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EXECUTIVE SUMMARY 

The Phase I/II study identified three areas within the Niagara Area of Concern (AOC) where 
contaminated sediment concerns warranted detailed assessment of potential impacts on biota: 

• Lyon’s Creek West, due to contamination of sediments and stream bank soils by arsenic, 
zinc and PCBs; 

• Welland River, where elevated levels of copper, chromium, nickel and PAHs occurred; 
and 

• Frenchman’s Creek due to cadmium and chromium in the southwest branch of the creek 
and dioxins and furans in the southeast branch. 

In addition, elevated levels of copper in the Welland River near Thompson’s Creek in 2003, and 
in earlier studies by Environment Canada in 1996, warranted additional investigation of 
sediments in Thompson’s Creek.  Therefore, this site was included for sediment assessment and 
possible biological assessment in order to determine whether further consideration of remediation 
would be warranted.  The basis of the Phase III investigation was the assessment of biological 
effects, since only where contaminants are resulting in adverse effects on biota would there be a 
likely benefit to the environment from remediation.  These sites are the basis of the Phase III 
investigation that forms the subject of this report. 

Lyon’s Creek West  

The potential effects of contaminants in Lyon’s Creek West were investigated through additional 
soil and sediment sampling in order to gain a broader understanding of the distribution of 
contaminants on site, and through measurement of tissue residues of arsenic, zinc and PCB 
concentrations in biota relevant to the site.  Vegetation (grasses and leaves) and soil invertebrates 
(earthworms) were analyzed for tissue residues of selected COCs, and were used to estimate 
exposure of terrestrial mammals, including mice, shrews and the red fox that feed upon these 
species to estimate exposure through consumption of food (for the compounds of concern, 
exposure via food was considered the most significant pathway).  Tissue residues in aquatic 
vegetation (cattails) were used to estimate exposure to those species that feed on cattails, such as 
muskrats.  Tissue residues from Lyon’s Creek East were used to calculate BSAFs (Biota 
Sediment Accumulation Factors) for PCB (total and coplanar and mono-ortho PCB congeners) 
accumulation in benthos and fish, which were subsequently used to estimate exposure to 
sediments in Lyon’s Creek West. 

A conservative approach was taken in assessing potential risks.  Since the degree of 
contamination by the individual COCs was highly variable across the site, the site was sub-
divided into 5 smaller areas (identified as Areas A through E), that corresponded with natural 
habitat areas of the site.  Since these areas were generally larger than the identified home ranges 
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of most of the receptors considered in the risk assessment, the assessment proceeded through 
consideration of risks to the receptors assuming that they fed entirely within the sub-areas.  For 
those receptors, such as the red fox, that feed in much broader areas than the site, the exposure 
was considered across the entire site.  This approach ensured that for those species with small 
home ranges, the potential effects were not diluted in the risk assessment through consideration of 
nearby, uncontaminated areas.  The approach thereby maximized potential exposures to those 
species that would be expected to spend their entire life cycle on the site. 

Soil and sediment sampling revealed that high concentrations of arsenic, zinc and PCBs occurred 
in the stream and wetland sediments, and extended to the tops of adjacent banks, but did not 
extend to upland terrestrial areas.  The distribution appears to be confined to those areas that 
would have experienced flooding during spring snow-melt and rainfall runoff events. 
Concentrations of the COCs in some areas of the site, such as the wetland, the remnant ditch at 
the northwest end, and the main stem of the creek upstream of the Canal By-Pass, exceeded 
screening criteria for vegetation, indicating that potential adverse effects could occur.  Soil 
concentrations in these areas also exceeded screening concentrations for earthworms, and 
indicated that potential adverse effects could occur primarily due to arsenic concentrations in the 
soil. 

Tissue residues of the COCs in terrestrial and aquatic vegetation were typically low, and BSAFs 
for vegetation species were typically in the order of 0.01.  Since small rodents such as the deer 
mouse spend most of their time foraging in upland grassy areas, their exposure to the COCs was 
minimal.  However, the relatively high concentrations of the COC in some parts of the site 
resulted in potential risks to some biota due to consumption of PCB and arsenic contaminated 
vegetation.  In particular, risks were identified to the muskrat through consumption of cattails due 
to both arsenic and PCBs. 

Tissue residues in earthworms resulted in levels of PCB that were approximately 3-fold higher 
than soil concentrations.  This resulted in potential risks to the shrew due to PCB accumulation 
through feeding on earthworms.  As well, since earthworms accumulated tissue residues of 
arsenic, these also resulted in potential risks to shrews in the wetland area, and the remnant ditch. 

No effects were predicted on larger predators that would only make occasional use of the site, 
such as the red fox.  The limited exposure to the site would likely mitigate any adverse effects. 

The toxic effects of the COCs on benthic organisms was assessed directly through laboratory 
sediment bioassay tests using site sediments.  Acute toxicity was not observed in any of the tests, 
and chronic effects, measured as reduction in growth, were observed only in the mayfly at one of 
the downstream sites where zinc and PCB concentrations were elevated.  Bioaccumulation of 
PCBs was assessed through estimation of tissue residues using data from Lyon’s Creek East. 
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Predicted tissue residues indicated that benthic organisms could attain tissue levels of PCBs that 
have been associated with chronic effects, including growth impairment. 

Fish tissue residues of PCBs were also estimated using data from Lyon’s Creek East.  Fish were 
predicted to attain tissue residues that could pose a concern to fish-eating birds and mammals. 
However, the open water areas of the site are very limited, and fish habitat in the area is confined 
to small, shallow areas, that would not likely support sizable populations of fish.  As well, the 
area is heavily overgrown with little open water, which would serve to severely restrict the use of 
this habitat by birds and mammals.  Therefore, exposure of fish-eating bird and mammals is 
likely to be minimal, despite the high predicted tissue residues of PCBs in fish and benthos. 

The number of receptors in which potential effects were predicted to occur for both arsenic and 
PCBs, and to a lesser degree, for zinc, indicates that risks to a number of species are present on 
this site.  As such, a review of applicable remedial options would be warranted for this site to 
assess whether these could reduce the potential risks to acceptable levels. 

Welland River 

The assessment of contaminant effects in the Welland River was limited to determination of 
toxicity in sediment bioassay tests, since the compounds of concern (copper, chromium and 
nickel ) are not known to bioaccumulate and biomagnify.  Therefore, the effects would be limited 
to toxic effects on those organisms that are most likely to be directly exposed to contaminants in 
sediments.  The assessment is based on the understanding that if there are no adverse effects on 
benthic organisms, that are directly exposed to the contaminants, effects on other organisms such 
as fish are highly unlikely. 

Sediment bioassay testing showed no acute toxicity at any of the test sites in the Welland River, 
and indicated that chronic effects on both the mayfly and the chironomid occurred at only one 
location, located downstream of the Cytec site, but upstream of Thompson’s Creek.  Sediment 
concentrations of all three COCs were highest at this location.  Comparison with other sites 
indicates that effects typically occur at higher concentrations of the COCs than were recorded at 
this site.  However, studies using spiked sediment toxicity tests indicated that under the 
conservative conditions under which these tests are conducted, growth impairment could occur in 
some species.  Therefore, in order to maintain a conservative approach it was concluded that the 
results of the bioassay testing could indicate that the combined effects of the COC may be 
resulting in some growth impairment.  The limited nature of this area suggests that effects on 
benthic species would be limited, and no effects would likely occur at the population level, since 
the other areas tested yielded no adverse effects. 
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Additional sediment testing for PAHs yielded low concentrations in all samples, and suggest that 
the high concentration obtained in 2003 under the Phase I/II sampling could be due to isolated 
occurrences, that would likely have very limited impacts. 

Sediment assessment in Thompson’s Creek yielded only one location with elevated levels of 
contaminants (i.e., copper).  Concentrations at this location were below effects levels from other 
sites in Ontario, and the high TOC concentration of these sediments is likely to result in minimal 
availability and hence limited impacts to benthic organisms.  However, this should be verified 
through additional field investigations and biological testing.  

Frenchman’s Creek 

Sediment bioassay testing in the southwest branch of the creek yielded no acute or chronic 
toxicity at sediment cadmium concentrations of 21 ug/g.  This was lower than the concentration 
obtained in the Phase I/II study in 2003, and the results indicate that the distribution of cadmium 
in these sediments is variable (the bioassay sediments are collected over a larger area and 
therefore represent a mean concentration).  Under the exposure conditions assessed the sediments 
are unlikely to result in adverse effects, but the presence of higher concentrations of cadmium 
locally in the sediments suggests that there may be potential risks to biota, and follow-up 
investigations would be warranted at this site. 

Additional dioxin and furan analysis on the southeast tributary indicated that concentrations and 
TEQs, were lower than noted in the single sample collected under the Phase I/II studies.  Total 
TEQs were elevated in the upper reaches, but did not reach concentrations that would be 
associated with potential adverse effects.  Concentrations in the lower reaches were near detection 
limits, and were undetectable in the main branch of Frenchman’s Creek, below the confluence of 
the tributary.  The results suggest that there is little transport of dioxins and furans from this area 
to the main creek. 

Conclusions 

The study indicated that the only site where risks to biota were present was Lyon’s Creek West.  
The remaining sites indicated marginal risks to biota, and the results suggest that additional 
investigation would be warranted before any decisions on remedial actions are undertaken. 

The risks on the Lyon’s Creek West site to biota suggest that adverse effects on some organisms 
are likely due to existing concentrations of PCB and arsenic in sediments, and secondarily due to 
the elevated zinc concentrations.  As such, methods to reduce these risks, including potential 
remediation of the site, should be considered to determine whether these can effectively reduce 
the risks to biota. 
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1.0 INTRODUCTION 

In support of the Niagara River RAP, a review of sediment conditions in 12 sites within the Area 
of Concern was undertaken as a move towards de-listing the area.  The review comprised Phase 
I/II of the Niagara AOC study.  The focus of the study was to determine whether additional 
investigation was needed at any of the sites with a view towards identifying those areas where 
remediation may be required.  These would be assessed in further detail in the Phase III study. 
Since the areas included in the list represented diverse contaminant conditions, an additional aim 
of the Phase I/II study was to identify those sites where contaminant concerns were not 
substantiated and further investigation was considered to be unwarranted.  Those areas could then 
be removed from further consideration. 

The sites had been prioritised into Level 1, 2 and 3 sites by the Niagara River RAP.  Level 1 sites 
were those where a contaminant concern had been identified, usually through significant 
exceedance of one or more guideline values such as the Ontario Ministry of the Environment 
(MOE) Severe Effect Level (SEL).  Level 2 sites were those where a potential concern existed 
due to exceedance of guidelines such as the MOE Lowest Effect Level (LEL), while Level 3 sites 
were those where a marginal exceedance of LEL guidelines and/or a lack of recent information 
indicated that a concern may exist.  

The concerns at each of the sites were assessed through a review of the contaminant history of the 
site, a review of the processes and operations at the site, the potential contaminants of concern 
(COCs) produced, and the history of monitoring at the sites.  The information was summarized 
and was used to derive a list of potential COCs for each of the sites.  This list formed the basis for 
developing a monitoring plan for sediments adjacent to and downstream of each site that focussed 
on the particular COCs.  At some sites, recent studies had been undertaken and there was no 
identified need to undertake additional investigations. 

The sites included in the assessment, and the potential contaminant concerns identified at each of 
the sites, were: 

Location Potential COCs 
Level 1 Sites 
Lyons Creek, west of the Welland Canal By-Pass PCBs 
Welland River, Port Robinson to Chippawa Power Canal Metals (Cr, Cu, Ni), PAHs, PCBs 
Level 2 Sites 
Sir Adam Beck Reservoir Metals 
Thompson's Creek Metals 
Frenchman's Creek Metals, dioxins/furans 
Level 3 Sites 
Welland River at Oxy Vinyl (Geon) Metals, dioxins/furans 
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Location Potential COCs 
Black Creek Mouth Metals (arsenic) 
Pell Creek Mouth Metals, PAHs, PCBs 
Chippawa Creek Metals, PAHs, PCBs 
Chippawa Power Canal Metals 
Niagara River at Queenston Metals, dioxins/furans 
Niagara River at Niagara-on-the-Lake Metals, dioxins/furans 

A sediment sampling program to address the COCs at each of the sites was carried out during the 
first week of November, 2003.  

A two-step screening process was developed to identify potential concerns at each of the sites. 
The MOE has developed a process for evaluating sediment quality and determining when 
additional investigations would be warranted.  The Provincial Sediment Quality Guidelines 
(PSQGs) are the first step in this process and are used to initially screen sediment concentrations. 

Under the MOE process, where concentrations of a COC exceed the LEL, additional 
investigation is recommended to assess the biological significance of the exceedance.  Where an 
SEL is exceeded, additional investigation to assess biological effects and determine the need for 
remedial action is typically required.  This is based on the understanding that elevated levels of 
contaminants can occur, but through lack of biological availability, which can be mediated by a 
number of sediment constituents, are not resulting in adverse effects on biota.  While sediment 
concentrations may exceed established guidelines at some sites, the approach implicitly 
recognizes that the guidelines are based on conservative assumptions regarding availability and 
toxicity, and would not be applicable to all sites.  As such, the guidelines are not identified for use 
as cleanup targets, but merely serve to trigger additional biological investigation (Persaud et al. 
1993, Jaagumagi and Persaud 1996).  The guidance provided by the MOE (Jaagumagi and 
Persaud 1996) explicitly notes that remedial action should not be considered simply on the basis 
of exceedance of the guideline levels without further assessment of biological effects.  Only 
where there are demonstrated adverse effects of contaminants is there a justification for 
consideration of intervention options.  

Comparison with the MOE guidelines was conducted through a risk quotient approach: 

• the maximum concentration of each parameter was considered relative to the MOE LEL 
and a risk quotient (RQL) was calculated for each parameter.  This level indicated 
negligible risk to biota. 

• Where the RQL  > 1, concentrations were evaluated relative to the SEL.  Where the RQS 
> 1, potential risks to biota were identified, and the site was considered a candidate for 
detailed assessment under Phase III. 
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Bioaccumulative substances, such as polychlorinated biphenyls (PCBs), dioxins and furans, and 
mercury were considered as special cases.  For these compounds, the calculation of Risk 
Quotients based on MOE PSQGs or on toxicological testing may not be protective against the 
effects of bioaccumulation and biomagnification, and the following approach was used: 

• the maximum concentration of each parameter was considered relative to the MOE LEL 
and a risk quotient (RQBLB) was calculated for each parameter.  This level indicated 
negligible risk to biota. 

• Where the RQ BLB  > 1, or, in the case of dioxins and furans, RQBPELB > 1 (MOE guidelines 
were not available for these compounds and the CCME PEL was used as the benchmark), 
the existing concentrations were evaluated relative to a screening level risk assessment.  
Where risks were identified, the site was considered a candidate for detailed assessment 
under Phase III.  

Based on the above review, three sites were identified where contaminants exceeded the 
screening criteria, and adverse effects on biota could potentially occur: Lyon’s Creek West; 
Welland River – Pt. Robinson to Chippawa Power Canal; and Frenchman’s Creek.  The three 
sites are shown on Figure 1. 

ULyon's Creek West 

Contaminant concerns at Lyon's Creek West have historically centred around PCB 
contamination.  Previous sampling at the site has revealed that the highest PCB contamination 
occurred in the northern section of the site, where elevated concentrations typically occurred 
down to depths of 30 cm (and up to 3 m in some disturbed areas).  In the southern section of the 
site, PCBs were detected at much lower concentrations, and only in the surficial sediments. 

Additional sampling for PCBs and metals indicated that potential risks exist for humans and  
non-human biota on the northern section of the site due to PCBs, and that additional investigation 
would be warranted, particularly since the risk assessment was undertaken using conservative 
assumptions.  Exceedance of the SELs for arsenic and zinc also indicated the need for additional 
investigation of these COCs due to potential risks to biota. 

UWelland River - Pt Robinson to Chippawa Power CanalU 

Historical studies on the Welland River have identified metals and polycyclic aromatic 
hydrocarbon (PAH) compounds as the potential COCs.  In particular, chromium, copper and 
nickel were elevated in sediments in previous studies.  Both chromium and nickel appear to 
originate from sources upstream of this area while elevated copper concentrations appeared to be 
due to sources local to this reach. 
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Sampling results indicated that these three metals continued to be present at levels above MOE 
SEL guidelines and that additional assessment is warranted under Phase III.  Localized 
occurrences of PCBs, mercury and PAH above guidelines were also noted.  Exceedance of the 
LEL guidelines for PCBs and mercury prompted additional evaluation with respect to potential 
bioaccumulation.  Risks to water column organisms such as fish were predicted to be low due to 
the low concentrations and the small areas affected.  

Welland River - Thompson's Creek U 

Thompson’s Creek is a tributary of the Welland River, thus this study area was considered to be a 
subsection of Welland River.  The Niagara River RAP identified the concerns in Thompson's 
Creek to be primarily due to concentrations of some metals in excess of the MOE LELs.  The 
available information was more than 10 years old, and consequently additional sampling was 
undertaken at this site. 

UFrenchman's Creek U 

Industries along Frenchman's Creek have been associated with elevated levels of metals (mainly 
chromium and lead) and dioxins and furans.  As a result, additional sampling focussed on these 
parameters, but also included both PCBs and PAHs. 

Sampling results indicated that both chromium and cadmium were elevated at some locations. 
Concentrations of both of these metals were in excess of the MOE SEL guidelines, and would 
warrant additional investigation under Phase III.  Elevated levels of dioxins and furans in excess 
of the CCME PELs indicated a potential risk to biota.  Given the high uncertainty surrounding the 
results, this site was recommended for additional assessment under Phase III.  

Based on the outcome of the initial investigation, three areas were identified where risks to biota 
indicated the need for more detailed assessment under Phase III:  

• Lyon's Creek West, for investigation of potential effects due to PCBs, arsenic and zinc;  

• Welland River, for investigation of potential effects due to chromium, copper and nickel, and 
at one site, PAHs; and 

• Frenchman's Creek, for investigation of potential effects due to dioxins and furans in the 
southeast tributary, and cadmium and chromium in the southwest tributary. 

In addition to these sites, sediment investigation was considered warranted in Thompson’s Creek 
due to elevated levels of copper in sediments at the mouth of the creek.  The outcome of the 
sediment investigation would determine the need for any additional biological testing at this site. 



May 2005 - 5 - 03-1112-059 

 

Golder Associates 

2.0 STUDY APPROACH 

2.1 Study Plan 

2.1.1 Lyon’s Creek West 

The Phase I/II study identified three concerns in Lyon's Creek West:  

• contamination by PCB compounds, which was confined mainly to the northern section of 
the site; 

• contamination by arsenic, which was confined mainly to the southeast and central section 
of the site; and 

• contamination by zinc, which was also confined mainly to the northern section of the site. 

While there is evidence to suggest there are different sources for some of the contaminants, all 
three contaminant concerns overlap in the wetland area, and therefore the assessment of effects 
considered the combined effects of the COCs in part of the study area. 

The Lyon’s Creek site is unique as a contaminated sediment site in an Area of Concern since 
typically these sites do not include terrestrial environments.  While the site was initially included 
in the list of sites as a result of sediment contamination, changes to the site drainage have resulted 
in some areas of contaminated sediment being exposed as terrestrial areas.  As well, the presence  
of PCBs in soils in some upland areas along the banks suggests that PCBs were likely transported  
to the wetland during higher flows, and that ponding on the site resulted in local flooding, with 
deposition of suspended materials contaminated with PCBs, arsenic and zinc on the banks.  Due 
to subsequent alteration of the drainage pattern, these areas have since remained as exposed 
upland areas. 

As a result, terrestrial ecological pathways and exposure were considered and were targeted for 
additional assessment.  Since the human health concerns are assessed through a separate study, 
the Phase III study addresses both the PCB contamination and metals contamination for 
ecological receptors.  The selection of ecological receptors considered both terrestrial and aquatic 
habitats, since both sediments and soils are contaminated with, in some cases, high concentrations 
of arsenic, zinc and PCBs. 

The Phase I/II study identified arsenic, zinc and PCBs as the contaminants of concern due to 
elevated concentrations in soils and sediments.  However, the available data did not provide a 
sufficiently detailed understanding of the effects of contamination on the site on non-human biota 
in order to provide guidance on management actions.  Therefore, the Phase III studies included 
methods to assess the effects of the COCs on locally relevant receptors.  Some of the COCs 
identified on the site, such as arsenic and zinc, do not biomagnify, and the effects of these can be 
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assessed through toxicity tests on those organisms that are directly exposed to soils and 
sediments, such as invertebrates.  However, with PCBs, there is concern that adverse effects 
could occur on organisms at higher trophic levels that prey on the soil and sediment organisms, at 
concentrations that are well below concentrations that would be toxic to the prey organism. 
Therefore, toxicity tests are not sufficiently protective for assessing the effects of PCBs.  As a 
result, the study plan developed for the site included direct assessment of the effects of arsenic 
and zinc through toxicity assessment as well as prediction of effects to other trophic levels 
through bioaccumulation measurements combined with food web modelling for PCBs.  

While extensive data exist for soil and sediment contamination on-site, a number of data gaps 
were identified in the Phase I/II study.  The extent of contamination in upland areas of the site by 
the COCs was largely unknown, since much of the previous sampling on-site had been 
concentrated in the creek channel.  In particular, it was not known how far up the banks the 
contamination extends.  Available data indicated that much of the contamination was confined to 
the existing creek channels, but some of the previous data suggested that the bank soils may also 
be contaminated.  In order to characterize risks, it was necessary to understand the lateral extent 
of contamination in the terrestrial areas. 

The second issue concerned the biological availability of the COCs from the soil and sediment 
matrix, since it is the bioavailable component that is of major concern regarding toxicity and 
bioaccumulation/biomagnification by biota.  This is best determined on a site-specific basis since 
the type of soil/sediment can influence the availability (usually through the strength of binding to 
soil constituents) and therefore, availability can vary with soil type.  As a result, a number of 
components were included in the Phase III assessment that were designed to provide a more 
realistic estimate of availability through direct measurement of COC uptake by biota, which 
would provide availability factors that could then be used to predict effects across the site. 

Finally, a number of studies have noted that the toxicity of PCB compounds can vary 
significantly.  While PCBs as a group have been considered as toxic, studies have found that only 
a limited number of the 209 possible congeners are toxic.  As well, the effects on receptors have 
been found to vary with the types of PCB compounds.  For example, those PCBs that resemble 
the dioxins in structure (the co-planar and mono-ortho PCBs  that for ease of reference are 
referred to collectively as “dioxin-like” congeners in this report) have been associated with 
effects in mammals that include chlor-acne, dermal lesions, weight loss, immuno-supression, 
hepatotoxicity, reproductive and developmental toxicity and endocrine disruption.  The non-
dioxin-like PCBs (mainly the ortho-substituted nonplanar congeners) have been associated 
mainly with neurotoxicity, carcinogenicity and endocrine disruption (Giesy and Kannan 1998).  

Therefore, the assessment of PCBs is made with respect to total PCBs, which usually means the 
technical mixtures or Aroclors (which includes all of the possible 209 PCB congeners), and with 
respect to dioxin equivalents through the TEQ approach (i.e., the toxic equivalency of the 12 
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coplanar and mono-ortho-substituted PCB that have been found to resemble dioxins in both 
structure and effects, with respect to the toxicity of 2,3,7,8-TCDD).  Both assessments have been 
included since the available information indicates that specific types of effects are associated with 
each group.  

Since the coplanar and mono-ortho-substituted PCBs are structurally similar to dioxins, their 
mode of action is also similar and accordingly, the toxicity of these congeners has been assessed 
relative to 2,3,7,8-TCDD (which has been identified as the most toxic of the dioxins and furans). 
The Phase III study, therefore, additionally focused on the dioxin-like PCB congeners in the 
expectation that measurement of these would permit assessment of potential effects relative to 
established toxicity benchmarks for the dioxins and furans. 

PCBs 

The potential exposure of organisms to PCBs in soils and sediments on the site is shown 
graphically in the Conceptual Site Model (CSM) (Figure 2).  While the CSM includes organisms 
at higher trophic levels (e.g., top predators such as the red fox), it is often not possible to assess 
the effects of contaminants on these organisms directly.  Therefore, the effects of biomagnifying 
compounds are assessed through risk modelling.  In order for the modelling to be indicative of 
site conditions, and thereby a reliable tool for site management, empirical data from the site are 
necessary to conduct exposure and uptake modelling.  Exposure of organisms at higher trophic 
levels, such as predators, is based primarily on the ingestion pathway, since this would constitute 
the single largest route of exposure.  Therefore, by concentrating on those organisms that reside 
in this pathway, and are potential food items for the predators, the effects of contaminated 
sediments can be assessed directly on the lower trophic levels through empirical studies, and on 
higher trophic levels through modeling and risk estimation.  Since PCBs are highly hydrophobic 
and are rarely detected in water samples, the effects of water exposure are considered negligible 
in comparison with the food sources, and therefore, the lack of water quality data is not 
considered a concern. 

The studies conducted to date have identified potential contaminant concerns in both aquatic and 
terrestrial habitats.  The Phase I/II study showed that elevated levels of PCBs occur in sediments 
in the wetland and in the remnant stream, as well as in upland areas of the site.  Since all of the 
site is relatively low lying, it is likely that in the past, runoff events, particularly in the spring 
during snow melt,  have resulted in the deposition of contaminated materials within the flooded 
areas.  In addition, as a result of re-routing of the storm water ditch around the wetland area by 
the City of Welland, parts of the site that were previously considered as aquatic habitat have 
subsequently become terrestrial.  Consequently, both terrestrial and aquatic receptors have been 
included in the assessment. 
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The identified receptors for assessing aquatic effects focuses on benthic organisms and fish, and 
through modelling, on those organisms that feed on benthos and fish, assuming the latter are 
present on the site.  As well, since some receptors, such as aquatic mammals (e.g., muskrat) feed 
on aquatic vegetation, potential accumulation of the COCs by vegetation was also assessed. 

Terrestrial receptors include vegetation, which may accumulate PCBs directly from soils via root 
uptake, and also via PCB contaminated dust that settles on plant surfaces.  Local vegetation, in 
turn, will be an important pathway for primary consumers, including insects, small mammals, and 
birds (via seeds).  Invertebrates, such as earthworms, may also accumulate PCBs directly from 
soils, and may provide a pathway by which higher trophic level organisms, such as insectivorous 
mammals (e.g., shrews) and birds (e.g., robins), may be exposed to elevated levels of PCBs that 
could affect reproduction or survival. 

Since it was not considered practical to measure all possible food sources for all potential 
receptors, those receptors that were considered to be most at risk, due to their feeding habits, or 
habitat preferences, were selected for the assessment and these are included in Figure 2 

Metals (Arsenic and Zinc) 

The Phase I/II review has identified elevated levels of arsenic and zinc in sediments on the site. 
However, only a very limited number of areas were sampled.  In addition, there is no current or 
historical soils data for arsenic and zinc and the distribution of these COCs is poorly defined 
relative to the current understanding of PCB distribution on the site.  The assessment of 
ecological effects therefore, included both a better spatial understanding of arsenic and zinc 
distribution on the site, as well as an assessment of the ecological impacts on the site due to 
elevated concentrations. 

The primary concern regarding arsenic and zinc is with direct toxicity to organisms, since neither 
element has been shown to bioaccumulate and biomagnify through trophic levels.  Therefore, 
only those organisms directly exposed to arsenic or zinc in soils, sediment or food are likely to be 
at risk. 

Consequently, biological assessment of the effects of arsenic and zinc in soils and sediments 
concentrated on measurement of toxicity to exposed organisms within these media.  The effects 
of sediment arsenic and zinc concentrations were assessed through toxicity tests with both lethal 
and sublethal endpoints.  Both soils and sediment testing used those organisms that, through 
ingestion, were most likely to be exposed to elevated levels of arsenic or zinc.  In the case of 
soils, this focused on earthworms, since by ingesting soil, these organisms are most likely to 
accumulate arsenic or zinc residues and suffer potential adverse effects.  As well, this facilitated 
assessment of potential exposure of both birds and mammals to dietary arsenic or zinc, based on 
measured tissue residues in vegetation and invertebrates. 
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2.1.2 Welland River 

The Phase I and II study identified a number of locations in the Welland River where sediment 
metals concentrations exceeded the MOE SEL.  Chromium and nickel exceeded the SEL at most 
of the sites sampled and appeared to be related to historical discharges from upstream sources, 
such as the Atlas Steel site.  As well, elevated PAHs below the Oxy Vinyl site and elevated 
copper concentrations adjacent to and downstream of the Cytec site, including the mouth of 
Thompson’s Creek, were also noted.  None of the identified concerns in the Welland River are 
related to human health issues and therefore, only ecological assessment was considered in  
Phase III. 

Since the metals of concern are potentially toxic to aquatic life, but are not known to biomagnify 
at higher trophic levels, the assessment was limited to determining potential toxicity to sediment-
dwelling organisms, since these would be the most highly exposed receptors.  Therefore, the 
assessment focused on bioassay testing, which was to be supplemented with benthic community 
assessment if adverse effects were identified in the toxicity testing.  Bioassay tests measured both 
lethal and sublethal endpoints in mayflies and chironomids in accordance with MOE test 
protocols (Bedard et al., 1992) 

2.1.3 Frenchman’s Creek 

The Phase I/II study identified potential concerns with dioxins and furans in the southeast 
tributary of Frenchman’s Creek that drains from the area of Fort Erie occupied by CanOxy and 
Gould.  Minor risks to sensitive biota were identified on the basis of the results of a single 
sediment sample from the creek.  In addition, concentrations of cadmium and chromium in the 
southwest branch that drains from the Fleet site were above the SEL, and warranted additional 
investigation. 

Since concentrations of cadmium and chromium were above the MOE SEL below the Fleet site, 
sediment bioassay testing was undertaken at a single site on this branch.  The expected response 
due to cadmium would relate to toxicity, and therefore a bioaccumulation component was not 
proposed for investigation of this compound of concern.  

Dioxins and furans in the southeast branch were assessed in a two-phased approach.  Initial 
investigation concentrated on defining the distribution of PCDD/Fs in sediments in this branch.  
If consistently elevated levels of PCDD/Fs were determined, then bioassay testing would be 
undertaken at two of the sites for bioaccumulation testing.  (An additional location was included 
upstream of both tributaries on the main branch of the creek to serve as a control). 
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Given the intermittent flows in this tributary creek, there is currently no concern with human 
consumption of fish from the creek and therefore a human health component was not included in 
the study plan. 

2.2 Methods 

2.2.1 Lyon’s Creek West 

The Phase III study was designed to address the ecological risks that were identified in Lyon’s 
Creek West in the Phase I/II studies.  The locations sampled and the details of the sampling 
program are summarized in Table 1. 

2.2.1.1 Ecological Risk Assessment 

The ecological risk assessment of Lyon’s Creek West was originally designed to include both 
terrestrial and aquatic pathways of exposure since the contamination affected both soils and 
sediments on the site.  Those organisms most likely to reside in these pathways, either through 
direct observation on-site, or through a reasonable prediction of their presence on the site (i.e., if 
suitable habitat was present and the area was within the typical range of the species in southern 
Ontario), were considered as potential receptors.  Therefore, in order to estimate transfer and 
exposure of organisms at different trophic levels to the contaminants, on-site sampling was 
undertaken to quantify existing concentrations of PCBs, arsenic and zinc in site soils and 
sediments, and biota.  This would provide site-specific transfer factors, that in turn would provide 
a more realistic estimate of potential effects or risks to resident biota.  

The initial sampling plan included the following components: 

• Vegetation sampling (terrestrial and aquatic); 

• Soil invertebrates (earthworms); 

• Benthic invertebrates; 

• Small mammalian herbivores; and 

• Fish. 

The data were collected to provide site-specific values for use in the risk assessment model, 
which in turn was used to estimate the effects of exposure on other, higher trophic levels, as 
outlined in the CSM in Figure 2.  The assessment assumes that the primary route of uptake in 
organisms is through ingestion, and that exposure through inhalation and dermal contact is 
negligible. 
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Soils and Sediments 

Much of the existing data has focused on characterising the sediments within the creek bed while 
some additional sampling was undertaken by the St. Lawrence Seaway Authority in adjacent 
bank and upland areas.  However, large areas of the site had not been characterised with respect 
to PCB concentrations.  As well, the distribution of arsenic and zinc in both soils and sediments 
was largely unknown.  

Accordingly, additional samples were collected at 38 sites, as shown on Figure 3.  Sampling was 
conducted during two separate sampling periods.  An initial sampling for soils only was 
conducted on July 14-15, 2004, and was limited to defining the lateral extent of contamination by 
arsenic, zinc and PCBs.  The samples were confined to areas at the tops of the banks along both 
of the creek channels.  Sampling results indicated that in two areas soils were contaminated above 
applicable guidelines and additional soil samples further back from the creek would need to be 
collected in order to define the limits of contamination.  The additional soil samples were 
collected during the second sampling period in October 2004, and included additional stations at 
T12-N, T8-N and T10-S (Figure 3).  As well, since high concentrations of the COCs were noted 
along the bank of the north ditch/remnant stream at T12-N, two additional transects, T-13 and  
T-14, located to the west of T-12, were sampled during October 6, 2004.  

The soil and sediment samples consisted of composites of the top 5 cm, since this is the 
soil/sediment section to which most receptors would be exposed.  Chemical analysis included 
arsenic, zinc, total PCBs and TOC at all 38 sites.  At 11 of the sites (5 soil sampling sites and 6 
sediment sampling sites), the soil/sediment sample was split, with one half submitted for total 
PCB analysis and the other half for analysis of coplanar and mono-ortho PCBs.  The sites were 
selected such that the PCB concentrations covered a gradient from <1 µg/g to >50 µg/g (four of 
these sites coincided with the detailed biological assessments described in the following sections). 
Soil and sediment samples were analyzed by Philip Analytical Services for arsenic, zinc and total 
PCBs.  In addition, selected soil samples were analyzed for the WHO list of 12 dioxin-like PCB 
congeners (i.e., the coplanar and mono-ortho PCBs), while selected sediment samples were 
analysed by the MOE Laboratory Services Branch for 55 PCB congeners, which included the 12 
dioxin-like PCB congeners. 

Vegetation 

Terrestrial vegetation was sampled at 4 locations for total PCBs, arsenic and zinc during the 
initial sampling period in July 2004 (Table 1).  Soil-vegetation transfer factors reported in the 
literature are in the range of 0.37 which indicates a low potential for uptake of PCBs by 
vegetation.  Sampling in terrestrial environments concentrated on grasses and shrubs.  The 
locations were selected such that a range of PCB concentrations would be included, from sites 
where PCB concentrations are <10 µg/g to those where concentrations are >50 µg/g.  Sampling 
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locations are shown on Figure 3.  Leaf samples from locally occurring shrubs were collected at 
these locations for analysis of arsenic, zinc and total PCBs in order to determine whether there is 
potential for toxicity or contaminant transfer to herbivores, such as deer.  At each site, a single 
composite sample of stem and/or leaf tissues for terrestrial plants was collected for analysis of 
total PCBs.  Grasses were sampled as the total growth above the soil surface and did not include 
roots since most receptors were considered to be minimally exposed to the roots. 

Sampling was also undertaken for aquatic plants, and focused on cattails, which were analyzed 
for arsenic and total PCBs, again across a gradient of sediment arsenic and PCB concentrations, 
since the species is known to be an efficient accumulator of contaminants.  Cattails were sampled 
by selecting a 30 cm section of stem beginning at the soil/sediment/water surface.  This section 
was selected since this is the most likely to be consumed by local herbivorous mammals such as 
muskrats (muskrat tracks were noted in the area during field collection).  Cattails have also been 
found to concentrate some compounds in other studies and are also abundant in the more 
contaminated areas of the site.  Therefore, cattails would be the most likely vegetation species to 
accumulate contaminants from the sediments to which aquatic herbivores would be exposed. 

Sampling was conducted in two phases.  Initial soil and vegetation sampling on the site was 
conducted in July 2004.  Results of the initial sampling suggested elevated levels of arsenic 
occurred in tissues of some plants, and indicated that additional samples would be warranted at 
transect T-12, where elevated levels of arsenic, zinc and PCBs were found in bank soils.  Bank 
vegetation consisted primarily of small shrubs in this area, with the result that collection of 
vegetation samples was conducted in the dried out creek bed (T12-M) on October 6, 2004.  This 
area was densely vegetated by grasses, and therefore was considered as typical habitat for local 
herbivores.  

Soil Invertebrates 

Earthworms were collected at 2 locations that coincided with soil sampling and vegetation 
sampling during the October 2004 field investigations (Table 1).  Due to the low density of 
earthworms, in order to obtain sufficient mass of material, at both T1 and T12 an area of 
approximately 1 m x 3 m was sampled.  Worms were submitted for analysis of arsenic and total 
PCBs.  

Small Mammals 

During the initial planning for Phase III, collection of small mammals such as deer mice, voles or 
shrews was planned using live traps.  The intent was to analyze whole body tissue residues since 
these represent the dose of PCBs that would potentially be available to a predator.  However, the 
results of the initial sampling phase indicated that lateral dispersion of COCs was limited to areas 
within the banks.  Concentrations of COCs across much of the upland areas of the site, therefore, 
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were below detection limits, and only the area at the junction of the two branches of the creek had 
elevated levels of the COCs.  Since this area was limited in size, it was felt that the effects on 
wildlife would similarly be limited, with only those mammals resident in the immediate area 
potentially exposed.  As a result, sampling was confined to two locations: the area at the junction 
of the two branches which showed the highest soil contamination by all three COCs, and a 
control area near the south end of the wetland, where sampling during the initial sampling period 
in July, 2004 indicated levels of all COCs were low.   

Rodents were not obtained at either of the sites within the contaminated areas of the wetland, 
though a rodent (deer mouse) was obtained in the upland, grassed area.  The results indicated that 
while mice did inhabit the site, they appeared to make minimal use of the bank areas, and were 
primarily in the open fields adjacent to the wetland.  As such, their exposure would primarily be 
limited to the consumption of vegetation in the open field, and possibly in the bank and drier parts 
of the wetland areas as well.  

Benthic Invertebrates 

The very limited nature of the benthic habitat in the creeks and wetland areas precluded benthic 
community assessment at this site.  For example, permanent water was noted at only one of the 
sampling sites.  Therefore, the effects on the benthic community were assessed through sediment 
bioassay testing.  The test procedure followed the MOE protocol (Bedard et al. 1992), and 
included both mayflies (Hexagenia spp.) and chironomids (Chironomus riparius).  Sediments 
were collected at 3 test sites (T1-M, T7-M and T9-M) in October, 2004.  Sediment bioassay 
testing was undertaken by Stantec. 

Fish 

Due to the small size of the open water habitats on the site, which was limited to a small open 
pool area at the northwest end of the wetland, estimated at approximately 200 m2, and the shallow 
nature of the creek from the wetland, (approximately 1 m wide and 200 m long), the habitat 
appeared suitable only for limited number of small forage fish (minnows).  As a result of the 
logistical difficulties in sampling fish in the shallow, heavily vegetated areas, fish sampling was 
not undertaken, and fish tissue residues were estimated from sediment concentrations and benthic 
organism tissue residues. 

2.2.2 Welland River 

Additional assessment of Welland River sediments focused on assessment of ecological effects 
due to contamination by copper, chromium and nickel at all sites and PAHs at one site.  Since the 
potential ecological effects were likely to be confined to, and most pronounced on, those 
organisms that are in direct contact with the contaminated sediments, the assessment of the 
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Welland River focused on toxicity to benthic organisms.  Since the COCs identified are not 
known to biomagnify through trophic levels, and release of metals from sediments to the water 
column is considered to be minor (due to the organic nature of the sediments and the high TOC), 
only benthic organisms and bottom-feeding fish are considered to be at potential risk. 
Consequently, the Phase III assessment focussed on direct toxicity to benthic organisms.  

Concerns in the Welland River were focused around the elevated levels of chromium and nickel 
at nearly all sites, as well as copper at a number of sites adjacent to and downstream of the Cytec 
Welland plant.  As well, one area adjacent to the Oxy Vinyl site had elevated PAH concentrations 
in sediments.  Since both chromium and nickel occur at all sampling sites, a practical approach 
was followed in the study plan that confined sampling and analysis to a few representative 
locations.  Sampling locations are shown on Figure 4. 

To address the metals contamination due to copper, chromium and nickel, sediment bioassay tests 
using mayflies and chironomids were conducted at four of the sites.  Two of these coincided with 
elevated copper levels, which would therefore be assessed concurrently.  As well, the one PAH 
site identified as a potential concern in the Phase I/II study was included in the sediment bioassay 
testing.  Since the primary concern with these COCs is direct toxicity to aquatic organisms, and 
biomagnification is not a concern with these substances, additional testing using fathead minnows 
was not included.  The bioassay testing measures both lethality and growth effects (i.e., sublethal 
endpoints). 

A two-phased approach was adopted for the Welland River sites.  If bioassay testing indicated 
that there was a concern with potential toxicity, additional assessment using benthic community 
assessment would be undertaken. 

In addition to sampling in the Welland River, sediment samples were collected in Thompson’s 
Creek, a tributary of the Welland River, at 3 locations as marked on Figure 4.  These focused on 
metals, since these were the COCs that have been identified at this site.  Since previous studies 
had shown that copper concentrations in Welland River sediments increased at those locations 
adjacent to, and downstream of, the Cytec site, an additional sample was collected from the small 
tributary that drains to the river east of the Cytec cite (shown as TC-4 on Figure 4). 

2.2.3 Frenchman’s Creek 

Additional studies in Frenchman’s Creek under Phase III concentrated on assessment of 
ecological effects due to metals (cadmium and chromium) in the southwest branch and dioxins 
and furans in the southeast branch. 
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Sediments 

The identification of dioxins and furans as a potential concern in the southeast branch is based on 
a single sample collected as part of the Phase I/II investigations, and therefore, before additional 
biological investigations were undertaken it was determined that the results of the Phase I/II 
sampling should be confirmed.  As a first step, sampling at additional sites was undertaken to 
further map the extent of sediment contamination by PCDD/Fs.  Based on these results, the need 
for biological assessment would be determined.  

Additional sediment samples for PCDD/F were collected at four locations in the tributary and one  
location in the main branch immediately below the confluence of the tributary for a total of 5 
samples (Figure 5).  Samples were collected as surficial grabs (top 5 cm).  

Separate sediment analysis for cadmium and chromium in sediments in the southwest tributary 
was not undertaken, since sediment analysis for these elements was included in the bioassay 
testing as described in the following section. 

Biota 

Given the relatively low concentrations of dioxins and furans in creek sediments, additional 
biological testing was not planned unless elevated levels of dioxins and furans were confirmed.  It 
was expected that if elevated concentrations of PCDD/Fs were found in creek sediments, these 
could be addressed through a risk modelling approach using appropriate transfer factors for biota. 

Toxicity of cadmium in the southwest branch was assessed using bioassay tests under the MOE 
protocol for the mayfly and chironomid tests (Bedard et al., 1992).  Sediments were collected 
from below the Fleet site and at an upstream control (the control site sampled in the Phase I/II 
study) (Figure 5).  Lethality and growth were assessed in the exposed sites relative to the control 
and a negative control according to the MOE sediment bioassay protocol (Bedard et al., 1992). 
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3.0 LYON’S CREEK WEST PHASE III SITE ASSESSMENT 

3.1 Soils and Sediments 

Results of the soil and sediment sampling are compiled in Table 2 for arsenic, Table 3 for zinc, 
Table 4 for PCBs in sediments, Table 5 for PCBs in soils and Table 6 for total coplanar and 
mono-ortho PCB congeners.  For ease of assessment, the site has been sub-divided into a number 
of sub-areas.  These are shown on Figure 11 and represent a more or less natural division of the 
site based on habitat types.  PCB congener analysis for sediments was undertaken by MOE and 
included a total of 55 congeners, though individual results for only the 12 dioxin-like PCBs (i.e.,  
the coplanar and mono-ortho PCBs) are presented in Table 7.  Laboratory reports are provided in 
Appendix A for all samples.  The distributions of arsenic, zinc and total PCBs on the Lyon’s 
Creek West site are shown on Figures 7, 9, and 3 respectively . 

3.1.1 Soils 

The results of the soil sample analysis indicate that elevated levels of arsenic, zinc and PCBs are 
confined primarily to the existing creek bed, and only in the area where the two branches join 
(Area C, Figure 11) is there contamination in soils to the tops of the banks (Figures 6, 8 and 10). 
This area is at a slightly lower elevation than the remainder of the site, and it appears that during 
high water, flooding could result in inundation of this area.  

Areas along the banks of the creek and wetland typically had low concentrations of arsenic and 
zinc, and non-detectable levels of PCBs.  Elevated levels were noted in a few areas, such as T12-
 N (Area D), T8-N (Area E) and for arsenic, T6-N (Area B).  All of these sampling locations are 
in lower areas than the adjacent banks, and re-sampling in these areas further upslope resulted in 
either low or non-detectable levels of the three COCs (Tables 2, 3, and 5, and Figures 7, 9 and 3). 
Therefore, it seems reasonable to conclude the contamination on site is confined within the high 
water mark for the creek and wetland. 

In addition to total PCBs, the 12 dioxin-like congeners were also analysed in soils and sediments 
(Table 7).  Since only a limited number of samples were collected, the distribution of total dioxin-
like PCB congeners is estimated for the remainder of the site, and these data were subsequently 
used to estimate exposure of biota. 

Dioxin-like PCB congeners in soils at the 6 sites analyzed were summed, and the ratio of total 
PCBs to  total dioxin-like PCB congeners was calculated.  The mean ratio of total PCB to the 
total of the dioxin-like congeners was used to estimate dioxin-like congener concentrations at the 
remainder of the sample points.  Since insufficient matching results for total PCB concentrations 
vs. dioxin-like congeners were obtained (concentrations were below the detection limits at 3 of 
the sites) a relationship could not be calculated, and the mean values were used to derive a simple 
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ratio instead.  Since the Phase I/II study suggested that there had been little degradation or loss of 
PCBs from the site (surficial concentrations in 2003 and 2004 were similar to earlier samples in 
the same areas), the entire dataset from 1991 to 2004 was used to develop a detailed 
understanding of PCB distribution, and potential exposure to biota, on the site.  The results are 
provided in Table 6. 

3.1.2 Sediments 

Arsenic concentrations show a generally decreasing trend from the southwest end of the site  
(T1 – Area A) towards the discharge at the canal (T11 – Area E) (Figure 6).  The sampling results 
indicate that the contribution of arsenic from the north ditch appears to be minor.  The high 
concentration at the southwest end of the wetland (station T3-M) suggests that the main source 
has likely been from the southwest via this branch, with much of the contamination contained at 
this end of the wetland (i.e., where the flow dissipates and any suspended sediment load would be 
expected to settle).  The distribution of arsenic across the site is shown graphically on Figure 6. 
Distributions are mapped on Figure 7 and suggest transport during higher flows with subsequent 
deposition in the wetland as the most likely means of dispersion. 

Zinc distribution on the site indicates that the north branch has been the major route for zinc 
entering the site (Figure 8) since concentrations were highest in this area (Area D). 
Concentrations in the remnant stream were much higher than in other areas of the site (zinc 
distributions are mapped on Figure 9).  Sediment in the southwest branch (Area A) had much 
lower levels of zinc, though elevated concentrations at the southwest end of the wetland (station 
T4-M) indicate that zinc contamination has reached this area, possibly through flooding back of 
the wetland during periods of higher flow.  The highest zinc concentration occurred along the low 
banks in the area of T12-N (Area D), and suggest deposition has occurred during high water 
periods when flows in the ditch would be higher due to higher runoff volumes within the 
catchment area.  

PCB contamination on the site yielded the highest levels in the area of the north ditch (Area D), 
and in the main stem below the wetland (Area E).  A trend towards increasing concentrations was 
apparent from the southwest to the northeast (Figures 3 and 10), with lower concentrations in the 
wetland (Area B), and low concentrations in the south branch (Area A).  The data suggest that the 
bulk of the PCB contamination on the site likely entered via the north ditch. 

Within the north ditch, concentrations in sediments upstream of the berm that was installed in 
1994 to re-route the ditch to the north, were much lower.  As noted in the Phase I/II study, this 
area was remediated by the City of Welland in 1991. 

Similar to the approach used for site soils, the measured concentrations of dioxin-like PCB 
congeners in sediments were used to estimate the concentrations of total dioxin-like PCB 
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congeners at the remaining sediment sites through calculation of simple ratios (Table 7).  The 
results indicate that the distribution of total dioxin-like congeners relative to total PCBs was very 
similar in both soils and sediments (0.05, or 5% of the total PCB was comprised of the 12 dioxin-
like congeners), which would be expected if both originated from the same source.  

The 2004 Phase III sampling confirmed that high concentrations similar to those collected in the 
1990’s persist in sediments, and that the lower banks (likely those areas that were periodically 
inundated) also contain elevated levels of PCBs.  The areas at higher elevations appear to be 
largely unaffected, with the result that concentrations of PCBs in the upland areas were typically 
low. 

3.2 Assessment of Potential Effects/Risks 

The effects of elevated levels of COCs in soils and sediments were assessed directly through 
toxicity testing, and indirectly through screening values obtained from the scientific literature. 
Risk/effects estimates in this section are based as much as possible on site-specific data, and 
include soil/sediment concentrations, tissue residues in vegetation, and tissue residues in 
terrestrial invertebrates.  Tissue residues in aquatic invertebrates and fish are estimated based on 
data from Lyon’s Creek East collected by the MOE and Environment Canada. 

The potential receptors considered as suitable candidates for the risk assessment were: 

• Deer Mouse (herbivores, feeding primarily on grasses and seeds):  

• Short-tailed Shrew (feed on earthworms); 

• Robin (feed on earthworms); 

• Muskrat (herbivores, feed on cattails); 

• Fish (feed on small invertebrates); 

• Waterfowl (feed on fish and invertebrates); and 

• Red Fox (preys on small mammals such as mice and shrews). 

Larger herbivores, such as deer, were considered, but were not evaluated further.  In the course of 
completing the risk calculations for the small herbivores, such as the deer mouse, it became 
apparent that there were minimal risks due to exposure to COCs in food (i.e., grass) for animals 
that spend their entire life within the contaminated areas.  As well, the calculated accumulation 
factors for leaves (i.e., leaf-soil BSAFs) were lower than the accumulation factors for grasses, 
such that potential exposure to the COCs through consumption of leaves would be expected to be 
lower.  Therefore, it became apparent that large herbivores that feed over a much larger home 
range than the site and would be expected to spend only a small fraction of time feeding on the 
site would not be significantly exposed. 
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The area of the site is calculated as approximately 120,000 m2 (or 12 ha), and includes the area 
from the property boundaries of the lots to the west of the site, east to the canal service road, and 
from Humberstone Road north to the creek outlet at the canal.  In the exposure calculations, it is 
anticipated that the area of the site will be greater than the home range of some of the receptors, 
and the site has been divided into a number of sub-areas (Figure 11).  An attempt has been made 
in the delineation of sub-areas to include similar types of habitats, to the greatest extent possible. 
Therefore, the southwest branch to the upstream end of the wetland has been considered as one 
area (Area A).  This area is characterized by open grassy lawn that appears to be frequently 
trimmed, with only the creek area containing emergent vegetation, such as shrubs (Photo 1).  The 
area of the creek bed itself is approximately 0.5 m below the level of the adjacent area, is narrow 
(approximately 1 m across), and is heavily vegetated with cattails.  

The wetland (Area B) consists of exposed, though often damp soils and is heavily overgrown 
with Phragmites.  In specific areas surface water occurs, though typically to shallow depths of 
less than 0.5 m, and these areas bear significant stands of cattails (Photo 2).  Sediments range 
from highly organic mats of decaying matter in the open water areas, to firm, black soils in the 
drier areas.  

Area C is the short segment of creek between the wetland and the north ditch and is mainly a 
transition from the wider wetland area to the narrower creek bed that characterizes the area 
downstream of the wetland, and is perhaps the most arbitrary of the sub-divisions.  

The north ditch, from the berm constructed in 1994 to the confluence with the branch from the 
wetland is Area D, and is characterized by dried out creek bed that has become heavily 
overgrown with young trees and shrubs.  The former creek bed is vegetated with grasses, and 
while damp and wet in places, is mainly dry land (Photo 6).  

The main branch below the north ditch and wetland down to the canal is Area E and is 
characterized by higher banks that slope back gradually along the west side, but rise steeply along 
the east side.  There are narrow terraces along both creek banks that are indicative of erosion 
during high flow periods.  The upland areas are characterized by tall grasses and weeds, 
interspersed with shrubs and trees (Photo 3).  The creek bed is comprised of very soft fine 
sediments with decaying organic detritus, with a narrow channel of open water (Photo 4).  
Cattails line the margins along both sides of the creek.  Open water is present only at the 
downstream end of the creek, above the culverts to the Canal, where it is fed by water from the 
1994 diversion of the ditch (Photo 5). 

Where the home range of the receptor coincides with the size of these sub-areas, it is assumed in 
the exposure estimates that 100% of the exposure occurs within the sub-area.  
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The potential receptors are identified in Figure 2.  Fish-eating birds in the aquatic environment 
are not assessed directly due to the lack of suitable habitat at the site which in turn is a function of 
the low water within the system.  The low water levels are related to the re-routing of the north 
ditch around the existing wetland area in 1994, which, given the current volume of water in the 
ditch, diverted a substantial amount of water from the wetland area.  As a result, there has been a 
reduction in available habitat for fish and waterfowl, such that few receptors are currently present 
on the site.  The lack of sizable fish habitat within the wetland means that currently there is very 
limited potential for exposure of fish-eating wildlife.  Similarly, the use of the wetland by 
waterfowl would be very limited due to the small areas of open water.  

Open water areas existed as a small pool near the northeast end of the wetland at the location of 
station T5-M.  This area consisted of open areas of surface water with isolated patches of cattails, 
indicating shallow depth.  The area measured approximately 20 m x 10 m.  A small area of open 
water existed in the bed of the creek from approximately the downstream end of the wetland to 
the discharge at the canal, a distance of approximately 200 m, which was typically 0.5 m wide in 
the upper and middle sections, and approximately 1 m wide in the lower 20 m section.  During 
both the July and October site visits there was no open water connection between the ponded area 
and the creek.  The water depth in the ponded area was less than 0.5 m, while water depth in the 
creek was up to 1 m in the area below the confluence of the two branches, and decreased to 
approximately 0.1 m in the lower section, upstream of the by-pass ditch.  Therefore, the total area 
of available habitat for waterfowl is approximately 300 m2.  No waterfowl were observed in the 
area during any of the site visits. 

The wetland area itself is approximately 200 m x 30 m, and the creek bottom is approximately 2 
m wide for the 200 m length from the lower end of the wetland to the discharge, for a total 
approximate area of 6800 m2.  Based on these estimates, open water areas suitable for fish or 
waterfowl use would be limited to approximately 5% of the wetland area.  The rest of the wetland 
is dominated by dense growths of Phragmites, with little or no surface water, and would 
generally be inaccessible to waterfowl.  Fish habitat is limited by the size and depth of surface 
water on the site, and would be limited to minnows and other small fish species.  However, MNR 
has recorded smallmouth bass from the wetland area in the early1990s prior to re-routing of the 
ditch, which suggests that this area has provided suitable fish habitat in the past. 

Based on the above observations, waterfowl use of the area is expected to be minimal, 
particularly with large expanses of wetlands nearby in the Welland River and Lyon’s Creek East 
that would provide more suitable habitat.  Exposure of wildlife through consumption of fish is, 
therefore, expected to be negligible. 

The exposure of wildlife is based on the generic equations provided in the CCME guidance 
(CCME 1996): 
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where:  ADDpot  =  potential average daily dose (mg/kg) 
Ck    = average contaminant concentration in the kth type of food (mg/kg w.w) 
FRk   = Fraction of the intake of the kth food type that is contaminated 
NIRk  = Normalized ingestion rate of the kth food type (w.w.) 
m   = number of contaminated food types. 

Similarly, soil or sediment ingestion is estimated by the following equation from CCME (1996): 
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 where: ADDpot  = potential average daily dose (µg/g) 
   Ck   = average contaminant concentration in soil in kth foraging area (µg/g d.w.) 
   FS   = fraction of soil in diet 
   IRtotal  = Food ingestion rate (kg/day d.w.) 
   FRk   = fraction of total food intake from the kth foraging area 
   BW   = body weight (kg) 
   m   = total number of foraging areas. 

Total exposure is then estimated on the basis of exposure via food, and exposure via incidental 
ingestion of soil as the sum of Equations 1 and 2.  

Exposure to PCB congeners was also estimated from soil.  In order to estimate the concentration 
of dioxin-like congeners on the site, the ratio of total PCBs to the total for the 12 dioxin-like 
congeners was calculated for each of the sample results where congeners were analyzed.  A mean 
ratio was then calculated to derive a conversion factor (Equation 3).  
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where:  CFcon   = Conversion factor for estimating congener concentration; 
  [tPCBcon]n  = sum of PCB toxic congener concentrations in the nth sample; 
  [tPCB]n  = total PCB concentration in the nth sample; and 
  N   = number of samples  

This ratio was applied to the remaining total PCB concentrations in soil to obtain an estimated 
concentration of PCB congeners.  Subsequently, in order to estimate total PCB TEQs, the ratio of 
total dioxin-like congeners to total TEQ (using the WHO TEFs for mammals) was calculated for 
the samples collected on site (Equation 4). 
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  where: CFTEQ  = conversion factor for estimating total mammalian TEQ; 
   [tPCBTEQ]n = concentration of total TEQ in nth sample; 
   [tPCBcon]n = concentration of total dioxin-like congeners in the nth sample; and 
     N = total number of samples. 

Based on this conversion factor, a TEQ was estimated for the remaining sample sites in order to 
calculate the mean and upper 95% C.L. (confidence limit) for TEQs. 

Since PCB congeners were not analyzed in grass or earthworm samples, PCB congeners were 
estimated in grasses and earthworms by applying the BSAF for uptake of total PCBs calculated 
from site data for grasses and earthworms respectively to the estimated toxic congener 
concentration in soil.  The assumption is made that the ratio in which the dioxin-like congeners 
occur in soil also applies to the uptake of the dioxin-like congeners in plants and earthworms, and 
that these organisms would accumulate the dioxin-like congeners in the same ratio at which they 
occur in the soil.  This is likely an overestimate, since the MOE young-of-the-year fish data from 
Lyon’s Creek East (discussed in Section 3.2.7) indicates that uptake is variable, and not all of the 
dioxin-like congeners are accumulated equally.  However, the mean BSAF for accumulation of 
PCB congeners from sediment by oligochaetes in the MOE data was calculated as 3.84, which is 
higher than the calculated earthworm BSAF of 2.35 for total PCBs that was used in estimating 
uptake of the dioxin-like congeners from soil by earthworms.  However, the MOE estimates are 
based on total PCB calculated as the sum of 55 PCB congeners and not total PCBs, and therefore 
the MOE estimate may be overly conservative.  Nonetheless, the comparison indicates that the 
BSAFs upon which the estimates are based are reasonable approximations of availability of PCBs 
from soil. 

Finally, the TEQ was estimated by first calculating the total mammalian TEQ for the soil 
samples, then determining the ratio of the concentration of the dioxin-like PCB congeners to the 
total TEQ, and applying this ratio to the estimated concentration of dioxin-like PCB congeners in 
the soil.  For the grass and earthworm TEQ concentration estimates, the ratio of Total Toxic 
(dioxin-like) PCB Congeners:Total TEQ (Equation 4) as calculated from the soil samples was 
applied to the estimated tissue residues of PCB congeners.  

3.2.1 Terrestrial Vegetation 

Initial screening of potential risks to vegetation was undertaken using phytotoxicity screening 
values from the literature.  These are concentrations of the contaminants of concern in soils that 
have been shown in toxicity tests to result in measurable effects on plants, usually measured as 
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effects on growth (i.e., chronic or sublethal effects).  The screening values are typically based on 
spiked soil/sediment tests, and as such, represent conservative estimates. 

The reported No Observed Adverse Effect Levels (NOAELs) for soil for the protection of plant 
species from Sample et al. (1996) were 10 µg/g for arsenic, 40 µg/g for zinc and 40 µg/g for 
PCBs.  The CCME (1996) guidance for the protection of vegetation provides guidelines of 
20 µg/g for arsenic, 600 µg/g for zinc and 0.5 µg/g for PCBs.  Since the value for zinc provided 
by Sample et al. (1996) is lower than the background zinc concentrations at the site, the values 
provided by Sample et al. are considered as overly conservative, and comparison is made to the 
CCME guidelines for the COCs.  For each location, a risk quotient (RQVeg) was calculated for 
each of the COCs, based on the CCME guidance.  A potential risk is identified where the 
RQVeg> 1, with the risk potential increasing with increasing RQVeg values.  

The screening concentrations represent conservative values that are based on the most sensitive 
receptor, similar to the methods used to derive guidelines.  As such, they will not necessarily 
represent conditions that would occur at the site, i.e.,  a RQVeg > 1 does not necessarily mean that 
an adverse effect will occur.  The ratio merely indicates a greater potential for risks as the value 
increases above unity.  Nonetheless, the risk quotient method provides a means by which 
concentrations of COCs can be screened to assess potential risks. 

The RQVeg values calculated from the soil and sediment sampling results are presented in Table 2 
for arsenic, Table 3 for zinc and Tables 4 and 5 for PCBs in sediments and soils respectively. 

In addition to simple comparison with calculated screening levels, tissue residue results were 
considered as a measure of the potential availability of the COC from soils and sediments.  Since 
a limited number of sites were sampled for vegetation analysis, the results from these are 
calculated as mean BSAF values for each plant species from which the potential concentrations 
are estimated for the remainder of the site.  BSAFs are calculated as the concentration in the soil 
or sediments and the concentration in plant tissue as: 

[biota] µg/g wet weight 
BSAF = 

[soil/sediment] µg/g dry weight
                   (Equation 5) 

    
Calculation of the BSAF on a dry weight soil to wet weight tissue permits estimation of the wet 
weight concentration in plant tissues.  The results were used to estimate potential uptake from 
soils, and can be considered as a measure of potential availability of the COC.  As well, the tissue 
residues provided a measure of potential exposure of various herbivorous receptors on the site, 
and thereby provided base data for use in modeling exposure of higher trophic levels. 

Measured and estimated BSAFs in the plant species tested are provided in Table 2 for arsenic, 
Table 3 for zinc and Tables 4 and 5 for PCBs in sediments and soils respectively. 
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Arsenic 

The results of vegetation sampling for arsenic are presented in Table 2.  In general, uptake of 
arsenic by plants was very low.  In aquatic species, the highest accumulation factor (ratio of 
arsenic in cattail tissue vs. concentration in sediment) was 0.02 at station T9-M.  Among 
terrestrial species, the highest ratio of uptake (BSAF) for arsenic was 0.14 at station T6-N in the 
grasses, while the highest ratio of uptake (BSAF) in leaf tissues occurred at station T1-N.  In 
general, plants appeared to accumulate low concentrations of the COC. 

In bank or upland areas, based on a simple comparison of concentrations on-site to the CCME 
screening values, three areas along the banks, T6-N (Area B), T12-N (Area D) and T10-S 
(Area E), exceeded these values for arsenic and resulted in RQveg values ranging up to 2.3.  
Additional sampling further up the banks at T12-N+15 and T10-S+5 yielded soil concentrations 
below this benchmark, and indicate that potential risks to vegetation are confined to limited areas 
of the banks. 

In contrast to the bank soils, the majority of the wetland soils/sediments exceeded the screening 
values for arsenic, with concentrations up to 24 times higher at station T3-M (i.e., a RQveg of 24). 
The distribution of arsenic in wetland soils/sediments indicates that most of the potential risk is 
confined to the southern end of the wetland and the southwest ditch (T1-M to T6-M (Areas A 
and B)), with localized areas of higher risk in the main stem below the wetland area (T8-M 
(Area E)). Risk quotients ranged from a low of 1.7 at T8-M downstream of the wetland, to a high 
of 24 at the south end of the wetland.  While the screening values are necessarily conservative, 
the areas with greatest exceedances of the screening concentrations can be considered as 
presenting potential risks to plant growth. 

Zinc 

Comparison with the CCME screening value for zinc in soil of 600 µg/g w.w. indicates that 
exceedances occurred primarily in the north ditch (T13-S, 12-N and T7-N (Area D)) where RQveg 
values ranged up to 6.9, and in the main stem below the wetland (T10-S (Area E)).  In some 
cases, such as T12-N, zinc concentrations were well above the screening values (up to 6.9 times 
at T12-N). 

Zinc concentrations in sediments exceeded the CCME screening criteria predominantly in the 
north branch (Area D) and in the north end of the wetland (Area B).  Calculated risk quotients 
(Table 3) were relatively low at most sites (RQveg values ranged up to 4.9), and may indicate 
some risks to vegetation at the mouth of the north ditch (Area D). 
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PCBs 

PCB concentrations in bank soils exceeded the CCME screening values at limited locations in the 
north ditch and in the main stem below the wetland.  As with zinc, potential risks, assessed as 
RQveg, were only identified in isolated locations in the north ditch (T12-N and T7-N (Area D)), 
and in the main stem (T8-N, T8-S, T9-N and T10-S (Area E)).  However, RQveg values in this 
area ranged up to 173 and suggest adverse effects are likely in this area.  

The accumulation of PCBs was assessed in both grasses and leaves.  Uptake factors (BSAFgrass) in 
grasses were 0.01 (Table 5), and are considered low. 

PCB concentrations in sediments are considered to present potential risks to vegetation at 
concentrations above 0.5 µg/g w.w. (CCME 1999).  RQveg values ranged up to 164, and nearly all 
sites in the wetland (Area B), the north ditch (Area D) and the main stem (Area E) exceeded the 
screening level, often by significant amounts.  PCB uptake factors for cattails (BSAFcattails), based 
on the ratio of wet weight PCB in tissue to a dry weight of PCB in sediment, was 0.009 (Table 4). 

As noted earlier, the screening values are based on toxicity tests using spiked soils.  As a result, 
bioavailability would be expected to be higher in these tests than would occur from natural soils 
where weathering would favour formation of complexes that would limit uptake and toxicity. 
Under field conditions therefore, toxicity would be expected to occur at higher concentrations of 
the PCBs than is indicated by the screening level. 

Summary 

PCB concentrations in soils/sediments indicate that higher potential risks occur in the north ditch 
(Area D), the north end of the wetland (Areas B and C), and in the main stem below the wetland 
(Area E).  The majority of the sampling sites in these areas significantly exceeded the RQveg 
values and indicate potential risks to vegetation could occur. (Studies conducted under Phase I 
and II indicated little change in PCB concentrations has occurred on the site since the early 
1990s, and that PCB concentrations in 2003 were comparable to the concentrations obtained 
during previous sampling.  Therefore, it is concluded that exposure could still occur to these 
levels, and accordingly they have been included in the dataset). 

Limited risks were also identified due to elevated levels of arsenic and zinc, mainly in the 
southwest ditch (Area A) and wetland (Area B) for arsenic and in the north ditch (Area D) and 
main stem (Area E) due to zinc. 
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3.2.2 Terrestrial Invertebrates 

Concentrations of arsenic and PCBs were measured in terrestrial invertebrates (earthworms) at 
two of the sites.  Sampling locations were selected such that they would provide low and high 
concentrations of each contaminant.  Since the distribution of arsenic and PCBs indicated that the 
two did not co-occur at elevated concentrations except in the wetland (Area B), the station 
selected for the higher arsenic exposure (T1-M) was also the location for the lowest PCB 
exposure, while the station for PCB exposure (T12-M) had relatively low arsenic concentrations. 
Concentration factors for arsenic ranged from 0.31 at station T1-M to 0.13 at station T12-M and 
indicate that bioaccumulation may be concentration dependent.  Concentration factors for PCBs 
ranged from a nominal value of 1.0 at station T1-M (sediment concentrations were below the 
detection limit of 0.05 µg/g) to 2.35 at station T12-M.  In order to assess exposure and calculate 
potential uptake, the higher values are used for each since this would represent the most 
conservative approach.  

The measured tissue residues of arsenic and PCBs were used to estimate tissue residues across all 
sampling locations in order to provide a base from which to predict exposure of those species, 
such as shrews, that feed on earthworms.  Earthworm tissue residues were estimated based on  
calculated BSAFs as shown in Equation 5.  Since worms were collected at station T1 in the ditch 
immediately adjacent to open water, the sediment concentrations have been included in the 
estimation of tissue residues in the expectation that earthworms would inhabit the bank areas 
adjacent to sediment sampling areas.  It is also assumed that soil concentrations in immediately 
adjacent areas would be similar to sediment concentrations, and that the estimation of earthworm 
tissue concentrations on the basis of sediment concentrations would provide a realistic estimate of 
exposure through bank soils.  Bank soils immediately adjacent to the creek bed were sampled 
only in the north ditch (Area D), and indicate that the concentrations of COCs were similar to the 
creek sediments, and that this is, therefore, a reasonable assumption.  

Arsenic 

Screening levels for arsenic for the protection of soil invertebrates are based on the reported 
values from the literature.  Efroymson et al. (1997) report a value of 60 ppm (µg/g) for screening 
of soils for effects on earthworms.  This value is based on a study in Eisenia fetida in which 
earthworms were exposed to 68 ppm (µg/g) potassium arsenate in soil (Fischer and Koszorus, 
1992).  Earthworms experienced a 56% reduction in the number of cocoons produced per worm 
at this exposure concentration, which was the most sensitive endpoint.  Based on this screening 
value, a limited number of specific locations on the site would present potential risks to 
earthworms, and include two locations in the southwest ditch (stations LC-1 (2003) and T2-M 
(2004) (Area A)), the south and north ends of the wetland (stations T3-M and T6-M (Area B)), 
and the main creek stem below the wetland (station LC-8 (2003) (Area E)).  However, none of 
the mean values for the sub-areas resulted in exceedances of the screening criteria. 
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Zinc 

The screening levels for zinc for the protection of soil invertebrates are based on values from 
Efroymson et al. 1997, who reported a value of 100 µg/g for screening soils for potential effects 
on earthworms.  The screening benchmark is based on two studies in which Eisenia fetida were 
exposed to zinc in soil.  In the first, cocoon production was reduced in two artificial soils 
containing 136 µg/g and 142 µg/g (Spurgeon and Hopkin, 1996); in the second, the LC50 of zinc 
for Eisenia fetida was divided by 5 to result in an effect concentration of 132 µg/g (Neuhauser et 
al., 1985).  Based on this screening value, virtually all areas of the site exceed the screening 
value, including sampling sites in Area A, which have no indication of local sources of zinc, and 
suggest that this screening value is likely set too low.  

PCBs 

The tissue residues of PCBs at the two sites sampled permitted an estimation of potential tissue 
residues in worms from other areas of the site, based on the calculated BSAFs.  The mean BSAF 
of 2.35 was used to estimate tissue residues in the remainder of the site based on soil 
concentrations (the predicted tissue residues are provided in Table 5 and are broken down by 
area).  No studies directly relating toxicity of total PCBs to earthworms could be found. 
Therefore, toxicity is assessed relative to TEQ (WHO, 1997) estimated on the basis of BSAFs. 
The CCME guidelines report a single study regarding dioxin/furan toxicity to earthworms.  The 
lethal concentration in soil ranged from 5-10 mg/kg 2,3,7,8-TCDD (5-10 mg/kg TEQ).  Estimated 
TEQ values in soil at Lyon’s Creek West ranged up to 2.1 ng/g (Table 7), which is well below the 
effects level cited in CCME (1999).  Therefore, PCBs are unlikely to exert a toxic effect on 
earthworms, and the primary concern will be with bioaccumulation of PCBs to higher trophic 
levels. 

Summary 

Only limited areas of the site were identified with potential risks to earthworms due to arsenic 
contamination.  While risks were identified from exposure to zinc relative to screening 
concentrations from the literature in all areas of the site, these include those areas with no 
identified sources of zinc, and suggest that the available screening concentrations are set too low. 

PCB TEQs, were below screening benchmarks and suggest there is no likely toxic effect on 
earthworms from current levels on-site.  However, earthworms have accumulated PCBs in tissues 
to concentrations higher than in sediments, and the potential effects of bioaccumulation and 
biomagnification of PCBs through consumption of earthworms by some receptors is a concern. 
These issues are addressed in the appropriate areas of the following sections. 
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3.2.3 Terrestrial Herbivores 

The deer mouse is considered the most likely terrestrial herbivore to be present on the site.  The 
deer mouse is the most common rodent in eastern Canada (Banfield 1974), and is ubiquitous in 
grasslands and open fields, feeding on vegetation, of which grasses comprise a significant 
fraction of their diet.  A single specimen was caught on the site, but in the upland areas away 
from the creek banks; no specimens were caught in the bank or former creek bed areas.  Since 
soil concentrations of the COC were low in the upland areas, tissue analysis for the specimen 
caught in this area was not undertaken since this would not be representative of exposure in the 
more contaminated areas of the site.  

The following assessment of exposure is based on estimates of feeding in different areas of the 
site.  This is necessarily a conservative approach, and may overestimate exposure in some areas 
where the home range of the mouse overlaps one or more sub-areas with different contaminant 
concentrations.  The exposure estimates are based on the following assumptions: 

• Since each of the sub-areas is larger than the estimates for the home range (see table 
below), the mouse is assumed to feed entirely within each sub-area; 

• The dietary exposure to the COCs consists of exposure through food, assuming that 48% 
of the diet consists of grasses; 

• Since some soil is typically ingested during feeding, the incremental additional exposure 
through soil ingestion is estimated using standard equations (see below) and the soil 
ingestion rate provided in the table below; 

The exposure is calculated as a daily dose of the COC based on the equations given below, and 
these are compared to the screening benchmarks as provided in the table below.  

Model Parameters for Estimating Exposure 
To Deer Mouse 

Parameter Value Units Ref 

Body weight 0.022 kg Sample et al. 1996 

Food ingestion rate 0.0034 kg/d Sample et al. 1996 

Fraction of food comprised of grasses <48%  Sample et al. 1996 

Soil ingestion rate 0.000068 kg/d Sample et al. 1996 

Home range 0.059 ha EPA 1993 

Fraction of time on site 1.0  Assumption 

Arsenic Screening concentration (NOAEL) 0.136 mg/kg-bw/day Sample et al. 1996 
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Parameter Value Units Ref 

Arsenic Screening concentration (food) 0.88 mg/kg-bw/day Sample et al. 1996 

Zinc Screening concentration (NOAEL) 319.5 mg/kg-bw/day Sample et al. 1996 

Zinc Screening concentration (food) 2067.6 mg/kg-bw/day Sample et al. 1996 

PCB Screening concentration (NOAEL) 0.06 mg/kg-bw/day Sample et al. 1996 

PCB Screening concentration (food) 0.39 mg/kg-bw/day Sample et al. 1996 

For the exposure calculations, PCB accumulation through the ingestion of water is assumed to be 
negligible. 

Since the wetland area consisted of damp soil or localized areas with surface water, and was 
vegetated exclusively with Phragmites or cattails, it is assumed that mice would not feed in this 
area due to the unsuitable nature of the habitat.  Therefore, the exposure calculations do not 
include the wetland area. 

Assessment of potential effects on the deer mouse is based upon vegetation tissue residue data for 
arsenic, zinc and PCBs.  Measured concentrations in grasses from the site are used as the sources 
of exposure through food.  Other reference values are taken from Sample et al. (1996).  Since 
PCBs do not partition to any substantial degree to water, the water concentration is assumed to be 
negligible, and most of the daily intake of water is assumed to be through the food.  Therefore, 
exposure through consumption of food is calculated through the following equation: 

IRFRCOCADD grassgrassgrass ××= ][      (Equation 6) 

where: ADDgrass   = average daily dose 
   [COC]grass   = concentration of COC in grass 
   FRgrass   =  fraction of diet comprised of grass 
   IR    = ingestion rate. 

Incidental soil ingestion was estimated using the following equation: 

      soilsoilsoil IRCOCADD ×= ][        (Equation 7) 

 where: ADDsoil   = average daily dose from sediment ingestion 
   [COC]soil  = concentration of COC in sediment 
   IRsoil   = ingestion rate of sediment. 

Total exposure through ingestion was calculated as: 
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   soilgrasstotal ADDADDADD +=          (Equation 8) 

Exposures are based on the measured concentrations in soil and grasses at each sample site.  The 
BSAF for transfer from soil to grass is calculated based on the measured data in Tables 2 to 6.  A 
mean BSAF for the site for each COC is used to estimate tissue residues in grasses at the 
remaining sample locations (i.e., the locations where vegetation samples were not collected).  
This is based on the assumption that the BSAFs at all sites will be within the defined range for 
BSAFs and that this range is adequately described by the mean BSAF for the site. 

For PCBs, historical data from the site are included in the exposure estimates.  Studies conducted 
under Phase I and II indicated little change in PCB concentrations has occurred on the site since 
the early 1990s, and PCB concentrations in 2003 were comparable to the concentrations obtained 
during previous sampling.  Therefore, it is concluded that exposure could still occur to these 
levels, and accordingly they have been included in the dataset. 

Exposure of the mouse to the COCs is then calculated using the estimated tissue residues for 
grasses at each location, with the estimated exposures for all stations within a specific sub-area 
then averaged to obtain an average daily dose for each sub-area. 

Arsenic 

Sample et al. (1996) estimate a NOAEL of 0.126 mg/kg-bw/day for arsenic based on 
reproductive effects (embryo development).  Reported average weight of mice is provided in 
Sample et al. (1996) as 0.022 kg, with a reported food intake rate of 0.0034 kg/d for an estimated 
NOAEL of 0.136 mg/kg-bw/day.  The mean concentration of arsenic in grasses on the site was 
calculated from BSAFs for the sites where concentrations in grasses were measured and these are 
provided in Table 2.  Estimated exposures calculated on the basis of mean BSAFs for the four 
areas are presented in Table 2.  

Only one area, the North Ditch (Area D), resulted in estimated exposures above the NOAEL of  
0.136 mg/kg-bw/day, and only a slight risk was identified based on a comparison of the estimated 
mean daily dose of 0.142 mg/kg-bw/day with the screening value of 0.136 mg/kg-bw/day.  Given 
that laboratory-based tests are usually more conservative, this difference is likely negligible.  The 
screening level based on food consumption was 0.88 mg/kg-bw/day, and therefore, mean 
estimated exposure concentrations in the different sub-areas were all below the screening 
concentration.  The results indicate that no risks are likely to the deer mouse due to consumption 
of arsenic through food.  
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Zinc 

Zinc concentrations were estimated in a similar manner using the NOAEL of  319.5 mg/kg-
bw/day, and resulted in no identified risks for any of the areas (Table 3).  Predicted exposure 
concentrations were well below the NOAEL in all areas of the site. 

PCBs 

Toxicity reference values for PCBs were obtained from SRS (1999), and provide a NOAEL of 
0.068 mg/kg-bw/day for a mouse of body weight of 0.014kg.  Based on the above reported 
weight for the deer mouse, this results in an estimated NOAEL of 0.06 mg/kg-bw/day.  The 
results (Table 5) indicate that exposure of the deer mouse to concentrations in excess of this 
benchmark are not likely to occur in any of the areas on the site and there are no predicted risks 
due to PCBs.  

Exposure to PCB congeners was compared to published data on TCDD toxicity through 
comparison of TEQs.  The CCME (1999) reports a number of studies that calculated NOAELs for 
small mammals.  The reported NOAELs ranged from 0.0007 µg TCDD/kg/day (0.0007 µg/kg/day 
TEQ) to 600 µg TCDD/kg/day (600 µg/kg/day).  Average daily doses to the deer mouse in 
Area D (the north ditch) are at the lower end of this range (Table 6; 1.829 ng/kg/day or 0.0018 
µg/kg/day) and identify low potential risks.  Since the predicted exposure is at the low end of the 
range, and the screening criteria represent a conservative approach, this suggests that effects due 
to PCB would be low. 

Summary 

Risks to the deer mouse through exposure to the COCs were negligible in the majority of the site, 
and only minor potential risks were identified in the area of the North Ditch (Area D) due to 
exposure to PCB congeners.  

3.2.4 Terrestrial Insectivore 

Both the shrew and robin were considered as potential receptors for assessing exposure to on-site 
contaminants via ingestion of invertebrates since earthworms are known to comprise significant 
portions of the diet of each.  The robin, however, is likely to feed only in open upland areas of the 
site.  Since the more contaminated areas, particularly the north ditch, are in areas of densely 
vegetated scrub, the robin is unlikely to be present and feeding in these areas.  As well, the home 
range of the robin is larger than the site and therefore, the exposure of the robin to on-site 
contaminants is likely to be lower than the shrew.  In order to ensure that a conservative approach 
was followed, the shrew was selected as the most suitable receptor.    
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Shrews, while not recorded from the site, are considered to be potentially present on the site since 
there is available habitat, and shrews are ubiquitous in southern Ontario (Banfield 1974).  Shrews 
were used to estimate risks since they typically have a smaller habitat range than avian receptors, 
such as robins, and are likely to inhabit and feed in the more contaminated areas of the site. 
Therefore, exposure and risk are assessed on the basis of sub-areas within the site. 

The exposure is calculated as a daily dose of the COC based on the equations given below, and 
these are compared to the screening benchmarks as provided in the table below. 

Model Parameters for Estimating Exposure To Short-Tailed Shrew 

Parameter Value Units Reference 

Body weight 0.015 kg Sample et al. 1996 

Food ingestion rate 0.009 kg/d Sample et al. 1996 

Fraction of food comprised of earthworms 31.4%  Sample et al. 1996 

Soil ingestion rate 0.00117 kg/d Sample et al. 1996 

Home range 0.39 ha EPA 1993 

Fraction of time on site 1.0   

Arsenic Screening concentration (NOAEL) 0.15 mg/kg-bw/day Sample et al. 1996 

Arsenic Screening Concentration (food) 0.25 mg/kg-bw/day Sample et al. 1996 

Zinc Screening Concentration (NOAEL) 351.7 mg/kg-bw/day Sample et al. 1996 

Zinc Screening Concentration (food) 586.1 mg/kg-bw/day Sample et al. 1996 

PCB Screening Concentration (NOAEL) 0.066 mg/kg-bw/day Sample et al. 1996 

PCB Screening Concentration (food) 0.111 mg/kg-bw/day Sample et al. 1996 

For the above calculations, water ingestion rate is assumed to be negligible. 

The size of the site is estimated at 12 ha, and as shown in the table above, the home range of this 
species is much smaller than the site.  As with the deer mouse, exposure estimates are based on 
division of the site into a number of sub-areas.  These are included in Tables 2 to 6, and are 
shown on Figure 11.  

Earthworm tissue residue concentrations across the site were predicted on the basis of calculated 
BSAFs for the two sites where worms were obtained.  The mean BSAF was calculated for each 
site and earthworm tissue residues were estimated for the remaining sample sites based on the 
mean BSAF and measured sediment concentrations. 
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The following assessment is based on estimates of feeding in different areas of the site.  The 
exposure estimates are based on the following assumptions: 

• Since each of the sub-areas is larger than the estimates for the home range (see table 
above), the shrew is assumed to feed entirely within each area; 

• The dietary exposure to the COCs consists of exposure through food, assuming that 60% 
of the diet consists of earthworms; 

• Since some soil is typically ingested during feeding, the incremental additional exposure 
through soil ingestion is estimated using standard equations (see below) and the soil 
ingestion rate provided in the table above;  

• Since earthworms occurred in bank soils immediately adjacent to open water, the shrew 
is assumed to feed within the wetland area since large areas of the wetland did not 
contain surface water;  

• Since earthworms were obtained from bank soils immediately adjacent to the creek, the 
sediment concentrations of the COCs are assumed to be representative of these soils, and 
were used in the estimates of exposure; and 

• For PCBs, historical data from the site are included in the exposure estimates.  Studies 
conducted under Phase I and II indicated little change in PCB concentrations has 
occurred on the site since the early 1990s, and PCB concentrations in 2003 were 
comparable to the concentrations obtained during previous sampling.  Therefore, it is 
concluded that exposure could still occur to these levels, and accordingly they have been 
included in the dataset.  

Estimates of exposure to the COCs through exposure via food (earthworms) is calculated using 
the following equation: 

IRFRCOCADD earthwormsearthwormsearthworms ××= ][   (Equation 9) 

where: ADDearthworms   = average daily dose 
   [COC]earthworms   = concentration of the COC in earthworms 
   FRearthworms   =  fraction of diet comprised of earthworms 
   IR     = ingestion rate. 

Incidental soil ingestion was estimated using the following equation: 

      soilsoilsoil IRCOCADD ×= ][        (Equation 10) 

 where: ADDsoil   = average daily dose from sediment ingestion 
   [COC]soil  = concentration of COC in sediment 
   IRsoil   = ingestion rate of sediment. 

Total exposure through ingestion was calculated as: 



May 2005 - 34 - 03-1112-059 

 

Golder Associates 

   soilearthwormstotal ADDADDADD +=         (Equation 11) 

The exposure estimate does not consider other potential sources of the COCs, though these are 
likely to result in minor additional doses compared to ingestion of food.  

Arsenic 

The results of the exposure estimates are presented in Table 2.  In Table 2, the estimated daily 
doses were averaged over each of the sub-areas to obtain an average daily dose for that sub-area.  

Comparison with the NOAEL levels in the table above indicates that there are potential risks to 
the shrew in all areas of the site, with the highest risks in the North Ditch (Area D) and in the 
wetland (Area B).  All areas had elevated soil/sediment concentrations of arsenic, and tissue 
residue data showed accumulation of arsenic in earthworm tissues.  Comparison with the food 
screening criteria in the table above of 0.25 mg/kg-bw/day indicates that all areas would also 
exceed this criterion and that potential risks are present. 

Zinc 

Risks to shrews from consumption of earthworms were not calculated, since earthworm tissues 
were not analyzed for zinc.  

PCBs 

Based on the calculations in Table 5, exposure of shrews to PCBs through consumption of 
earthworms is expected to significantly exceed the screening concentration of 0.066 mg/kg-
bw/day (the screening value has been derived from the NOAEL for the mouse using the 
conversions provided in Sample et al. (1996)) in the North Ditch (Area D), and in the main stem 
below the wetland (Area E) (Table 5).  

Dietary exposure of the shrew in the area of the north ditch (Area D) is expected to result in an 
average daily dose of 8.7 mg/kg-bw/day (Table 5), which is 126-times higher than the NOAEL 
screening value of 0.15 mg/kg-bw/day, and 80-times higher than the screening criterion for food 
of 0.111 mg/kg-bw/day.  Therefore, adverse effects on reproduction, and potentially other effects 
as well, could be anticipated on shrews in this area.  

In the main stem from the wetland to the canal (Area E), average estimated daily doses in this 
area were calculated as 0.70 mg/kg-bw/day, which is 10-fold higher than the screening 
concentration of 0.066.  Therefore, adverse effects could be expected in shrews feeding in this 
area as well. 
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Exposure to PCB congeners (Table 6) was compared to published data on TCDD toxicity through 
comparison of TEQs.  The CCME (1999) reports a number of studies that calculated NOAELs for 
small mammals.  The reported NOAELs ranged from 0.0007 µg 2,3,7,8-TCDD/kg/day (0.0007 
µg/kg/day TEQ based on a TEF of 1 for 2,3,7,8-TCDD) to 600 µg TCDD/kg/day (600 µg/kg/day 
TEQ).  Average daily doses to the shrew in Area D (the north ditch) and Area E  (Table 6) fall 
within this range and suggest that toxic effects due to exposure to the dioxin-like PCB congeners 
could occur.  Estimated mean TEQ in Area D was 275.5 ng/kg-b.w/day (0.276 µg/kg-bw/day), 
and in Area E was 22.2 ng/kg-bw/day (0.022 µg/kg-bw/day). 

Summary 

Potential risks to the shrew were identified in all areas of the site due to arsenic contamination 
through consumption of food.  As well, potential risks were identified in two areas of the site, and 
could be considered as significant risks that could interfere with reproductive success.  As such, 
these effects could be expressed at the community or population level through reductions in local 
populations.  Since earthworms accumulated relatively high levels of both arsenic and PCBs, and 
earthworms comprise a major part of the diet of shrews, feeding preferences and contamination of 
food items could account for the greater potential risks to shrews as compared to the deer mouse.  

3.2.5 Terrestrial Carnivore 

The fox is considered the most likely receptor to occur on the site.  Foxes are significant predators 
on rodents and are known to consume large quantities of mice and shrews (Banfield 1974).  The 
fox has been selected, rather than an avian raptor, since they are likely to be exposed to a larger 
selection of mice and shrews across the site.  Raptors will typically be confined to feeding in open 
areas.  As noted earlier, the open grassland areas of the site are typically lower in contaminant 
levels.  Foxes are likely to feed on shrews and other rodents in the more densely vegetated areas, 
where higher soil and sediment levels of the COCs have been recorded, and therefore are likely to 
be exposed to higher concentrations. 

The exposure is calculated as a daily dose of the COC based on the equations given below, and 
these are compared to the screening benchmarks as provided in the table below. 

Model Parameters for Estimating Exposure To Red Fox 

Parameter Value Units Ref 

Body weight 5.25 kg Sample et al. 1996 

Food ingestion rate 0.45 kg/d Sample et al. 1996 

Fraction of food comprised of rodents 68.8%  Sample et al. 1996 
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Soil ingestion rate 0.0126 kg/d Sample et al. 1996 

Home range 699 ha EPA 1993 

Fraction of time on site 0.1   

PCB Screening Concentration (NOAEL) 0.016 mg/kg-bw/day Sample et al. 1996 

PCB Screening Concentration (food) 0.16 mg/kg-bw/day Sample et al. 1996 

For the above calculations, water ingestion of COCs is assumed to be negligible. 

The following assessment is based on estimates of feeding in different area of the site.  The 
exposure estimates are based on the following assumptions: 

• Since each of the sub-areas is smaller than the estimated home range of the fox (see table 
above), the fox is assumed to feed across the entire site; 

• For the purposes of calculating potential exposure, the fox is assumed to feed on a diet 
consisting of 50% mice and 50% shrews; 

• Tissue residues in mice and shrews are based on average expected life spans for each. 
The fox is assumed to feed on mature adults, which would have accumulated maximum 
estimated tissue residues; 

• The dietary exposure to the COCs consists of exposure through food, assuming that 
68.8% of the diet consists of mice and shrews; 

• Since some soil is typically ingested during feeding, the incremental additional exposure 
through soil ingestion is estimated using standard equations (see below) and the soil 
ingestion rate provided in the table above; and 

• Since risks were not identified for zinc, and only minor risks were identified for arsenic, 
and since neither is known to biomagnify through trophic levels, only risks due to PCBs 
are estimated. 

Estimates of exposure to PCBs through exposure via food (mice and shrews) is calculated using 
the following equation: 

IRFRPCBADD rodentsrodentsrodents ××= ][     (Equation 12) 

where: ADDrodents   = average daily dose 
   [COC]rodents    = concentration of PCBs in rodents 
   FRrodents    =  fraction of diet comprised of rodents 
   IR     = ingestion rate. 

Incidental soil ingestion was estimated using the following equation: 
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      soilsoilsoil IRPCBADD ×= ][        (Equation 13) 

 where: ADDsoil   = average daily dose from sediment ingestion 
   [COC]soil  = concentration of PCBs in sediment 
   IRsoil   = ingestion rate of sediment. 

Total exposure through ingestion was calculated as: 

   soilrodentstotal ADDADDADD +=          (Equation 14) 

The exposure estimate does not consider other potential sources of PCBs, though these are likely 
to result in minor additional doses compared to ingestion of mice and shrews from the site. 

Tissue residues in mice and shrews were estimated on the basis of the average daily dose and the 
typical life span of the animal.  Since tissue residues for mice and shrews from the site were not 
available, these are estimated based on conservative assumptions.  The rodents are assumed to 
have a life span of 10 months for the deer mouse and 18 months for the shrew (Banfield 1974). 
Consumption is assumed to be at the given rate during the adult stage, and is assumed to be 50% 
of the adult consumption rate during the juvenile stage.  Maturity is based on the time to sexual 
maturity, which in the deer mouse is given as 35 days and in the shrew as up to 60 days (Banfield 
1974).  Therefore, the tissue residue estimates in Table 6 for the deer mouse and shrew are based 
on a life span of 300 days for the deer mouse, of which 35 days are spent as juveniles, and 460 
days for the shrew, of which 60 days are spent as juveniles.  Tissue accumulation of PCBs is 
assumed to occur at a constant rate over the life span of the animal, and for PCBs, depuration is 
assumed to be negligible due to the long half-life of the compounds and the short life span of the 
rodents.  The estimates of tissue residues are based on the following equation: 
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where: [PCBprey] = predicted tissue residue in prey at full maturity (mg/kg); 
  [PCBexp]  = expected daily dose in mg/kg-bw/day, as calculated in Table 6; 
  tLE   = life expectancy in days; 
  tm   = time to maturity, in days. 

PCBs 

Since the home range of the fox is considerably larger than the site (699 ha compared to 12 ha), it 
is estimated that the fox would only spend approximately 1.7% of the time feeding in this area. 
Therefore the estimated exposures in Table 5 for each of the sub-areas include a correction factor 
of 0.017 that is applied to adjust for the home range size.  Since foxes would be expected to feed 
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across the site, the average concentration for the entire site is taken as the most likely exposure 
concentration.  Based on these calculations, there are no identified risks to foxes. 

Summary 

No risks to the red fox were identified through the consumption of rodents from the site. 
However, this would not preclude a smaller predator, that feeds preferentially in some of the sub-
areas of the site, to be exposed to higher concentrations than are predicted in this study. 

3.2.6 Benthic Invertebrates 

Arsenic 

Effects of contaminants in sediments on benthic invertebrates were assessed directly through 
sediment toxicity tests.  The test results indicate that at the arsenic concentrations tested 
(41.2 µg/g) there were no indications of increased mortality on either test organism.  There were 
no significant differences in growth in the chironomids at this concentration, while the mayflies 
exhibited higher growth than in the controls, which may be a reflection of the higher organic 
matter content (and nutrient content) of the sediments in Lyon’s Creek relative to the controls. 
However, mean concentrations in sediments in both Area A (86.8 µg/g d.w.) and Area B 
(163.2 µg/g d.w.) were substantially higher than the maximum concentration tested, and does not 
preclude some adverse effects on benthic organisms.  

Therefore, comparison is made with effects concentrations from other studies.  MOE studies in 
the Porcupine River (Jaagumagi and Bedard 2001), showed no growth impairment or mortality in 
either mayflies or chironomids in sediment with 500 µg/g d.w. of arsenic, and also did not show 
any effects on benthic community structure at locations where sediment arsenic was elevated. 
While studies in the Moira River (Golder 2000) did not provide bioassay results, no effects on 
benthic community structure were noted in sediments with up to 600 µg/g d.w. of arsenic.  These 
results suggest that under in situ conditions, effects on benthic communities are limited, and that 
elevated levels of arsenic can occur without significant effects on sediment-dwelling biota.  These 
studies further indicate that the results of the sediment bioassay tests in Lyon’s Creek West are 
consistent with the findings of similar tests in other areas with arsenic contamination.  Since mean 
concentrations in Areas A and B were well below these levels, effects on benthos are not 
anticipated due to arsenic. 

 Zinc 

Effects of contaminants in sediments were assessed directly through toxicity tests.  The test 
results indicate that at the zinc concentrations tested (up to 2680 µg/g) there were no indications 
of increased mortality on either test organism.  There were no significant differences in growth in 
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the chironomids at this concentration, while the mayflies exhibited higher growth than in the 
controls, which may be a reflection of the higher organic matter content (and nutrient content) of 
the sediments in Lyon’s Creek, relative to the controls.  Since the maximum concentration tested 
is much higher than the mean concentrations in sediments in any of the sub-areas (Table 3), there 
would be no anticipated effects on benthic organisms in any of the sub-areas. 

PCBs 

The toxicity of PCBs was assessed directly through toxicity tests.  The test results indicate that at 
the PCB concentration tested (25 µg/g dw), there were no indications of increased mortality on 
either test organism.  There were no significant differences in growth in the chironomids at this 
concentration, while the mayflies exhibited a reduction in growth relative to the controls (station 
T7-M – Table 10).  Since the highest mean concentration of PCBs in the sub-areas was 
26 µg/g d.w. in Area C and E, it is possible that elevated levels of PCBs could result in chronic 
effects on some benthic organisms at this location. 

Tissue residues of PCBs in benthic invertebrates could not be obtained from the mayflies at the 
end of bioassay tests due to accidental loss of the samples.  Therefore, tissue residues in benthic 
invertebrates were estimated using data collected in Lyon’s Creek East by the MOE and 
Environment Canada in 2002 and 2003 (R. Fletcher, Pers. Comm 2005).  

The benthic organism tissue concentrations of PCB dioxin-like congeners in Table 7 were 
estimated using MOE and Environment Canada tissue residue data for a range of benthic 
organisms in Lyon’s Creek East.  For each benthic species represented in the MOE-EC database 
for Lyon’s Creek East, matching sediment concentrations (top 10 cm) and benthic tissue residue 
concentrations were used to derive a BSAF specific to each congener and for each species by 
calculating first, individual BSAFs for each sample set, and then calculating a mean BSAF for the 
congener and for each organism across all sample sites using the equation below. 
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where:  BSAFcong  = BSAF for the specific congener; 
  [PCBbenth] = PCB congener concentration in the specific organism in the nth sample; 
  [PCBsed]  = corresponding sediment PCB congener concentration in the nth sample; 
  N   = number of samples. 

The mean value derived is provided in Table 9, and this value was used to estimate tissue residues 
at Lyon’s Creek West using the following equation. 
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[ ] congsedcong BSAFPCBTR ×=          (Equation 17) 

 where: TR  = estimated tissue residue 
  [PCBcong]sed = PCB congener concentration in sediment in Lyon’s Creek West (Table 4) 
  BSAFcong  = the BSAF calculated from equation 16 above. 

BSAFs for the invertebrates were calculated using tissue residue data and corresponding sediment 
concentrations of the 12 dioxin-like PCB congeners for the sites in Lyon’s Creek East (Table 8). 
Predicted tissue residues for Lyon’s Creek West sites are presented in Table 7.  While tissue 
residues in Lyon’s Creek West were estimated based on concentrations in the top 5 cm, the 
limited number of core samples collected in 2003 indicates that concentrations in the 0-5 cm and 
5-10 cm sections are similar.  For example, PCB concentrations at station LC-6 in 2003 were 
11.6 ug/g and 11.0 ug/g in the 0-5 cm and 5-10 cm sections respectively, and suggest that there is 
little change in the distribution of PCBs in the top 10 cm.  Therefore, the BSAFs derived from 
Lyon’s Creek East that are based on sediment concentrations in the top 10 cm are likely 
representative of exposure in Lyon’s Creek West 

The MOE-EC data for Lyon’s Creek East indicated that only a limited number of congeners were 
detected in organism tissues.  Therefore, only selected dioxin-like PCB congeners are likely to be 
accumulated in benthic invertebrate tissues in Lyon’s Creek West.  Of the four organisms for 
which estimates are made (based on the organisms collected in Lyon’s Creek East) (Table 7), the 
oligochaetes are predicted to accumulate the highest tissue residues while predicted tissue 
residues in the odonates (1st order predators) were the lowest.  Since oligochaetes feed by 
ingesting sediment, it is not surprising that they accumulated the highest tissue residues.  

While studies on the toxicity of PCBs to benthic organisms are few, toxicity testing conducted by 
Borgmann et al. (1990) assessed tissue residues of PCBs (as Aroclor 1242) in relation to chronic 
toxicity in the amphipod Hyalella azteca.  Borgmann et al. (1990) noted that body burdens of 
30 µg/g w.w to 180 µg/g w.w of Aroclor 1242 were associated with chronic toxicity.  Since this 
provides a suitable benchmark for benthic organisms, tissue residues in amphipods were 
estimated in Lyon’s Creek West based on measured sediment concentration and the mean BSAF 
calculated for amphipods in Lyon’s Creek East.  The calculated mean BSAF of 1.57 (Table 9) 
was applied to the sediment concentrations in Lyon’s Creek West, and the results are provided in 
Table 5 for each of the areas (Area D was excluded since this area is no longer aquatic habitat). 
The results indicate that tissue residues greater than 30 µg/g w.w. are predicted in amphipods in 
both the wetland (Area B), the area immediately below the wetland (Area C) and in the main 
creek below the wetland (Area E), and indicate that chronic effects could occur on sensitive 
benthic organisms.  It is not known how sensitive other benthic species may be to PCBs. 
However, since the sediment bioassay tests noted growth reduction in the mayflies in sediments 
from this area (station T7-M, Table 10), at a sediment PCB concentration of 25 µg/g d.w. 
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(Table 11), the results suggest that the observed toxicity in the bioassay tests could be due to 
elevated levels of PCBs in the sediments.  

Since Aroclors are complex mixtures of individual PCB congeners, with the final two digits 
denoting the percent by weight of PCBs in the mixture (i.e., 42% in Aroclor 1242), the presence 
of Aroclors 1254 and 1260 (54% and 60% PCB respectively) in Lyon’s Creek West indicates that 
these mixture should be at least as toxic to benthic organisms as Aroclor 1242. 

The highest predicted tissue residues occurred in sediments collected from station T7-M. 
Bioassay tests showed that the only location in Lyon’s Creek West where growth reduction was 
apparent was in the mayflies at station T7-M.  Therefore, while direct correlation of toxicity test 
results and predicted tissue residues of the dioxin-like PCB congeners is not possible with the 
data available, the co-occurrence of high predicted accumulation and growth reduction in the 
mayfly may indicate the potential for adverse effects due to PCBs in sediments.  

It should be noted that these are general estimates only.  BSAFs in Lyon’s Creek East varied over 
a wide range for identical organisms (e.g., from 0.008 to 8.52 in oligochaetes), and suggest other 
factors (such as the concentration of organic carbon) can influence local availability and, 
therefore, tissue residues.  However, by calculating a mean value from the Lyon’s Creek East 
data, a reasonable approximation of expected tissue residues can be obtained.  With a larger 
dataset, including TOC concentrations, development of a predictable relationship may be possible 
that would provide better predictive ability. 

Summary 

The study results indicate that effects on benthos could potentially occur due to elevated arsenic 
levels in Area A and Area B, since concentrations in these areas were higher than the 
concentration tested  in the bioassay tests.  However, the remaining areas had lower average 
concentrations of arsenic in sediments than the bioassay test sediments and are unlikely to result 
in adverse effects on benthos.  

Concentrations of zinc were at or below the levels tested in the bioassay tests, and are expected to 
result in negligible effects on benthic organisms, though they could be contributing to growth 
effects in Area D (Station T7-M). 

PCB concentrations are sufficiently high, relative to results from other studies, to suggest that 
some growth impairment could result in some species.  The tissue residues would also be of 
concern with regard to potential transfer and biomagnification of PCBs in higher trophic levels, 
such as fish.  
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3.2.7 Fish 

Effects on fish were considered on the basis of direct toxicity through exposure to the COCs, and 
the potential for contaminant transfer, and hence exposure to those species that feed on fish.  Fish 
tissue residues were not measured directly but were estimated using data from Lyon’s Creek East. 

Arsenic 

The lack of adverse effects in the bioassay tests with sediment organisms suggests that there are 
no likely effects on fish from arsenic concentrations in the sediments.  A number of bioassay tests 
conducted by the MOE were reviewed (Jaagumagi and Bedard 1991, 1995, 2001a, 2001b) , and 
in all cases, fathead minnows were less sensitive to metals in sediments than benthic organisms.  

Zinc 

The lack of adverse effects in the bioassay tests with sediment organisms suggests that there are 
no likely effects on fish from zinc concentrations in the sediments. 

PCBs 

Fish exposure is estimated from existing studies on PCB uptake from sediments in bioassay tests, 
and also on the basis of values reported in the literature.  Direct toxicity is considered unlikely, 
since previous studies (Bedard and Petro, 1997) noted no mortality in fish in bioassay tests due to 
PCB exposure.  BSAFs for PCBs are computed from previous studies in Lyon’s Creek (Bedard 
and Petro, 1997) and are provided in the table below.  

Medium T1 

(1992) 

T3 

(1992) 

T5 

(1992) 

Stn 4 

(1992) 

Stn 5 

(1992) 

T3 

(1996) 

T5 

(1996) 

Mean 

Sediment (ng/g d.w.) 240 600 3080 6040 1040 2400 780  

Minnows (ng/g w.w.) 200 630 1890 2480 1420 1400 660  

BSAF 0.8 1.05 0.6 0.4 1.4 0.6 0.85 0.8 

 

The mean BSAF from the above studies is 0.8 for accumulation of total PCBs by fish from 
sediments.  In those areas where there is currently standing water that could be considered fish 
habitat, the estimated tissue concentrations of total PCBs in fish tissue, using the BSAF of 0.8, 
are presented in Table 5.  This value is likely an underestimate of accumulation by fish, as is 
demonstrated by the MOE young-of-the-year fish data (Tables 8 and 9), which showed that a 
much higher average accumulation of PCBs (BSAFs ranged from 2.31 in golden shiners to 5.61 
in bluntnose minnows) would be anticipated.  As well, Ankley et al. (1992) noted that fathead 
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minnows accumulated less PCBs than other species, and they noted that use of fathead minnows 
in laboratory tests may significantly under predict exposure of fish.  

Since fish tissues were not analyzed for concentrations of the dioxin-like PCB congeners directly, 
these are estimated from sediment concentrations.  The estimates are based on measured 
concentrations in sediments and biota from studies conducted by the MOE on Lyon’s Creek East. 
This is based on the assumption that the sources and therefore, types of PCBs, on the east side are 
similar to those on the west side and therefore, that accumulation of PCBs by fish on the west 
side would be similar to accumulation by fish on the east side.  The calculation of estimates 
proceeded through a number of steps as described below. 

The BSAF (accumulation from sediments to fish) (Table 9) was calculated from MOE tissue 
residue data for young-of-the-year (YOY) fish (2002-2003) for each of the 12 congeners 
(Equation 18) for which detectable levels were present in both fish and sediments (Table 8) and is 
similar to the method used to estimate benthic organism tissue residues (Section 3.2.6).  BSAFs 
were not estimated if the concentrations in either fish or sediments were below detection limits. 

[ ]
[ ]

N
PCB
PCB

BSAF n nsed

fish

cong

∑ ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

=    (Equation 18) 

where: BSAFcong = BSAF for the specific congener; 
  [PCBfish] = PCB congener concentration in fish in the nth sample; 
  [PCBsed] = corresponding sediment PCB congener concentration in the nth sample; 
  N   = number of samples. 

The calculated BSAF was used to estimate the concentration of dioxin-like PCB congeners in 
fish in Lyon’s Creek West by multiplying the sediment concentration for each congener by 
the respective BSAF for that congener (Table 7), as shown in Equation 19 below. 

[ ] congsedcong BSAFPCBTR ×=          (Equation 19) 

 where: TR  = estimated tissue residue 
  [PCBcong]sed = PCB congener concentration in sediment in Lyon’s Creek West (Table 4) 
  BSAFcong = the BSAF calculated from equation 18 above. 

The total TEQ was calculated from the estimated concentrations of dioxin-like PCB congeners 
(Table 7).  The estimated congener concentration derived through Equation 19 was multiplied by 
the WHO fish TEF, and the results summed to provide a total TEQ. 

Since the MOE data for Lyon’s Creek East indicated that not all congeners are accumulated to a 
similar degree, this approach is believed to provide a more realistic estimate of total TEQ. 
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Predicted fish tissue residues (Table 7) were compared to CCME guidelines for the protection of 
fish-eating birds and mammals (CCME 2001).  The CCME guidelines for total TEQ for 
mammalian and avian consumers of aquatic life are 0.79 ng TEQ/kg diet w.w. and 2.4 ng TEQ/kg 
diet w.w. respectively.  Total estimated dioxin-like PCB congeners in young fish resulted in 
estimated TEQs in mammals (based on the mammalian TEFs) of up to 523 ng TEQ/kg diet in 
Area C and up to 360 ng TEQ/kg diet w.w. in Area E.  Potential TEQs that fish-eating birds could 
be exposed to ranged up to 864 ng TEQ/kg diet w.w in Area C and 510 ng TEQ/kg diet w.w in 
Area E.  The results are 662 times and 360 times the CCME criteria for fish-eating mammals and 
birds respectively, and indicate that significant risks of exposure to fish-eating birds and 
mammals could result from feeding on fish from these areas.  

Summary 

Adverse effects on fish are not predicted to occur due to exposure to arsenic or zinc in sediments, 
based on the outcomes of the bioassay tests for benthic organisms.  However, significant 
accumulation of PCBs is considered likely by fish, to levels that are well above the CCME 
guidelines for tissue residues in aquatic organisms.  As a result, while usage of the area by fish-
eating birds and mammals is likely to be minor, there are potential risks to birds and mammals 
from the consumption of fish.  Given the persistent nature of PCB congeners, there could be risk 
from even occasional exposure due to the cumulative characteristics of these compounds in 
tissues. 

3.2.8 Aquatic Herbivore 

The muskrat is considered the most likely aquatic mammalian receptor to occur on-site.  While 
individuals were not observed during site visits, tracks were observed, indicating that the species 
is present in the area.  Muskrats typically feed on aquatic vegetation, including the stems of 
cattails which comprise a substantial fraction of their diet. 

The exposure is calculated as a daily dose of the COC based on the equations given below, and 
these are compared to the screening benchmarks as provided in the table below.  The parameters 
used to estimate exposure to the COC are also provided in the table below. 

Model Parameters for Estimating Exposure To Muskrat 

Parameter Value Units Ref 

Body weight 1.2 kg EPA 1993 

Food ingestion rate 0.116 kg/d EPA 1993 

Fraction of food comprised of aquatic vegetation 100%  EPA 1993 
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Soil ingestion rate 0.004 kg/d EPA 1993 

Home range 0.17 ha EPA 1993 

Fraction of time on site 1.0  EPA 1993 

Arsenic Screening concentration (NOAEL) 0.049 mg/kg-bw/day Sample et al 1996 

Zinc Screening concentration (NOAEL) 115.8 mg/kg-bw/day Sample et al 1996 

PCB Screening concentration (NOAEL) 0.022 mg/kg-bw/day Sample et al 1996 

Note: yearly estimates indicate that cattails comprise approx. 50-60% of the diet. 

• Since each of the sub-areas is larger than the estimates for the home range (see table 
above), the muskrat is assumed to feed entirely within each area; 

• Only those areas where aquatic vegetation (mainly cattails) were observed during the site 
visits are included in the exposure estimates.  Exposure was not estimated for the north 
ditch (Area D) since this area currently does not constitute muskrat habitat, and does not 
support the growth of aquatic vegetation; 

• The dietary exposure to the COCs consists of exposure through food, assuming that 
100% of the diet consists of aquatic vegetation of which 60% consists of cattails; 

• Since some soil/sediment is typically ingested during feeding, the incremental additional 
exposure through soil/sediment ingestion is estimated using standard equations (see 
below) and the soil/sediment ingestion rate provided in the table above; and 

• For PCBs, historical data from the site are included in the exposure estimates.  Studies 
conducted under Phase I and II indicated little change in PCB concentrations has 
occurred on the site since the early 1990s, and PCB concentrations in 2003 were 
comparable to the concentrations obtained during previous sampling.  Therefore, it is 
concluded that exposure could still occur to these levels, and accordingly they have been 
included in the dataset. 

Risks to the muskrat were considered through consumption of contaminated food and the 
incidental ingestion of contaminated sediments using the following equation:  

IRFRCOCADD cattailscattails ××= ][      (Equation 20) 

where: ADD   = average daily dose 
   [COC]cattails   = concentration of COC in cattails 
   FRcattails   =  fraction of diet comprised of cattails 
   IR    = ingestion rate. 

Incidental sediment ingestion was estimated using the following equation: 

   sedsedsed IRCOCADD ×= ][           (Equation 21) 

 where: ADDsed  = average daily dose from sediment ingestion 
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   [COC]sed  = concentration of COC in sediment 
   IRsed  = ingestion rate of sediment. 

Total exposure through ingestion was calculated as: 

   sedcattailstotal ADDADDADD +=          (Equation 22) 

Cattails were selected as the primary food source since they are abundant on the site, and 
muskrats have been recorded has obtaining a significant portion of their diet from consumption of 
cattails (60%). 

Arsenic 

The results of the exposure estimates are presented in Table 2.  The estimates of exposure were 
compared to the NOAEL screening concentration listed in the table above (a food-based 
screening criterion was not found), and potential risks were identified in the southwest branch 
upstream of the wetland (Area A), in the wetland area (Area B), and in the main stem 
downstream of the wetland (Area E).  The highest risks were identified in the wetland area, and 
coincided with the highest concentrations of arsenic in sediment and vegetation.   

Zinc 

The effects of zinc were not assessed in muskrats, since tissue residue data were not collected for 
cattails.  The low risks identified for other receptors due to zinc indicated that assessment would 
likely not identify risks to muskrats. 

PCBs 

Exposure to PCBs was based on the tissue residues of PCBs in cattails.  However, the stations at 
the southeast end of the north ditch (MOE 1991 stations K and J) were included in the area 
between the downstream end of the wetland and the north ditch (Area C), since this represents 
one contiguous habitat area suitable for muskrats.  

The results of the exposure estimates are presented in Table 4.  

Comparison of the results with the screening concentration of 0.022 mg/kg-bw/day (table 
containing muskrat model parameters above) indicates the highest risk was in the area between 
the downstream end of the wetland and the north ditch (Area C)  (Risk Quotient of 6 – i.e., 
estimated exposure is 6-times higher than the benchmark).  The creek section below the wetland 
area to the canal (Area E) had the second highest risk factor (RF of 4.6).  Potential risks were 
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present in the wetland area (RF of 3.5).  In contrast, risks were not identified in the section 
upstream of the wetland. 

Summary 

Risks to the muskrat were identified through consumption of vegetation for both arsenic and 
PCBs in the wetland and downstream areas.  Exposure to PCBs in cattail tissues is predicted to 
result in exposure of muskrats to concentration that could result in adverse effects.  

3.3 Summary of Potential Risks to Ecological Receptors 

The exposure estimates indicate that risks are present for a variety of receptors due to elevated 
levels of arsenic, zinc and PCBs in soils and sediments.  As noted earlier, these are based on 
conservative estimates, but are consistent with MOE guidance (MOE 1996).  Potential risks were 
identified for the following receptors and locations: 

• Vegetation in the north ditch (Area D), the main stem (Area E) and the wetland (Area B) 
due to arsenic, zinc and PCBs; 

• Soil invertebrates (earthworms) in limited areas in the southwest ditch (Area A), the 
south and north ends of the wetland (Area B), and the main creek stem below the wetland 
(Area E) due to arsenic; 

• Deer mouse in the north ditch (Area D) due to exposure to PCB congeners; 

• Shrews in all areas of the site due to arsenic (the highest risks were in the north ditch 
(Area D) and the wetland (Area B)), and in the north ditch (Area D) and the main creek 
stem below the wetland (Area E) due to total PCBs and PCB congeners; 

• Benthic invertebrates in the north end of the wetland (Areas B and C) and in the main 
stem (Area E) due to PCBs;  

• Fish in Areas C and E, due to predicted accumulation of PCB congeners to 
concentrations that would present potential risks to mammalian and avian consumers of 
fish; and  

• Muskrats in the wetland (Area B), the area between the downstream end of the wetland 
and the north ditch (Area C) and the creek stem below the wetland (Area E) due to 
arsenic and PCBs. 

While additive risks are not evaluated due to the lack of suitable benchmarks, the assessment of 
risks indicates that there would be combined risks to biota due to the co-occurrence of arsenic, 
zinc and PCBs in some areas of the site.  Combined risks due to arsenic, zinc and PCBs were 
identified for vegetation in Areas B, D and E.  Risks to shrews were identified in Areas D and E 
from both arsenic and PCBs, and for muskrat in Areas B and E from both arsenic and PCBs. 

Acceptable risks were identified for carnivorous mammals (e.g. red fox) due to the relatively 
small amount of the total food consumption that would originate from the site.  While fish-eating 
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wildlife were not directly assessed due to a lack of suitable habitat for waterfowl, the elevated 
tissue residues predicted in fish could also pose a risk to fish-eating wildlife, based on the CCME 
tissue residue guidelines for PCBs.  While currently not a concern under the existing low water 
levels, if water levels should change in the future that would promote greater use of the site by 
waterfowl, potential risks would likely be present. 
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4.0 WELLAND RIVER PHASE III SITE ASSESSMENT 

4.1 Welland River 

4.1.1 Sediment Assessment 

Based on results from the Phase I/II study, elevated levels of copper, chromium and nickel 
occurred at a number of locations along the Welland River, and additional bioassay testing was 
undertaken at these locations.  As well, since elevated levels of PAHs were detected at one 
location, sediment samples were collected for analysis of PAHs. 

The results of the PAH analysis (Table 12) show low concentration of PAH compounds at all 
sample sites.  Concentrations were low in all samples, and PAH concentrations, as total PAH 
(sum of the 16 priority PAH compounds) did not exceed the MOE LEL of 4.0 µg/g.  The results 
from the Phase I/II study, therefore, may represent an isolated occurrence of elevated PAHs, and 
suggest that any impacts that may occur would be limited to the localized area of occurrence. 
Therefore, no risks due to PAH contamination are identified. 

4.1.2 Sediment Bioassay Testing 

Sediment samples for bioassay testing were prepared and conducted by Stantec according to 
standard MOE protocols.  Since the compounds of concern were not bioaccumulative, testing was 
conducted only on benthic invertebrates (Bedard et al., 1992).  Samples were sieved to remove 
coarse materials, and a subsample of the sieved sediment at each location was submitted for 
chemical analysis for metals, nutrients and grain size.  The results of the chemical analysis are 
presented in Table 11 and show that chromium, copper and nickel all exceeded the MOE SEL at 
three of the stations.  Sediments at the Control, located upstream, and at the mouth of 
Thompson’s Creek exceeded the LEL but did not exceed the SEL.  

Sediment bioassay test results for the Welland River are presented in Table 10 (details are 
provided in Appendix B).  Biota test results indicate that none of the sediments tested from the 4 
locations resulted in lethality in either the mayflies or chironomids.  In all test replicates for both 
organisms, survival was greater than 90%, and did not differ significantly from mortality in the 
control sediments. 

Mayfly growth was reduced in two of the samples: T7-N and T1-M (Table 10 - see Figure 4 for 
locations).  Growth of nymphs in these sediments was approximately 50% of the growth in the 
control sediments and was statistically significantly different from the other locations 
(Appendix B).  Growth in the other sediments was similar to controls and showed no adverse 
effects on the biota tested. 
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Chironomid growth was reduced only in sediments from station T7-N.  Growth in these 
sediments was approximately 60% of the growth in the control sediments.  Growth in sediments 
from station T1-M was similar to growth in the controls. 

The bioassay results show sediments from only one location, T7-N, resulted in reduced growth in 
both test organisms.  Chemical analysis shows copper, chromium and nickel levels elevated at 
this  location (Table 11). 

Mayfly growth showed weak negative correlations (Pearson Product Moment) (r2 = -0.5) with 
copper, chromium and nickel concentrations in sediment, and poor correlations with sand and 
TOC, suggesting that no strong relationship exists between sediment metals concentrations, 
sediment characteristics and mayfly growth.  However, the small data series makes this analysis 
uncertain at best.  Therefore, while supported only weakly by statistics, the distribution of mayfly 
growth appears to be inversely related to elevated concentrations of copper, nickel and chromium 
in sediments.  It should be noted that both nickel and chromium were strongly correlated 
(r2 = 0.97), as would be expected given that these metals are believed to originate from a common 
source.  Since mayfly growth was higher in those sediments where nickel and chromium 
concentrations exceeded the concentrations encountered at station T7-N (i.e., the location where 
growth impairment occurred), the results suggest that the higher copper concentrations may have 
played a role in the decreased growth at this location.  However, while copper concentrations 
were low at station T1-M, both chromium and nickel concentrations were elevated at this location 
and were in fact the highest concentrations tested.  Therefore, the results indicate that toxicity 
may be due to combined effects of these three metals. 

Review of the recent literature indicates that in spiked sediment bioassay tests, copper affected 
growth at a concentration of 38 µg/g d.w. (Milani et al., 2003), with lethality, measured as LC50, 
at a concentration of 93 µg/g d.w.  Nickel in sediments resulted in toxicity at 452 µg/g d.w. (LC50) 
for the mayfly (Hexagenia) and 665 µg/g d.w. (LC50) in the chironomid (Chironomus riparius). 
Reduced growth (as IC25) was calculated at 83 µg/gd.w. for the mayfly and 146 µg/g d.w. for the 
chironomid (Milani et al., 2003) (bioassay results were not available for chromium for 
comparison).  Since metals in spiked sediment tests are considered more bioavailable than would 
be the case in natural sediments, acute lethality would not be expected at the reported LC50s, but 
growth effects could occur due to concentrations of both metals.  As well, these tests were 
conducted in sediments with low TOC (0.5%), which would be expected to additionally heighten 
availability.  However, Borgmann and Norwood (1997) in spiked sediment tests with copper, 
calculated toxicity to benthic organisms occurred in the range of 330 µg/g d.w. for mayflies (IC25 
affecting growth) and 997 µg/g (LC25), which is considerably higher than the concentrations 
recorded in the Welland River.  Previous studies in the Welland River found no lethality or 
growth effects at sediment concentrations of 330 µg/g d.w for copper, 1300 µg/g d.w. for 
chromium and 2000 µg/g d.w. for nickel.  
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The reduction in chironomid growth at station T7-N similarly appears to correspond to elevated 
levels of copper in sediments.  Correlation of copper concentrations with chironomid growth 
yielded coefficients of r2= -0.87 for copper.  Comparison of copper toxicity results with spiked 
sediment bioassay tests (Milani et al., 2003) indicate that chironomids are less sensitive to copper 
than mayflies, with growth impairment measured at 78 µg/g (IC25) and lethality estimated at 
402 µg/g (as LC50).  However, tests with in-situ sediments indicate that copper concentrations can 
be considerably higher before adverse effects are noted.  In samples from Porcupine Lake 
(Jaagumagi and Bedard 2001), a copper concentration of 1800 µg/g d.w. did not result in an 
increase in mortality in chironomids.   

Therefore, the results indicate that elevated concentrations of copper, chromium and nickel could 
have resulted in some growth reduction in both mayflies and chironomids.  As noted earlier, 
bioassay tests tend to augment the effects of contaminants through alteration of sediment 
conditions, particularly through release of metals through changes in redox, with the result that 
responses in field populations tend to be less pronounced than in laboratory tests. 

Ultimately the test is whether the effect could result in changes at the population or ecosystem 
level.  It is not expected that a 50% reduction in growth at this location would result in 
measurable changes to local populations of either mayflies or chironomids.  Growth reduction in 
individuals at this site may affect their survival and reproductive potential, and this area of the 
river may produce fewer breeding individuals as a result, but the bioassay test results indicate this 
reduction is likely to be confined to certain areas. 

The lack of effects at the other stations tested suggests that benthic organisms in only limited 
areas are potentially affected.  Comparison of sediment contaminant distributions with previous 
studies shows much lower concentrations of copper at station WR-7 during this period than in the 
fall of 2003 (i.e., 271 µg/g Cu compared to 45 µg/g), indicating that copper in sediments occurs in 
discontinuous patches (the similarity in sediment concentrations at station T7-N in 2004 and 
WR7-N in 2003 (sampled at the same location) indicates that the majority of sediments are stable, 
and the differences in contaminant concentrations are likely due to differential accumulation in 
adjacent areas).  As such, the effects on organisms would be expected to be localized, and are not 
expected to result in changes at the population level, since adjacent areas would be expected to 
produce reproductively healthy adults. 

4.2 Thompson’s Creek 

Sediment samples from Thompson’s Creek showed elevated concentrations of copper (357 µg/g) 
at station TC-2 (see Figure 4 for location), which is located below the Cytec site.  Concentrations 
downstream at Chippawa Creek Road were much lower (17 ug/g), and suggest that the copper 
contamination does not occur throughout the creek but is limited to the reach below the Cytec 
site.  
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The copper concentration in the sediment at TC-2 was higher than recorded in the bioassay 
sediments in the Welland River, suggesting that some growth effects could occur.  However, the 
Welland River bioassay results suggest that due to the lack of other co-occurring contaminants in 
Thompson’s Creek, the elevated copper concentration alone may  not result in lethal effects, 
particularly at the high TOC concentration in sediments at this location.  The correlation analysis 
undertaken for the Welland River sediments suggests that the observed growth effects were due 
to the combined effects of the three metals, copper, chromium and nickel.  As well, Borgmann 
and Norwood (1997) in laboratory spiked sediment tests with copper, found toxicity to benthic 
organisms occurred in the range of 330 µg/g for chronic toxicity (IC25, as effects on growth) to 
997 µg/g d.w. for acute toxicity (LC25).  While availability of metals is typically higher in spiked 
sediment toxicity tests due to the solubilized form in which the metal is introduced and the 
absence of suitable diagenetic processes, these concentrations are within the range of 
concentrations recorded in Thompson’s Creek.  However, MOE studies conducted in both the 
Porcupine River and Junction Creek (Jaagumagi and Bedard 2001a, 2001b) found no effects on 
survival or growth on mayflies and chironomids due to copper at concentrations of 
1800 µg/g d.w. and 390 µg/g d.w. respectively, and suggest that under natural conditions, toxicity 
of sediment-bound copper can be significantly lower than is indicated by laboratory tests with 
spiked sediments.  These studies suggest that uncertainty regarding potential toxicity exists at the 
copper concentrations measured in Thompson’s Creek, despite indications that copper toxicity 
typically has occurred at higher copper concentrations than were measured in Thompson’s Creek 
sediments.  Therefore, in order to ensure that adverse effects are not occurring at the measured 
concentrations, additional bioassay testing would be warranted in Thompson’s Creek. 

5.0 FRENCHMAN’S CREEK PHASE III SITE ASSESSMENT 

5.1 Sediment Bioassay Testing 

Sediment bioassay testing below the branch from Fleet Aerospace showed no differences in 
growth or survival relative to controls in either of the test organisms at concentrations of 
cadmium in sediments up to 13.7 µg/g and 346 ug/g of chromium.  The cadmium concentration in 
the test sediments is lower than the concentration of 33 µg/g obtained in 2003 at this location, and 
likely reflects the uneven distribution of cadmium in sediments.  The bioassay test sediments 
were collected over a larger area than the sediment samples collected in 2003, due to the larger 
volume of material required for the bioassay tests.  As such, sediments with various 
concentrations of cadmium would have been combined to result in an average concentration for 
the approximately 2 m2 area from which bioassay sediments were collected.  The results indicate 
that adverse effects are unlikely over a larger area, but this does not guarantee that smaller areas 
which have higher cadmium concentrations may not result in some adverse effects.  While effects 
at the population or community level are expected to be low, these should be verified through 
additional testing.  
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The lack of a response in the test organisms at the chromium concentration of 346 ug/g suggests 
that effects due to chromium in sediment are likely to be low.  

Results were also compared with the test results from other areas, in order to ensure that the 
above interpretation is sufficiently protective.  Milani et al. (2003), using laboratory spiked 
sediments, found growth inhibition (as IC25) in the mayfly occurred at 14 µg/g d.w. cadmium, 
while the corresponding concentration for chironomid growth inhibition was 16 u/g/ d.w. Acute 
concentrations (LC50s) for the mayfly and chironomid were calculated as 815 µg/g d.w. and 39 
µg/g d.w., which are considerably higher than the concentrations noted in Frenchman’s Creek.  
As well, TOC in the test sediments used by Milani et al. (2003) were significantly lower (0.5%) 
than sediments in Frenchman’s Creek (3.1%) (D. Milani, Pers. Comm. 2005) and could enhance 
availability of cadmium.  Finally, the spiking procedure tends to augment the biological 
availability of metals, and the above test results may significantly over-estimate actual growth 
effects and toxicity in field sediments.  Field studies in the Porcupine River system, undertaken 
by MOE (Jaagumagi and Bedard 2001a), found no growth effects or effects on survival of either 
mayflies or chironomids at a cadmium concentration of 86 µg/g d.w.  However, Borgmann et al. 
(2004), found significant changes in benthic community structure in lakes in the Rouyn-Noranda 
region of Quebec, and acute toxicity (51%) in amphipods at an average cadmium sediment 
concentration of 38 µg/g.  Therefore, the bioassay tests for Frenchman’s Creek sediments suggest 
that effects on biota are unlikely to occur at the concentrations measured in the Phase III studies, 
but that there is potential for effects at higher concentrations, such as the 33 ug/g measured in 
2003 in the Phase I/II studies.  Therefore, follow-up studies to monitor this area would be 
warranted. 

5.2 Additional Sediment Assessment 

Additional sediment sampling in the small east tributary from the Durez site for dioxins and 
furans yielded low TEQs.  As shown in Table 14, concentrations in the upper reaches were in the 
order of 6 pg/g total TEQ and decreased to 0.03 pg/g TEQ just above the confluence with the 
main branch.  The results indicated a progressive decrease from the upper reaches of the tributary.  
There was a slight increase at station FC-5C, which was in the upper end of a small wetland area, 
and this location appears to have trapped some of the materials.  The creek bed at the time of 
sampling was dry, and the stream appears to flow intermittently.  For example, during the 2003 
sampling, a small trickle of water was observed in the ditch, which was after a period of steady 
rainfall, whereas in 2004, no standing water was observe at any of the sampling points in this 
tributary. 

Concentrations in the main branch below this tributary were very low, with total TEQ of 0.013 
pg/g.  Based on the NOAEC screening criteria developed for the Phase I/II assessment of 5.0 pg/g 
for lake trout eggs, which were considered to be the most sensitive receptor, the estimated 
exposures (based on a BSAF of 0.148 derived from Cook et al. 2003) at all sites are well below 
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this value and resulted in a maximum total TEQ of 1.1, which is well below the screening 
criterion. 

The results suggest that there is little loss of sediments to the main branch, and exposure of fish 
within Frenchman’s Creek is likely to be low.  Similarly, the result indicate that locally elevated 
concentrations of PCDD/Fs may occur, but that these are not broadly distributed and are likely to 
result in minimal exposure of sensitive aquatic species. 
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6.0 CONCLUSIONS 

1. Elevated risks to vegetation and terrestrial and aquatic biota were determined in Lyon’s 
Creek West due to PCBs, arsenic, and zinc in both soils and sediments.  Risks were 
particularly high for some organisms due to PCB contamination. 

2. Concentrations of the COCs in Welland River sediments indicate localized growth 
impairment in some benthic organisms due to copper, chromium and nickel in sediments. 
However, the absence of acute effects suggests that remedial actions would achieve 
marginal benefits. 

3. PAH concentrations in Welland River sediments were all low and are unlikely to result in 
adverse effects.  The lack of consistence with samples collected in 2003 under the Phase 
I/II study indicate the distribution of elevated levels is highly localized, and unlikely to 
have significant impacts on local communities or population of invertebrates or fish. 

4. Concentrations of copper in Thompson’s Creek sediments were above existing guidelines 
and above background concentrations, and while not anticipated to result in adverse 
effects to aquatic biota, would require additional testing to confirm that there are no 
adverse effects.  

5. Cadmium and chromium concentrations in Frenchman’s Creek sediments, while 
elevated, did not result in adverse effects in benthic organisms in bioassay tests. 
However, since the concentration of cadmium tested in the bioassay tests was lower than 
the maximum recorded in the creek sediments, there is potential for adverse effects in 
localized areas and follow-up investigations at this site would be warranted. 

6. PCDD/F concentrations in Frenchman’s Creek sediments are contained within the 
intermittent stream, and have not resulted in measurable contamination in the main 
branch of the creek.  The distribution indicates that concentrations are relatively low, and 
that the highest concentrations are contained within the upper reaches of the tributary. 
Risks of exposure are therefore likely to be low.  
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7.0 RECOMMENDATIONS 

1. Due to elevated risks identified in Lyon’s Creek West to a number of organisms, 
consideration of remedial options for this site would be warranted to determine whether 
these could reduce risks to acceptable levels.  

2. Bioassay testing in Thompson’s Creek, below the Cytec site, would be warranted, given 
the higher copper concentrations in the sediments at this site.  

3. While bioassay testing in Frenchman’s Creek indicated that the potential for risks was 
low, the maximum cadmium concentrations recorded were not obtained during the 
current sampling round.  Therefore, since the effects of locally higher cadmium 
concentrations in sediments are uncertain, follow-up investigations at this site would be 
warranted. 

LIMITATIONS 

The findings of this report are based on conditions as they were observed at the time of the 
investigation.  No assurance is made regarding changed conditions subsequent to the time of the 
investigation.  

This report was prepared by Golder Associates for the Niagara Peninsula Conservation Authority 
(NPCA).  The material in it reflects Golder’s best judgement in light of the information available 
to Golder at the time of preparation.  Any use which a third party makes of this report, or any 
reliance on or decisions to be made based on it, are the responsibility of such third parties.  
Golder accepts no responsibility for damages, if any, suffered by any third parties as a result of 
decisions made or actions taken based on this report. 
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Site Photos 
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Photo 1: Area A, view upstream towards Southworth Ave. 

 

Photo 2: Central Area of wetland (Area B) (area of Station 5 on Figure 3) 
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Photo 3: Downstream of wetland (Area E), view upstream to wetland. 

 

Photo 4: Creek in upstream area of Area E, showing dense vegetation growth. 
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Photo 5: Downstream section of Area E, showing ponded area above outlet to the Canal. 

 

Photo 6: North ditch (Area D), view of former creek bed.
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T1-N SW end of site, north 
bank

At top of bank. Brown clayey soil, 
dense grass cover.

10 17 643891 
4758175

July 14-
15, 2004

As, 
PCBs

As, PCB 
(total & 
congener)

Weeds, 
leaves for 
total PCB

Earthworm 
tissue - PCBs 
& As

T1-M SW end of site, in 
creek

in creek, <3 m wide, shallow (<6 cm), 
light brown silty sediments. Dense 
cattail growth at margins.

10 17 643896 
4758177

Oct. 6, 
2004

As, 
PCBs

As, PCBs 
(total and 
congener)

cattails for 
PCBs 

Benthos - 
bioassays

T1-S SW end of site, south 
bank

At top of bank. Brown clayey soil, 
dense grass cover.

10 17 643889 
4758172

July 14-
15, 2004

As, 
PCBs

As, PCBs

T2-N SW end of wetland, 
~150m from T1 - on 
north bank

At top of bank. Brown clayey soil, 
dense grass cover.

10 17 644232 
4758261

July 14-
15, 2004

As, 
PCBs

As, PCB

T2-M SW end of wetland, in 
wetland

Black organic soil/sediment in dense 
Phragmites stand. Sediment damp, 
no surface water.

10 17 644223 
4758183

Oct. 6, 
2004

As, Zn, 
PCBs

As, Zn, 
PCBs

T3-N South half of wetland, 
north bank, ~50m NW 
of T2

At top of bank. Brown clayey soil with 
gravel, dense grass cover. Very dry 
soil

10 17 644341 
4758339

July 14-
15, 2004

As, Zn, 
PCBs

As, Zn, 
PCBs

T3-M As above, in wetland Black organic soil/sediment. Small 
area of cattails in dense Phragmites 
stand. Sediment damp, no surface 
water.

10 17 644278 
4758249

Oct. 6, 
2004

As, Zn, 
PCBs

As, Zn, 
PCBs

T4-N Approximate middle of 
wetland, ~50m from 
T3. North bank

At top of bank. Brown clayey soil with 
gravel, dense grass cover. Very dry 
soil

10 17 644375 
4758406

July 14-
15, 2004

As, Zn, 
PCBs

As, Zn, 
PCBs

T4-M As above, in wetland Black organic soil/sediment in dense 
Phragmites stand. Sediment damp, 
no surface water.

10 17 644316 
4758308

Oct. 6, 
2004

As, Zn, 
PCBs

As, Zn, 
PCBs

T5-N Approximately 50 m 
from T4, north bank.

At top of bank. Brown clayey soil with 
gravel, dense grass cover. Very dry 
soil

10 17 644387 
4758434

July 14-
15, 2004

As, Zn, 
PCBs

As, Zn, 
PCBs (total 
and 
congener)

Weeds, 
leaves for 
total PCB

T5-M As above, in wetland Black organic sediment in small open 
water area with cattails.

10 17 644357 
4758363

Oct. 6, 
2004

As, Zn, 
PCBs

As, Zn, 
PCBs

Cattails or 
Fragmites 
for PCB

Date 
sampled

Station Location COCGeoreferenceDescription Study Components
Soils Sediments Vegetation Invertebrates

Lyon's Creek West

Golder Associates 1
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Date 
sampled

Station Location COCGeoreferenceDescription Study Components
Soils Sediments Vegetation Invertebrates

T5-S As above, south bank In woods, dark brown organic soil. 10 17 644443 
4758431

July 14-
15, 2004

As, Zn, 
PCBs

As, Zn, 
PCBs

T6-N N. end of wetland, 
~20m s. of remnant 
branch. North bank

At top of bank. Brown clayey soil with 
gravel, dense grass and weed cover. 
Very dry soil

10 17 644386 
4758475

July 14-
15, 2004

As, Zn, 
PCBs

As, Zn, 
PCBs

Weeds, 
leaves for 
total PCB

T6-M As above, in stream In middle of wetland (narrowed 
section). Damp sediment, no 
standing water. Black organic 
sediment (silt and detritus)

10 17 644399 
4758396

Oct. 6, 
2004

As, Zn, 
PCBs

As, Zn, 
PCBs

Cattails or 
Fragmites 
for PCB

T6-S As above, south bank In woods, dark brown organic soil. 10 17 644459 
4758467

July 14-
15, 2004

As, Zn, 
PCBs

As, Zn, 
PCBs

T7-N Remnant stream, near 
mouth. North bank

Dark brown organic soil in thicket. 
Very dry.

10 17 644415 
4758477

July 14-
15, 2004

As, Zn, 
PCBs

As, Zn, 
PCBs

Earthworms - 
tissue 
analysis for 
PCBs and 

T7-M As above, in stream In middle of remnant channel. Wet 
sediment (no surface water) with 
dense grasses. In small (<30 cm) 
channel.

10 17 644425 
4758501

Oct. 6, 
2004

As, Zn, 
PCBs

As, Zn, 
PCBs

Sediment 
bioassay

T8-N Creek, ~40m below 
remnant stream, north 
bank

Brown organic soil with dense weed 
growth.

10 17 644447 
4758499

July 14-
15, 2004

As, Zn, 
PCBs

As, Zn, 
PCBs

T8-N+5 As above, 5 m north 
of T8-N

Brown organic soil with dense weed 
growth.

10 17 644441 
4758548

Oct. 6, 
2004

As, Zn, 
PCBs

T8-M As above, in creek Brown to black silt with organic 
detritus.

10 17 644494 
4758539

Oct. 6, 
2004

As, Zn, 
PCBs

As, Zn, 
PCBs

T8-S As above, south bank Brown organic soil with dense weed 
growth.

10 17 644463 
4758503

July 14-
15, 2004

As, Zn, 
PCBs

As, Zn, 
PCBs

T9-N Apporx. 40m below 
T8, north bank

Brown organic soil with dense weed 
growth.

10 17 644475 
4758563

July 14-
15, 2004

As, Zn, 
PCBs

As, Zn, 
PCBs

T9-M As above, in creek Brown to black silt with organic 
detritus.

10 17 644522 
4758564

Oct. 6, 
2004

As, Zn, 
PCBs

As, Zn, 
PCBs

Cattails or 
Fragmites 
for PCB

Sediment 
bioassay

T9-S As above, south bank Brown organic soil with dense weed 
growth.

10 17 644517 
4758536

July 14-
15, 2004

As, Zn, 
PCBs

As, Zn, 
PCBs

Weeds, 
leaves for 
total PCB

T10-N Approx. 20m 
upstream of new 
ditch, north bank

Brown organic soil with dense weed 
growth.

10 17 644533 
4758576

July 14-
15, 2004

As, Zn, 
PCBs

As, Zn, 
PCBs

Golder Associates 2
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Date 
sampled

Station Location COCGeoreferenceDescription Study Components
Soils Sediments Vegetation Invertebrates

T10-S As above, south bank At top of bank. Brown clayey soil with 
gravel, dense grass and weed cover. 
Very dry soil

10 17 644534 
4758554

July 14-
15, 2004

As, Zn, 
PCBs

As, Zn, 
PCBs

T10-
S+5

As above, 5 m south 
of T10-S

At top of bank. Brown clayey soil with 
gravel, dense grass and weed cover. 
Very dry soil

10 17 644520 
4758540

Oct. 6, 
2004

As, Zn, 
PCBs

T11-N Below City ditch, north 
bank

At top of bank. Brown clayey soil with 
gravel, dense grass and weed cover. 
Very dry soil

10 17 644555 
4758568

July 14-
15, 2004

As, Zn, 
PCBs

As, Zn, 
PCBs

T11-M As above, in creek Brown to black silt with organic 
detritus.

10 17 644555 
4758567

Oct. 6, 
2004

As, Zn, 
PCBs

As, Zn, 
PCBs

T11-S As above, south bank At top of bank. Brown clayey soil with 
gravel, dense grass and weed cover. 
Very dry soil

10 17 644556 
4758548

July 14-
15, 2004

As, Zn, 
PCBs

As, Zn, 
PCBs

T12-N Remnant stream, 
~50m below cuttoff. 
North bank

Brown organic soil with dense weed 
growth.

10 17 644391 
4758504

July 14-
15, 2004

As, Zn, 
PCBs

As, Zn, 
PCBs

grasses 
and weeds 
for As, Zn, 
PCBs

T12-
N+15

As above, 15 m north 
of T12-N

Brown organic soil with dense weed 
growth.

10 17 644374 
4758528

Oct. 6, 
2004

As, Zn, 
PCBs

T12-M Remnant stream, in 
creek

Brown clayey soil with dense 
grasses.

10 17 644379 
4758497

Oct. 6, 
2004

As, Zn, 
PCBs

T12-S As above, south bank At top of bank. Brown clayey soil with 
gravel, dense grass and weed cover. 
Very dry soil

10 17 644370 
4758491

July 14-
15, 2004

As, Zn, 
PCBs

As, Zn, 
PCBs

T13-N Remnant stream, 
~20m w. of T-12. 
North bank.

At top of bank. Brown clayey soil with 
gravel, dense grass and weed cover. 
Very dry soil

10 17 644343 
4758521

Oct. 6, 
2004

As, Zn, 
PCBs

T13-S Remnant stream, 
~20m w. of T-12. 
South bank.

At top of bank. Brown clayey soil with 
gravel, dense grass and weed cover. 
Very dry soil

10 17 644345 
4758500

Oct. 6, 
2004

As, Zn, 
PCBs

T14-N City ditch, below 
culvert. North bank

At top of bank. Brown clayey soil with 
gravel, dense grass and weed cover. 
Very dry soil

10 17 644318 
4758513

Oct. 6, 
2004

As, Zn, 
PCBs

T14-S City ditch, below 
culvert. South bank

At top of bank. Brown clayey soil with 
gravel, dense grass and weed cover. 
Very dry soil

10 17 644317 
4758495

Oct. 6, 
2004

As, Zn, 
PCBs

Frenchman's Creek

Golder Associates 3



May 2005 TABLE 1:
Phase III Study Locations and Study Components

03-1112-059

Date 
sampled

Station Location COCGeoreferenceDescription Study Components
Soils Sediments Vegetation Invertebrates

Control Wetland on main 
branch below QEW

Brown organic sediments 10 17 666225 
4753923

Oct. 7, 
2004

Cd, Cr, 
Diox

PSQG 
metals in 
bioassay 
sediments

Sediment 
bioassay

FC-2 Below Fleet at Gilmer 
Road

Brown organic sediments and clay. 10 17 667293 
4753947

Oct. 7, 
2004

Cd, Cr. PSQG 
metals in 
bioassay 
sediments

Sediment 
bioassay

FC-5A Upstream end of 
tributary below Durez 
site.

Black organic soil. Damp but no 
surface water.

10 17 668693 
4754404

Oct. 7, 
2004

Diox Dioxins & 
furans

FC-5B Approx. midway 
bewteen FC-5A and 
FC-5.

Black organic soil. Damp but no 
surface water.

10 17 668643 
4754395

Oct. 7, 
2004

Diox Dioxins & 
furans

FC-5C Tributary from Durez, 
upstream of wetland

Black organic soil. Damp but no 
surface water. Dense weed growth.

10 17 668407 
4754515

Oct. 7, 
2004

Diox Dioxins & 
furans

FC-5D In tributary from 
Durez, approx. 10m 
upstream of main 
branch

Mainly clay sediments. 10 17 668134 
4754559

Oct. 7, 
2004

Diox Dioxins & 
furans

FC-5E In main branch below 
se. tributaries

Brown silt with sand and clay 10 17 668127 
4754573

Oct. 7, 
2004

Diox Dioxins & 
furans

Control Upstream of Atlas 
Steel site.

Brown silty sediments. 10 17 642985 
4761715

Oct. 5, 
2004

Cu, Cr, 
Ni, PAH

Cu, Cr, Ni, 
PAH

Sediment 
bioassay

WR-1M Below Canal By-Pass, 
in middle of channel

Brown silty sediments mixed with 
clay.

10 17 646341 
4766290

Oct. 5, 
2004

Cu, Cr, 
Ni

Cu, Cr, Ni Sediment 
bioassay

WR-4N At Oxy Vinyl Brown silty sediments with organic 
detritus.

10 17 648809 
4767186

Oct. 5, 
2004

Cu, Cr, 
Ni

Cu, Cr, Ni, 
PAH

Sediment 
bioassay

WR-7N Below Cytec Brown silty sediments with organic 
detritus.

10 17 651507 
4767510

Oct. 5, 
2004

Cu, Cr, 
Ni

Cu, Cr, Ni, 
PAH

Sediment 
bioassay

WR-11 At mouth of 
Thompson's Creek

Brown silty sediments with organic 
detritus.

10 17 653633 
4767433

Oct. 5, 
2004

Cu, Cr, 
Ni

Cu, Cr, Ni, 
PAH

Sediment 
bioassay

Welland River

Golder Associates 4
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TC-1 In creek near mouth. 
Upstream side of 
bridge at Chippawa 
Creek Rd.

Brown silty sediments with organic 
detritus.

10 17 652072 
4768105

Oct. 13, 
2004

Cu PSQG 
Metals

TC-2 Trib from Cytec, 
above confluence. 
Approx.200' below 
road

Brown silty sediments with organic 
detritus.

10 17 650587 
4768248

Oct. 13, 
2004

Cu PSQG 
Metals

TC-3 North tributary, 
approx. 50' upstream 
of road.

Brown silty sediments with organic 
detritus and clay.

10 17 650436 
4768961

Oct. 13, 
2004

Cu PSQG 
Metals

TC-4 Small tributary to 
Welland River, 
approx. 300m east of 
road to Cytec at 
Chippawa Creek Rd.

Brown silty sediments with organic 
detritus.

10 17 650846 
4767306 

Oct. 13, 
2004

Cu PSQG 
Metals

Thompson's Creek

Golder Associates 5
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Lyon's Creek West:

Arsenic in Soil, Sediment and Biota. 2003 - 2004
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Sample Date Soil Sediment RQVeg BSAF leaf Leafest Grass BSAFGr Grass est Cattails BSAFcat Cattailest

ug/g ug/g d.w. ug/g w.w ug/g 
w.w.

ug/g w.w. ug/g 
w.w.

ug/g w.w.

Area A: Upstream of wetland on south branch (Area = ~360 m2)
T1-N 2004 3.2 0.2 0.40 0.13 0.26 0.20 0.06 0.33 0.71 0.022 0.0034 6.8E-05 0.48 0.035 0.015 0.009 0.00117 0.314 0.383
T1-M 2004 53.0 2.7 0.70 0.01 0.41 16.57 0.312642 16.57 1.2 0.116 0.004 0.6 0.200
T1-S 2004 2.8 0.1 0.22 0.29 0.88 0.022 0.0034 6.8E-05 0.48 0.030 0.015 0.009 0.00117 0.314 0.383
LC-1 2003 167.0 8.4 1.28 52.21 1.2 0.116 0.004 0.6 0.631
LC-2 2003 47.0 2.4 0.36 14.69 1.2 0.116 0.004 0.6 0.178
T2-N 2004 3.7 0.2 0.30 0.38 1.16 0.022 0.0034 6.8E-05 0.48 0.040 0.015 0.009 0.00117 0.314 0.507
T2-M 2004 80.2 4.0 0.61 25.07 1.2 0.116 0.004 0.6 0.303
Mean 3.23 86.80 0.26 0.34 0.67 15.90 0.035 0.424 0.328

Standard Deviation 0.45 55.38 0.04 0.05 0.42 18.61 0.00 0.07 0.21
95% C.L. (+/-) 0.51 54.28 0.04 0.05 0.42 13.79 0.01 0.08 0.21
Upper 95% C.L. 3.74 141.08 0.30 0.39 1.08 29.69 0.04 0.50 0.53
Area B: Wetland (Area = ~8000 m2)

T3-N 2004 2.6 0.1 0.21 0.27 0.81 0.022 0.0034 6.8E-05 0.48 0.028 0.015 0.009 0.00117 0.314 0.356
T3-M 2004 480.0 24.0 4.10 0.01 3.68 150.07 1.2 0.116 0.004 0.6 1.813
T4-N 2004 3.2 0.2 0.26 0.33 1.00 0.022 0.0034 6.8E-05 0.48 0.035 0.015 0.009 0.00117 0.314 0.438
T4-M 2004 19.0 1.0 0.15 5.94 1.2 0.116 0.004 0.6 0.072
T5-N 2004 2.4 0.1 < 0.10 0.19 0.30 0.13 0.25 0.75 0.022 0.0034 6.8E-05 0.48 0.026 0.015 0.009 0.00117 0.314 0.329
T5-M 2004 58.7 2.9 0.40 0.01 0.45 18.35 1.2 0.116 0.004 0.6 0.222
T5-S 2004 5.2 0.3 0.42 0.54 1.63 0.022 0.0034 6.8E-05 0.48 0.056 0.015 0.009 0.00117 0.314 0.712
T6-N 2004 23.9 1.2 0.90 0.04 1.91 3.30 0.14 2.49 7.47 0.022 0.0034 6.8E-05 0.48 0.258 0.015 0.009 0.00117 0.314 3.272
T6-M 2004 95.2 4.8 0.20 0.00 0.73 29.76 1.2 0.116 0.004 0.6 0.360
T6-S 2004 2.3 0.1 0.18 0.24 0.72 0.022 0.0034 6.8E-05 0.48 0.025 0.015 0.009 0.00117 0.314 0.315

Mean 6.6 163.2 0.5 0.7 1.3 21.7 0.1 0.9 0.6
Standard Deviation 8.54 213.46 0.68 0.89 1.64 46.13 0.09 1.17 0.81
95% C.L. (+/-) 6.84 209.19 0.55 0.71 1.31 28.59 0.07 0.94 0.79
Upper 95% C.L. 13.44 372.42 1.07 1.40 2.56 50.24 0.15 1.84 1.41
Area D: North ditch from berm at Bradley Ave to wetland (Area = ~320m2)

LC-10 2003 5.5 0.3 0.04 1.72 1.2 0.116 0.004 0.6 0.021
T-14-N 2004 5.2 0.3 0.42 0.54 1.63 0.022 0.0034 6.8E-05 0.48 0.056 0.015 0.009 0.00117 0.314 0.712
T14-S 2004 6.6 0.3 0.53 0.69 0.022 0.0034 6.8E-05 0.48 0.071 0.015 0.009 0.00117 0.314 0.515
T13-N 2004 5.0 0.3 0.40 0.52 1.56 0.022 0.0034 6.8E-05 0.48 0.054 0.015 0.009 0.00117 0.314 0.685
T-13-S 2004 8.4 0.4 0.67 0.87 2.63 0.022 0.0034 6.8E-05 0.48 0.091 0.015 0.009 0.00117 0.314 1.150
T12-N 2004 45.7 2.3 3.66 4.75 14.29 0.022 0.0034 6.8E-05 0.48 0.494 0.015 0.009 0.00117 0.314 6.256

T12-N+15 2004 7.8 0.4 0.62 0.70 0.09 0.81 2.44 0.022 0.0034 6.8E-05 0.48 0.084 0.015 0.009 0.00117 0.314 1.068
T12-M 2004 16.0 16.0 0.8 1.28 1.66 2.1 0.13125 5.00 0.022 0.0034 6.8E-05 0.48 0.173 0.015 0.009 0.00117 0.314 2.190
T12-S 2004 4.8 0.2 0.38 0.50 1.50 0.022 0.0034 6.8E-05 0.48 0.052 0.015 0.009 0.00117 0.314 0.657
T7-N 2004 18.5 0.9 1.48 1.92 5.78 0.022 0.0034 6.8E-05 0.48 0.200 0.015 0.009 0.00117 0.314 2.533
T7-M 2004 13.8 0.7 0.11 4.31 1.2 0.116 0.004 0.6 0.052
LC-13 2003 14.3 0.7 0.11 4.47 1.2 0.116 0.004 0.6 0.054
Mean 13.1 12.4 1.0 1.4 0.1 4.1 0.1 1.8 0.042

Standard Deviation 13.18 4.70 1.05 1.37 3.71 0.14 1.83 0.019
95% C.L. (+/-) 8.61 4.60 0.69 0.90 2.19 0.09 1.20 0.026
Upper 95% C.L. 21.72 17.00 1.74 2.26 6.31 0.23 2.95 0.068
Area E: Main stem, North ditch to mouth (Area = ~400 m2)

T8-N 2004 11.0 0.6 0.88 1.14 3.44 0.022 0.0034 6.8E-05 0.48 0.119 0.015 0.009 0.00117 0.314 1.506
T8-N+5 2004 5.3 0.3 0.42 0.55 1.66 0.022 0.0034 6.8E-05 0.48 0.057 0.015 0.009 0.00117 0.314 0.726
T8-M 2004 33.9 1.7 0.26 10.60 0.015 0.009 0.00117 0.314 4.641 1.2 0.116 0.004 0.6 0.128
LC-8 2003 71.1 3.6 0.55 22.23 0.015 0.009 0.00117 0.314 9.734 1.2 0.116 0.004 0.6 0.269
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ug/g w.w
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(kg)

Deer Mouse - Exposure Estimates
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May 2005 TABLE 2:
Lyon's Creek West:

Arsenic in Soil, Sediment and Biota. 2003 - 2004

03-1112-059

Sample Date Soil Sediment RQVeg BSAF leaf Leafest Grass BSAFGr Grass est Cattails BSAFcat Cattailest

ug/g ug/g d.w. ug/g w.w ug/g 
w.w.

ug/g w.w. ug/g 
w.w.

ug/g w.w.

Arsenic

ug/g w.w

Leaf body 
weight 
(kg)

Deer Mouse - Exposure Estimates

Earth-
wormest 

ug/g w.w

Earth-
worm 

ug/g w.w.
BSAFworm

food 
ingestion 
rate 
(kg/day)

soil 
ingestion 
rate 
(kg/day)

% diet 
comprised 
of grasses

average 
daily 
dose 
(mg/kg 
b.w./day)

body 
weight 
(kg)

food 
ingestion 
rate 
(kg/day)

soil 
ingestion 
rate 
(kg/day)

% diet 
comprised 
of earth-
worms

Muskrat - Exposure Estimates
% diet 
comprised 
of cattails

average 
daily dose 
(mg/kg 
b.w./day)

average 
daily 
dose 
(mg/kg 
b.w./day)

body 
weight 
(kg)

food 
ingestion 
rate 
(kg/day)

soil 
ingestion 
rate 
(kg/day)

Short-tailed Shrew - Exposure Estimates

T8-S 2004 3.9 0.2 0.31 0.41 1.22 0.022 0.0034 6.8E-05 0.48 0.042 0.015 0.009 0.00117 0.314 0.534
T9-N 2004 3.1 0.2 0.25 0.32 0.97 0.022 0.0034 6.8E-05 0.48 0.033 0.015 0.009 0.00117 0.314 0.424
T9-M 2004 16.8 0.8 0.30 0.02 0.13 5.25 0.015 0.009 0.00117 0.314 2.300 1.2 0.116 0.004 0.6 0.063
T9-S 2004 2.8 0.1 < 0.10 0.22 < 0.10 0.29 0.88 0.022 0.0034 6.8E-05 0.48 0.030 0.015 0.009 0.00117 0.314 0.383
LC-6 2003 8.2 0.4 0.06 2.56 0.015 0.009 0.00117 0.314 1.123 1.2 0.116 0.004 0.6 0.031

T10-N 2004 2.9 0.1 0.23 0.30 0.91 0.022 0.0034 6.8E-05 0.48 0.031 0.015 0.009 0.00117 0.314 0.397
T10-S 2004 24.5 1.2 1.96 2.55 7.66 0.022 0.0034 6.8E-05 0.48 0.265 0.015 0.009 0.00117 0.314 3.354

T10-S+5 2004 4.5 0.2 0.36 0.47 1.41 0.022 0.0034 6.8E-05 0.48 0.049 0.015 0.009 0.00117 0.314 0.616
T11-N 2004 2.9 0.1 0.23 0.30 0.91 0.022 0.0034 6.8E-05 0.48 0.031 0.015 0.009 0.00117 0.314 0.397
T11-M 2004 8.6 0.4 0.07 2.69 0.015 0.009 0.00117 0.314 1.177 1.2 0.116 0.004 0.6 0.032
T11-S 2004 2.4 0.1 0.19 0.25 0.75 0.022 0.0034 6.8E-05 0.48 0.026 0.015 0.009 0.00117 0.314 0.329
Mean 6.3 27.7 0.5 0.7 0.2 4.2 0.068 1.843 0.105

Standard Deviation 6.86 26.39 0.55 0.71 0.20 5.75 0.07 2.52 0.10
95% C.L. (+/-) 4.25 23.13 0.34 0.44 0.18 2.91 0.05 1.27 0.09
Upper 95% C.L. 10.58 50.85 0.85 1.10 0.39 7.12 0.11 3.12 0.19
Mean 0.08 0.10 0.01 0.22
RQVeg - Calculated as the concentration in soil or sediment/screening concentration of 20 ug/g
BSAFleaf - Calculated as concentration in the leaf samples/ concentration in the soil samples.
Leafest - Calculated as the concentration in soil x BSAFleaf

BSAFGr - Calculated as the concentration in the grass samples/concentration in the soil samples.
Grassest - Calcualted as the concentration in soil x BSAFGr

BSAFcat - Calculated as the concentration in cattail smaples/concentration in the sediment samples.
Cattailest - Calculated as the concentration in the sediment x BSAFcat

BSAFworm - Calculated as the concentration in earthworm tissues/concentration in the soil samples 
Earthwormest - Calculated as the concentration in soil x BSAFworm
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May 2005 TABLE 3:
Lyon's Creek West:

Zinc in Soil, Sediment and Biota. 2003 - 2004

03-1112-059

Sample Soil Sediment RQVeg Leaf BSAF Leafest Grass BSAF Grassest Cattails BSAFcat Cattail est

ug/g d.w. ug/g d.w. ug/g w.w. ug/g w.w. ug/g w.w. ug/g w.w. ug/g w.w. ug/g w.w.
Area A: Upstream of wetland on south branch (Area = ~360 m2)

T1-N 2004 101 0.17 20.8 0.2 14.8 12.5 0.1 34.4 0.022 0.0034 0.000068 0.48 2.861
T1-M 2004 516 0.86 23.5 0.05 21.5 1.2 0.116 0.004 0.6 1.720
T1-S 2004 109 0.18 16.0 37.1 0.022 0.0034 0.000068 0.48 3.087
LC-1 2003 970 1.62 40.4 1.2 0.116 0.004 0.6 3.233
LC-2 2003 397 0.66 16.5 1.2 0.116 0.004 0.6 1.323
T2-N 2004 184 0.31 27.1 62.6 0.022 0.0034 0.000068 0.48 5.211
T2-M 2004 515 0.86 21.4 1.2 0.116 0.004 0.6 1.717
Mean 131 600 19 45 25 3.720 1.998

Standard Deviation 45.79 253.24 6.73 15.57 10.55 1.30 0.84
95% C.L. (+/-) 51.81 248.17 7.62 17.62 10.33 1.47 0.83
Upper 95% C.L. 183.14 847.67 26.93 62.29 35.30 5.19 2.83
Area B: Wetland (Area = ~8000 m2)

T3-N 2004 78 0.13 11.5 26.5 0.022 0.0034 0.000068 0.48 2.209
T3-M 2004 462 0.77 38.8 0.08 19.2 1.2 0.116 0.004 0.6 1.540
T4-N 2004 172 0.29 25.3 58.5 0.022 0.0034 0.000068 0.48 4.872
T4-M 2004 1010 1.68 42.1 1.2 0.116 0.004 0.6 3.367
T5-N 2004 185 0.31 13.7 0.1 27.2 25.3 0.1 62.9 0.022 0.0034 0.000068 0.48 5.240
T5-M 2004 1340 2.23 20.6 0.02 55.8 1.2 0.116 0.004 0.6 4.467
T5-S 2004 140 0.23 20.6 47.6 0.022 0.0034 0.000068 0.48 3.965
T6-N 2004 167 0.28 26.9 0.2 24.6 38.0 0.2 56.8 0.022 0.0034 0.000068 0.48 4.730
T6-M 2004 1130 1.88 24.5 0.02 47.1 1.2 0.116 0.004 0.6 3.767
T6-S 2004 93 0.16 13.7 31.6 0.022 0.0034 0.000068 0.48 2.634

Mean 139 986 20 47 41 3.942 3.285
Standard Deviation 44.33 374.70 6.52 15.08 15.60 1.26 1.25
95% C.L. (+/-) 35.47 367.20 5.22 12.07 15.29 1.00 1.22
Upper 95% C.L. 174.64 1352.70 25.68 59.40 56.33 4.95 4.51
Area D: North ditch from berm at Bradley Ave to wetland (Area = ~320m2)

LC-10 2003 211 0.35 8.8 1.2 0.116 0.004 0.6 0.703
T-14-N 2004 94 0.16 13.8 32.0 0.022 0.0034 0.000068 0.48 2.662
T14-S 2004 273 0.46 40.1 92.9 0.022 0.0034 0.000068 0.48 7.732
T13-N 2004 165 0.28 24.3 56.1 0.022 0.0034 0.000068 0.48 4.673
T-13-S 2004 900 1.50 132.3 306.1 0.022 0.0034 0.000068 0.48 25.491
T12-N 2004 4120 6.87 605.7 1401.4 0.022 0.0034 0.000068 0.48 116.690

T12-N+15 2004 149 0.25 21.9 130.0 0.9 50.7 0.022 0.0034 0.000068 0.48 4.220
T12-M 2004 2110 3.52 310.2 717.7 0.022 0.0034 0.000068 0.48 53.239
T12-S 2004 176 0.29 25.9 59.9 0.022 0.0034 0.000068 0.48 4.985
T7-N 2004 2260 3.77 332.3 768.7 0.022 0.0034 0.000068 0.48 64.010
T7-M 2004 2070 3.45 86.2 1.2 0.116 0.004 0.6 6.900
LC-13 2003 2920 4.87 121.6 1.2 0.116 0.004 0.6 9.733
Mean 1139 1734 167 387 72 31.523 5.779

Standard Deviation 1407.17 1385.46 206.89 478.63 57.70 39.35 4.62
95% C.L. (+/-) 919.34 1567.77 135.16 312.70 65.29 25.71 5.23
Upper 95% C.L. 2057.89 3301.44 302.56 699.96 137.49 57.23 11.00
Area E: Main stem, North ditch to mouth (Area = ~400 m2)

T8-N 2004 848 1.41 124.7 288.4 0.022 0.0034 0.000068 0.48 24.018
T8-N+5 2004 121 0.20 17.8 41.2 0.022 0.0034 0.000068 0.48 3.427
T8-M 2004 2970 4.95 123.7 1.2 0.116 0.004 0.6 9.900
LC-8 2003 4280 7.13 178.2 1.2 0.116 0.004 0.6 14.267
T8-S 2004 150 0.25 22.1 51.0 0.022 0.0034 0.000068 0.48 4.248
T9-N 2004 101 0.17 14.8 34.4 0.022 0.0034 0.000068 0.48 2.861
T9-M 2004 2760 4.60 108.0 0.04 114.9 1.2 0.116 0.004 0.6 9.200
T9-S 2004 88 0.15 50.1 0.6 12.9 9.7 0.1 29.9 0.022 0.0034 0.000068 0.48 2.492

Muskrat - Exposure Estimates
food ingestion 
rate (kg/day)

% diet 
comprised of 

average daily 
dose (mg/kg 
b /d )

soil ingestion 
rate (kg/day)
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comprised of 

tt il
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dose (mg/kg 
b /d )

body weight 
(kg)

Zinc
body weight 
(kg)

food ingestion 
rate (kg/day)

soil ingestion 
rate (kg/day)

Deer Mouse - Exposure Estimates
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May 2005 TABLE 3:
Lyon's Creek West:

Zinc in Soil, Sediment and Biota. 2003 - 2004

03-1112-059

Sample Soil Sediment RQVeg Leaf BSAF Leafest Grass BSAF Grassest Cattails BSAFcat Cattail est

ug/g d.w. ug/g d.w. ug/g w.w. ug/g w.w. ug/g w.w. ug/g w.w. ug/g w.w. ug/g w.w.

Muskrat - Exposure Estimates
food ingestion 
rate (kg/day)

% diet 
comprised of 

average daily 
dose (mg/kg 
b /d )

soil ingestion 
rate (kg/day)

% diet 
comprised of 

tt il

average daily 
dose (mg/kg 
b /d )

body weight 
(kg)

Zinc
body weight 
(kg)

food ingestion 
rate (kg/day)

soil ingestion 
rate (kg/day)

Deer Mouse - Exposure Estimates

LC-6 2003 1440 2.40 60.0 1.2 0.116 0.004 0.6 4.800
T10-N 2004 96 0.16 14.1 32.7 0.022 0.0034 0.000068 0.48 2.719
T10-S 2004 2290 3.82 336.7 778.9 0.022 0.0034 0.000068 0.48 64.859

T10-S+5 2004 98 0.16 14.4 33.3 0.022 0.0034 0.000068 0.48 2.776
T11-N 2004 120 0.20 17.6 40.8 0.022 0.0034 0.000068 0.48 3.399
T11-M 2004 1940 3.23 80.8 1.2 0.116 0.004 0.6 6.467
T11-S 2004 90 0.15 13.2 30.6 0.022 0.0034 0.000068 0.48 2.549
Mean 400 2678 59 136 112 11.335 8.927

Standard Deviation 703.80 1088.08 103.48 239.39 45.31 19.93 3.63
95% C.L. (+/-) 436.21 953.73 64.13 148.37 39.72 12.35 3.18
Upper 95% C.L. 836.41 3631.73 122.97 284.49 151.24 23.69 12.11
Column Mean 0.1 0.3 0.04
RQVeg - Calculated as the concentration in soil or sediment/screening concentration of 600 ug/g
BSAFleaf - Calculated as concentration in the leaf samples/ concentration in the soil samples.
Leafest - Calculated as the concentration in soil x BSAFleaf

BSAFGr - Calculated as the concentration in the grass samples/concentration in the soil samples.
Grassest - Calcualted as the concentration in soil x BSAFGr

BSAFcat - Calculated as the concentration in cattail smaples/concentration in the sediment samples.
Cattailest - Calculated as the concentration in the sediment x BSAFcat
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May 2005 TABLE 4:
Lyon's Creek West:

Total PCB in Sediment and Biota. 1991-2004

03-1112-059

Sample Id
Date Depth

cm

Area A: Upstream of wetland on south branch (Area = ~360 m2)
T1-M 2004 0-5 < 0.05 < 0.05 0.00 1.2 0.116 0.004 0.6 0.0002 0.80 < 0.04 2.57
T2-M 2004 0-5 0.05 0.003 0.10 0.00 0.08 1.2 0.116 0.004 0.6 0.0002 0.80 0.04 0.00 0.00
LC-2 2003 0-5 < 0.03 0.00 1.2 0.116 0.004 0.6 0.0001 0.80 0.02 0.00 0.00
LC-3 2003 0-5 0.08 0.004 0.16 0.00 0.13 1.2 0.116 0.004 0.6 0.0003 0.80 0.06 0.00 0.00
LC-4 2003 0-5 < 0.03 0.00 1.2 0.116 0.004 0.6 0.0001 0.80 0.02 0.00 0.00
LC-5 2003 0-5 0.04 0.002 0.08 0.00 0.06 1.2 0.116 0.004 0.6 0.0002 0.80 0.03 0.00 0.00
Mean 0.05 0.003 0.0002 0.04 0.00 0.00
Standard Deviation 0.02 0.001
95% C.L. (+/-) 0.01 0.001
Upper 95% C.L. 0.06 0.004

Area B: Wetland (Area = ~8000 m2)
T3-M 2004 0-5 0.22 0.017 0.077 0.012 0.44 < 0.05 0.00 0.35 1.2 0.116 0.004 0.6 0.0009 0.80 0.18 2.57 0.03 0.02

SLSA-79A 1991 0-16 24.40 1.298 48.80 0.24 38.31 1.2 0.116 0.004 0.6 0.0955 0.80 19.52 2.57 3.34 1.67
T4-M 2004 0-5 5.83 0.310 11.66 0.06 9.15 1.2 0.116 0.004 0.6 0.0228 0.80 4.66 2.57 0.80 0.40

SLSA-78A 1991 0-20 11.80 0.628 23.60 0.12 18.53 1.2 0.116 0.004 0.6 0.0462 0.80 9.44 2.57 1.61 0.81
SLSA-77A 1991 0-19 44.80 2.384 89.60 0.45 70.34 1.2 0.116 0.004 0.6 0.1753 0.80 35.84 2.57 6.13 3.06

T5-M 2004 0-5 4.16 0.215 0.052 0.221 8.32 < 0.05 0.04 6.53 1.2 0.116 0.004 0.6 0.0163 0.80 3.33 2.57 0.57 0.28
SLSA-76A 1991 0-20 7.23 0.385 14.46 0.07 11.35 1.2 0.116 0.004 0.6 0.0283 0.80 5.78 2.57 0.99 0.49
SLSA-59 1991 0-16 41.70 2.219 83.40 0.42 65.47 1.2 0.116 0.004 0.6 0.1632 0.80 33.36 2.57 5.70 2.85

T6-M 2004 0-5 10.50 0.559 21.00 < 0.05 0.11 16.49 1.2 0.116 0.004 0.6 0.0411 0.80 8.40 2.57 1.44 0.72
LC-14 2003 0-5 11.50 0.612 23.00 0.12 18.06 1.2 0.116 0.004 0.6 0.0450 0.80 9.20 2.57 1.57 0.79

SLSA-58A 1991 0-20 4.30 0.229 8.60 0.04 6.75 1.2 0.116 0.004 0.6 0.0168 0.80 3.44 2.57 0.59 0.29
SLSA-89A 1991 0-23 40.40 2.150 80.80 0.40 63.43 1.2 0.116 0.004 0.6 0.1581 0.80 32.32 2.57 5.52 2.76
SLSA-90A 1991 0-17 10.80 0.575 21.60 0.11 16.96 1.2 0.116 0.004 0.6 0.0423 0.80 8.64 2.57 1.48 0.74
SLSA-91A 1991 0-19 2.48 0.132 4.96 0.02 3.89 1.2 0.116 0.004 0.6 0.0097 0.80 1.98 2.57 0.34 0.17
SLSA-75A 1991 0-20 82.10 4.368 164.20 0.82 128.90 1.2 0.116 0.004 0.6 0.3213 0.80 65.68 2.57 11.23 5.61

Mean 20.15 1.07 0.20 31.63 0.08 16.12 2.76 1.38
Standard Deviation 22.76 1.21 0.23 35.73 0.09 1.56
95% C.L. (+/-) 11.52 0.61 0.12 18.08 0.05 0.79
Upper 95% C.L. 31.67 1.68 0.32 49.71 0.12 2.17
Area C: Creek from north end of wetland to North ditch 

SLSA-80A 1991 0-16 17.60 0.936 35.20 0.18 27.63 1.2 0.116 0.004 0.6 0.0689 0.80 14.08 2.57 2.41 1.20
SLSA-88A 1991 0-22 68.00 3.618 136.00 0.68 106.76 1.2 0.116 0.004 0.6 0.2661 0.80 54.40 2.57 9.30 4.65
SLSA-81A 1991 0-23 9.40 0.500 18.80 0.09 14.76 1.2 0.116 0.004 0.6 0.0368 0.80 7.52 2.57 1.29 0.64
SLSA-74A 1991 0-23 9.40 0.500 18.80 0.09 14.76 1.2 0.116 0.004 0.6 0.0368 0.80 7.52 2.57 1.29 0.64
MOE-K1 1991 0-20 34.00 1.809 68.00 0.34 53.38 1.2 0.116 0.004 0.6 0.1331 0.80 27.20 2.57 4.65 2.32
MOE-J1 1991 0-20 65.00 3.459 130.00 0.65 102.05 1.2 0.116 0.004 0.6 0.2544 0.80 52.00 2.57 8.89 4.44
Mean 26.10 1.39 0.26 40.98 0.10 27.1200 4.6356 1.78

Standard Deviation 26.82 1.43 0.27 42.11 0.10 1.83
95% C.L. (+/-) 21.46 1.14 0.21 33.69 0.08 1.47
Upper 95% C.L. 47.56 2.53 0.48 74.67 0.19 3.25

Area D: North ditch from berm at Bradley Ave to wetland (Area = ~320m2)
MOE-P1 1991 0-20 5.10 0.271 10.20 0.80 4.08 2.57 0.70 0.35

LC-12 2003 0-5 0.52 0.028 1.04 0.80 0.42 2.57 0.07 0.04
MOE-O1 1991 0-20 7.70 0.410 15.40 0.80 6.16 2.57 1.05 0.53

T12-M 2004 0-5 6.26 0.432 0.069 0.333 12.52 0.80 5.01 2.57 0.86 0.43
LC-11 2003 0-5 0.41 0.022 0.82 0.80 0.33 2.57 0.06 0.03

MOE-M1 1991 0-20 15.00 0.798 30.00 0.80 12.00 2.57 2.05 1.03

BSAFFish
2

[PCB] in fish 
(estimated) 
ug/g w.w.

BSAFconplanar
3

Estimated 
[congeners]4 

ug/g w.w.

Sediment 
ug/g d.w. 

(measured)

Muskrat - Exposure Estimates
% diet 
comprised of 
cattails

RQVeg

Total 
coplanar 

PCBs ug/g

PCBs

Estimated 
[PCBcongener]

1 

ug/g d.w.

Ratio 
(coplanars to 

total) 

Amphipod 
[PCB est]

6

Fish - Exposure Estimates

Cattail ug/g 
w.w. 

(measured)
BSAF

Cattailest 

ug/g w.w.

average daily 
dose (mg/kg 
b.w./day)

body 
weight 
(kg)

food 
ingestion 
rate (kg/day)

soil ingestion 
rate (kg/day) Estimated TEQ 

(pg/g)5
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Lyon's Creek West:

Total PCB in Sediment and Biota. 1991-2004

03-1112-059

Sample Id
Date Depth

cm
BSAFFish

2

[PCB] in fish 
(estimated) 
ug/g w.w.

BSAFconplanar
3

Estimated 
[congeners]4 

ug/g w.w.

Sediment 
ug/g d.w. 

(measured)

Muskrat - Exposure Estimates
% diet 
comprised of 
cattails

RQVeg

Total 
coplanar 

PCBs ug/g

PCBs

Estimated 
[PCBcongener]

1 

ug/g d.w.

Ratio 
(coplanars to 

total) 

Amphipod 
[PCB est]

6

Fish - Exposure Estimates

Cattail ug/g 
w.w. 

(measured)
BSAF

Cattailest 

ug/g w.w.

average daily 
dose (mg/kg 
b.w./day)

body 
weight 
(kg)

food 
ingestion 
rate (kg/day)

soil ingestion 
rate (kg/day) Estimated TEQ 

(pg/g)5

MOE-N1 1991 0-20 42.00 2.235 84.00 0.80 33.60 2.57 5.74 2.87
SLSA-87 1991 0-20 8.59 0.457 17.18 0.80 6.87 2.57 1.17 0.59

T7-M 2004 0-5 40.50 1.347 0.033 2.155 81.00 0.80 32.40 2.57 5.54 2.77
MOE-L1 1991 0-20 6.30 0.335 12.60 0.80 5.04 2.57 0.86 0.43

LC-13 2003 0-5 12.20 0.649 24.40 0.80 9.76 2.57 1.67 0.83
Mean 13.14 0.70 10.51 1.80 0.90

Standard Deviation 14.55 0.77 0.99
95% C.L. (+/-) 8.60 0.46 0.59
Upper 95% C.L. 21.74 1.16 1.49

Area E: Main stem, North ditch to mouth (Area = ~400 m2)
T8-M 2004 0-5 22.60 0.899 0.040 1.203 45.20 0.23 35.48 1.2 0.116 0.004 0.6 0.0884 0.80 18.08 2.57 3.09 1.55
LC-8 2003 0-5 27.30 1.453 54.60 0.27 42.86 1.2 0.116 0.004 0.6 0.1068 0.80 21.84 2.57 3.73 1.87
LC-7 2003 0-5 18.60 0.990 37.20 0.19 29.20 1.2 0.116 0.004 0.6 0.0728 0.80 14.88 2.57 2.54 1.27

MOE-F1 1991 0-20 6.50 0.346 13.00 0.07 10.21 1.2 0.116 0.004 0.6 0.0254 0.80 5.20 2.57 0.89 0.44
MOE-G1 1991 0-20 11.00 0.585 22.00 0.11 17.27 1.2 0.116 0.004 0.6 0.0430 0.80 8.80 2.57 1.50 0.75
MOE-H1 1991 0-20 16.00 0.851 32.00 0.16 25.12 1.2 0.116 0.004 0.6 0.0626 0.80 12.80 2.57 2.19 1.09
MOE-I1 1991 0-20 40.00 2.128 80.00 0.40 62.80 1.2 0.116 0.004 0.6 0.1565 0.80 32.00 2.57 5.47 2.73

SLSA-71A 1991 0-16 21.80 1.160 43.60 0.22 34.23 1.2 0.116 0.004 0.6 0.0853 0.80 17.44 2.57 2.98 1.49
SLSA-85A 1991 0-22 25.10 1.336 50.20 0.25 39.41 1.2 0.116 0.004 0.6 0.0982 0.80 20.08 2.57 3.43 1.72
SLSA-72A 1991 0-19 64.10 3.411 128.20 0.64 100.64 1.2 0.116 0.004 0.6 0.2508 0.80 51.28 2.57 8.77 4.38
SLSA-86A 1991 0-20 43.90 2.336 87.80 0.44 68.92 1.2 0.116 0.004 0.6 0.1718 0.80 35.12 2.57 6.00 3.00
SLSA-73A 1991 0-22 27.80 1.479 55.60 0.28 43.65 1.2 0.116 0.004 0.6 0.1088 0.80 22.24 2.57 3.80 1.90

T9-M 2004 0-5 9.03 0.480 18.06 0.08 0.01 0.09 14.18 1.2 0.116 0.004 0.6 0.0353 0.80 7.22 2.57 1.23 0.62
LC-6 2003 0-5 11.60 0.617 23.20 0.12 18.21 1.2 0.116 0.004 0.6 0.0454 0.80 9.28 2.57 1.59 0.79

MOE-C1 1991 0-20 14.00 0.745 28.00 0.14 21.98 1.2 0.116 0.004 0.6 0.0548 0.80 11.20 2.57 1.91 0.96
MOE-D1 1991 0-20 6.70 0.356 13.40 0.07 10.52 1.2 0.116 0.004 0.6 0.0262 0.80 5.36 2.57 0.92 0.46
MOE-E1 1991 0-20 32.00 1.703 64.00 0.32 50.24 1.2 0.116 0.004 0.6 0.1252 0.80 25.60 2.57 4.38 2.19

SLSA-70A 1991 0-22 71.20 3.788 142.40 0.71 111.78 1.2 0.116 0.004 0.6 0.2786 0.80 56.96 2.57 9.74 4.87
SLSA-84A 1991 0-22 72.60 3.863 145.20 0.73 113.98 1.2 0.116 0.004 0.6 0.2841 0.80 58.08 2.57 9.93 4.96

T11-M 2004 0-5 3.42 0.165 0.048 0.182 6.84 0.03 5.37 1.2 0.116 0.004 0.6 0.0134 0.80 2.74 2.57 0.47 0.23
MOE-A1 1991 0-20 32.00 1.703 64.00 0.32 50.24 1.2 0.116 0.004 0.6 0.1252 0.80 25.60 2.57 4.38 2.19

SLSA-67A 1991 0-23 35.00 1.862 70.00 0.35 54.95 1.2 0.116 0.004 0.6 0.1370 0.80 28.00 2.57 4.79 2.39
MOE-B1 1991 0-20 3.30 0.176 6.60 0.03 5.18 1.2 0.116 0.004 0.6 0.0129 0.80 2.64 2.57 0.45 0.23

SLSA-68A 1991 0-21 0.04 0.002 0.08 0.00 0.06 1.2 0.116 0.004 0.6 0.0002 0.80 0.03 2.57 0.01 0.00
SLSA-69A 1991 0-20 17.60 0.936 35.20 0.18 27.63 1.2 0.116 0.004 0.6 0.0689 0.80 14.08 2.57 2.41 1.20
SLSA-83A 1991 0-19 45.00 2.394 90.00 0.45 70.65 1.2 0.116 0.004 0.6 0.1761 0.80 36.00 2.57 6.15 3.08

Mean 26.08 1.39 0.26 40.95 0.10 20.87 3.57 1.78
Standard Deviation 20.27 1.08 0.20 31.83 0.08 1.39
95% C.L. (+/-) 7.79 0.41 0.08 12.23 0.03 0.53
Upper 95% C.L. 33.88 1.80 0.34 53.19 0.13 2.32
Column mean 0.053

1 Calculated as [total PCB] in sediment x mean ratio of [total PCB] to [total coplanar PCBs] 
2 BSAF calculated from MOE bioassay data with fathead minnows, 1992 and 1996 (Bedard and Petro 1998)
3 BSAF calculated from MOE 2002-2003 data for Lyon's Creek East (R. Fletcher, Pers. Comm. 2005)
4 Calculated as [PCB congeners] in sediment samples x average BSAF for PCB coplanar congeners in young-of-the-year fish, as calcualted from the MOE data for Lyon's Creek East.
5 Estimated total TEQfish calculated as estimated [PCB congeners] x conversion factor (0.000005) for TEQfish which is calculated as the ratio between [PCBcongeners] in fish and [total TEQ] in fish from the MOE data for Lyon's Creek East
6 Estimate based on mean BSAF of 1.57 calculated for Lyon's Creek East (Table 9)
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May 2005 TABLE 5:
Lyon's Creek West:

Total PCB in Soil and Biota. 1991-2004

03-1112-059

TOC Deer mouse Short-tailed shrew Red Fox
Station Depth Date Soil Sediment RQVeg Grass BSAF Grassest Earthworms BSAF Wormest Soil

ug/g d.w. ug/g d.w. ug/g 
w.w.

ug/g w.w. ug/g w.w. ug/g 
w.w.

%

Area A: Upstream of wetland on south branch (Area = ~360 m2)
T1-N 0-5 2004 < 0.05 0.01 0.000 0.06 2.40 0.06 5.08 0.022 0.0034 6.8E-05 0.48 0.0002 0.015 0.009 0.00117 0.314 0.015 0.049 6.50 5.25 0.45 0.0126 0.688 0.003
T1-M < 0.05 0.01 0.001 0.12 0.022 0.0034 6.8E-05 0.48 0.0002 0.015 0.009 0.00117 0.314 0.026 0.054 11.32 5.25 0.45 0.0126 0.688 0.006
T1-S 0-5 2004 < 0.05 0.01 0.000 0.06 7.09 0.022 0.0034 6.8E-05 0.48 0.0002 0.015 0.009 0.00117 0.314 0.015 0.049 6.50 5.25 0.45 0.0126 0.688 0.003
T2-N 0-5 2004 < 0.05 0.01 0.000 0.06 5.31 0.022 0.0034 6.8E-05 0.48 0.0002 0.015 0.009 0.00117 0.314 0.015 0.049 6.50 5.25 0.45 0.0126 0.688 0.003
T2-M 0.05 0.01 0.001 0.12

LC-2 2003 0-5
LC-3 2003 0-5
LC-4 2003 0-5
LC-5 2003 0-5

Mean 0.05 0.08 5.83 0.0002 0.018 0.004
Standard Deviation
95% C.L. (+/-)
Upper 95% C.L.
Area B: Wetland (Area = ~8000 m2)

T3-N 0-5 2004 < 1.00 0.01 3.14
T3-M 2004 0-5 0.22 0.01 0.002 0.52 0.022 0.0034 6.8E-05 0.48 0.0008
SLSA-79A 1991 0-16 24.40 0.01 0.244 58.07 0.022 0.0034 6.8E-05 0.48 0.0935

T4-N 0-5 2004 < 1.00 0.01 3.91
T4-M 2004 0-5 5.83 0.01 0.058 13.88 0.022 0.0034 6.8E-05 0.48 0.0223
SLSA-78A 1991 0-20 11.80 0.01 0.118 28.08 0.022 0.0034 6.8E-05 0.48 0.0452 0.015 0.009 0.00117 0.314 6.211 12.776 2670.91 5.25 0.45 0.0126 0.688 1.346
SLSA-77A 1991 0-19 44.80 0.01 0.448 106.62 0.022 0.0034 6.8E-05 0.48 0.1717 0.015 0.009 0.00117 0.314 23.582 48.507 10140.42 5.25 0.45 0.0126 0.688 5.109

T5-N 0-5 2004 < 1.00 0.01 4.67
T5-S 0-5 2004 < 1.00 0.01 6.14
T6-N 0-5 2004 < 1.00 0.01 4.08

T6-M 2004 0-5 10.50 0.01 0.105 24.99 0.022 0.0034 6.8E-05 0.48 0.0402 0.015 0.009 0.00117 0.314 5.527 11.369 2376.66 5.25 0.45 0.0126 0.688 1.197
T6-S 0-5 2004 < 0.05 0.01 0.06 4.47 0.015 0.009 0.00117 0.314 0.015 0.000 6.50 5.25 0.45 0.0126 0.688 0.003

SLSA-05A 0-17 1991 < 0.01 0.01 0.01 0.015 0.009 0.00117 0.314 0.003 0.000 1.30 5.25 0.45 0.0126 0.688 0.001
SLSA-07 0 1991 < 0.03 0.01 0.04 0.015 0.009 0.00117 0.314 0.009 0.000 3.90 5.25 0.45 0.0126 0.688 0.002
SLSA-09 0-20 1991 < 0.02 0.01 0.02 0.015 0.009 0.00117 0.314 0.006 0.000 2.60 5.25 0.45 0.0126 0.688 0.001
SLSA-10 0-20 1991 < 0.01 0.01 0.01 0.015 0.009 0.00117 0.314 0.003 0.000 1.30 5.25 0.45 0.0126 0.688 0.001
SLSA-11 0-20 1991 0.08 0.16 0.01 0.001 0.19 0.022 0.0034 6.8E-05 0.48 0.0003 0.015 0.009 0.00117 0.314 0.042 0.087 18.11 5.25 0.45 0.0126 0.688 0.009
SLSA-13 0 1991 < 0.01 0.01 0.01 0.015 0.009 0.00117 0.314 0.003 0.000 1.30 5.25 0.45 0.0126 0.688 0.001
SLSA-17 0-10 1991 < 0.03 0.01 0.04 0.015 0.009 0.00117 0.314 0.009 0.000 3.90 5.25 0.45 0.0126 0.688 0.002
SLSA-18 0-18 1991 < 0.01 0.01 0.01 0.015 0.009 0.00117 0.314 0.003 0.000 1.30 5.25 0.45 0.0126 0.688 0.001

SLSA-19A 0-20 1991 < 0.01 0.01 0.01 0.015 0.009 0.00117 0.314 0.003 0.000 1.30 5.25 0.45 0.0126 0.688 0.001
SLSA-21 0-20 1991 0.22 0.44 0.01 0.002 0.52 0.022 0.0034 6.8E-05 0.48 0.0008 0.015 0.009 0.00117 0.314 0.116 0.238 49.80 5.25 0.45 0.0126 0.688 0.025
SLSA-23 0-20 1991 < 0.01 0.01 0.01 0.015 0.009 0.00117 0.314 0.003 0.000 1.30 5.25 0.45 0.0126 0.688 0.001
SLSA-24 0-21 1991 < 0.02 0.01 0.02 0.015 0.009 0.00117 0.314 0.006 0.000 2.60 5.25 0.45 0.0126 0.688 0.001
SLSA-25 0-14 1991 < 0.01 0.01 0.01 0.015 0.009 0.00117 0.314 0.003 0.000 1.30 5.25 0.45 0.0126 0.688 0.001

SLSA-26A 0-13 1991 < 0.01 0.01 0.01 0.015 0.009 0.00117 0.314 0.003 0.000 1.30 5.25 0.45 0.0126 0.688 0.001
SLSA-28A 0-19 1991 0.04 0.08 0.01 0.000 0.10 0.022 0.0034 6.8E-05 0.48 0.0002 0.015 0.009 0.00117 0.314 0.021 0.043 9.05 5.25 0.45 0.0126 0.688 0.005
SLSA-31A 0-15 1991 < 0.01 0.01 0.01 0.015 0.009 0.00117 0.314 0.003 0.000 1.30 5.25 0.45 0.0126 0.688 0.001
SLSA-32 0-20 1991 < 0.01 0.01 0.01 0.015 0.009 0.00117 0.314 0.003 0.000 1.30 5.25 0.45 0.0126 0.688 0.001

SLSA-36A 0-20 1991 < 0.01 0.01 0.01 0.015 0.009 0.00117 0.314 0.003 0.000 1.30 5.25 0.45 0.0126 0.688 0.001
SLSA-36B 0-40 1991 < 0.01 0.01 0.01 0.015 0.009 0.00117 0.314 0.003 0.000 1.30 5.25 0.45 0.0126 0.688 0.001
SLSA-38 0-20 1991 0.02 0.04 0.01 0.000 0.05 0.022 0.0034 6.8E-05 0.48 0.0001 0.015 0.009 0.00117 0.314 0.011 0.022 4.53 5.25 0.45 0.0126 0.688 0.002
SLSA-40 0-20 1991 0.40 0.80 0.01 0.004 0.95 0.022 0.0034 6.8E-05 0.48 0.0015 0.015 0.009 0.00117 0.314 0.211 0.433 90.54 5.25 0.45 0.0126 0.688 0.046

SLSAC-62 0-20 1991 < 0.01 0.01 0.01 0.015 0.009 0.00117 0.314 0.003 0.000 1.30 5.25 0.45 0.0126 0.688 0.001
SLSA-63 0-20 1991 0.02 0.04 0.01 0.000 0.05 0.022 0.0034 6.8E-05 0.48 0.0001 0.015 0.009 0.00117 0.314 0.011 0.022 4.53 5.25 0.45 0.0126 0.688 0.002

average 
daily dose 
(mg/kg 
b.w./day)

food 
ingestion 
rate 
(kg/day)

body 
weight 
(kg)

food 
ingestion 
rate 
(kg/day)

soil 
ingestion 
rate 
(kg/day)

% diet 
comprised 
of grasses

average 
daily dose 
(mg/kg 
b.w./day)
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(kg)

PCBs
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shrew 2
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daily dose 
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ingestion 
rate 
(kg/day)

soil 
ingestion 
rate 
(kg/day)
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comprised 
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s
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TOC Deer mouse Short-tailed shrew Red Fox
Station Depth Date Soil Sediment RQVeg Grass BSAF Grassest Earthworms BSAF Wormest Soil

ug/g d.w. ug/g d.w. ug/g 
w.w.

ug/g w.w. ug/g w.w. ug/g 
w.w.

%

average 
daily dose 
(mg/kg 
b.w./day)

food 
ingestion 
rate 
(kg/day)

body 
weight 
(kg)

food 
ingestion 
rate 
(kg/day)

soil 
ingestion 
rate 
(kg/day)

% diet 
comprised 
of grasses

average 
daily dose 
(mg/kg 
b.w./day)

body 
weight 
(kg)

PCBs
[PCB] in 
shrew 2

average 
daily dose 
(mg/kg 
b.w./day)3

body 
weight 
(kg)

food 
ingestion 
rate 
(kg/day)

soil 
ingestion 
rate 
(kg/day)

% diet 
comprised 
of rodents

[PCB] in 
Deer 
Mouse1

soil 
ingestion 
rate 
(kg/day)

% diet 
comprised 
of 
earthworm
s

Mean 0.21 16.26 0.08 7.81 4.40 0.0314 1.327 0.287
Standard Deviation 16.12 0.14 22.37 0.05 4.71 1.021
95% C.L. (+/-) 12.90 0.08 8.01 0.03 1.78 0.385
Upper 95% C.L. 29.16 0.16 15.82 0.06 3.10 0.673
Area D: North ditch from berm at Bradley Ave to wetland (Area = ~320m2)

T-14-N 0-5 2004 < 0.05 0.01 0.06 2.27 0.015 0.009 0.00117 0.314 0.015 0.000 6.50 5.25 0.45 0.0126 0.688 0.003
T14-S 0-5 2004 < 1.00 0.01 6.38
T13-N 0-5 2004 0.20 0.40 0.01 0.002 0.48 5.23 0.022 0.0034 6.8E-05 0.48 0.0008 0.015 0.009 0.00117 0.314 0.105 0.217 45.27 5.25 0.45 0.0126 0.688 0.023
T-13-S 0-5 2004 0.11 0.22 0.01 0.001 0.26 6.71 0.022 0.0034 6.8E-05 0.48 0.0004 0.015 0.009 0.00117 0.314 0.058 0.119 24.90 5.25 0.45 0.0126 0.688 0.013
T12-N 0-5 2004 75.20 150.40 0.01 0.752 178.98 8.47 0.022 0.0034 6.8E-05 0.48 0.2882 0.015 0.009 0.00117 0.314 39.585 81.422 17021.41 5.25 0.45 0.0126 0.688 8.576

T12-N+15 0-5 2004 < 0.05 0.01 0.06 4.91 0.015 0.009 0.00117 0.314 0.015 0.000 6.50 5.25 0.45 0.0126 0.688 0.003
T12-M 0-5 2004 6.26 12.52 0.01 0.438 14.70 2.35 14.90 9.31 0.022 0.0034 6.8E-05 0.48 0.0519 0.015 0.009 0.00117 0.314 3.295 14.649 1416.94 5.25 0.45 0.0126 0.688 0.718
T12-S 0-5 2004 0.30 0.60 0.01 0.003 0.71 5.56 0.022 0.0034 6.8E-05 0.48 0.0011 0.015 0.009 0.00117 0.314 0.158 0.325 67.90 5.25 0.45 0.0126 0.688 0.034

LC-11 2003 0-5 0.41 0.01 0.004 0.98 0.022 0.0034 6.8E-05 0.48 0.0016 0.015 0.009 0.00117 0.314 0.216 0.444 92.80 5.25 0.45 0.0126 0.688 0.047
MOE-M1 1991 0-20 15.00 0.01 0.150 35.70 0.022 0.0034 6.8E-05 0.48 0.0575 0.015 0.009 0.00117 0.314 7.896 16.241 3395.23 5.25 0.45 0.0126 0.688 1.711
MOE-N1 1991 0-20 42.00 0.01 0.420 99.96 0.022 0.0034 6.8E-05 0.48 0.1610 0.015 0.009 0.00117 0.314 22.108 45.475 9506.64 5.25 0.45 0.0126 0.688 4.790

T7-N 0-5 2004 11.40 22.80 0.01 0.114 27.13 11.00 0.022 0.0034 6.8E-05 0.48 0.0437 0.015 0.009 0.00117 0.314 6.001 12.343 2580.37 5.25 0.45 0.0126 0.688 1.300
T7-M 0-5 2004 40.50 81.00 0.01 0.405 96.39 3.31 0.022 0.0034 6.8E-05 0.48 0.1552 0.015 0.009 0.00117 0.314 21.319 43.851 9167.12 5.25 0.45 0.0126 0.688 4.619

SLSA-87 1991 0-20 8.59 0.01 0.086 20.44 0.022 0.0034 6.8E-05 0.48 0.0329 0.015 0.009 0.00117 0.314 4.522 9.301 1944.33 5.25 0.45 0.0126 0.688 0.980
SLSA-41 0-20 1991 2.98 5.96 0.01 0.030 7.09 0.022 0.0034 6.8E-05 0.48 0.0114 0.015 0.009 0.00117 0.314 1.569 3.227 674.52 5.25 0.45 0.0126 0.688 0.340
SLSA-42 0-20 1991 19.90 39.80 0.01 0.199 47.36 0.022 0.0034 6.8E-05 0.48 0.0763 0.015 0.009 0.00117 0.314 10.475 21.547 4504.34 5.25 0.45 0.0126 0.688 2.269

SLSA-44A 0-22 1991 0.56 1.12 0.01 0.006 1.33 0.022 0.0034 6.8E-05 0.48 0.0021 0.015 0.009 0.00117 0.314 0.295 0.606 126.76 5.25 0.45 0.0126 0.688 0.064
SLSA-45A 0-20 1991 21.00 42.00 0.01 0.210 49.98 0.022 0.0034 6.8E-05 0.48 0.0805 0.015 0.009 0.00117 0.314 11.054 22.738 4753.32 5.25 0.45 0.0126 0.688 2.395
SLSA-48 0-17 1991 0.11 0.22 0.01 0.001 0.26 0.022 0.0034 6.8E-05 0.48 0.0004 0.015 0.009 0.00117 0.314 0.058 0.119 24.90 5.25 0.45 0.0126 0.688 0.013
SLSA-50 0-20 1991 < 0.01 0.01 0.01 0.015 0.009 0.00117 0.314 0.003 0.000 1.30 5.25 0.45 0.0126 0.688 0.001

SLSA-51A 0-18 1991 86.90 173.80 0.01 0.869 206.82 0.022 0.0034 6.8E-05 0.48 0.3331 0.015 0.009 0.00117 0.314 45.743 94.091 19669.69 5.25 0.45 0.0126 0.688 9.910
SLSA-53 0-20 1991 < 0.02 0.01 0.02 0.015 0.009 0.00117 0.314 0.006 0.000 2.60 5.25 0.45 0.0126 0.688 0.001
SLSA-54 0-24 1991 55.60 111.20 0.01 0.556 132.33 0.022 0.0034 6.8E-05 0.48 0.2131 0.015 0.009 0.00117 0.314 29.267 60.201 12584.98 5.25 0.45 0.0126 0.688 6.341
SLSA-55 0-19 1991 < 0.01 0.01 0.01 0.015 0.009 0.00117 0.314 0.003 0.000 1.30 5.25 0.45 0.0126 0.688 0.001
SLSA-56 0-18 1991 26.00 52.00 0.01 0.260 61.88 0.022 0.0034 6.8E-05 0.48 0.0997 0.015 0.009 0.00117 0.314 13.686 28.151 5885.06 5.25 0.45 0.0126 0.688 2.965
SLSA-57 0-19 1991 0.03 0.06 0.01 0.000 0.07 0.022 0.0034 6.8E-05 0.48 0.0001 0.015 0.009 0.00117 0.314 0.016 0.032 6.79 5.25 0.45 0.0126 0.688 0.003

Mean 15.83 16.50 0.23 39.33 6.32 0.0805 8.699 1.885
Standard Deviation 25.93 18.02 0.27 59.23 0.100 13.10 2.84
95% C.L. (+/-) 10.84 17.66 0.12 23.22 0.044 5.14 1.11
Upper 95% C.L. 26.66 34.16 0.34 62.55 0.124 13.83 3.00
Area E: Main stem, North ditch to mouth (Area = ~400 m2)

T8-N 0-5 2004 6.19 12.38 0.01 0.062 14.73 4.29 0.022 0.0034 6.8E-05 0.48 0.0237 0.015 0.009 0.00117 0.314 3.258 6.702 1401.10 5.25 0.45 0.0126 0.688 0.706
T8-N+5 0-5 2004 < 1.00 0.01 1.19 4.77

T8-S 0-5 2004 0.15 0.30 0.01 0.002 0.36 4.46 0.022 0.0034 6.8E-05 0.48 0.0006 0.015 0.009 0.00117 0.314 0.079 0.162 33.95 5.25 0.45 0.0126 0.688 0.017
SLSA-71A 1991 0-16 21.80 0.01 0.218 51.88 0.022 0.0034 6.8E-05 0.48 0.0836 0.015 0.009 0.00117 0.314 11.475 23.604 4934.40 5.25 0.45 0.0126 0.688 2.486
SLSA-85A 1991 0-22 25.10 0.01 0.251 59.74 0.022 0.0034 6.8E-05 0.48 0.0962 0.015 0.009 0.00117 0.314 13.212 27.177 5681.35 5.25 0.45 0.0126 0.688 2.862
SLSA-72A 1991 0-19 64.10 0.01 0.641 152.56 0.022 0.0034 6.8E-05 0.48 0.2457 0.015 0.009 0.00117 0.314 33.742 69.404 14508.94 5.25 0.45 0.0126 0.688 7.310
SLSA-86A 1991 0-20 43.90 0.01 0.439 104.48 0.022 0.0034 6.8E-05 0.48 0.1683 0.015 0.009 0.00117 0.314 23.109 47.533 9936.70 5.25 0.45 0.0126 0.688 5.006
SLSA-73A 1991 0-22 27.80 0.01 0.278 66.16 0.022 0.0034 6.8E-05 0.48 0.1065 0.015 0.009 0.00117 0.314 14.634 30.100 6292.49 5.25 0.45 0.0126 0.688 3.170

T9-N 0-5 2004 0.13 0.26 0.01 0.001 0.31 3.60 0.022 0.0034 6.8E-05 0.48 0.0005 0.015 0.009 0.00117 0.314 0.068 0.141 29.43 5.25 0.45 0.0126 0.688 0.015
T9-S 0-5 2004 < 0.05 0.01 0.06 3.17 0.015 0.009 0.00117 0.314 0.015 0.000 6.50 5.25 0.45 0.0126 0.688 0.003

T10-N 0-5 2004 < 0.05 0.01 0.06 2.02 0.015 0.009 0.00117 0.314 0.015 0.000 6.50 5.25 0.45 0.0126 0.688 0.003
T10-S 0-5 2004 5.36 10.72 0.01 0.054 12.76 12.10 0.022 0.0034 6.8E-05 0.48 0.0205 0.015 0.009 0.00117 0.314 2.821 5.804 1213.23 5.25 0.45 0.0126 0.688 0.611

T10-S+5 0-5 2004 < 0.05 0.01 0.06 3.78 0.015 0.009 0.00117 0.314 0.015 0.000 6.50 5.25 0.45 0.0126 0.688 0.003
SLSA-70A 1991 0-22 71.20 0.01 0.712 169.46 0.022 0.0034 6.8E-05 0.48 0.2729 0.015 0.009 0.00117 0.314 37.479 77.091 16116.02 5.25 0.45 0.0126 0.688 8.120
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May 2005 TABLE 5:
Lyon's Creek West:

Total PCB in Soil and Biota. 1991-2004

03-1112-059

TOC Deer mouse Short-tailed shrew Red Fox
Station Depth Date Soil Sediment RQVeg Grass BSAF Grassest Earthworms BSAF Wormest Soil

ug/g d.w. ug/g d.w. ug/g 
w.w.

ug/g w.w. ug/g w.w. ug/g 
w.w.

%

average 
daily dose 
(mg/kg 
b.w./day)

food 
ingestion 
rate 
(kg/day)

body 
weight 
(kg)

food 
ingestion 
rate 
(kg/day)

soil 
ingestion 
rate 
(kg/day)

% diet 
comprised 
of grasses

average 
daily dose 
(mg/kg 
b.w./day)

body 
weight 
(kg)

PCBs
[PCB] in 
shrew 2

average 
daily dose 
(mg/kg 
b.w./day)3

body 
weight 
(kg)

food 
ingestion 
rate 
(kg/day)

soil 
ingestion 
rate 
(kg/day)

% diet 
comprised 
of rodents

[PCB] in 
Deer 
Mouse1

soil 
ingestion 
rate 
(kg/day)

% diet 
comprised 
of 
earthworm
s

SLSA-84A 1991 0-22 72.60 0.01 0.726 172.79 0.022 0.0034 6.8E-05 0.48 0.2783 0.015 0.009 0.00117 0.314 38.216 78.607 16432.91 5.25 0.45 0.0126 0.688 8.279
T11-N 0-5 2004 < 0.05 0.01 0.06 3.97 0.015 0.009 0.00117 0.314 0.015 0.000 6.50 5.25 0.45 0.0126 0.688 0.003
T11-S 0-5 2004 < 0.05 0.01 0.06 4.11 0.015 0.009 0.00117 0.314 0.015 0.000 6.50 5.25 0.45 0.0126 0.688 0.003

SLSA-68A 1991 0-21 0.04 0.01 0.000 0.10 0.022 0.0034 6.8E-05 0.48 0.0002 0.015 0.009 0.00117 0.314 0.021 0.043 9.05 5.25 0.45 0.0126 0.688 0.005
SLSA-69A 1991 0-20 17.60 0.01 0.176 41.89 0.022 0.0034 6.8E-05 0.48 0.0675 0.015 0.009 0.00117 0.314 9.264 19.056 3983.73 5.25 0.45 0.0126 0.688 2.007
SLSA-83A 1991 0-19 45.00 0.01 0.450 107.10 0.022 0.0034 6.8E-05 0.48 0.1725 0.015 0.009 0.00117 0.314 23.688 48.724 10185.69 5.25 0.45 0.0126 0.688 5.132

Mean 1.31 46.64 0.308 47.45 4.63 0.1179 11.136 2.413
Standard Deviation 2.38 22.46 0.28 63.98 0.11 14.36 3.111
95% C.L. (+/-) 1.48 13.92 0.28 28.04 0.06 6.46 1.399
Upper 95% C.L. 2.78 60.56 0.58 75.49 0.17 17.59 3.811
Mean 2.38

1 Based on life span of 300 days, of which 35 days immature and feeding at on-half the normal rate
2 Based on life span of 460 days, of which 60 days immature and feeding at one-half adult rate
3 Exposure caclulated as average daily dose as a fraction of the time spent of site (based on a home range of 699 ha).
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May 2005 TABLE 6:
Lyon's Creek West: Coplanar and Mono-Ortho PCBs in Soil and Biota. 1991-2004

03-1112-059

PCBs Soil
Station Depth Date Soil* Soil* BSAF Grassest Grassest BSAF Wormest Worm

ug/g d.w. ng/g d.w. Grass ng/g TEQ pg/g Worm ng/g w.w. TEQ pg/g

Area A: Upstream of wetland on south branch (Area = ~360 m2)
T1-N 0-5 2004 < 0.05 50.00 0.68 2.75 0.01 0.03 0.011 2.35 3.23 1.293 0.022 0.0034 6.8E-05 0.48 0.0008 0.015 0.009 0.00117 0.314 0.244
T1-S 0-5 2004 < 0.05 50.00 2.75 0.01 0.03 0.011 3.23 1.293 0.022 0.0034 6.8E-05 0.48 0.0008 0.015 0.009 0.00117 0.314 0.244
T2-N 0-5 2004 < 0.05 50.00 2.75 0.01 0.03 0.011 3.23 1.293 0.022 0.0034 6.8E-05 0.48 0.0008 0.015 0.009 0.00117 0.314 0.244
Mean 0.05 3.23 0.0008 0.244

Standard Deviation
95% C.L. (+/-)
Upper 95% C.L.
Area B: Wetland (Area = ~8000 m2)

T3-N 0-5 2004 < 1.00 1000.00 < 55.00 < 22.00 0.01 0.55 0.220 64.63 25.850
T3-M 0-5 2004 0.22 220.00 12.10
T4-N 0-5 2004 < 1.00 1000.00 < 55.00 < 22.00 0.01 0.55 0.220 64.63 25.850
T4-M 0-5 2004 5.83 5830.00 320.65 0.015 0.009 0.00117 0.314 0.000
T5-N 0-5 2004 < 1.00 1000.00 5.69 < 55.00 < 22.00 0.01 0.55 0.220 64.63 25.850
T5-S 0-5 2004 < 1.00 1000.00 < 55.00 < 22.00 0.01 0.55 0.220 64.63 25.850
T6-N 0-5 2004 < 1.00 1000.00 165.60 < 55.00 < 22.00 0.01 0.55 0.220 64.63 25.850
T6-M 0-5 2004 10.50 10500.00 577.50 231.00 1357.13 542.850 0.015 0.009 0.00117 0.314 120.291
T6-S 0-5 2004 < 0.05 50.00 < 2.75 < 1.10 0.01 0.03 0.011 3.23 1.293 0.015 0.009 0.00117 0.314 0.329

SLSA-05A 0-17 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.01 0.002 0.65 0.259 0.015 0.009 0.00117 0.314 0.066
SLSA-07 0 1991 < 0.03 30.00 < 1.65 < 0.66 0.01 0.02 0.007 1.94 0.776 0.015 0.009 0.00117 0.314 0.198
SLSA-09 0-20 1991 < 0.02 20.00 < 1.10 < 0.44 0.01 0.01 0.004 1.29 0.517 0.015 0.009 0.00117 0.314 0.132
SLSA-10 0-20 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.01 0.002 0.65 0.259 0.015 0.009 0.00117 0.314 0.066
SLSA-11 0-20 1991 0.08 80.00 4.40 1.76 0.01 0.04 0.018 10.34 4.136 0.022 0.0034 6.8E-05 0.48 0.0067 0.015 0.009 0.00117 0.314 0.917
SLSA-13 0 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.01 0.002 0.65 0.259 0.015 0.009 0.00117 0.314 0.066
SLSA-17 0-10 1991 < 0.03 30.00 < 1.65 < 0.66 0.01 0.02 0.007 1.94 0.776 0.015 0.009 0.00117 0.314 0.198
SLSA-18 0-18 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.01 0.002 0.65 0.259 0.015 0.009 0.00117 0.314 0.066

SLSA-19A 0-20 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.01 0.002 0.65 0.259 0.015 0.009 0.00117 0.314 0.066
SLSA-21 0-20 1991 0.22 220.00 12.10 4.84 0.01 0.12 0.048 28.44 11.374 0.022 0.0034 6.8E-05 0.48 0.0186 0.015 0.009 0.00117 0.314 2.520
SLSA-23 0-20 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.01 0.002 0.65 0.259 0.015 0.009 0.00117 0.314 0.066
SLSA-24 0-21 1991 < 0.02 20.00 < 1.10 < 0.44 0.01 0.01 0.004 1.29 0.517 0.015 0.009 0.00117 0.314 0.132
SLSA-25 0-14 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.01 0.002 0.65 0.259 0.015 0.009 0.00117 0.314 0.066

SLSA-26A 0-13 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.01 0.002 0.65 0.259 0.015 0.009 0.00117 0.314 0.066
SLSA-28A 0-19 1991 0.04 40.00 2.20 0.88 0.01 0.02 0.009 5.17 2.068 0.022 0.0034 6.8E-05 0.48 0.0034 0.015 0.009 0.00117 0.314 0.458
SLSA-31A 0-15 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.01 0.002 0.65 0.259 0.015 0.009 0.00117 0.314 0.066
SLSA-32 0-20 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.01 0.002 0.65 0.259 0.015 0.009 0.00117 0.314 0.066

SLSA-36A 0-20 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.01 0.002 0.65 0.259 0.015 0.009 0.00117 0.314 0.066
SLSA-36B 0-40 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.01 0.002 0.65 0.259 0.015 0.009 0.00117 0.314 0.066
SLSA-38 0-20 1991 0.02 20.00 1.10 0.44 0.01 0.01 0.004 2.59 1.034 0.022 0.0034 6.8E-05 0.48 0.0017 0.015 0.009 0.00117 0.314 0.229
SLSA-40 0-20 1991 0.40 400.00 22.00 8.80 0.01 0.22 0.088 51.70 20.680 0.022 0.0034 6.8E-05 0.48 0.0337 0.015 0.009 0.00117 0.314 4.583

SLSAC-62 0-20 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.01 0.002 0.65 0.259 0.015 0.009 0.00117 0.314 0.066
SLSA-63 0-20 1991 0.02 20.00 1.10 0.44 0.01 0.01 0.004 2.59 1.034 0.022 0.0034 6.8E-05 0.48 0.0017 0.015 0.009 0.00117 0.314 0.229

Mean 0.71 706.56 38.86 12.14 0.046 59.97 0.0110 5.041
Standard Deviation 246.24 0.01 23.53
95% C.L. (+/-) 98.52 0.01 9.04
Upper 95% C.L. 158.49 0.02 14.08
Area D: North ditch from berm at Bradley Ave to wetland (Area = ~320m2)

T-14-N 0-5 2004 < 0.05 50.00 < 2.75 < 1.10 0.01 0.03 0.011 3.23 1.293 0.015 0.009 0.00117 0.314 0.329
T14-S 0-5 2004 < 1.00 1000.00 < 55.00 < 22.00 0.01 0.55 0.220 0.000
T13-N 0-5 2004 0.20 200.00 11.00 4.40 0.01 0.11 0.044 25.85 10.340 0.022 0.0034 6.8E-05 0.48 0.0169 0.015 0.009 0.00117 0.314 2.291
T-13-S 0-5 2004 0.11 110.00 6.05 2.42 0.01 0.06 0.024 14.22 5.687 0.022 0.0034 6.8E-05 0.48 0.0093 0.015 0.009 0.00117 0.314 1.260
T12-N 0-5 2004 75.20 75200.00 4136.00 1654.40 0.01 41.36 16.544 9719.60 3887.840 0.022 0.0034 6.8E-05 0.48 6.3409 0.015 0.009 0.00117 0.314 861.512

Deer Mouse - Exposure Estimates Short-tailed Shrew - Exposure Estimates
average 
daily dose 
(ng/kg 
b.w./day 
TEQ)

% diet 
comprised 
of grasses

average 
daily dose 
(ng/kg 
b.w./day 
TEQ)

body 
weight 
(kg)

food 
ingestion 
rate 
(kg/day)

soil 
ingestion 
rate 
(kg/day)

% diet 
comprised of 
earthworms

PCB 
Congeners 
ng/g d.w.

body 
weight 
(kg)

food 
ingestion 
rate 
(kg/day)

soil 
ingestion 
rate 
(kg/day)

Estimated PCB 
congeners ng/g 

d.w.1
Est TEQ pg/g
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May 2005 TABLE 6:
Lyon's Creek West: Coplanar and Mono-Ortho PCBs in Soil and Biota. 1991-2004

03-1112-059

PCBs Soil
Station Depth Date Soil* Soil* BSAF Grassest Grassest BSAF Wormest Worm

ug/g d.w. ng/g d.w. Grass ng/g TEQ pg/g Worm ng/g w.w. TEQ pg/g

Deer Mouse - Exposure Estimates Short-tailed Shrew - Exposure Estimates
average 
daily dose 
(ng/kg 
b.w./day 
TEQ)

% diet 
comprised 
of grasses

average 
daily dose 
(ng/kg 
b.w./day 
TEQ)

body 
weight 
(kg)

food 
ingestion 
rate 
(kg/day)

soil 
ingestion 
rate 
(kg/day)

% diet 
comprised of 
earthworms

PCB 
Congeners 
ng/g d.w.

body 
weight 
(kg)

food 
ingestion 
rate 
(kg/day)

soil 
ingestion 
rate 
(kg/day)

Estimated PCB 
congeners ng/g 

d.w.1
Est TEQ pg/g

T12-N+15 0-5 2004 < 0.05 50.00 < 2.75 < 1.10 0.01 0.03 0.011 3.23 1.293 0.015 0.009 0.00117 0.314 0.329
T12-M 0-5 2004 6.26 6260.00 344.30 137.72 0.01 3.44 1.377 809.11 323.642 0.022 0.0034 6.8E-05 0.48 0.5278 0.015 0.009 0.00117 0.314 71.716
T12-S 0-5 2004 0.30 300.00 16.40 16.50 6.60 0.01 0.17 0.066 38.78 15.510 0.022 0.0034 6.8E-05 0.48 0.0253 0.015 0.009 0.00117 0.314 3.437
LC-11 0-5 2003 0.41 410.00 22.55 9.02 52.99 21.197 0.015 0.009 0.00117 0.314 4.697

MOE-M1 0-20 1991 15.00 15000.00 825.00 330.00 1938.75 775.500 0.015 0.009 0.00117 0.314 171.844
MOE-N1 0-20 1991 42.00 42000.00 2310.00 924.00 5428.50 2171.400 0.015 0.009 0.00117 0.314 481.164

T7-N 0-5 2004 11.40 11400.00 649.30 627.00 250.80 0.01 6.27 2.508 1473.45 589.380 0.022 0.0034 6.8E-05 0.48 0.9612 0.015 0.009 0.00117 0.314 130.602
T7-M 0-5 2004 40.50 40500.00 2227.50 891.00 0.01 22.28 8.910 5234.63 2093.850 0.022 0.0034 6.8E-05 0.48 3.4150 0.015 0.009 0.00117 0.314 463.979

SLSA-87 0-20 1991 8.59 8590.00 472.45 188.98 1110.26 444.103 0.015 0.009 0.00117 0.314 98.409
SLSA-41 0-20 1991 2.98 2980.00 163.90 65.56 0.01 1.64 0.656 385.17 154.066 0.022 0.0034 6.8E-05 0.48 0.2513 0.015 0.009 0.00117 0.314 34.140
SLSA-42 0-20 1991 19.90 19900.00 1094.50 437.80 0.01 10.95 4.378 2572.08 1028.830 0.022 0.0034 6.8E-05 0.48 1.6780 0.015 0.009 0.00117 0.314 227.980

SLSA-44A 0-22 1991 0.56 560.00 30.80 12.32 0.01 0.31 0.123 72.38 28.952 0.022 0.0034 6.8E-05 0.48 0.0472 0.015 0.009 0.00117 0.314 6.416
SLSA-45A 0-20 1991 21.00 21000.00 1155.00 462.00 0.01 11.55 4.620 2714.25 1085.700 0.022 0.0034 6.8E-05 0.48 1.7707 0.015 0.009 0.00117 0.314 240.582
SLSA-48 0-17 1991 0.11 110.00 6.05 2.42 0.01 0.06 0.024 14.22 5.687 0.022 0.0034 6.8E-05 0.48 0.0093 0.015 0.009 0.00117 0.314 1.260
SLSA-50 0-20 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.01 0.002 0.65 0.259 0.015 0.009 0.00117 0.314 0.066

SLSA-51A 0-18 1991 86.90 86900.00 4779.50 1911.80 0.01 47.80 19.118 11231.83 4492.730 0.022 0.0034 6.8E-05 0.48 7.3274 0.015 0.009 0.00117 0.314 995.551
SLSA-53 0-20 1991 < 0.02 20.00 < 1.10 < 0.44 0.01 0.01 0.004 1.29 0.517 0.015 0.009 0.00117 0.314 0.132
SLSA-54 0-24 1991 55.60 55600.00 3058.00 1223.20 0.01 30.58 12.232 7186.30 2874.520 0.022 0.0034 6.8E-05 0.48 4.6882 0.015 0.009 0.00117 0.314 636.969
SLSA-55 0-19 1991 < 0.01 10.00 < 0.55 < 0.22 0.01 0.01 0.002 0.65 0.259 0.015 0.009 0.00117 0.314 0.066
SLSA-56 0-18 1991 26.00 26000.00 1430.00 572.00 0.01 14.30 5.720 3360.50 1344.200 0.022 0.0034 6.8E-05 0.48 2.1923 0.015 0.009 0.00117 0.314 297.863
SLSA-57 0-19 1991 0.03 30.00 1.65 0.66 0.01 0.02 0.007 3.88 1.551 0.022 0.0034 6.8E-05 0.48 0.0025 0.015 0.009 0.00117 0.314 0.344

Mean 15.93 15930.38 876.17 350.47 3.482 2135.83 821.47 1.8290 189.318
Standard Deviation 24.57 3216.78 1271.80 2.395 285.12
95% C.L. (+/-) 10.27 1344.18 531.44 1.174 111.77
Upper 95% C.L. 26.20 3480.01 1352.92 3.003 301.08
Area E: Main stem, North ditch to mouth (Area = ~400 m2)

T8-N 0-5 2004 6.19 6190.00 340.45 136.18 0.01 3.40 1.362 800.06 320.023 0.022 0.0034 6.8E-05 0.48 0.1010 0.015 0.009 0.00117 0.314 70.914
T8-N+5 0-5 2004 < 1.00 1000.00 < 55.00 < 22.00 0.01 0.55 0.220 64.63 25.850 0.015 0.009 0.00117 0.314 6.586

T8-S 0-5 2004 0.15 150.00 8.25 3.30 0.01 0.08 0.033 19.39 7.755 0.022 0.0034 6.8E-05 0.48 0.0024 0.015 0.009 0.00117 0.314 1.718
SLSA-71A 0-16 1991 21.80 21800.00 1199.00 479.60 2817.65 1127.060 0.015 0.009 0.00117 0.314 249.747
SLSA-85A 0-22 1991 25.10 25100.00 1380.50 552.20 3244.18 1297.670 0.015 0.009 0.00117 0.314 287.553
SLSA-72A 0-19 1991 64.10 64100.00 3525.50 1410.20 8284.93 3313.970 0.015 0.009 0.00117 0.314 734.348
SLSA-86A 0-20 1991 43.90 43900.00 2414.50 965.80 5674.08 2269.630 0.015 0.009 0.00117 0.314 502.931
SLSA-73A 0-22 1991 27.80 27800.00 1529.00 611.60 3593.15 1437.260 0.015 0.009 0.00117 0.314 318.485

T9-N 0-5 2004 0.13 130.00 7.15 2.86 0.01 0.07 0.029 16.80 6.721 0.022 0.0034 6.8E-05 0.48 0.0021 0.015 0.009 0.00117 0.314 1.489
T9-S 0-5 2004 < 0.05 50.00 7.30 < 2.75 < 1.10 0.01 0.03 0.011 3.23 1.293 0.015 0.009 0.00117 0.314 0.329

T10-N 0-5 2004 < 0.05 50.00 < 2.75 < 1.10 0.01 0.03 0.011 3.23 1.293 0.015 0.009 0.00117 0.314 0.329
T10-S 0-5 2004 5.36 5360.00 294.80 117.92 0.01 2.95 1.179 692.78 277.112 0.022 0.0034 6.8E-05 0.48 0.0875 0.015 0.009 0.00117 0.314 61.406

T10-S+5 0-5 2004 < 0.05 50.00 < 2.75 < 1.10 0.01 0.03 0.011 3.23 1.293 0.015 0.009 0.00117 0.314 0.329
SLSA-70A 0-22 1991 71.20 71200.00 3916.00 1566.40 4601.30 1840.520 0.015 0.009 0.00117 0.314 468.933
SLSA-84A 0-22 1991 72.60 72600.00 3993.00 1597.20 4691.78 1876.710 0.015 0.009 0.00117 0.314 478.154

T11-N 0-5 2004 < 0.05 50.00 < 2.75 < 1.10 0.01 0.03 0.011 3.23 1.293 0.015 0.009 0.00117 0.314 0.329
T11-S 0-5 2004 < 0.05 50.00 < 2.75 < 1.10 0.01 0.03 0.011 3.23 1.293 0.015 0.009 0.00117 0.314 0.329

SLSA-68A 0-21 1991 0.04 40.00 2.20 0.88 2.59 1.034 0.015 0.009 0.00117 0.314 0.263
SLSA-69A 0-20 1991 17.60 17600.00 968.00 387.20 1137.40 454.960 0.015 0.009 0.00117 0.314 115.916
SLSA-83A 0-19 1991 45.00 45000.00 2475.00 990.00 2908.13 1163.250 0.015 0.009 0.00117 0.314 296.376

Mean 20.11 20111.00 1106.11 442.44 0.288 2030.40 812.16 0.0483 187.289
Standard Deviation 26.86 0.52 2579.20 1031.68 0.05 237.14
95% C.L. (+/-) 16.64 0.51 1598.57 639.43 0.05 103.93
Upper 95% C.L. 36.76 0.80 3628.98 1451.59 0.10 291.22

* - "sediment" concentrations shown in italics 1 Calculated using a Mean BSAF = 0.055
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May 2005 TABLE 7:
Coplanar and Mono-Orth PCBs in Soil and Sediment and Estimated Concentrations in Benthos and Young-of-the-Year Fish. 2004

03-1112-059

All values in 
ng/g d.w.

3,4,4',5-
TeCB

2,3,3',4,4'-
PeCB

2,3,4,4',5-
PeCB

2,3',4,4',5-
PeCB

2',3,4,4',5-
PeCB

3,3',4,4',5-
PeCB

2,3,3',4,4',5-
HxCB

2,3,3',4,4',5'-
HxCB

2,3',4,4',5,5'-
HxCB

3,3',4,4',5,5'-
HxCB

2,3,3',4,4',5,5
'-HpCB

Total toxic 
PCB 
congeners

total PCB 
ng/g

Ratio - Total 
Congerners: 
Total TEQ

Ratio-  Total 
Congeners: 
Total PCB

IUPAC No. 77 81 105 114 118 123 126 156 157 167 169 189 ng/g
TEFfish 0.0001 0.0005 0.000005 0.000005 0.000005 0.000005 0.005 0.000005 0.000005 0.000005 0.00005 0.000005
TEFbirds 0.05 0.1 0.0001 0.0001 0.00001 0.00001 0.1 0.0001 0.0001 0.00001 0.001 0.00001
TEQ mamm 0.0001 0.0001 0.0001 0.0005 0.0001 0.0001 0.1 0.0005 0.0005 0.00001 0.01 0.0001
Concentration in soil (ng/g d.w.)
T1-N 0.031 0.002 0.17 0.007 0.29 0.008 0.006 0.063 0.063 0.028 < 0.004 0.009 0.681 <50
T5-N 0.48 0.023 1.5 0.055 2.8 0.081 0.018 0.3 0.3 0.094 < 0.007 0.031 5.689 <100
T6-N 16 0.44 45 1.6 85 2.4 0.34 6.2 6.2 1.8 < 0.15 0.43 165.560 <100
T7-N 53 < 0.51 110 1.9 390 16 1.7 29 29 14 < 0.82 3.5 649.430 11400 0.05696754
T7-N TEQ 0.0053 0.000051 0.011 0.00095 0.039 0.0016 0.17 0.0145 0.0145 0.00014 0.0082 0.00035 0.266 0.00040896
T9-S 0.38 < 0.01 1.3 0.018 4.2 0.25 0.016 0.43 0.43 0.19 < 0.006 0.043 7.273 <0.05
T12-S 0.82 0.025 3 0.11 6.1 0.14 0.052 2.2 2.2 0.95 < 0.095 0.74 16.432 300 0.05477333
T12-S TEQ 0.000038 0.000001 0.00013 0.000009 0.00042 0.000025 0.0016 0.000215 0.000215 0.0000019 0.00006 0.0000043 0.003 0.0001655
Concentration in sediment (ng/g d.w.)
T3-M 0.2 <W 4 3 1 4 3 MPC 0.1 <W 0.2 <W 0.2 <W 0.2 <W 2 0.2 <W 17 167.2
T5-M 2 0.5 <W 52 3 120 12 MPC 0.1 <W 8 0.2 <W 3 14 1 215 3732.6 0.0576006
T7-M 13 0.5 <W 340 16 730 99 MPC 0.1 <W 38 0.2 <W 16 90 5 1347 25320.9 0.05319716
T8-M 7 0.5 <W 250 11 480 45 MPC 0.1 <W 29 0.2 <W 10 65 2 899 14157 0.06350215
T11-M 1 0.5 <W 43 4 85 10 MPC 0.1 <W 6 0.2 <W 2 13 1 165 2993.4 0.05512127
T12-M 3 0.5 <W 22 6 310 41 MPC 0.1 <W 13 0.2 <W 5 30 2 432 9212 0.04689535
Estimated Concentration in Amphipods (ng/g w.w)
BSAF N.A. N.A. 1.74 1.82 1.94 1.48 N.A. 1.34 N.A. 0.09 N.A. N.A.
T3-M 5.22 1.82 7.76 4.44 19.24
T5-M 90.48 5.46 232.8 17.76 10.72 0.27 357.49
T7-M 591.6 29.12 1416.2 146.52 50.92 1.44 2235.8
T8-M 435 20.02 931.2 66.6 38.86 0.9 1492.58
T11-M 74.82 7.28 164.9 14.8 8.04 0.18 270.02
T12-M 38.28 10.92 601.4 60.68 17.42 0.45 729.15
Estimated Concentration in Chironomids (ng/g w.w.)
BSAF N.A. N.A. 1.88 3.12 3.17 1.52 N.A. 2.48 N.A. 0.09 N.A. N.A.
T3-M 5.64 3.12 12.68 4.56 26
T5-M 97.76 9.36 380.4 18.24 19.84 0.27 525.87
T7-M 639.2 49.92 2314.1 150.48 94.24 1.44 3249.38
T8-M 470 34.32 1521.6 68.4 71.92 0.9 2167.14
T11-M 80.84 12.48 269.45 15.2 14.88 0.18 393.03
T12-M 41.36 18.72 982.7 62.32 32.24 0.45 1137.79
Estimated Concentration in Oligochaetes (ng/g w.w.)
BSAF N.A. N.A. 7.5 4.33 5.7 0.22 N.A. 4.25 N.A. 0.09 N.A. N.A.
T3-M 22.5 4.33 22.8 0.66 50.29
T5-M 390 12.99 684 2.64 34 0.27 1123.9
T7-M 2550 69.28 4161 21.78 161.5 1.44 6965
T8-M 1875 47.63 2736 9.9 123.25 0.9 4792.68
T11-M 322.5 17.32 484.5 2.2 25.5 0.18 852.2
T12-M 165 25.98 1767 9.02 55.25 0.45 2022.7
Estimated Concentration in Odonates (ng/g w.w.)
BSAF N.A. N.A. 0.32 0.02 0.24 0.02 N.A. 0.65 N.A. 0.09 N.A. N.A.
T3-M 0.96 0.02 0.96 0.06 2
T5-M 16.64 0.06 28.8 0.24 5.2 0.27 51.21
T7-M 108.8 0.32 175.2 1.98 24.7 1.44 312.44
T8-M 80 0.22 115.2 0.9 18.85 0.9 216.07
T11-M 13.76 0.08 20.4 0.2 3.9 0.18 38.52

3,3',4,4'-TeCB
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May 2005 TABLE 7:
Coplanar and Mono-Orth PCBs in Soil and Sediment and Estimated Concentrations in Benthos and Young-of-the-Year Fish. 2004

03-1112-059

All values in 
ng/g d.w.

3,4,4',5-
TeCB

2,3,3',4,4'-
PeCB

2,3,4,4',5-
PeCB

2,3',4,4',5-
PeCB

2',3,4,4',5-
PeCB

3,3',4,4',5-
PeCB

2,3,3',4,4',5-
HxCB

2,3,3',4,4',5'-
HxCB

2,3',4,4',5,5'-
HxCB

3,3',4,4',5,5'-
HxCB

2,3,3',4,4',5,5
'-HpCB

Total toxic 
PCB 
congeners

total PCB 
ng/g

Ratio - Total 
Congerners: 
Total TEQ

Ratio-  Total 
Congeners: 
Total PCB

IUPAC No. 77 81 105 114 118 123 126 156 157 167 169 189 ng/g
TEFfish 0.0001 0.0005 0.000005 0.000005 0.000005 0.000005 0.005 0.000005 0.000005 0.000005 0.00005 0.000005
TEFbirds 0.05 0.1 0.0001 0.0001 0.00001 0.00001 0.1 0.0001 0.0001 0.00001 0.001 0.00001
TEQ mamm 0.0001 0.0001 0.0001 0.0005 0.0001 0.0001 0.1 0.0005 0.0005 0.00001 0.01 0.0001

3,3',4,4'-TeCB

T12-M 7.04 0.12 74.4 0.82 8.45 0.45 91.28

MOE BSAFyoy 0.97 N.A. 5.58 3.77 2.58 3.81 N.A. 3.99 N.A. 5.28 (0) 6
Estimated fish tissue residues (ng/g w.w)
T3-M 0.194 16.74 3.77 10.32 11.43 42.454
T5-M 1.94 290.16 11.31 309.6 45.72 31.92 1.056 0 691.706
T7-M 12.61 1897.2 60.32 1883.4 377.19 151.62 15.84 0 4398.18
T8-M 6.79 1395 41.47 1238.4 171.45 115.71 84.48 0 3053.3
T11-M 0.97 239.94 15.08 219.3 38.1 23.94 52.8 0 590.13
T12-M 2.91 122.76 22.62 799.8 156.21 51.87 10.56 0 1166.73

Estimated fish TEQs (ng/g w.w) based on fish TEF
T3-M 0.0000194 0.0000837 0.00001885 0.0000516 0.00005715 0.0002307
T5-M 0.000194 0.0014508 0.00005655 0.001548 0.0002286 0.0001596 0.00000528 0 0.00364283
T7-M 0.001261 0.009486 0.0003016 0.009417 0.00188595 0.0007581 0.0000792 0 0.02318885
T8-M 0.000679 0.006975 0.00020735 0.006192 0.00085725 0.00057855 0.0004224 0 0.01591155
T11-M 0.000097 0.0011997 0.0000754 0.0010965 0.0001905 0.0001197 0.000264 0 0.0030428
T12-M 0.000291 0.0006138 0.0001131 0.003999 0.00078105 0.00025935 0.0000528 0 0.0061101

Estimated fish TEQs (ng/g w.w) based on mammalian TEF
T3-M 0.0000194 0.001674 0.001885 0.001032 0.001143 0.0057534
T5-M 0.000194 0.029016 0.005655 0.03096 0.004572 0.01596 0.00001056 0.08636756
T7-M 0.001261 0.18972 0.03016 0.18834 0.037719 0.07581 0.0001584 0.5231684
T8-M 0.000679 0.1395 0.020735 0.12384 0.017145 0.057855 0.0008448 0.3605988
T11-M 0.000097 0.023994 0.00754 0.02193 0.00381 0.01197 0.000528 0.069869
T12-M 0.000291 0.012276 0.01131 0.07998 0.015621 0.025935 0.0001056 0.1455186

Estimated fish TEQs (ng/g w.w) based on avian TEF
T3-M 0.0097 0.001674 0.000377 0.0001032 0.0001143 0.0119685
T5-M 0.097 0.029016 0.001131 0.003096 0.0004572 0.003192 0.00001056 0.13390276
T7-M 0.6305 0.18972 0.006032 0.018834 0.0037719 0.015162 0.0001584 0.8641783
T8-M 0.3395 0.1395 0.004147 0.012384 0.0017145 0.011571 0.0008448 0.5096613
T11-M 0.0485 0.023994 0.001508 0.002193 0.000381 0.002394 0.000528 0.079498
T12-M 0.1455 0.012276 0.002262 0.007998 0.0015621 0.005187 0.0001056 0.1748907
Mean ratio [total TEQ] in fish to [total PCB coplanar congeners] in fish = 0.000005
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May 2005 TABLE 8:
MOE Lyon's Creek East Sediment and Biota Tissue Residues and Calculated BSAFs

03-1112-059

Station
Sample 
Type Species %Lipid

Mean

ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g
77 81 105 114 118 123 126 156 157 167 169 189

03LC16* Sediment 6.40 0.50 <=W 5.80 1.20 37.00 7.20 MPC 0.10 <=W 0.60 0.20 <=W 1.00 0.10 <=W 0.20 <=W
Biota Bluntnosed Minnow 2.60 3.00 0.00 18.00 2.00 37.00 7.00 0.00 3.00 2.00 0.00 0.00 0.00

Bluntnosed Minnow 3.30 2.00 0.00 46.00 5.00 78.00 15.00 1.00 5.00 6.00 3.00 0.00 0.00
Bluntnosed Minnow 1.90 2.00 0.00 46.00 2.00 80.00 14.00 1.00 5.00 5.00 3.00 0.00 0.00
Bluntnosed Minnow 1.90 4.00 0.00 8.00 2.00 34.00 7.00 0.00 2.00 2.00 0.00 0.00 0.00
Mean 2.75 0.00 29.50 2.75 57.25 10.75 0.50 3.75 3.75 1.50 0.00 0.00
BSAF 0.43 5.09 2.29 1.55 1.49 6.25 1.50 2.66
Golden Shiner 2.40 4.00 0.00 5.00 3.00 51.00 8.00 0.00 3.00 1.00 0.00 0.00 0.00
Golden Shiner 2.10 5.00 0.00 23.00 2.00 59.00 9.00 0.00 3.00 1.00 0.00 0.00 0.00
Golden Shiner 2.10 4.00 0.00 24.00 3.00 66.00 10.00 0.00 3.00 3.00 0.00 0.00 0.00
Golden Shiner 2.40 2.00 0.00 25.00 4.00 84.00 13.00 0.00 4.00 2.00 0.00 0.00 0.00
Mean 3.75 19.25 3.00 65.00 10.00 3.25 0.00
BSAF 0.59 3.32 2.50 1.76 1.39 5.42 2.49
Mean YOY BSAF 0.51 4.20 2.40 1.65 1.44 5.83 1.50 2.58

03LC17 Sediment 2.00 0.50 <=W 4.40 0.51 19.00 1.80 0.10 <=W 1.80 0.20 <=W 1.20 0.10 <=W 0.20 <=W
Biota Bluntnosed Minnow 2.80 5.00 0.00 26.00 2.00 53.00 9.00 6.00 4.00 3.00 2.00 0.00 0.00

Bluntnosed Minnow 2.60 2.00 0.00 32.00 3.00 85.00 13.00 2.00 5.00 10.00 3.00 0.00 2.00
Bluntnosed Minnow 2.60 2.00 0.00 34.00 2.00 77.00 13.00 3.00 6.00 13.00 3.00 0.00 2.00
Bluntnosed Minnow 2.20 2.00 0.00 32.00 4.00 76.00 13.00 3.00 5.00 5.00 3.00 0.00 2.00
Bluntnosed Minnow 2.80 5.00 0.00 5.00 3.00 49.00 11.00 1.00 5.00 6.00 2.00 0.00 0.00
Mean 3.20 25.80 2.80 68.00 11.80 5.00 2.60 1.20
BSAF 1.60 5.86 5.49 3.58 6.56 2.78 2.17 6.00 4.25

Biota Golden Shiner 3.50 2.00 0.00 10.00 2.00 27.00 5.00 0.00 2.00 6.00 2.00 0.00 0.00
Golden Shiner 3.60 3.00 0.00 3.00 2.00 41.00 7.00 0.00 3.00 7.00 2.00 0.00 0.00
Mean 2.50 6.50 2.00 34.00 6.00 2.50 2.00
BSAF 1.25 1.48 3.92 1.79 3.33 1.39 1.67 2.12
Mean YOY BSAF 1.43 3.67 4.71 2.68 4.94 2.08 1.92 6.00 3.19

02LC03 Sediment 0.20 <=W 0.50 <=W 230.00 18.00 320.00 100.00 0.10 <=W 25.00 0.20 <=W 0.20 <=W 0.10 <=W 0.20 <=W
Biota Odonata 0.2 0.5 0.1 0.1 0.1 0.2 0.1 0.2 0.2 0.2 0.1 0.2

BSAF 0.00 0.01 0.00 0.00 0.01 0.00
Biota Amphipod 0.2 0.5 100 0.1 240 0.2 0.1 0.2 0.2 0.2 0.1 0.2

BSAF 0.43 0.01 0.75 0.00 0.01 0.24
Biota Ologochaete 0.2 0.5 0.1 0.1 0.1 0.2 0.1 0.2 0.2 0.2 0.1 0.2

BSAF 0.000 0.006 0.000 0.002 0.008 0.003

02LC12 Sediment 1.70 <=W 0.50 <=W 74.00 9.70 210.00 24.00 0.10 <=W 8.40 0.20 <=W 2.30 0.10 <=W 0.20 <=W
Biota Chironomid 0.2 0.5 170 12 260 0.2 0.1 8 0.2 0.2 0.1 0.2

BSAF 2.30 1.24 1.24 0.01 0.95 0.09 0.97
Biota Amphipod 0.2 0.5 240 19 390 0.2 0.1 12 0.2 0.2 0.1 0.2

BSAF 3.24 1.96 1.86 0.01 1.43 0.09 1.43
Biota Ologochaete 0.2 0.5 1400 93 2800 0.2 0.1 77 0.2 0.2 0.1 0.2

BSAF 18.92 9.59 13.33 0.01 9.17 0.09 8.52
Biota Odonata 0.2 0.5 34 0.1 90 0.2 0.1 6.4 0.2 0.2 0.1 0.2

BSAF 0.46 0.01 0.43 0.01 0.76 0.09 0.29

02LC16 Sediment 0.20 <=W 0.50 <=W 5.70 2.50 62.00 5.00 0.10 <=W 2.50 0.20 <=W 0.20 <=W 0.10 <=W 0.20 <=W
Biota Bluntnosed Minnow 3.30 3.60 0.00 47.00 7.00 169.00 21.00 0.00 6.20 0.00 0.00 0.00 0.00

2,3,3',4,4',5'-
hexachloro-

biphenyl

2,3',4,4',5,5'-
hexachloro-

biphenyl

3,3'4,4'5,5'-
hexachloro-

biphenyl

2,3,3',4,4,'5,5'-
heptachloro-

biphenyl

2,3',4,4',5-
pentachloro-

biphenyl

2',3,4,4',5-
pentachloro-

biphenyl

3,3',4,4',5-
pentachloro-

biphenyl

2,3,3',4,4'5-
hexachloro-

biphenyl

3,3',4,4'-
tetrachloro-

biphenyl

3,4,4',5-
tetrachloro-

biphenyl

2,3,3'4,4'-
pentachloro-

biphenyl

2,3,4,4',5-
pentachloro-

biphenyl
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May 2005 TABLE 8:
MOE Lyon's Creek East Sediment and Biota Tissue Residues and Calculated BSAFs

03-1112-059

Station
Sample 
Type Species %Lipid

Mean

ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g
77 81 105 114 118 123 126 156 157 167 169 189

2,3,3',4,4',5'-
hexachloro-

biphenyl

2,3',4,4',5,5'-
hexachloro-

biphenyl

3,3'4,4'5,5'-
hexachloro-

biphenyl

2,3,3',4,4,'5,5'-
heptachloro-

biphenyl

2,3',4,4',5-
pentachloro-

biphenyl

2',3,4,4',5-
pentachloro-

biphenyl

3,3',4,4',5-
pentachloro-

biphenyl

2,3,3',4,4'5-
hexachloro-

biphenyl

3,3',4,4'-
tetrachloro-

biphenyl

3,4,4',5-
tetrachloro-

biphenyl

2,3,3'4,4'-
pentachloro-

biphenyl

2,3,4,4',5-
pentachloro-

biphenyl

Bluntnosed Minnow 3.20 11.00 0.00 14.00 10.00 223.00 28.00 0.00 9.00 0.00 3.00 0.00 0.00
Bluntnosed Minnow 3.30 4.40 0.00 79.00 15.00 343.00 44.00 0.00 14.00 0.00 6.40 0.00 0.00
Bluntnosed Minnow 3.30 6.60 0.00 210.00 20.00 510.00 62.00 0.00 18.00 0.00 9.00 0.00 0.00
Mean 6.40 87.50 13.00 311.25 38.75 11.80 4.60
BSAF 15.35 5.20 5.02 7.75 4.72 23.00 10.17

02LC17 Sediment 0.20 <=W 0.50 <=W 28.00 2.20 53.00 4.30 0.10 <=W 2.40 0.20 <=W 0.20 <=W 0.10 <=W 0.20 <=W
Biota Amphipod+Isopod 0.2 0.5 43 7.7 170 19 0.1 6.2 0.2 0.2 0.1 0.2

BSAF 1.54 3.50 3.21 4.42 2.58 3.05
Biota Chironomid 0.2 0.5 41 11 270 13 0.1 9.6 0.2 0.2 0.1 0.2

BSAF 1.46 5.00 5.09 3.02 4.00 3.72
Biota Oligochaete 0.2 0.5 100 7.5 200 2.8 0.1 8.6 0.2 0.2 0.1 0.2

BSAF 3.57 3.41 3.77 0.65 3.58 3.00
Biota Odonata 0.2 0.5 14 0.1 15 0.2 0.1 2.8 0.2 0.2 0.1 0.2

BSAF 0.50 0.05 0.28 0.05 1.17 0.41
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May 2005 TABLE 9:
Summary of BSAFs from MOE Benthos and Young-of-the-Year Data. 2002-2003

03-1112-059

Station

Mean
77 81 105 114 118 123 126 156 157 167 169 189

03LC16 BSAF Bluntnose minnow 0.43 5.09 2.29 1.55 1.49 6.25 1.50 2.66
02LC16 BSAF Bluntnose minnow 15.35 5.20 5.02 7.75 4.72 23.00 10.17
03LC17 BSAF Bluntnose minnow 1.60 5.86 5.49 3.58 6.56 2.78 2.17 4.00

Mean 1.01 8.77 4.33 3.38 5.27 4.58 8.89 5.61

03LC16 BSAF Golden Shiner 0.59 3.32 2.50 1.76 1.39 5.42 2.49
03LC17 BSAF Golden Shiner 1.25 1.48 3.92 1.79 3.33 1.39 1.67 2.12

Mean 0.92 2.40 3.21 1.77 2.36 3.40 1.67 2.31
YOY Mean 0.97 5.58 3.77 2.58 3.81 3.99 5.28 2.21

02LC03 BSAF Odonata 0.00 0.01 0.00 0.00 0.01 0.00
02LC12 BSAF Odonata 0.46 0.01 0.43 0.01 0.76 0.09 0.29
02LC17 BSAF Odonata 0.50 0.05 0.28 0.05 1.17 0.41

Mean 0.32 0.02 0.24 0.02 0.65 0.09 0.23

02LC03 BSAF Amphipod 0.43 0.01 0.75 0.00 0.01 0.24
02LC12 BSAF Amphipod 3.24 1.96 1.86 0.01 1.43 0.09 1.43
02LC17 BSAF amph&isop 1.54 3.50 3.21 4.42 2.58 3.05

Mean 1.74 1.82 1.94 1.48 1.34 0.09 1.57

02LC12 BSAF Chironomid 2.30 1.24 1.24 0.01 0.95 0.09 0.97
02LC17 BSAF Chironomid 1.46 5.00 5.09 3.02 4.00 3.72

Mean 1.88 3.12 3.17 1.52 2.48 0.09 2.34

02LC03 BSAF oligochaete 0.00 0.01 0.00 0.00 0.01 0.00
02LC12 BSAF oligochaete 18.92 9.59 13.33 0.01 9.17 0.09 8.52
02LC17 BSAF oligochaete 3.57 3.41 3.77 0.65 3.58 3.00

Mean 7.50 4.33 5.70 0.22 4.25 0.09 3.84

2,3,3'44'5'-
hexachloro-

biphenyl

23',44',55'-
hexachloro-

biphenyl

3,3'4,4'55'-
hexachloro-

biphenyl

233'44'55'-
heptachloro-biphenyl

2,3'4,4',5-
pentachloro-

biphenyl

2'3,4,4',5-
pentachloro-

biphenyl

3,3'4,4',5-
pentachloro-

biphenyl

2,3,3'4,4'5-
hexachloro-

biphenyl

3,3',4,4'-tetrachloro
biphenyl

3,4,4',5-
tetrachloro-

biphenyl

2,3,3'4,4'-
pentachloro-biphenyl

2,3,4,4',5-
pentachloro-

biphenyl
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May 2005 TABLE 10:
Summary of Sediment Bioassay Test Outcomes

03-1112-059

Welland River
Control 100 a 26.8 a 95.6 a 3.83 ab
WR1-M (=T1-M) 100 a 13.9 c 100 a 3.01 ab
WR4-N (=T4-N) 100 a 28.8 a 93.3 a 3.29 ab
WR7-N (=T7-N) 100 a 13.5 c 100 a 1.88 b
WR-11 (=T11) 100 a 30.2 a 91.1 a 3.75 ab

Lyon's Creek
T1-M 100 a 51.9 a 100 a 3.9 a
T7-M 96.7 a 14.5 bc 95.6 a 3.94 a
T9-M 100 a 24.5 a 93.3 a 3.72 a

Frenchman's Creek
FC-1 96.7 a 24.5 a 88.9 a 4.1 a
FC-2 96.7 a 22.1 ab 91.1 a 3.69 a

Negative Controls
Test Control 1 96.7 a 30.1 a 100 a 3.22 ab
Test Control 2 100 a 25.7 a 100 a 3.61 a
a - tests sharing the same letter are not significantly different

Mayfly Survival
%

Mayfly growth
mg %

Chironomid Survival Chironomid growth
mg

Golder Associates



May 2005 TABLE 11:
Characterization of Bioassay Sediments

03-1112-059

Date Sampled Al Ba Be B Cd Ca Cr Co Cu Fe Pb Mg Mn Hg Mo
Units mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
EQL 5 4 0.5 2 0.5 10 2 2 2 4 5 2 2 0.01 2

Welland River
WR-C 14-Oct-04 24900 157 1 8 1.1 32200 38 13 59 34000 35 12400 527 0.1 < 2
WR1-M 14-Oct-04 15800 103 0.7 6 1.5 41700 436 19 72 60100 23 13600 1070 0.08 47
WR4-N 14-Oct-04 14400 88 0.7 7 1.2 40600 194 17 54 39900 25 12400 688 0.17 23
WR7-N 14-Oct-04 15100 95 0.7 7 1.1 31500 139 15 228 33000 28 10800 493 0.26 10
WR-11 14-Oct-04 17100 109 0.8 8 0.6 30200 36 15 45 31100 22 9920 669 0.16 < 2
Lyon's Creek
T1-M 14-Oct-04 27100 175 1.4 8 1.4 21800 37 9 51 25800 31 9400 480 0.06 < 2
T7-M 14-Oct-04 10200 70 0.7 3 < 0.5 22900 84 16 156 130000 67 12300 1210 0.12 14
T9-M 14-Oct-04 12800 80 0.6 14 2.2 43200 51 13 85 51200 56 21100 879 0.09 6
Frenchman's Creek
FC-1 14-Oct-04 14300 101 0.6 11 1.2 68800 20 8 22 20600 21 24800 366 0.05 < 2
FC-2 14-Oct-04 16600 120 0.8 11 13.7 40900 346 13 57 30100 62 19900 665 0.18 2
Control 14-Oct-04 6220 60 < 0.5 7 0.6 73100 12 5 15 14400 20 8840 449 0.06 < 2

Ni P K Ag Sr Tl Ti V Zn TOC PCB As Sand Silt Clay

Units mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg % mg/kg ug/g % % %
EQL 5 5 20 1 2 1 2 2 1 0.01 0.005

Welland River
WR-C 14-Oct-04 51 1040 3420 < 1 78 < 1 205 41 196 2.99 N.A. N.A. 15.8 58.9 25.3
WR1-M 14-Oct-04 284 988 2510 < 1 86 < 1 296 43 126 1.27 N.A. N.A. 4.8 57.3 37.9
WR4-N 14-Oct-04 156 907 2020 < 1 83 < 1 256 35 186 2.85 N.A. N.A. 16.2 77.2 6.6
WR7-N 14-Oct-04 147 909 1940 < 1 76 < 1 226 34 266 6.57 N.A. N.A. 21.9 69.3 8.8
WR-11 14-Oct-04 55 1050 2350 < 1 68 < 1 269 35 104 1.72 N.A. N.A. 7.8 80.4 11.8
Lyon's Creek
T1-M 14-Oct-04 36 1330 3040 < 1 246 < 1 116 44 459 5.09 0.022 41.2 9.7 73.8 16.5
T7-M 14-Oct-04 76 1390 1310 11 48 < 1 150 32 2490 3.88 25 nd 57.4 34.6 8
T9-M 14-Oct-04 50 1360 2090 < 1 107 < 1 208 30 2680 7.2 14 nd 8.8 81.6 9.7
Frenchman's Creek
FC-1 14-Oct-04 22 662 2190 < 1 749 < 1 193 27 130 2.74 N.A. N.A. 22.9 73.6 3.5
FC-2 14-Oct-04 28 696 2420 < 1 165 < 1 225 37 276 3.12 N.A. N.A. 26.1 58.6 15.4
Control 14-Oct-04 11 673 829 < 1 122 < 1 194 16 57 8.89 <0.05 35.6 28.4 57.1 14.5
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May 2005 TABLE 12:
Welland River Sediment PAH Concentrations. 2004

03-1112-059

Compound EQL WR-C WR1-M WR1-M WR7-N WR4-N WR-11
(T1-M) (T1-M) (T7-N) (T4-N) (T-11)

ug/g Dup.
DF=5 DF=5 DF=5 DF=5

Naphthalene 0.05 nd nd nd nd nd nd
2-Methylnaphthalene 0.05 nd nd nd nd nd nd
1-Methylnaphthalene 0.05 nd nd nd nd nd nd
Acenaphthylene 0.05 nd nd nd nd nd nd
Acenaphthene 0.05 nd nd nd nd nd nd
Fluorene 0.05 nd nd nd nd nd nd
Phenanthrene 0.05 *0.33 nd nd *0.31 0.06 nd
Anthracene 0.05 nd nd nd nd nd nd
Fluoranthene 0.05 0.54 *0.26 *0.46 *0.49 0.11 nd
Pyrene 0.05 0.53 *0.26 *0.38 0.68 0.13 nd
Benzo(a)anthracene 0.05 *0.38 nd *0.28 *0.42 0.07 nd
Chrysene 0.05 *0.37 nd *0.37 0.53 0.09 nd
Benzo(b)fluoranthene 0.05 *0.49 *0.31 *0.37 *0.46 0.09 nd
Benzo(k)fluoranthene 0.05 nd nd nd nd nd nd
Benzo(a)pyrene 0.05 *0.38 *0.25 nd *0.27 0.06 nd
Indeno(1,2,3-cd)pyrene 0.05 *0.30 nd nd nd 0.06 nd
Dibenzo(a,h)anthracene 0.05 nd nd nd nd nd nd
Benzo(ghi)perylene 0.05 *0.25 nd nd nd nd nd

Surrogate Standard Recoveries (Control Limits)

Acenaphthene-d10 (19-121%) 92% 85% 96% 98% 85% 80%
Anthracene-d10 (27-126%) 94% 86% 93% 97% 83% 80%
Benzo(a)pyrene-d12 (44-136%) 114% 108% 108% 108% 108% 105%

* = detected below EQL but passed compound identification criteria

Golder Associates



May 2005 TABLE 13:
Distribution of Metals and Nutrients in Thompson's Creek, October, 2004.

03-1112-059

Sample Id TOC TKN As Hg Ag Al Ba Be Ca Cd Co Cr Cu
LECO SM 4500B ICP/MS SW 7470 ICP/MS ICP/MS ICP/MS ICP/MS ICP/MS ICP/MS ICP/MS ICP/MS ICP/MS

% ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm

TC-1 2.18 1340 4.2 0.26 < 0.1 15400 107 0.9 18000 < 0.5 15 35 46
Repeat TC-1 2.17 1400 4.4 0.29 < 0.1 12900 100 0.8 17300 < 0.5 14 29 44

TC-2 8.40 2740 8.5 0.73 < 0.1 15500 120 0.8 42700 < 0.5 11 56 357
TC-3 3.07 1840 3.6 0.06 < 0.1 16700 100 0.8 22200 < 0.5 12 24 17
TC-4 7.05 5600 5.9 0.07 < 0.1 17300 133 0.7 30400 0.9 15 25 26

Fe K Mg Mn Mo Na Ni P Pb Sr Ti V Zn
ICP/MS ICP/MS ICP/MS ICP/MS ICP/MS ICP/MS ICP/MS ICP/MS ICP/MS ICP/MS ICP/MS ICP/MS ICP/MS

ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm

TC-1 29400 1890 7440 624 < 3 171 56 1010 26 47.7 164 32 90
Repeat TC-1 27300 1140 7270 604 < 3 124 51 1060 26 46.7 53 29 87

TC-2 27600 1590 6210 357 < 3 164 51 1030 50 78.7 75 32 111
TC-3 25400 1530 11000 591 < 3 255 25 655 20 56.0 14 27 127
TC-4 27800 2810 7320 4350 < 3 595 28 1640 36 92.6 26 28 220



May 2005 TABLE 14:
Frenchman's Creek: Dioxins and Furans in Sediment. 2004

03-1112-059

T4CDF P5CDF H6CDF H7CD O8CDF T4CDD P5CDD H6CDD H7CDD O8CDD

FC-5A 46 35 33 42 30 8.8 7.3 39 99 290
FC-5B 42 31 23 24 19 9.5 5.8 24 45 130
FC-5C 38 19 44 90 72 7.3 11 69 410 1600
FC-5D 1.8 2.1 2.9 1.9 3.2 0.28 0.66 4.1 16 55
FC-5E < 0.19 < 0.31 0.67 2 2.1 0.27 0.44 1.7 8.5 37

2378-
TCDF

2378-
TCDD

12378-
PCDF

23478-
PCDF

12378-
PCDd

123478-
HCDF

123678-
HCDF

234678-
HCDF

123789-
HCDF

123478-
HCDD

Fish 0.05 1 0.05 0.5 1 0.1 0.1 0.1 0.1 0.5
Birds 1 1 0.1 1 1 0.1 0.1 0.1 0.1 0.05

Mammals 0.1 1 0.05 0.5 1 0.1 0.1 0.1 0.1 0.1
FC-5A 7.5 < 0.56 2.1 3.1 1.2 7.6 < 4.1 3.4 < 0.48 1.9
FC-5B 6.5 < 0.46 2.4 2.9 0.76 6 < 4.8 < 2.1 < 0.42 0.98
FC-5C 9 0.9 < 1.1 1.6 2.3 4.3 < 4.1 1.8 < 0.34 2.7
FC-5D 0.72 < 0.25 < 0.36 < 0.33 < 0.27 < 0.25 < 0.37 0.22 < 0.22 < 0.35
FC-5E < 0.19 < 0.18 < 0.33 < 0.3 < 0.19 < 0.26 < 0.26 < 0.29 < 0.32 < 0.31

Fish TEQ TEQ TEQ TEQ TEQ TEQ TEQ TEQ TEQ TEQ
FC-5A 0.375 0 0.105 1.55 1.2 0.76 0 0.34 0 0.95
FC-5B 0.325 0 0.12 1.45 0.76 0.6 0 0 0 0.49
FC-5C 0.45 0.9 0 0.8 2.3 0.43 0 0.18 0 1.35
FC-5D 0.036 0 0 0 0 0 0 0.022 0 0
FC-5E 0 0 0 0 0 0 0 0 0 0
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May 2005 TABLE 14:
Frenchman's Creek: Dioxins and Furans in Sediment. 2004

03-1112-059

123678-
HCDD

123789-
HCDD

1234678-
HCDF

1234789-
HCDF

1234678-
HCDD

12346789-
OCDF

12346789-
OCDD Total TEQ

Fish 0.01 0.01 0.01 0.01 0.001 0.0001 0.0001
Birds 0.01 0.1 0.01 0.01 0.001 0.0001

Mammals 0.1 0.1 0.01 0.01 0.01 0.0001 0.0001
FC-5A 4.1 4.4 23 1.8 53 30 290
FC-5B 2.1 2.7 15 < 1 24 19 130
FC-5C 9.4 8.5 38 2.1 210 72 1600
FC-5D 0.56 0.58 < 1.9 < 0.36 8.2 3.2 55
FC-5E 0.36 < 0.3 < 1.5 < 0.4 5.2 2.1 37

Fish TEQ TEQ TEQ TEQ TEQ TEQ TEQ
FC-5A 0.041 0.044 0.23 0.018 0.053 0.003 0.029 5.698
FC-5B 0.021 0.027 0.15 0 0.024 0.0019 0.013 3.9819
FC-5C 0.094 0.085 0.38 0.021 0.21 0.0072 0.16 7.3672
FC-5D 0.0056 0.0058 0 0 0.0082 0.00032 0.0055 0.08342
FC-5E 0.0036 0 0 0 0.0052 0.00021 0.0037 0.01271
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Figure 2: 
Conceptual Site Model for Lyon's Creek West
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Figure 6:
Distribution of Arsenic in Lyon's Creek West, 2003-4
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Figure 8:
Distribution of Zinc in Lyon's Creek West, 2003-2004
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Figure 10:
 Distribution of PCBs in Lyon's Creek, 2003-4
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APPENDIX A 
ANALYTICAL REPORTS -  

CHEMICAL ANALYSES
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APPENDIX B 
SEDIMENT BIOASSAY REPORT 




















































































































































