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Dear Scott:

On behalf of Beazer East, Inc., AMEC is submitting the report titled:
“Evaluation of Potential Ecological Risks, Cabot Carbon/Koppers
Superfund Site, Gainesville, Florida.”  The report presents an
evaluation of potential ecological impacts of wood-treating-related
constituents.  Because the Site proper remains an active wood-treating
facility, and Beazer’s experience is that the on-site portions of such
facilities have limited habitat, the evaluation focuses on the off-Site
waterways investigated by the ACEPD.  When ACEPD’s findings are compared
to allowable concentrations for wood-treating-related PAHs developed
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Evaluation of Potential Ecological Risks 
Cabot Carbon/Koppers Superfund Site 


Gainesville, Florida 
 


The Alachua County Environmental Protection Department (ACEPD) has recently 
completed a study of the sediment quality of creeks in the vicinity of the Site (ACEPD, 
2009).  That study concludes that because concentrations of polynuclear aromatic 
hydrocarbons (PAHs) in sediments exceed the Threshold Effects Concentration (TEC) at 
some sampling locations, PAHs may pose a potential risk to sediment biota (ACEPD, 
2009).  ACEPD (2009) also reported non-detectable or low concentrations of metals and 
pentachlorophenol and concluded that those constituents do not appear to pose an 
environmental risk.  Accordingly, this report contains an evaluation of the potential risks 
to the benthic macroinvertebrate community posed by PAH concentrations in sediments 
in off-Site creeks downstream of the Koppers Inc. (KI) portion of the Cabot 
Carbon/Koppers Superfund Site in Gainesville (Site).  
 
Beazer’s extensive experience from investigations at other wood-treating sites indicates 
that the benthic macroinvertebrate community in waterways adjacent to a site is the 
most sensitive ecological receptor when active wood-treating operations are still ongoing 
at a site.  Wood-treating operations generally preclude the presence of important 
terrestrial habitats on-site, and on-site drainage ditches are often highly disturbed and 
may only contain water during and after rainfall events which is too short a period of time 
to establish a permanent benthic community.  That appears to be the case with the 
drainage ditch that traverses the KI portion of the Site.  The drainage ditch is often dry, 
or reduced to small pools. Additionally, debris and vegetation that accumulate in the 
drainage ditch are periodically removed, most recently during the spring of 2009.  To the 
extent that sediments were also removed during this process, any benthic invertebrates 
that may have been present, assuming any could be sustained within the ditch, would 
have been disturbed.  Accordingly, this evaluation focuses on off-site creeks, as the on-
Site drainage ditch is unlikely to have a permanent continuous benthic community.   
 
Beazer has conducted whole sediment toxicity tests at eight wood-treating sites, five of 
which are located on small waterways where the wood-treating-related PAHs are likely 
to comprise the majority of PAHs in the sediments.  Between 2005 and 2006 Beazer 
compiled the toxicity testing findings at five of these sites (those that were available at 
that time; testing at three additional sites has been completed since 2006) in response to 
a request from USEPA Region III.  The result of this effort was a memorandum that 
presented potential cleanup goals for wood treating-related PAHs (AMEC 2006; included 
as Attachment 1).  This report uses the findings presented in that memorandum to 
evaluate the potential for adverse effects in creeks downstream of the Site.1 
 
AMEC (2006) summarizes the chemistry and toxicity testing results for sediment 
collected from three wood-treating sites.  Toxicity testing was conducted using both 
Hyalella azteca and Chironomus tentans.  In addition, in situ benthic community surveys 
                                                 
1   The evaluation replaces and improves upon the common screening approach of 
comparing sediment concentrations to generic TECs with a comparison of PAH 
sediment concentrations to wood-treating PAH-specific sediment benchmarks derived by 
Beazer from sediment toxicity data collected at several other wood-treating sites. 
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were conducted at some of the sites.  At the concentrations detected at the other sites, 
no site-related effect on the in situ benthic community was discernable.  However, a 
dose-response relationship could be developed for survival and PAH concentration 
(expressed several ways; see Attachment 1).  For example, Hyalella and Chironomus 
mortality was found to increase as either the total PAH or the organic carbon (OC)-
normalized total PAH concentration increases. 
 
The mortality data presented in AMEC (2006) support the hypothesis that the 
concentration of total PAHs of pyrogenic origin in sediments needs to exceed at least 
250 mg/kg or 45,000 mg/kg OC-adjusted PAH before substantial (greater than 20%) 
mortality of either Hyalella or Chironomus is observed.  These effect concentrations are 
substantially higher than the default sediment benchmarks typically used in ecological 
risk assessments (e.g., threshold effect levels (TELs), probable effect levels (PELs), 
threshold effect concentrations (TECs), median effect concentrations (MECs), and 
extreme effect concentrations (EECs)).  The most likely explanation for the difference 
appears to be that pyrogenically derived PAHs in sediments at wood-treating sites are 
substantially less bioavailable than are the PAHs at the sites and in the toxicity tests 
used to derive the typically used benchmarks.  Another contributing factor may be that 
the source and composition of PAHs (i.e., petrogenic versus pyrogenic) at the sites and 
toxicity tests used to derive the typical benchmarks differs from the source and 
composition of PAH at wood-treating sites.  PAH mixtures of petrogenic origin have a 
greater proportion of non-parent PAHs than do pyrogenic PAH mixtures.  
 
Table 1 summarizes the total PAH concentrations and the OC-normalized PAH 
concentrations that are predicted to potentially cause different levels of mortality in 
Hyalella and Chironomus based upon results from other wood-treating sites.  The EC20 
for total PAH and Hyalella mortality ranges between 462 and 655 mg/kg depending upon 
data set used to derive the EC20 and the EC20 for OC-normalized PAH ranges from 
48,434 to 54,786 mg/kg OC.  Parallel relationships exist for total PAH concentration, 
OC-normalized PAH concentration, and Chironomus mortality.  
 
Table 1 also presents the maximum and arithmetic average concentrations of total PAH 
and OC-normalized PAH in off-Site creeks as reported by ACEPD (2009). Total PAH 
concentrations in shallow creek sediments downstream of the Site range from non-
detect to 57 mg/kg (ACEPD 2009).  OC-normalized PAH concentrations in shallow creek 
sediments downstream of the Site range from non-detect to nearly 5,000 mg/kg OC with 
an average of 1,394 mg/kg OC (ACEPD 2009).  The maximum concentrations are about 
ten times lower than the most stringent benchmarks (i.e., the EC20s) shown in Table 1 
and the average concentrations are about 50 times lower than these benchmarks.  
These results indicate that the PAHs in downstream creek sediments, assuming they are 
of wood-treating origin, are not expected to pose a risk to the benthic community.  Note 
that the data collected by ACEPD suggest a portion of the PAHs present in downstream 
sediments, perhaps a substantial portion, may have a non-wood treating origin. 
Regardless, if the PAH concentrations downstream of the Site were of wood-treating 
origin (i.e., they were present solely as a result of the wood-treating facility), no adverse 
effects to benthic macroinvertebrates would be expected.   
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As discussed above, the on-Site drainage ditch is unlikely to represent a continuous and 
permanent habitat for a benthic invertebrate community.  Even assuming such a 
community were present, the maximum total PAH concentration in the drainage ditch 
(124 mg/kg, AMEC 2007) is about four-fold lower than the most stringent effect level and 
the arithmetic average total PAH concentration in drainage ditch sediments is about ten 
times lower than the most stringent effect level.  The maximum and average OC-
normalized PAH concentrations are also less than the most stringent effect level.  These 
results indicate that even if sufficient surface water were present in the drainage ditch to 
support a benthic macroinvertebrate community, adverse effects to such a community 
associated with the presence of wood-treating-related PAHs are not expected.   
 
In conclusion, ACEPD (2009) reported that concentrations of metals and 
pentachlorophenol downstream of the Site do not appear to pose a potential 
environmental risk but that concentrations of PAHs may pose a potential risk because of 
an exceedance of the TEC.  The summary of wood-treating related PAH data presented 
in AMEC (2006) indicates that the TEC is not applicable to wood-treating related PAH 
and that toxicity to benthic invertebrates is not expected until concentrations exceed a 
minimum of 250 mg/kg total PAH (and likely higher) or an OC-normalized PAH 
concentration of about 50,000 mg/kg OC.  The concentrations of PAHs in creek 
sediments downstream of the Site are far below these wood-treating specific 
benchmarks, indicating that adverse effects to benthic invertebrates associated with 
wood-treating-derived PAHs are not expected to occur in downstream waterways.  
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Constituent
Dose-Response 
Model   Units   EC20   EC25   EC50  Maximum Average


 tPAH   MLE-Probit   mg/kg  462 66 591 502 137 665 703 549 4,981 57 11
 OC-tPAH   MLE-Logit   mg/kg OC  48,434 43,473 51,465 50,053 45,636 52,941 56,750 53,747 60,280 4,776 1,394


 tPAH   MLE-Logit   mg/kg  655 -- -- 661 --  -- 684 -- -- 57 11
 OC-tPAH*   MLE-Logit   mg/kg OC  -- -- -- -- --  -- -- -- -- 4,776 1,394


 tPAH   MLE-Logit   mg/kg  650 -- -- 657 --  -- 684 -- -- 57 11
 OC-tPAH   MLE-Logit   mg/kg OC  54,786 -- -- 55,333 --  -- 57,476 -- -- 4,776 1,394


 tPAH   MLE-Logit   mg/kg  503 405 553 520 430 568 593 534 640 57 11
 OC-tPAH   MLE-Logit   mg/kg OC  47,071 41,126 50,040 48,134 42,733 50,938 52,420 49,004 55,037 4,776 1,394


 tPAH   MLE-Logit   mg/kg  481 426 517 500 449 535 579 542 614 57 11
 OC-tPAH   MLE-Logit   mg/kg OC  45,914 42,538 48,125 47,051 43,973 49,138 51,656 49,520 53,628 4,776 1,394
 Notes:  
 tPAH = total polycyclic aromatic hydrocarbon  
 OC-tPAH = organic carbon-normalized tPAH  
 EC20 = 20th percentile effect concentration  
 EC25 = 25th percentile effect concentration  
 EC50 = 50th percentile effect concentration  
 *MLE-Probit and Logit models failed to converge after 50 iterations  


 Chironomus  Mortality (excluding Hocomonco Pond Data)  


 Hyalella  Mortality  


 Hyalella  Mortality (excluding Newport Amphipod Run 1)  


 Hyalella  Mortality (excluding Newport Samples BP-1B, FP-2B, FP-2C, and FP-4C)  


 Chironomus  Mortality  


Off-Site Downstream 
Creek Concentrations


 Table 1
EC20s, EC25s, and EC50s Derived from Newport, Guthrie, and Hocomonco Pond Sites


Compared to Off-Site Concentrations at Gainesville


 95% Confidence 
Limits  


 95% Confidence 
Limits  


 95% Confidence 
Limits  


Sediment Benchmarks Derived from Other Wood-Treating Sites
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Memo    


To Ruth Prince, EPA Region III File no 472009000 0100 
From Paul Anderson, AMEC cc 
Date 15 May 2006  


Kurt Paschl, Beazer 
Jane Patarcity, Beazer 
Mark Hannish, BBL 


 
Subject Update of Revised Analysis of the interpretation of PAH toxicity data at 


five wood treating sites based on USEPA Region V’s March 27, 2006 
comments. 


 
 
As a follow-up to the revised PAH toxicity analysis submitted on March 10, 2006, this 
memorandum contains an updated revised analysis, based on comments received from 
USEPA Region V on the original Technical Memorandum: Summary of Benthic Macro 
invertebrate Toxicity Investigation at Five Wood Treating Sites (Technical Memorandum) 
dated December 21, 2005. AMEC received Region V’s comments on March 27, 2006.  
Some of Region V’s comments were on aspects of the Technical Memorandum that you 
had not commented on.  As a result, additional changes to the revised analysis dated 
March 10, 2006 have been made and are presented herein.   
 
As with your earlier comments, we think addressing Region V’s comments has further 
strengthened the evaluation and that the evaluation demonstrates that creosote-derived 
PAH in sediment (and likely most pyrogenic PAH in sediment) are not expected to pose 
toxicity to benthic invertebrates until concentrations exceed a minimum of 250 mg/kg 
total PAH, and likely higher.  The rest of this memorandum contains an updated revised 
analysis that presents those findings.  Much of this memorandum is very similar to one 
that I sent to you on March 10, 2006 addressing your earlier comments.  
 
In order to provide some background regarding the changes to the Technical 
Memorandum, the key comments from USEPA Region’s III and V are summarized 
below.  These are not all of the comments but they do represent those that led to the 
most substantive changes to the original Technical Memorandum.   
 


 The absence of a dose response relationship between mortality and PAH 
concentration does not mean one does not exist. It could be masked by other 
stressors or it could be that the stressor in question is inadequately quantified or 
characterized. 


 
 In this case, PAH other than the 16 parent PAH analyzed for may be present and 


causing toxicity to invertebrates at sampling locations with low concentrations of 
the 16 parent PAH. 


 
 Some of the toxicity data used in the Technical Memorandum have marginal 


control survival indicating possible issues with data quality.  
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 Results of toxicity tests examining effects on growth may be difficult to interpret 
because of confounding effects associated with varying food supplies in the test 
vessels. 


 
 What role do factors other the PAH concentration have in determining benthic 


community composition and how does the influence of those factors compare to 
the influence of PAH concentration? 


 
Grouping of Sites 
 
The first thing we did was revisit the nature and identity of the likely chemical stressors 
at the five sites included in the Technical Memorandum.  The Technical Memorandum 
refers to Burnaby as a site where the primary source of toxicity was creosote-derived 
PAH.  While we do think sediments immediately adjacent to the site have elevated 
concentrations of creosote-derived PAH, we were too “optimistic” in thinking that toxicity 
at this site, with its many sediment sampling locations, was driven primarily by creosote-
derived PAH.  (In this case, we use the word “optimistic” in the sense that Burnaby has 
many toxicity data points and we were hopeful that we could use those data points to 
shed abundant light on the relationship between creosote-derived PAH and invertebrate 
toxicity.)   
 
As the Technical Memorandum indicates, the Burnaby site is located close to the mouth 
of the Fraser River in Burnaby, British Columbia, very near to Vancouver.  Adjacent to 
and upstream of this site are many potential sources of PAH and other chemicals.  The 
Fraser River is by no means pristine in the vicinity of the site.  It is an area that is 
urbanized and industrialized and has a great deal of ship traffic.  Perhaps the single 
observation that keyed us into the existence of sources of toxicity other than creosote 
derived PAH was the high level of toxicity observed at one of the reference stations.  
Reference stations were specifically selected to be clearly outside of the influence of the 
site.  With regard to PAH, that appears to be the case.  The PAH concentration at the 
reference stations ranged from 0.11 to 0.49 mg/kg and at this particular station was 0.49 
mg/kg.  This is less than the consensus based TEC of 1.6 mg/kg.  Yet Chironomus at 
this particular reference station had mortality of 72%.  At another reference station with a 
PAH concentration of 0.15 mg/kg, Hyalella mortality was 52%.  Even the USEPA sum 
PAH narcosis model (referred to as the sum-TU approach in the remainder of this 
revised analysis), corrected for the measurement of only 16 of the 34 PAH groups 
(which we discuss in more detail below), predicts no PAH-derived toxicity at either of 
these reference locations because the corrected sum-TU is less than 1.0.  Clearly, other 
significant sources of toxicity exist in the vicinity of this site and are contributing to the 
observed toxicity.  Yet, the regressions contained in the Technical Memorandum 
assumed that PAH was the dominant source of toxicity at the site.  Making that 
assumption could and did lead to the erroneous conclusion that the sediment PAH 
concentration and observed toxicity are unrelated.  Indeed, at sufficiently high 
concentrations, PAH do cause toxicity.  It is just that at Burnaby, any such relationship 
(assuming PAH concentrations are high enough to cause toxicity) is masked by the 
presence of other sources of toxicity. 
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As a result of the above observations, the revised analysis places the five sites into two 
groups.  Three of the sites (Hocomonco Pond, Guthrie and Newport) are similar in that 
creosote-related PAH were released to water bodies that appear to have no or few other 
potential major upstream or adjacent sources of chemical stressors.  In other words, 
PAH are expected to be the dominant stressors in these waterways. Equally important, 
creosote-derived (i.e., pyrogenic) PAH are expected to be the primary source of PAH in 
sediments collected for toxicity testing at these sites.  High concentrations of petrogenic 
PAH, which are dominated by the non-parent, alkylated PAH, are not expected to be 
present.  However, at Charleston and Burnaby, other suspected or known sources of 
chemical stressors are present and not only could be, but almost certainly are, 
contributing to any observed toxicity and any relationship that may exist between PAH 
and toxicity could be hidden or masked by toxicity from other sources.  Thus, the first 
group is comprised of the three creosote-derived PAH dominated sites referred to 
above.  The other group includes the two sites (Charleston and Burnaby) where 
stressors other than creosote-derived PAH are also likely to be present.  Most of the 
remainder of this revised analysis focuses on data from the three creosote-derived PAH 
sites.  The revised analysis only briefly touches on the other two sites because the 
setting and conditions at those two sites (the presence of multiple sources of chemical 
stressors) are not relevant to Carbondale where wood treating derived chemical 
stressors are expected to be dominant.  Those sites are relevant to the Follansbee site 
because they point out the difficulty of interpreting benthic investigation results (as least 
with regard to identifying the specific cause of any observed toxicity) when multiple types 
of stressors from many sources are likely to be present, as is the expectation at 
Follansbee.  The end of the revised analysis simply repeats that observation. 
 
In the interest of exploring whether a relationship does or does not exist between PAH 
and toxicity, to increase the power of that examination, and to increase the range of PAH 
concentrations over which that relationship may be present, the revised analysis 
combines the data from the three creosote-derived-PAH dominated sites.  This is in 
response to Region III’s observation that no relationship exists between PAH and toxicity 
(when such a relationship is expected) and the related concern that the measures of 
concentration of PAH in sediments that were used in the Technical Memorandum (i.e., 
the concentration of the standard 16 parent PAH) may not capture the true amount of 
PAH available to pose toxicity.  In our view, this was a critical comment that needed to 
be addressed. 
 
When the toxicity data from just the three sites, where creosote-derived PAH are 
expected to be the major cause of potential toxicity, are plotted together, a very different 
picture emerges.  We attempted to combine both data for the survival endpoint and the 
growth endpoint for both Hyalella and Chironomus.  Survival data are discussed first, 
followed by growth data. 
 
Toxicity Data - Survival  
 
Combining survival data across the three sites into a single regression is relatively 
straight forward.  Really, the only question is what “background” survival rate should be 
assumed for the test species.  Even that question would be simple if survival in controls 
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for the different toxicity tests was identical.  It was similar, but not identical across the 
three tests.  For Hyalella, survival in Hocomonco Pond controls was 95%; at Guthrie it 
was 92% and 95% for test organisms grown on natural sediment and beach sand, 
respectively; and at Newport it was 80% and 87.5% for Amphipod Runs 1 and 2.  The 
average control mortality across all sites was 10.1%.  All survival dose response curves 
were generated using ToxCalcTM software (version 5.0.23j).  We selected 10% as the 
background mortality.  A sensitivity analysis of the effect of assuming different 
background (or control) mortality over the range of 1% to 10% found a small (less than 
1%) effect on the predicted effect concentrations.  
 
For Chironomus, survival in Hocomonco Pond controls was 52%; at Guthrie it was 90% 
and 96% for chironomids grown on natural sediment and beach sand, respectively.  
Finally, at Newport control survival was 87.5 and 83.8% for Chironomid Runs 1 and 2.  
The average mortality across all sites was 18.2%.  The revised analysis for Chironomus 
also uses 10% as the background mortality.  This is just less than the average of control 
mortality across the sites when the Hocomonco Pond controls are excluded.   
 
The relationship between survival and PAH concentrations is presented in three ways for 
both Hyalella and Chironomus.  The PAH concentration in sediment is expressed as the 
total PAH concentration on a bulk sediment basis (mg/kg), as an organic carbon-
adjusted concentration (mg/kg OC), and as a corrected sum-TU (summed toxic units) 
concentration.  The bulk sediment and organic carbon-adjusted concentrations are 
identical to those presented in the Technical Memorandum.  Calculation of corrected 
sum-TUs is new and is included in response to Region III’s concerns about the potential 
effects of toxicity of PAH other than the standard 16 that are typically analyzed.   
 
The sum-TU of the 16 parent PAH was calculated following EPA’s sum-TU guidance 
(EPA 2003).  In other words, the revised analysis uses the measured individual PAH and 
organic carbon concentrations at each sampling location combined with the allowable 
porewater concentration and Koc presented in the EPA guidance to estimate the sum-
TU at each of the sediment sampling locations.  Then, in light of the possibility that PAH 
other than the standard 16 may also be present in sediments, the revised analysis 
corrects the sum-TU calculated based only on the 16 parent PAH measured at each 
sample.  As you know, the EPA guidance contains multipliers to make this adjustment 
(EPA 2003).  However, those multipliers are derived using 13 parent PAH and are 
developed to be applied to both pyrogenic and petrogenic PAH mixtures.  Because the 
PAH at these three sites are pyrogenic in origin (as are the PAH at Carbondale and 
Follansbee) and because analytical data for the 16 parent PAH are available, the revised 
analysis uses a multiplier applicable to the 16 parent PAH and derived specifically for 
pyrogenic PAH mixtures.  It turns out that Steve Hawthorne has just published such a 
multiplier (Hawthorne et al. 2006).  This is the same research group that authored the 
presentation that Region III forwarded to AMEC last fall.  Hawthorne et al. (2006) 
developed an upper bound multiplier of 3.9 to account for the contribution to toxicity of 
PAH other than the 16 parents in pyrogenic mixtures.  The corrected sum-TU dose 
response curves presented in the rest of the revised analysis use the 3.9 multiplier 
developed by Hawthorne et al. (2006). 
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Figures 1-3 present the Hyalella survival dose-response curves.  Figure 1 plots survival 
versus total PAH concentration, Figure 2 plots survival versus organic carbon-adjusted 
PAH and Figure 3 plots corrected sum-TU.  Table 1 presents the EC20, EC25 and EC50 
(and 95% confidence limits) for each dose-response curve and identifies the dose-
response model (logit or probit) that best fit the data.  ToxCalcTM  fits toxicity data to two 
dose response models: probit and logit.  In most cases, one model fits the data better 
than the other.  Only the effects levels derived from the model that best fit the data are 
shown in the revised analysis.  In some cases neither model fits the data, in which case 
no effects levels are presented.   
 
As one might expect, PAH appear to have a strong effect on Hyalella mortality.  Indeed, 
toxicity increases as PAH concentration increases.  This relationship exists whether the 
PAH concentration is expressed on bulk sediment basis, an OC-adjusted basis or when 
PAH concentrations are converted into TU.  The EC20 for total PAH is 462 mg/kg, for 
organic carbon-adjusted PAH is 48,434 mg/kg OC and for corrected sum-TU is 263 TU.  
The EC20s for total PAH and for OC-adjusted PAH far exceed any of the typical 
screening benchmarks used to evaluate the potential risk of PAH in sediments to benthic 
invertebrates.  These findings are similar to what the Technical Memorandum reported 
previously when the sites were viewed individually, but by combining the sites, the 
revised analysis is able to explain that the absence of a strong PAH effect at some sites 
(e.g., Hocomonco Pond and Guthrie) is due to the relatively low PAH concentrations at 
those sites.  
 
Important new information is provided by the sum-TU relationship.  The most striking 
aspect of the plot of corrected sum-TU (Figure 3) is that almost every sample has a 
corrected sum-TU of greater than 1.0.  In other words, if the sum-TU approach was used 
in isolation to predict toxicity at these three sites and site-specific toxicity information was 
not available, the sum-TU method predicts that toxicity should be observed in essentially 
every sediment sample collected at these three sites.  However, significant toxicity was 
observed in only a few samples, and those were the ones with the highest PAH 
concentration and also with the highest corrected sum-TU.  The dose response 
relationship indicates that 20% mortality of Hyalella should be observed at a corrected 
sum-TU of about 263.  At that corrected sum-TU concentration, the sum-TU model 
would predict 100% mortality.  It seems clear that the sum-TU method overestimates 
potential toxicity of PAH associated with creosote-derived PAH in sediments.  Indeed, 
the dose-response curve that describes the relationship between corrected sum-TU and 
observed toxicity can be used to estimate the corrected sum-TU at which significant 
toxicity is actually observed.  If a 20% increase in mortality of Hyalella is assumed to 
represent the threshold for biological significance, such an increase is predicted to occur 
at a corrected sum-TU of 263 rather than a corrected sum-TU of 1.0, which is the sum-
TU value assumed to represent a biologically significant response.  Thus, it appears that 
the sum-TU method overestimates toxicity of creosote-derived PAH to Hyalella by about 
250-fold. 
 
Why the overestimate?  For the purpose of exploring the potential cause, let’s assume 
that the theory upon which the sum-TU approach is based is correct.  Let’s also assume 
that the allowable porewater concentrations really do represent the threshold at which 
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toxicity is manifested.  (This latter assumption is likely not true since the allowable 
porewater concentrations are the final chronic value (FCV).  The FCV is the equivalent 
of a chronic AWQC.  Ten days of exposure to the FCV would not be expected to result in 
100% mortality of exposed organisms.  Thus, a corrected sum-TU of 1.0 should not 
really be expected to be associated with such an extreme effect.)  The reason for the 
large overestimate appears to lie in the effective bioavailability of PAH in sediments.  
This is the exact same issue that Hawthorne and his co-researchers were getting at in 
the presentation forwarded by Region III to AMEC.  What is most interesting, is that the 
magnitude of the overestimate of toxicity at the three sites described in this revised 
analysis is very similar to the difference between predicted and measured Koc by 
Hawthorne (see the figure on page 42 of the forwarded presentation).  Hawthorne and 
coworkers found that the bioavailability of individual PAH at all of the sites they 
investigated was between 10- and 1000-fold lower than predicted based strictly on 
chemical structure and organic carbon content.  This magnitude of reduction in predicted 
to measured bioavailability encompasses the difference in predicted versus measured 
toxicity at the three sites.  Given that Hawthorne and coworkers have found that the 
sum-TU method predicts toxicity quite well once differences between theoretical and 
measured bioavailability of PAH are accounted for, it appears that the potential toxicity of 
PAH in sediments at the three wood treating sites included in the revised analysis may 
be substantially lower than predicted because PAH in sediments are substantially less 
bioavailable than assumed by the theoretical Koc’s used to estimate corrected sum-TU.  
The consistency between Hawthorne’s investigations of coal tar-derived PAH with 
creosote-derived PAH at the above three sites is expected.  Both coal tar and creosote 
are pyrogenic PAH mixtures and have similar composition, at least with respect to being 
dominated by parent PAH rather than alkylated PAH. 
 
One of the key observations made in the Region V comments is that some of the toxicity 
data developed at Newport and Hocomonco Pond had marginal control survival and, 
therefore, that the toxicity test results themselves may be suspect.  One series of 
Newport Hyalella tests had control survival of 80%, equal to the threshold for 
acceptability.  While technically these data are valid, as part of the revised analysis, the 
Hyalella dose-response evaluations are conducted in three ways.  The first, described 
above, uses all the data from the three sites.  The second removes all five of the 
Hyalella Newport data points generated by the toxicity test with marginal control survival.   
The third removes the four Newport Hyalella toxicity data points (BP-1B, FP-2B, FP-2C, 
and FP-4C) with relatively low PAH concentrations (less than about 450 mg/kg tPAH) 
and intermediate mortality (between 11.3 to 23.8%) but retains the one data point (FP-
1A) with a high total PAH concentration (5,890 mg/kg) and high mortality (100%).  The 
logic associated with the latter alternative is that the elevated toxicity at the four data 
points with relatively low PAH concentrations may be elevated for the same reason the 
control samples had elevated mortality (which is not associated with an elevated PAH 
concentration) while the PAH level in the sample with the highest PAH concentration is 
so high, that toxicity would be expected, regardless of any possible complications with 
the control. 
 
Removing all of the potentially questionable Newport data points increases the EC20 
from 462 to 655 mg/kg total PAH and from 263 to 308 on sum-TU basis (Figures 4-5, 
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Table 1).  The regressions for total PAH and sum-TU remain statistically significant 
(p<0.05), but note that when PAH concentration is expressed on an organic carbon-
adjusted basis, the data did not fit either the maximum likelihood Probit or Logistic dose-
response models.   
 
Removing only four of the five potentially questionable Newport data points (in other 
words, retaining the one data point with a total PAH concentration of greater than 5,000 
mg/kg) also increases the benchmarks. For example, the EC20 increases from 462 to 
650 mg/kg total PAH, from 48,434 to 54,786 mg/kg on an organic carbon-adjusted basis, 
and from 263 to 302 on sum-TU basis (Figures 6-8, Table 1). Thus, it appears that even 
if the few data points with marginal control survival are removed from the analysis, the 
Hyalella benchmarks presented in the revised analysis do not change appreciably.  
  
Chironomus dose-response plots using all of the toxicity test data from the three sites 
are presented in Figures 9-11 and select effect concentrations are summarized in Table 
1.  The overall pattern of results is very similar to that for Hyalella.  The Chironomus total 
PAH EC20 is slightly greater than the EC20 for Hyalella (503 mg/kg vs. 462 mg/kg), and 
the OC-adjusted PAH and corrected sum-TU EC20s are slightly smaller (47,071 mg/kg 
OC vs. 48,434 mg/kg OC, and 260 TU vs. 263 TU, respectively). 
 
An evaluation of the effect of removing Hocomonco Pond toxicity test data with marginal 
control survival was also included in this revised analysis.  In this case, all Chironomus 
toxicity test results with marginal control survival were eliminated from the dose-
response evaluation.  As with Hyalella, removal of these data points does not have a 
substantial effect on the dose response relationship between PAH concentration and 
Chironomus mortality (Figures 12-14, Table 1).  For example, the EC20 decreases from 
503 to 481 mg/kg total PAH, from 47,071 to 45,914 mg/kg on an organic carbon-
adjusted basis, and from 260 to 254 on sum-TU basis.  
 
In summary the survival data support the hypothesis that the concentration of total PAH 
of pyrogenic origin in sediments needs to exceed 450 mg/kg total PAH, 45,000 mg/kg 
OC-adjusted PAH and about 250 TU before substantial (greater than 20%) mortality of 
either Hyalella or Chironomus is observed.  All of these effect concentrations are 
substantially higher than the default sediment benchmarks typically used in ecological 
risk assessments.  The most likely explanation for the difference appears to be that 
pyrogenically derived PAH in sediments at wood treating sites and are substantially less 
bioavailable than are the PAH at the sites and in the toxicity tests used to derive the 
typically used benchmarks.  Another contributing factor may be that the source and 
composition of PAH (i.e., petrogenic versus pyrogenic) at the sites and toxicity tests 
used to derive the typical benchmarks differs from the source and composition of PAH at 
wood treating sites.   
 
Toxicity Data - Growth 
 
Combining growth data across all three sites was more challenging than combining 
survival data.  The challenge arises from the variation in initial length or weight of the 
test organisms between the laboratories conducting the tests.  The fact that initial 
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weights and or lengths varied between labs means that the changes in length or weight 
over time with increasing PAH concentration need to be normalized to initial weight.  The 
normalization is further complicated because some of the laboratories do not report all 
the initial size information needed to conduct the normalization.  The required 
information was available for Hyalella from all three laboratories and one laboratory for 
Chironomus.  When the required data were available, changes in size were normalized 
to changes in the appropriate control using the following formula: 
 


InitialFinal
InitialFinal


control −
−


 


 
The output of this is a fraction for each sampling location.  It represents the fraction of 
growth relative to laboratory control at each sampling location, and accounts for 
differences both in laboratory conditions that would favor or impair growth in one 
laboratory relative to another, as well as between the organisms at different laboratories 
(i.e. one group may simply be healthier than another). 
 
The relationship between growth and PAH concentration was analyzed by simple linear 
regression using both untransformed and log transformed PAH concentrations.  PAH 
concentrations were expressed as a bulk sediment concentration (mg/kg), an organic 
carbon-adjusted concentration (mg/kg OC), and as a corrected sum-TU concentration.  
Since the required growth data for all three sites are available for only Hyalella, linear 
regression was not conducted for Chironomus.  Although a trend of decreasing Hyalella 
growth with increasing PAH content in sediments is evident (Figures 15-17), none of the 
linear regressions of untransformed PAH concentration vs. normalized Hyalella growth 
are statistically significant (p=0.05, Table 2).  Nor is the regression of log transformed 
total PAH concentration versus growth statistically significant (p>0.05, Table 2).  
However, the regressions of log transformed organic carbon normalized PAH and of 
corrected sum-TU versus growth are statistically significant (p<0.05, Table 2).   
While some of the log transformed regressions of sediment PAH content versus growth 
are statistically significant, change in PAH concentration explains less than 20% of the 
observed variation in growth of Hyalella in the laboratory.  In any case, it appears that 
based upon the two statistically significant regressions, a very high PAH level in 
sediments is needed to cause a 20% reduction in growth of Hyalella (compared to 
control), i.e., greater than 250,000 mg/kg OC and nearly 1,000 corrected sum-TU.   
 
It is important to realize that looking for significant growth effects using regression 
analysis may not be the most sensitive way to detect an effect of PAH in sediments, as 
was alluded to in the comments attached to USEPA Region V’s cover letter.  First, 
growth data are not available for the sediment samples with the highest PAH 
concentrations.  Those are the concentrations at which all organisms died.  So the range 
of concentration over which a growth effect can be monitored is more limited than for 
survival.  Second, at concentrations high enough to increase mortality, it is possible that 
the increased mortality leads to the availability of more food and allows the fewer 
surviving organisms to grow more than organisms in test vessels with lower PAH 
concentrations and more living organisms.  Finally, it appears that low to moderate 
levels of PAH in sediments (total PAH of less than about 50 mg/kg (Figure 15); organic 
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carbon adjusted PAH of less than about 2000 mg/kg organic carbon (Figure 16); and, 
corrected sum-TU of about 10 or less (Figure 17)) may stimulate Hyalella growth.  These 
observations may in part explain why PAH concentration explains little of the observed 
variation in Hyalella growth. 
 
A better way to evaluate potential effects on growth may be to compare growth at each 
sampling location to growth at a matching reference location.  This would need to be 
done on a site by site basis.  That is what was done at Guthrie and Hocomonco Pond.  
At those two sites, no statistically significant reduction or increase in growth was 
observed at potentially affected samples relative to laboratory control or reference 
locations (see information presented in the Technical Memorandum).  At Newport the 
growth at each sampling location was compared to laboratory controls by the toxicity 
laboratory.  This comparison revealed a statistically significant reduction in growth at a 
PAH concentration as low as 308 mg/kg (17,724 mg/kg OC, 102 TU).  Having said that, 
the comparison to controls rather than reference stations ignores potentially important 
local (but not site-related chemical stressor) effects that could reduce growth.  This 
appears to be exactly what occurred at Newport.  Growth of Hyalella in Newport 
reference samples was markedly lower than in controls (in the case of one reference, 
the decrease was statistically significant (p<0.05)).  As Table 3 shows, if PAH 
concentrations are compared to appropriate reference samples rather than controls, 469 
mg/kg (45,048 mg/kg OC, 249 TU) and 685 mg/kg (57,525 mg/kg OC, 319 TU) 
correspond to a reduction in growth of 20% and 8%, a result which is consistent with the 
levels of PAH in sediments at which decreases of approximately 20% in survival were 
observed. 
 
In summary, the growth data appear generally consistent with the mortality data.  The 
concentration of PAH in sediments at these three sites needed to exceed 469 mg/kg, 
(45,048 mg/kg OC, 249 TU) before reductions in growth of Hyalella approaching 20% 
less than reference were observed.   Because the growth data have more uncertainty 
associated with them than do the mortality data, the mortality data should be given 
preference for derivation of benchmarks.  
 
Benthic Community Studies 
 
Data from these three sites also include benthic community metrics.  These turn out to 
be the most challenging to normalize across the three sites.  In fact, after attempting 
many different approaches, we have not yet been able to identify a scientifically 
defensible approach to do this.  Some of the difficulties are recounted below, but the 
bottom line is that an evaluation of benthic metrics is best conducted on a site by site 
basis.  Such evaluations were already summarized in the Technical Memorandum.  The 
evaluations presented therein found little evidence of PAH-related effect on the in situ 
benthic community.  In exploring approaches to combine these data across all three 
sites, we conducted some additional evaluations at some of the sites.  The results of 
some of these updated evaluations are presented below.  All of them continue to support 
the hypothesis that PAH in sediments are not the primary determinant of benthic 
community composition at these sites.  This is true even at the locations with the highest 
PAH concentrations.  Indeed, it appears that statistically significant changes in mortality 
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of laboratory test species occur at lower concentrations than changes in the benthic 
community.  In other words, using laboratory toxicity data to establish clean-up goals is 
conservative and could lead to remedial actions that are not necessary to protect the 
benthic invertebrate community. 
 
As with the growth data, the greatest difficulty associated with combining sites arises 
from having to normalize any benthic community metric to be compared across sites.  
The reason is likely obvious, but worth a bit of explanation in any case.  Abundance can 
be used as an example.  Abundance can be greatly affected by habitat type (pond 
versus river versus marsh versus stream).  The data show that abundance varies 
substantially between the three sites (Table 4).  Abundance is lowest at Hocomonco 
Pond, highest at Hershey Creek at the Newport Site and intermediate at Guthrie.  If 
abundance data were plotted without normalization, the plot would show that the stations 
with the greatest abundance (i.e., the stations at Newport) also have the highest PAH 
concentrations.  Such a plot would suggest that higher abundance is associated with 
higher PAH concentrations.  While this may yet turn out to be true, the result based upon 
this specific example would be spurious because the differences in “background” 
abundance at each site were not accounted for. 
 
A second difficulty with normalizing the data arises in the selection of a reference station.  
At both Hocomonco Pond and Guthrie, unaffected reference stations with matching 
habitat were identified for all habitat and substrate types.  (A single reference station was 
all that was needed at Guthrie.  Two reference stations were needed at Hocomonco 
Pond to address differences in substrate at the potentially affected stations.)  Several 
habitat types were present and sampled at Newport.  It appears that while a range of 
background stations were also sampled, for the most part, these were not matched to 
specific habitat types on the site.  We were only able to identify one habitat type (Hersey 
Run, a freshwater creek) that had both several samples of the potentially affected 
benthic community and that clearly had a matched reference location (Table 4). 
 
The third difficulty arises upon closer examination of the reference location for Hersey 
Run at Newport.  It has the lowest abundance and species richness of any of the 
Newport sampling locations (Table 4).  Using that station to normalize the other Hersey 
Run stations will lead to all the Hersey Run stations having exceptionally high 
abundance and richness compared to all other stations at the other two sites.  This 
appears to be an artifact of the normalization process and is driven by the very low 
diversity and abundance at the reference station.  Without further information about the 
reference station, or data from another reference station, the benthic community data 
from Newport cannot be normalized.  Consequently, the benthic community data from 
the three sites cannot be combined. 
 
The benthic community data can be examined on a site by site basis.  Such an analysis 
was presented in the Technical Memorandum.  That analysis generally found no 
relationship between PAH concentration in sediments and the health of the benthic 
community.  In reviewing the benthic community data more closely, particularly for 
Newport which has several habitat types and a large range of PAH concentrations in 
sediment, the revised analysis is able to further support that conclusion.  It does this 
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using linear regressions of some simple benthic community metrics against PAH 
concentrations by habitat type. 
 
Many of the habitat types at Newport either have only a few sampling locations or have 
several locations but a small range in PAH concentrations.  Two habitats (Hersey Run, a 
freshwater creek, and the West Central Marsh Creek) have several site-affected 
sampling stations (8 and 6, respectively) with a range of PAH concentrations (1.8 mg/kg 
to 11,000 mg/kg; and, 8.1 mg/kg to 8,400 mg/kg, respectively).  For both of these 
habitats we conducted a linear regression analysis and found no statistically significant 
relationship (p>0.05) between concentration of PAH in sediments (expressed as mg/kg 
and mg/kg OC) and abundance or species richness (Figures 18-19).  We also examined 
the relationship between PAH and percent oligochaetes in Hersey Run and the West 
Central Marsh and also found no statistically significant relationship (p>0.05, Figure 20).  
In fact, percent oligochaetes appears to be decreasing with increasing PAH at in these 
two habitats.  This is somewhat surprising since one would expect the make-up of the 
benthic community to shift towards tolerant species such as oligochaetes as PAH 
concentration increases, particularly as it approaches concentrations of 10,000 mg/kg.  
Why effects were not observed at these high concentrations in unclear.  Perhaps the 
PAH are especially tightly bound (the organic carbon content was high at the locations 
with the highest PAH concentrations) at these locations. 
 
Regardless, these findings are consistent with the results reported in the ecological risk 
assessment for the Newport Site which concluded that sediment PAH concentration is 
not an important determinant of benthic community composition and that factors such as 
grain size and habitat type have a much greater influence. 
 
To further strengthen the results of the site-by-site benthic community analysis 
presented in the Technical Memorandum, and in response to Region V’s comment that 
the lack of relationship between tPAH and benthic community indices does not 
conclusively demonstrate that creosote is not having an effect on the benthic community, 
an expanded benthic community analysis was also performed for the Guthrie and 
Hocomonco Pond Sites.  The regression analysis was expanded to evaluate whether 
factors such as grain size or organic carbon content potentially have a larger effect on 
the benthic community than the relatively low total PAH concentrations found at these 
two Sites. 
 
Tables 5 and 6 list both the dependent and independent variables analyzed at each site, 
and the p values and adjusted regression coefficients (R2) for each combination of 
independent and dependent variable.  At Hocomonco Pond, % Dominant Taxa showed 
a significant (p<0.05) negative relationship with both TOC and % Silt/Clay as did % 
Grazers and Scrapers with log transformed OC-tPAH and Sum-TU.  Percent Silt/Clay 
also explained the variation in HI.  Only two regressions were statistically significant 
(p<0.05) at Guthrie: TOC showed a negative correlation with Estimated Abundance, 
while Sum-TU showed a positive correlation with % Dominant Taxa.  Despite these 
statistically significant results, it must be remembered that a large number of regressions 
were performed, 56 for Hocomonco Pond and 49 for Guthrie.  By chance alone, several 
of these would be expected to be statistically significant.   That is, at a significance level 
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of 0.05, the occurrence of two or three significant regressions in 50 is consistent with 
what would be predicted by chance alone.  This expectation, combined with the absence 
of any consistent effect of total PAH on most benthic community metrics, indicates that 
the PAH concentrations present at these sites were not elevated enough to affect the in 
situ benthic macroinvertebrate community in a measurable way. 
 
It is quite possible that the lack of any consistent effect of sediment PAH concentration 
or physical characteristics on the benthic community indices at Hocomonco Pond and 
Guthrie is a consequence of the limited statistical power of these regressions, which in 
turn is associated with the small number of samples at each Site, though there really is 
no indication of consistent trends that might be significant if more data points were 
available.  Nevertheless, lack of a relationship with PAH concentration is consistent with 
the findings at Newport where multiple linear regressions showed that total PAH 
concentration did not affect various benthic community metrics, but that some physical 
measures (such as %fines) affected some benthic community metrics.  Moreover, even 
though Burnaby was not included in the revised analysis, multiple regressions at that site 
did find that grain size characteristics, and not PAH concentration, were the primary 
determinants of benthic community composition. 
 
In summary, the data evaluations at the three sites where creosote-derived PAH are 
expected to be the dominant source of potential toxicity indicate: 
 


• a strong relationship between PAH and observed toxicity does exist.  This is an 
important finding because it is consistent with expectations and directly 
addresses one of the key limitations identified in USEPA’s comments; 


• toxicity increases with increasing PAH concentration and increasing corrected 
sum-TU concentration; 


• corrected sum-TU over predicts observed toxicity by about 250-fold, assuming 
the correction factor of 3.9 derived by Hawthorne et al. (2006) based upon 16 
parent PAH and a pyrogenic PAH mixture; 


• this difference appears to be due to PAH in sediments being substantially less 
bioavailable than assumed by the sum-TU method;  


• the in-stream benthic community, the most relevant measure of potential risk to 
the benthic invertebrate community, appears to be less sensitive to the effects of 
PAH than laboratory toxicity tests; and,  


• although no consistent statistically significant effect of sediment total PAH 
concentrations on benthic community metrics was found at any of the Sites, 
findings at Newport and Burnaby suggest a possible correlation of some 
community metrics with physical characteristics such as grain size distribution. 


 
These conclusions not only support the recommendation in the Technical Memorandum 
that total PAH concentrations of 100 mg/kg to perhaps 200 mg/kg are not expected to 
pose an adverse effect to the benthic community, but indicate that concentrations in 
excess of 250 mg/kg, are not expected to pose a potential risk to the benthic 
invertebrate community. 
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Sites with Other Sources of Stressors 
 
The Technical Memorandum indicated that the marshes adjacent to the wood treating 
site in Charleston are known to have been affected by other stressors and that those 
other stressors likely masked any potential effect of PAH.   The clearest evidence of this 
masking is the observation of significant toxicity in some samples with very low PAH 
concentrations combined with the absence of toxicity at samples with much higher PAH 
concentrations.  Consequently data from that site could not be used to establish a 
relationship between PAH and toxicity.  However, the Technical Memorandum assumed 
Burnaby was a site where PAH is the primary source of toxicity.  As described above, 
further assessment indicated that this assumption is false.  The toxicity test results from 
Burnaby are plotted again in the revised analysis, but this time versus corrected sum-
TU.  As was the case before, either no, or only a weak relationship exists between PAH 
and toxicity (Figures 21-22).  As mentioned above, sediments from a few locations were 
found to be toxic even though the sum-TU method, which has been shown above to be a 
very conservative predictor of potential creosote-derived PAH toxicity, did not predict 
PAH-related toxicity.  This is very clear evidence of the presence of stressors other than 
PAH, that are causing substantial toxicity.  Thus, neither data from Burnaby nor 
Charleston can be used to reach any general conclusions about the relationship 
between PAH and sediment toxicity. 
 
These two sites are not especially relevant to Carbondale but are relevant to Follansbee, 
however, in that sediments at and in the vicinity of the Follansbee site would be 
expected to have stressors other than PAH that could lead to positive toxicity test 
results, even at very low PAH concentrations.  This likelihood raises very real concerns 
about the ability to use results of toxicity tests (or benthic community surveys) to identify 
sediments that may require action because of elevated concentrations of PAH derived 
from the Follansbee site. 
 
Conclusion 
 
Given the updated reevaluation of data presented above, we believe the reevaluation 
supports a remediation trigger of no less than 250 mg/kg total PAH.  Under such a 
scenario, sediments with concentrations greater than 250 mg/kg would require remedial 
action, while sediments with concentrations lower than 250 mg/kg would require no 
further action.  
 
We appreciate your taking the time to read and review this information and look forward 
to discussing this with you in the near future.  If you have any questions or need 
additional materials, please do not hesitate to call or email me. 
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Figure 1. Hyalella Mortality vs. total PAH (Guthrie, Hocomonco Pond, and Newport Data)
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Figure 2. Hyalella Mortality vs. Organic Carbon Normalized total PAH (Guthrie, Hocomonco 
Pond, and Newport Data)
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Figure 3. Hyalella Mortality vs. Corrected Sum-TU (Guthrie, Hocomonco Pond, and Newport 
Data)
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Figure 4. Hyalella Mortality vs. total PAH (excluding Newport Amphipod Run 1)
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Figure 5. Hyalella Mortality vs. Corrected Sum-TU (excluding Newport Amphipod Run 1)


0.0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1.0


1 10 100 1000Corrected Sum-TU


M
or


ta
lit


y


Field Data Best Estimate Dose-Response Curve







Figure 6. Hyalella Mortality vs. total PAH (excluding Newport Samples BP-1B, FP-2B, FP-2C, 
and FP-4C)
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Figure 7. Hyalella Mortality vs. OC-tPAH (excluding Newport Samples BP-1B, FP-2B, FP-2C, 
and FP-4C)
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Figure 8. Hyalella Mortality vs. Sum-TU (excluding Newport Samples BP-1B, FP-2B, FP-2C, 
and FP-4C)
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Figure 9. Chironomus Mortality vs. total PAH (Guthrie, Hocomonco Pond, and Newport Data)
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Figure 10. Chironomus Mortality vs. Organic Carbon Normalized total PAH (Guthrie, 
Hocomonco Pond, and Newport Data)
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Figure 11. Chironomus Mortality vs. Corrected Sum-TU (Guthrie, Hocomonco Pond, and 
Newport Data)
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Figure 12. Chironomus Mortality vs. total PAH (excluding Hocomonco Pond Data)
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Figure 13. Chironomus Mortality vs. Organic Carbon Normalized total PAH (excluding 
Hocomonco Pond Data)
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Figure 14. Chironomus Mortality vs. Corrected Sum-TU (excluding Hocomonco Pond Data)
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Figure 15. Hyalella Normalized Mean Growth vs. total 
PAH (Guthrie, Hocomonco Pond, and Newport Data)
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Figure 16. Hyalella Normalized Mean Growth vs. 
Organic Carbon Normalized total PAH (Guthrie, 


Hocomonco Pond, and Newport Data)
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Figure 17. Hyalella Normalized Mean Growth vs. 
Corrected Sum-TU (Guthrie, Hocomonco Pond, and 


Newport Data)
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Figure 18. Total Benthic Abundance at Hersey Run and West Central Marsh Creek at Newport vs. total PAH, Organic Carbon Normalized total PAH, and Corrected Sum-TU
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Figure 19. Species Richness at Hersey Run and West Central Marsh Creek at Newport vs. total PAH, Organic Carbon Normalized total PAH, and Corrected Sum-TU


Species Richness at Hersey Run vs. total PAH


0


5


10


15


20


1 10 100 1000 10000 100000


tPAH (mg/kg)


Sp
ec


ie
s 


R
ic


hn
es


s


Species Richness at Hersey Run vs. Organic 
Carbon Normalized total PAH


0


5


10


15


20


10 100 1000 10000 100000 1000000


OC-tPAH (mg/kg)


Sp
ec


ie
s 


R
ic


hn
es


s


Species Richness at West Central Marsh Creek 
vs. total PAH


0


5


10


15


20


1 10 100 1000 10000


tPAH (mg/kg)


Sp
ec


ie
s 


R
ic


hn
es


s


Species Richness at West Central Marsh Creek 
vs. Organic Carbon Normalized total PAH


0


5


10


15


20


10 100 1000 10000 100000 1000000


OC-tPAH (mg/kg)


Sp
ec


ie
s 


R
ic


hn
es


s


Species Richness at Hersey Run vs. Corrected 
Sum-TU


0


5


10


15


20


0.1 1 10 100 1000 10000


Corrected Sum-TU


Sp
ec


ie
s 


R
ic


hn
es


s


Species Richness at West Central Marsh Creek 
vs. Corrected Sum-TU


0


5


10


15


20


0.1 1 10 100 1000 10000


Corrected Sum-TU


Sp
ec


ie
s 


R
ic


hn
es


s







Figure 20. Percent Oligochetes at Hersey Run and West Central Marsh Creek at Newport vs. total PAH, Organic Carbon Normalized total PAH, and Corrected Sum-TU
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Figure 21. Hyalella Mortality at Burnaby vs. Corrected Sum-
TU
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Figure 22. Chironomus Mortality at Burnaby vs. Corrected 
Sum-TU
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Table 1. Hyalella and Chironomus Mortality EC20s, EC25s, and EC50s


Dose Response 
Model Units EC20 EC25 EC50


Hyalella Mortality
tPAH MLE-Probit mg/kg 462 66 591 502 137 665 703 549 4,981
OC-tPAH MLE-Logit mg/kg OC 48,434 43,473 51,465 50,053 45,636 52,941 56,750 53,747 60,280
Sum TU MLE-Probit TU 263 166 296 273 188 307 316 276 406
Hyalella Mortality (excluding Newport Amphipod Run 1)
tPAH MLE-Logit mg/kg 655 -- -- 661 -- -- 684 -- --
OC-tPAH* MLE-Logit mg/kg OC -- -- -- -- -- -- -- -- --
Sum TU MLE-Logit TU 308 -- -- 310 -- -- 319 -- --
Hyalella Mortality (excluding Newport Samples BP-1B, FP-2B, FP-2C, and FP-4C)
tPAH MLE-Logit mg/kg 650 -- -- 657 -- -- 684 -- --
OC-tPAH MLE-Logit mg/kg OC 54,786 -- -- 55,333 -- -- 57,476 -- --
Sum TU MLE-Logit TU 302 -- -- 305 -- -- 318 -- --
Chironomus Mortality
tPAH MLE-Logit mg/kg 503 405 553 520 430 568 593 534 640
OC-tPAH MLE-Logit mg/kg OC 47,071 41,126 50,040 48,134 42,733 50,938 52,420 49,004 55,037
Sum TU MLE-Probit TU 260 227 277 266 236 282 290 271 305
Chironomus Mortality (excluding Hocomonco Pond Data)
tPAH MLE-Logit mg/kg 481 426 517 500 449 535 579 542 614
OC-tPAH MLE-Logit mg/kg OC 45,914 42,538 48,125 47,051 43,973 49,138 51,656 49,520 53,628
Sum TU MLE-Probit TU 254 235 266 260 243 272 286 274 297


Notes: 
tPAH = total polycyclic aromatic hydrocarbon
OC-tPAH = organic carbon adjusted tPAH
Sum TU = summed toxic units
EC20 = 20th percent effect concentration
EC25 = 25th percent effect concentration
EC50 = 50th percent effect concentration
*MLE-Probit and Logit models failed to converge after 50 iterations


95% Confidence Limits95% Confidence Limits95% Confidence Limits







tPAH 
(mg/kg)


OC-tPAH 
(mg/kg OC)


Corrected 
Sum-TU log tPAH


log OC-
tPAH


log 
Corrected 
Sum-TU


p 0.07 0.07 0.07 0.06 0.03 0.04
r2 0.11 0.11 0.11 0.12 0.19 0.15
Intercept 1.12 1.11 1.11 1.16 1.38 1.19
Slope -0.001 -0.00001 -0.001 -0.09 -0.11 -0.13


Notes:
r2 is the Adjusted r2
Highlighted results indicate a p-value of 0.05 or less


Table 2.  Results of Hyalella Normalized Mean Growth Regression Analysis (Newport, Hocomonco 
Pond, and Guthrie Data)


Hyalella Normalized Mean Growth Versus: 


Regression 
Statistics







Table 3. Summary of Hyalella Growth Results at Newport


Sample ID total PAH 
(mg/kg)


Organic Carbon 
Normalized total 
PAH (mg/kg OC)


Corrected 
Sum-TU


Mean Final 
Length (mm)


Growth 
(in mm)


% Reduction 
in Growth 
Relative to 


Control


% Reduction 
in Growth 
Relative to 


REF


Control 1 2.93 1.25
BP-1B (REF) 30.4 1,778 10.0 2.58* 0.9 28%
FP-4C 28.4 2,273 10.2 2.71 1.03 18% -14%
FP-2B 308 17,724 102 2.61* 0.93 26% -3%
FP-2C 469 45,048 249 2.4* 0.72 42% 20%
FP-1A 5,890 525,857 3,126 N/A
Control 2 2.7 0.85
CR-7B (REF) 3.53 289 1.80 2.46 0.61 28%
HRM-8WC 5.25 407 2.22 2.82 0.97 -14% -59%
HR-3C 84.1 5,644 30.5 2.7 0.85 0% -39%
HR-T1A 685 57,525 319 2.41+ 0.56 34% 8%
SP-4B 4,097 97,085 583 N/A
HRM-4A 4.41 269 1.62 2.62 0.77 9% -26%
CM-1A 3.21 286 1.78 2.68 0.83 2% -36%
ECM-10C 6.96 212 1.24 2.62 0.77 9% -26%


Notes:
*Samples were statistically lower than control, p <= 0.05
NA=Not applicable; no surviving organisms
+Samples had statistically significant survival results, so were not included in ANOVA for growth







Table 4. Summary of Select Benthic Community Data and Metrics (Newport, Guthrie, Hocomonco Pond)


Sample total PAH 
(mg/kg)


Organic Carbon 
Normalized total 
PAH (mg/kg OC)


Estimated 
Abundance


Species 
Richness


Normalized 
Abundance


Normalized 
Species Richness


Hersey Run, Newport
HR-0 160 4.0
HR-1 11 289 2,638 9.0 16 2.3
HR-2 2,600 55,319 1,551 12 9.7 3.0
HR-3 250 14,706 8,073 17 50 4.3
HR-4 3.5 121 5,812 10 36 2.5
HR-5 1.8 55 3,478 12 22 3.0
HR-6 2.6 96 5,580 12 35 3.0
HR-7 2.2 69 23,333 12 146 3.0
HR-8 11,000 110,000 608 8.0 3.8 2.0
Guthrie
BKGD 0.4 21 1,188 32
5A 22 1,913 1,260 28 1.1 0.9
5B 42 1,795 987 37 0.8 1.2
5C 29 867 576 24 0.5 0.8
5D 15 347 136 31 0.1 1.0
5E 19 1,040 576 30 0.5 0.9
Hocomoco Pond
REF 1 0.2 38 125 22
REF 2 0.2 20 413 32
T1 144 8,471 194 27 1.6 1.2
T2 23 6,216 126 22 0.3 0.7
DS-HP 0.2 17 244 33 2.0 1.5


Notes:
Samples in italics are from reference locations.







Table 5.  Results of Expanded Benthic Community Regression Analysis at Hocomonco Pond


tPAH
log OC-


tPAH
Corrected 
Sum-TU


TOC 
(kg/kg) % Silt/Clay % Gravel % Sand


Abundance p 0.75 0.38 0.36 0.54 1.00 0.96 0.93
r2 -0.28 0.01 0.04 -0.15 -0.33 -0.33 -0.33


Intercept 233.15 324.84 270.61 148.58 220.30 226.62 173.62
Slope -0.38 -44.14 -2.22 8160.45 0.01 -0.28 0.73


Total # Taxa p 0.82 0.32 0.28 0.41 0.61 0.55 0.79
r2 -0.31 0.09 0.16 -0.02 -0.20 -0.16 -0.30


Intercept 27.69 32.36 29.81 23.16 25.36 30.23 21.41
Slope -0.01 -2.15 -0.11 467.71 0.14 -0.13 0.09


p 0.28 1.00 0.63 0.02 0.04 0.06 0.75
r2 0.16 -0.33 -0.22 0.83 0.73 0.65 -0.28


Intercept 27.20 26.65 26.25 29.21 28.41 24.40 28.87
Slope -0.02 0.00 0.02 -290.41 -0.13 0.10 -0.03


p 0.86 0.76 0.71 0.27 0.38 0.66 0.72
r2 -0.32 -0.29 -0.26 0.17 0.02 -0.23 -0.27


Intercept 6.45 4.99 5.53 10.01 8.50 4.62 0.61
Slope -0.01 0.52 0.03 -429.25 -0.17 0.07 0.09


HBI p 0.20 0.47 0.68 0.18 0.02 0.28 0.68
r2 0.30 -0.09 -0.25 0.34 0.84 0.16 -0.25


Intercept 2.24 2.06 2.32 1.87 1.89 2.86 3.21
Slope 0.01 0.15 0.00 61.80 0.04 -0.02 -0.01


% ETO Taxa p 0.60 0.85 0.66 0.15 0.13 0.25 1.00
r2 -0.20 -0.31 -0.24 0.41 0.46 0.20 -0.33


Intercept 10.17 12.05 12.06 5.08 6.59 15.82 11.14
Slope 0.03 -0.44 -0.05 674.53 0.32 -0.22 0.00


p 0.19 0.27 0.51 0.45 0.70 0.97 0.68
r2 0.31 0.17 -0.12 -0.06 -0.26 -0.33 -0.25


Intercept 7.29 4.95 7.49 6.07 7.63 8.70 14.51
Slope 0.04 1.53 0.05 284.32 0.07 -0.01 -0.09


p 0.33 0.02 0.01 0.86 0.77 0.48 0.06
r2 0.08 0.84 0.88 -0.32 -0.29 -0.10 0.66


Intercept 29.08 43.74 34.19 27.78 28.08 33.02 -39.29
Slope -0.10 -7.60 -0.37 -230.56 -0.17 -0.33 1.02


Notes
r2 is the Adjusted r2


Highlighted results indicate a p-value of 0.05 or less


% Dominant 
Taxa


% 
Oligochaetes


% Suspens 
Feeders


% Grazers + 
Scrapers







Table 6.  Results of Expanded Benthic Community Regression Analysis at Guthrie


tPAH
log OC-


tPAH
Corrected 
Sum-TU


TOC 
(kg/kg) % Silt/Clay % Gravel % Sand


Abundance p 0.97 0.83 0.36 0.03 0.54 0.29 0.12
r2 -0.25 -0.23 0.01 0.68 -0.13 0.09 0.37


Intercept 802.10 967.10 510.98 1599.56 224.29 999.03 -664.40
Slope -0.70 -66.02 54.44 -33132.02 12.91 -12.69 36.56


Total # Taxa p 0.77 0.84 0.64 0.81 0.35 0.55 0.91
r2 -0.22 -0.24 -0.18 -0.23 0.02 -0.13 -0.25


Intercept 29.30 32.01 28.87 31.53 38.65 29.08 31.56
Slope 0.05 -0.62 0.29 -48.66 -0.19 0.08 -0.03


p 0.17 0.11 0.03 0.38 0.66 0.53 0.43
r2 0.26 0.38 0.67 -0.01 -0.18 -0.12 -0.05


Intercept 17.87 2.10 15.85 36.51 18.19 30.27 9.06
Slope 0.45 9.26 2.26 -374.37 0.21 -0.18 0.46


p 0.27 0.66 0.12 0.21 0.35 0.21 0.13
r2 0.11 -0.18 0.37 0.20 0.02 0.20 0.35


Intercept 26.71 26.97 27.75 12.76 33.96 17.60 42.92
Slope -0.25 -2.07 -1.26 349.47 -0.29 0.22 -0.54


% EPT p 0.30 0.22 0.36 0.61 0.60 0.50 0.46
r2 0.08 0.19 0.01 -0.16 -0.16 -0.10 -0.07


Intercept 12.83 1.71 14.02 14.48 28.08 16.50 33.46
Slope 0.30 6.38 1.00 188.46 -0.21 0.16 -0.36


Biotic Index p 0.93 0.94 0.28 0.11 0.87 0.62 0.37
r2 -0.25 -0.25 0.10 0.38 -0.24 -0.16 0.00


Intercept 6.65 6.67 6.86 6.13 6.74 6.54 7.31
Slope 0.00 -0.02 -0.05 20.14 0.00 0.00 -0.02


p 0.31 0.35 0.09 0.55 0.87 1.00 0.83
r2 0.06 0.03 0.43 -0.13 -0.24 -0.25 -0.23


Intercept 39.71 51.15 42.77 22.80 26.59 30.72 37.17
Slope -0.42 -7.50 -2.38 322.89 0.09 0.00 -0.16


Notes:
r2 is the Adjusted r2


Highlighted results indicate a p-value of 0.05 or less


% Dominant 
Taxa


% Tolerant 
Taxa


% Chiron + 
Oligochates







based upon investigations at several other wood-treating sites, no
potential risk from wood-treating PAH is predicted in off-Site
waterways.

We assume the report will be cited by the FS (and perhaps even included
as an attachment/appendix) as demonstrating that unacceptable off-Site
ecological risks from wood-treating related PAHs, or from metals and
pentachlorophenol as indicated in the ACEPD report, are not expected.

If you have any questions about the report, please contact me at your
convenience.

Best Regards,

Paul

Paul D. Anderson, Ph.D.
Vice President,
Technical Director, Risk Assessment
AMEC
2 Robbins Road
Westford, MA  01886

Tel:   978-692-9090
Fax:  978-692-6633
paul.anderson@amec.com

                                                                        
 The information contained in this e-mail is intended only for the      
 individual or entity to whom it is addressed.                          
 Its contents (including any attachments) may contain confidential      
 and/or privileged information.                                         
 If you are not an intended recipient you must not use, disclose,       
 disseminate, copy or print its contents.                               
 If you receive this e-mail in error, please notify the sender by reply 
 e-mail and delete and destroy the message.                             
                                                                        

(See attached file: FINAL Gainesville Sediment Ecological Risk
Evaluation 17aug09 COMPLETE.pdf)


