taken in the HMW Report where the CBSQG values (in this case for total PAHs) based on 1% TOC were compared to the total PAH concentration in the sediment samples unadjusted for TOC.  This approach results in risk categorizations that moves more sites into the higher risk categories then a comparison done using TOC adjusted values but generally does not result in as many sites in higher risk categories as the use of the summed ESG TU approach.

· If the risk characterization values in Table 7 based on the summed ESG TUs are used to spatially locate the bottom habitat areas where benthic organisms would potentially be at greatest risk, it would begin at sites D01, D02, and D03 at the upstream D transect and extend down to the lower J transect.

These sites are generally offshore and downstream of the former MGP site.  The spatial area can best be seen by relating the risk characterizations of the sample sites in Table 7 below to Figure 2-1 in the MWH Report that shows the transects and the sample locations along the transects.

· 26 of 29 results for lead levels in the surface segments (0 – 12 in.) of the study site sediments fall into Risk Category 2 which is associated with some possible risks related to benthic community impacts.  The remaining three surface sites are in Risk Category 1 associated with no risks.  The average (std) concentration of lead in the Risk Category 2 site surface sediments was 55.6 (9.0) mg/kg.  The spatial distribution of lead in the relatively same concentration range over the sample sites may indicate general urban sources like street and paved surface runoff into the Millpond.  Are there stormwater  outfalls located around the Millpond?  Concentrations of lead in the lower segments are as follows:

Concentrations (mg/kg) of Lead in Lower Segments of Ripon Millpond Sediments

B02
C03
D01
E03
G01
J01
K01
K02

2 – 4 ft
2 – 2 ft
2 – 2 ft
2 – 2 ft
2 – 2 ft
2 – 2 ft
2 – 3 ft
2 – 4 ft

32
14.7
17.4
44
58.5
17.3
84.4
32.1

Risk Category

1
1
1
2
2
1
3
2

Highest lead levels in the lower segments were found at sites E03 and G01 near the former MGP site and downstream from the site at K01.  Lead in the lower segments would not represent direct exposures to the majority benthic organisms in the upper bioactive zone.

· With the exception of the result for one site, mercury concentrations are somewhat above background levels but less than the CBSQG TEC concentration.  The one result for mercury above the TEC concentration (0.18 mg/kg) was at E03 (2) at 0.23 mg/kg.  This represents one site with some possible risks but due to being in a lower segment represents no direct exposure risks to benthic organisms.  The only way it could represent a risk if it becomes mobilized and moves up into upper biological active zone.

· The MWH Report did not analyze the sediments for antimony, copper, iron, manganese, nickel, or zinc.  These metals are identified as additional metals of concern at MGP sites (WDNR, 1996 as cited in the  MWH Report on page 1-3). 

· The highest levels of VOCs were found associated with sites E01 and F01 with total VOCs of 28.9 mg/kg and 7.25 mg/kg, respectively.  Napthalene and the xylenes at these sites exceed the ecological SQGs used in Table 3-4 of the HMW Report.  Both of these sites are near shore adjacent to the former MGP site where the highest concentrations of total PAHs were also found in the sediments.  Based on Table 2-2, both of these sites had detectable VOC odors or VOC odors and a visual sheen.  The summary of the MWH Report would seem to indicate that there are VOC levels in sediments at other sites in addition to the above two that also contribute to ecological risk.  However, this would not appear to be the case based on Table 3-4.

Page 2-3. Section 2.3.2.3. Ultraviolet Fluorescence

There is no discussion in regard to any correlations between the ultraviolet fluorescence method results and the laboratory analytical results for PAHs.  It would be interesting to see if there were correlations in order to evaluate the efficacy of the UVF method for future applications.

Page 3-1. Human Health Sediment Quality Guideline Development

For the most part, I will leave the review of the human health sections of the MWH Report to Rob Thiboldeaux.

Although I do have a few observations which follow:

· Table 3-1 of the MWH Report gives the formula and input parameters used to do the human health risk assessment for exposures to carcinogenic compounds.  Normally the sources of the input parameters are given, e.g., U.S. EPA risk-related guidance documents or NR 720 values but were not given in the Report..

· SEH consultants recently completed a human health risk assessment for WDNR for a PAH contaminated site.  They used different slope factor values for dermal exposure then are in Table 3-1 of the MWH Report.  For example:

Differing SFd Values Used in Human Health Risk Assessment Studies

PAH Compound
SFd Used in Table 3-1 MWH Report

(mg/kg-day) -1
SFd in Appendix G-5 * of SEH Sept. 2003 Hog Island Report

(mg/kg-day) -1

Benz(a)anthracene
0.73
2.35 

Benzo(a)pyrene
7.3
23.5

Benzo(b)fluoranthene 
0.73
2.35

Benzo(k)fluoranthene
0.073
0.235

Chrysene
0.0073
0.0235 

Dibenz(a)anthracene
7.3
23.5

Indeno(1,2,3-c,d)pyrene
0.73
2.35

The stated source of the SFd values in the SEH Report were cited at the bottom of their Appendix G-5 table.  No information is given as to the source of the SFd vlues used in Table 3-1 of the MWH Report.


What is the reason for the different SFd values between the two studies?

· The SA or skin surface area available for contact is expressed on a cm2/event basis on the bottom of MWH Table 3-1.  However, the skin surface area is expressed on a m2/event basis in Appendix G-4 Table – Intake Equations of the SEH Human Health Risk Assessment Report.  The SEH Report identifies the source of the standard equation and input parameter expressions that they are using.

What is the reason for the difference ways of expressing the skin surface area between the two studies?

· I did a preliminary calculation to derive the 95% UCL value of the mean to use as a reasonable maximum exposure (RME) concentration for benzo(a)pyrene in the site sediments. In deriving this value, the following was done: 1) only surface concentrations at the study sites were used, 2) background concentrations were not used, and 3) a normal distribution of the values was assumed rather than a lognormal distribution.  The RME value for benzo(a)pyrene that was derived was 1.28 mg/kg.

· Using the formula at the bottom of MWH Table 3-1, I calculated a preliminary remediation goal for the carcinogenic compound benzo(a)pyrene (PRGCC) and used a target risk goal of 1 X E-06.  The input values I changed from those used in Table 3-1 of the MWH Report were: 1) SFd value of 23.5 instead of 7.3, 2) SA value of 0.33 m2/day rather than 3,300 cm2/day, 3) a body weight (BW) value of 15 kg rather than 43 kg to reflect exposure to a 7 yr.old child rather than an adolescent, and 4) Ingestion Rate (IR) of 100 mg/day rather than 50 mg/kg based on ½ of NR 720 value (applies to soils).

The Table 3-1 formula with the above input parameters is as follows:

           PRGCC (mg/kg B(a)P: TR = 1 x E-06) =                                 (0.000001)(15)(70)(365)

                                                            

                          (52)(10)(0.000001)(7.3 x 100 + 0.33 x 0.13 x 0.2 x 23.5)

          PRGCC (mg/kg B(a)P: TR = 1 x E-06) = 1.01 mg/kg 

          RME concentration of B(a)P in surface sediments = 1.28 mg/kg, exceeds the above Target Risk Level of 











0.01 mg/kg above.

If the formula on the bottom of MWH Table 3-1 were used with the only parameter changed from those given being the body weight (BW) from 43 kg to 15 kg to reflect a child rather than an adolescent, the resulting PRGCC (mg/kg B(a)P: TR = 1 x E-06) value would be 0.74 mg/kg.


In either case, using different assumptions about input parameters, the RME concentration of 

1.28 mg/kg for B(a)P does not meet either of the calculated PRGCC values of 0.74 mg/kg or 1.01 mg/kg  
based on the target risk level of 1 x E-06.

It is likely overly conservative to assume that 7 yr. old child will have access to and be exposed to all 

the bottom areas of the site where B(a)P were measured.  A 7 yr. old child would likely be confined to  

the shallow water areas by the beach area.  Using the nearshore sample results for transects A, B, C, and D that are by the beach area, the B(a)P concentrations in the sediments ranged from 0.11 to 1.1 mg/kg with an average of 0.72 mg/kg.  The average is slightly less than the Target Risk level (1 x E-06) of 0.74 mg/kg calculated above using the stated input parameters to the exposure formula.  The maximum concentration of 1.1 mg/kg B(a)P in the nearshore beach sediments exceeds the target risk level-related concentration of 0.74 mg/kg.

One question is what would be the cumulative exposure risk to a child in the nearshore beach area if all the carcinogenic PAHs were considered rather than just B(a)P?

Page 4-1. Section 4. and Page 5-1. Summary and Section 5. Conclusions

The Menzie-Cura Report contents referenced in Section 4 has been reviewed and commented on in a separate memo and the comments will not be repeated here.  Components of the MWH Report discussed in Section 4 are commented on and discussed above.  

The summary of the HWM Report states that the sediment exposure to nearly all aquatic ecological receptors is limited to the upper 6 inches of sediment.  However, see the discussion paper in Attachment 1 below that indicates it may be appropriate to consider deeper bioactive depth zones depending on site-specific factors.

I do agree with the conclusion of the MWH Report that additional evaluation of the potential effects on aquatic receptors is recommended.  Recommendations in this regard are made in the memo commenting on the Menzie-Cura Report.  Some of these recommendations include:

· Selection of the reference site to ensure all of the habitat factors associated with the bottom area are comparable to those of the downstream bottom areas near the site so that confounding factors are not introduced in interpreting the benthic organism exposures to variable contaminant concentrations.  Measurement of factors beyond the standard parameters such as TOC content, particle size, and water depth may need to be looked at including redox readings, nutrient content, organic matter quality, ammonia and sulfide levels, and microorganism and meiofaunal abundance.  If submergent plants are not found in the vicinity of the downstream sites, then a reference site needs to be selected where submergent plants are not in the vicinity.

· Areas of sediment with the higher PAH concentrations associated with transects E, F, and G should be included in any future sampling for chemistry, toxicity, and/or benthic community studies.  Sediments with lower concentrations in the range of concentrations to be sampled/tested from low to high for exposure purposes should be selected from sites as close to the former MGP site as possible.

· It will be assumed that the primary source of PAHs in sediments of the Millpond are from releases from the former MGP site and are not due to urban sources unless it can be demonstrated otherwise.

· Sampling of water column near the sediment surface rather than just below the water surface.  Also sampling after manually disturbing the bottom to include the suspended sediments and dissolved contaminants in the sample.

· If additional pore water testing is done, provide information of the method used to extract, handle, store and preserve the pore water.  Extract pore water from sediment samples collected from the areas of highest contaminantion and run toxicity tests of longer than 2 days duration.

· It toxicity testing is done, use multispecies testing (e.g., Hyalella azteca and Chironomus tentans).
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Table 1.  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
CBSQGs
Total PAH Concentration < than TEC Concentration of 1.61 mg/kg @ 1% TOC.



EPA Summed

ESG Toxic Units
∑ ESGTU is < 1.0

2
Some Possible Risk
CBSQGs
Total PAH Concentration > TEC Concentration of 1.61 mg/kg but < than MEC Concentration of 12.2 mg/kg @ 1% TOC.



EPA Summed

ESG Toxic Units
∑ ESGTU is >1.0 but than <  2.5

3
Possible Risk
CBSQGs
Total PAH Concentration > than MEC of 12.2 mg/kg Concentration but < than PEC Concentration of 22.8 mg/kg @ 1% TOC.



EPA Summed

ESG Toxic Units
∑ ESGTU is > 2.5 but than < 4.0

4
Probable Risk


CBSQGs
Total PAH Concentration > PEC Concentration of 22.8 mg/kg.



EPA Summed

ESG Toxic Units
∑ ESGTU is > 4.0

Table  2.  Calculation of TPAH Concentrations in 0 – 1 ft. Strata to a 1% TOC Basis and Resulting Risk Category When Compared to Table  SQG-Based Risk Categories

Sample Site
Total PAH Concentration in Solid Sediment mg/kg
% TOC Content


Total PAHs mg/kg 

@ 1% TOC
Risk Category Code 1.
Risk Description to Benthic Organisms

BG01
0.973
5
0.195
1  (1)
No Risk

BG02
4.29
8.4
0.51
1  (2)
No Risk

(Some Possible Risk)

BG03
2.33
7.6
0.31
1  (2)
No Risk

(Some Possible Risk)

A01
9.67
2.48
3.90
2  (2) 
Some Possible Risk

A02
6.27
4.08
1.54
1  (2)
No Risk

(Some Possible Risk)

A03
0.019
2.07
0.01
1  (1)
No Risk

B02
11.18
5.58
2.00
2  (2)
Some Possible Risk

B03
9.24
3.28
2.81
2  (2)
Some Possible Risk

C01
2.70
0.392
6.68
2  (2)
Some Possible Risk

C02
11.3
3.63
3.11
2  (2)
Some Possible Risk

C03
10.55
1.98
2.91
2  (2)
Some Possible Risk

D01
12.68
3.68
3.45
2  (3)
Some Possible Risk

(Possible Risk)

D02
11.56
2.70
4.28
2  (2)
Some Possible Risk

D03
15.17
23.7
0.64
1  (3)
No Risk

(Possible Risk)

E01
86
6.50
13.23
3  (4)
Possible Risk

(Probable Risk)

E02
15.22
2.94
5.18
2  (2)
Some Possible Risk

E03
11.48
3.20
3.59
2  (2)
Some Possible Risk

F01
14.84
6.20
2.39
2  (3)
Some Possible Risk

(Possible Risk)

F01 (1) *
247.2
9.60
25.75
4  (4)
Probable Risk

F02
22.78
6.40
3.56
2  (4)
Some Possible Risk

(Probable Risk)

F03
19.48
5.60
3.48
2  (3)
Some Possible Risk

(Possible Risk)

G01
0.617
22
0.028
1  (1)
No Risk

G02
20.03
8.40
2.38
2  (3)
Some Possible Risk

(Possible Risk)

H01
11.54
6.20
1.86
2  (2)
Some Possible Risk

H02
15.08
6.20
2.43
2  (3)
Some Possible Risk

(Possible Risk)

I02
11.48
6.10
1.88
2  (2)
Some Possible Risk

J01
9.26
3.80
2.44
2  (2)
Some Possible Risk

J02
12.90
5.40
2.39
2  (3)
Some Possible Risk

(Possible Risk)

K01
6.19
6.10
1.01
1  (2)
No Risk

(Some Possible Risk)

K02
7.145
4.40
1.62
2  (2)
Some Possible Risk

L01
12.72
7.50
1.70
2  (3)
Some Possible Risk

(Possible Risk)

L02
9.29
4.9
1.90
2  (2)
Some Possible Risk

1. The  Risk category codes and risk description in parentheses are based on a comparison of the TPAH concentration in sediments not 

        normalized to 1%  TOC content  with the Table 1 CBSQG Risk Categories which are on a 1% TOC basis.  Comparison of the TPAH  

                concentration unadjusted to  TOC content with the CBSQGs based on 1% TOC content results in 14 of the 32 results being put into a 

                higher risk category or the  risks are  overestimated.

        *  Indicated as the  lower portion of the F01 - 0 – 12 inch core that exhibited sheen that was analyzed as a discrete sample.

Table  3.  Calculation of TPAH Concentrations in Lower Strata to a 1% TOC Basis and Resulting Risk Category When Compared to Table    SQG-Based Risk Categories.

Sample Site
Sample Depth

(feet)
Total PAH Concentration in Solid Sediment mg/kg
% TOC Content


Total PAHs mg/kg 

@ 1% TOC
Risk Category Code
Risk Description to Benthic Organisms

BG01
2 - 3
0.015
3.50
0.004
1
No Risk

BG02
2 - 4
0.546
8.20
0.067
1
No Risk

BG03
2 - 4
0.207
3.60
0.058
1
No Risk

B02
2 - 4
5.67
3.50
1.62
2
Some Possible Risk

C02
2 - 4
1.67
1.14
1.47
1
No Risk

C03
2 - 2
10.27
5.07
2.03
2
Some Possible Risk

D01
2 - 2
15.13
0.85
17.8
3
Possible Risk

E03
2 - 2
33.69
3.20
10.53
2
Some Possible Risk

G01
2 - 2
27.24
6.40
4.26
2
Some Possible Risk

J01
2 - 2
5.19
3.30
1.57
2
Some Possible Risk

K01
2 - 3
51.0
8.0
6.38
2
Some Possible Risk

K02
2 - 4
20.21
4.40
4.59
2
Some Possible Risk









Table 4.  Predicted Effect Levels Associated With the U.S. EPA (2000) Summed ESG TU Value Ranges

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.

Table 5.  Relationship of the Effect Levels Between the CBSQGs and the EPA Summed ESG TU Ranges 

SQGs or EPA 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

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 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.
Acute toxicity or lethality to benthic organisms is predicted

Table 6.  Derivation of a Factor to Convert Total PAHs Concentrations in Sediments to Summed ESG Toxicity Unit Values Based On the Values in the Menzie-Cura Report


Reference Site
Site 1
Site 2
Site 3
Downstream Site

A. Summed   

     ESG TU Value
0.31
2.49
4.07
1.29
1.10

B. Total PAHs in 

     mg/kg
1.67
9.95
18.93
6.60
4.54

Ratio of A / B
0.19
0.25
0.22
0.20
0.24

% TOC
7.6
5.0
5.9
6.3
5.2

Average (standard deviation) of ratio values to be used as a conversion factor –  0.22  (0.03)

Table  7.  Conversion of the Total PAH Concentrations Found in the Surface Sediments from the MWH Study to ESG TU Values Based on a Conversion Factor (0.22) Derived from the Menzie-Cura Study and Associated Risk Descriptions. 

Sample Site

MWH Study

Nov. 2003
Total PAH Concentration in Solid Sediment mg/kg
% TOC Content


Summed ESG Toxicity Units Based on Application of Conversion Factor.
Risk Category Code 
Risk Description to Benthic Organisms

BG01
0.973
5
0.21
1
No Risk

BG02
4.29
8.4
0.94
1
No Risk

BG03
2.33
7.6
0.51
1
No Risk

A01
9.67
2.48
2.13
2
Some Possible Risk

A02
6.27
4.08
1.38
2
Some Possible Risk

A03
0.019
2.07
0.004
1
No Risk

B02
11.18
5.58
2.46
2
Some Possible Risk

B03
9.24
3.28
2.03
2
Some Possible Risk

C01
2.70
0.392
0.59
1
No Risk

C02
11.3
3.63
2.49
3
Possible Risks

C03
10.55
1.98
2.32
2
Some Possible Risk

D01
12.68
3.68
2.79
3
Possible Risks

D02
11.56
2.70
2.54
3
Possible Risks

D03
15.17
23.7
3.33
3
Possible Risks

E01
86
6.50
18.92
4
Probable Risks

E02
15.22
2.94
3.34
3
Possible Risks

E03
11.48
3.20
2.53
3
Possible Risks

F01
14.84
6.20
3.27
3
Possible Risks

F01 (1) *
247.2
9.60
54.38
4
Probable Risks

F02
22.78
6.40
5.01
4
Probable Risks

F03
19.48
5.60
4.29
4
Probable Risks

G01
0.617
22
0.13
1
No Risk

G02
20.03
8.40
4.40
4
Probable Risks

H01
11.54
6.20
2.54
3
Possible Risks

H02
15.08
6.20
3.32
3
Possible Risks

I02
11.48
6.10
2.53
3
Possible Risks

J01
9.26
3.80
2.04
2
Some Possible Risk

J02
12.90
5.40
2.84
3
Possible Risks

K01
6.19
6.10
1.36
2
Some Possible Risk

K02
7.145
4.40
1.57
2
Some Possible Risk

L01
12.72
7.50
2.80
3
Possible Risks

L02
9.29
4.9
2.04
2
Some Possible Risk

        *  Indicated as the  lower portion of the F01 - 0 – 12 inch core that exhibited sheen that was analyzed as a discrete sample.

Table 8. Comparison of the Risk Characterizations Done By Using the CBSQGs and the EPA Summed ESG Toxic Unit Approach.

Risk Characterization Category
Sample Sites Categorized Based on the Consensus-Based Sediment Quality Guidelines
Sites Categorized Based on the Summed Equilibrium Partitioning  Sediment Guideline Toxic Unit Values


Number of Sites Assigned to Risk Category (Based on Table 2)
Percentage of Sites in Risk Category
Number of Sites Assigned to Risk Category (Based on Table 7)
Percentage of Sites in Risk Category

1

No Risk or some possible limited risks
5
17.2  (6.9)1.
3
10.3

2

Some possible risks
22
75.9  (55.2)
9
31.0

3

Possible risks
1
3.4  (27.6)
12
41.4

4

Probable risks
1
3.4  (10.3)
5
17.2

Based on the TPAH results from the 29 surface (0 – 12 in.) sediment samples from the sites of the MWH study.   Does not include the three upstream reference sites that were in risk category 1 or no risks using both approaches.

1.  The  percentage in parentheses represents the approach in the MWH Report where the CBSQGs on a 1% TOC basis are compared to the unadjusted bulk sediment concentrations for total PAHs (i.e., not adjusted to 1% TOC).
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Attachment 1

Establishment of the Bioactive Depth Zone in Bottom Substrates to be Used in the Exposure Assessment For Chemical Analysis, Laboratory Toxicity Testing, and Benthic Community Studies

There is a need to clarify and establish what is to be used as the bioactive zone depth that will be used for chemical analysis, laboratory toxicity testing, and benthic community studies in the sediments collected.

Based on the original information reviewed in making the WDNR comment back in 1998 on the bioactive zone issue given below, and given a review of more current papers on this subject (e.g. Cunningham et al. 1999; Matisoff; Wang, 2000; Reible, 2002; and Clarke et al. 2001; Voshell, 2002), there is nothing to change the basic premise that the 0 to 15 cm depth of sediments or even a greater depth is a representational depth for the bioactive zone.  For example, Voshell (2002) indicates that fingernail clams, of which there are approximately 1,000 m3 in the sediments at the Site burrow as deep as 25 cm when they go into a resting stage. The Clarke et al. (2001) paper represents a comprehensive review of information on the depth of biotutbation in different habitats needed to design the thickness of placed caps over contaminated sediments.  Their findings would indicate a bioturbation zone in freshwater habits of a depth greater than 15 cm needs to be considered.  Among their observations were:

1. In spite of differences in taxonomic composition of benthos, there appears to be a high level of correspondence between marine and freshwater benthic communities in terms of distribution and 

      intensities of the bioturbation processes.

2. Notwithstanding evidence for small spatial and temporal scale variation in bioturbation at a site, a general pattern of decreasing activity of benthic organisms with decreasing depth down to 10 – 40 cm appears to be consistent across aquatic habitats.  Beyond the 40 cm depth, there may be the presence of very deep bioturbators.  However, there are few data on the distribution of these organisms.

3. Designs for capping thickness in freshwater should correspond to the combined depth of the surficial and mid-depth bioturbation zones (where significant numbers of organisms can be found), extending from the sediment/water interface to the maximum depth of biodiffusion.  In sandy 

materials the bioturbation zone depth is considered to be 30 cm and in silty-clay materials the  depth is 40 cm.  

4. The best available knowledge on local bioturbators concerning bioturbation processes should supplement generic assumptions.  In most coastal and marine environments, bioturbation can be predicted down to 20 to 60 cm, whereas in  freshwater environments, comparable depths would be 20 to 40 cm.

Based on the comments and the review of current literature in regards to what constitutes a representational bioactive depth zone, the following is information that will be used to establish the depth in this ERA:

a) We should not accept the 0 to 3 inch (0 - 7.6  cm) depth range as representational of the bioactive zone in which exposures occur to all possible in place sediment-associated organisms and or use in the laboratory exposure regimes.

b) The Clarke et al. (2001) review above indicates we should possibly be looking to sample to depths of 30 – 40 cm (12-16 inches) to collect benthic organisms in the bioturbation and therefore bioactive zone.  We should look at the practicalities and capabilities of various sediment sampling devices to obtain intact sediment samples to this depth.  Exposures in only the upper portion of the bottom substrate deposits (10 cm or less) would not be giving a representational picture of the overall and actual risks to all the organisms in the benthic community at the site.  If anything, we should be looking at depths greater than 15 cm to be used in exposures regimes in studies of benthic community structure and laboratory toxicity testing and the associated chemical analyses to characterize these exposure regimes.
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