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Executive Summary 

Golder Associates Ltd. (Golder) was retained by the Crown Land Opportunities and Restoration Branch of the 
Ministry of Forests, Lands and Natural Resource Operations to conduct environmental and geotechnical 
investigations of the upland, foreshore and subtidal areas at Ladysmith Harbour in the Town of Ladysmith, on 

Vancouver Island, BC. This report presents the results of the Sediment Investigation for the subtidal zone of 
Ladysmith Harbour and nearby areas.  

The overall objective of the sediment investigation was to inform refinement of remedial costs and options, 
including an assessment of whether ocean disposal or risk assessment might be a viable option (depending on 
project needs) for potential developers of Ladysmith Harbour. It characterized the degree of sediment 

contamination in the harbour, the degree to which sediment contamination is bioavailable to marine organisms, 
and possible causes of toxicity to marine organisms, and then integrated this information to assess the viability 
of sediment management options. 

The feasibility of Disposal at Sea of dredged sediments and risk-based management of sediment contamination 
were evaluated as these are understood to be elements of a conceivable sediment management strategy for 

Ladysmith Harbour, depending on the specific project component needs of as yet to be developed concepts for 
the waterfront.  

A Disposal at Sea application for dredged sediments from Ladysmith Harbour would require a program of 
sampling and analysis developed in consultation with Environment Canada, based on a specified development 
plan for the Harbour. A preliminary evaluation, based on existing data, was conducted to provide insight into the 

possible findings of studies carried out to support such an application; however, uncertainty remains because the 
results of future investigations cannot be predicted with confidence. The results of the evaluation for Disposal at 
Sea resulted in assignment of areas of the Harbour to one of four categories. The category assignments were as 

follows:  

 Category 1: Small portions of the Harbour west of Slack Point and in the northwest corner of the Harbour 

could be categorized as having conditions favourable for Disposal at Sea, with low uncertainty.  

 Category 2: More than half of the Harbour could be categorized as having conditions favourable for 

Disposal at Sea, but uncertainty was considered high due to data gaps regarding sediment toxicity.  

 Category 3: Less than half of the Harbour was categorized as having conditions potentially unfavourable 

for Disposal at Sea. Over much of this area uncertainty was considered high due to data gaps regarding 
contaminant bioavailability and sediment toxicity.  

 Category 4: In a small portion of the westernmost corner of the Harbour and an small area on the east side 
of Slack Point, conditions were considered unfavourable and uncertainty was low because observed toxicity 
to amphipod provides an indication that sediments are likely to fail Disposal at Sea approval guidelines.  
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The viability of a risk-based management approach was considered to be high for the entire Harbour. A 
sediment risk assessment for the Harbour could be based on integrating an assessment of benthic invertebrate 

communities with the chemistry, toxicity and bioavailability data reported herein. One of the main purposes of the 
sediment risk assessment option would be to reduce and better understand the influence of uncertainty on the 
assessment of potential effects to marine organisms in Ladysmith Harbour. It should be noted that while the 

methods used in this study were in many ways similar to a sediment risk assessment, additional lines of 
evidence that would normally be considered in a sediment risk assessment (i.e., benthic community structure) 
have not been included. Thus, sediment risk assessment is considered a viable and appropriate next step to 

address this uncertainty. 

These findings with respect to the viability of the Disposal at Sea and risk-based management options were 

supported by the results of the scientific studies of sediment chemistry, sediment contaminant bioavailability, 
sediment toxicity, and sediment porewater toxicity described herein. Key results included:  

 Metals and PAH concentrations exceeded federal and provincial benchmarks, but the observed 
concentrations did not clearly indicate a high level of concern, especially given the uncertainty in the 
bioavailability of the observed concentrations. When considering, the magnitude of contamination of 

Harbour sediments, the sediment chemistry was in the range observed at sites where risk-based sediment 
management approaches have been successfully employed.  

 Sediment conditions in many areas Ladysmith Harbour appear to be limiting the bioavailability of sediment 
contaminants. Specifically, over much of the Harbour, sulphides appear to be limiting the bioavailability of 
divalent metals. The bioavailability of PAHs is variable. In some portions of the Harbour where PAHs 

concentrations are elevated, the PAHs appear to be associated with coal particles, limiting their 
bioavailability.  

 Sediment samples were not toxic (i.e., there was no difference in the performance of test organisms 
between test sediments and controls) to the survival of polychaetes or to photoluminescent bacteria. A 
small number of samples elicited a 20 to 30% reduction in amphipod survival and polychaete growth 

relative to control or regional reference sediments. An evaluation of concentration-response relationships 
indicated that possible causes of the observed toxic responses to amphipods and polychaetes included 
bioavailable metals (in sediments where sulphides were not limiting bioavailability) and bioavailable PAHs 

where concentrations exceeded benchmarks and were not coal-associated. 

 

Toxicity to echinoderm fertilization in the sediment porewater test was highly variable across the Harbour and did 
not exhibit any apparent correlations with sediment contaminant concentrations. A toxicity identification 

evaluation, combined with consideration of sediment and porewater chemistry, and toxicity thresholds of 
potential toxicants, indicated that the observed toxicity to the echinoderm fertilization test did not appear to be 
related to contaminants in Harbour sediments. Rather, it appeared to be related to elevated sulphide 

concentrations in sediment porewater which are due to natural decay and redox conditions in the sediments 
rather than a source of sulphur contamination. However, this hypothesis was not supported by all results, and 
uncertainty remains regarding the cause of observed echinoderm toxicity.  To reduce uncertainty if needed 

to support future management or permit applications more detailed TIE procedures could be followed, in 
particular, methods with greater removal specificity for sulphide. 
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Study Limitations 

This report was prepared for the exclusive use of the Crown Land Opportunities and Restoration Branch 
(CLORB) of the British Columbia Ministry of Forests, Lands and Natural Resource Operations (MFLNRO) and 
the Town of Ladysmith and is intended to provide an assessment of environmental-related marine sediment 

conditions at the Site. 

The report is based on data and information collected during investigations conducted by Golder Associates 

Ltd.’s personnel and the review of reports prepared by others as listed in this report.  It is based solely on the 
conditions of the subject property at the time of the site investigations conducted between 2009 and 2011, as 
described in this report. The data presented in this report represents marine sediment conditions encountered at 

the sampling locations tested during this time period.  Sediment conditions may vary with location, sediment 
depth, time, sampling methodology, analytical techniques and other factors.  Golder Associates Ltd. makes no 
warranty, expressed or implied, and assumes no liability with respect to the use of the information contained in 

this report at the subject site, or any other site, for other than its intended purpose. 

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 Associates Ltd. accepts no responsibility for damages, if any, suffered 
by any third party as a result of decisions made or actions based on this report. 

If new information is discovered in the future, Golder Associates Ltd. should be requested to re-evaluate the 
conclusions of this report and provide amendments as required prior to any reliance upon the information 
presented herein. 
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1.0 INTRODUCTION 
Golder Associates Ltd. (Golder) was retained by the Crown Land Opportunities and Restoration Branch 
(CLORB) of the Ministry of Forests, Lands and Natural Resource Operations (MFLNRO) to conduct 

environmental and geotechnical investigations of the upland, foreshore and subtidal areas at Ladysmith Harbour 
in the Town of Ladysmith, on Vancouver Island, BC. Authorization was provided by Mr. Geoff Sinnett of 
MFLNRO. Collectively the upland, foreshore and subtidal areas of Ladysmith Harbour which are being 

investigated by Golder are referred to hereafter as “the Site”.   

This report presents the results of the Sediment Investigation for the subtidal zone of Ladysmith Harbour and 

nearby areas. Hereafter, the term “Harbour” is used to refer to the following waterlots and areas of Ladysmith 
Harbour:  

 D.L. 650 

 Block C – District Lot 016 

 D.L. 651 

 The area immediately east of upland lot D.L. 16G, Oyster District (hereafter referred to as “Slack Point”). 

 

Results of the other environmental and geotechnical investigations are presented under separate covers. 

 

1.1 Background and Objectives 
Ladysmith Harbour was an industrial harbour for the majority of the last century.  The two main industries were a 

coal washing and load out facility, and forest industry activities (log sorting, dumping, storing and shipping).  
These industries both discharged waste to the harbour.  It is understood that the CLORB and the Town of 
Ladysmith, desire to attract developers who would re-develop the Site for potential residential, park, and/or 

commercial land use; however, specific development plans and/or proponents are, as of the time of writing, 
unknown.  The main objectives of the present investigation are to refine estimates of potential remedial costs 
and options for the Site by evaluating the level of contamination, the likelihood of environmental harm from that 

contamination and the probable causes of that contamination.   

Some areas of the Site are currently undeveloped (for example Slack Point) and some portions of the Uplands 

are developed.  Along the waterfront area, northeast of the Uplands, is an existing government wharf.  A marina 
is located within Ladysmith Harbour to the northwest of Slack Point.  Former activities in this area have included 
the dumping of waste coal to form Slack Point and off-loading logs from the railway into Ladysmith Harbour, 

where dumping, sorting, storing, and shipping took place.  In addition, the Uplands area was formerly a rail yard, 
which at one time contained fuel tanks, a train station, a locomotive and railcar repair shop, a roundhouse, and 
underground maintenance pits.   

While there are no detailed development plans available, there is the possibility that waterfront development 
could potentially require management and/or dredging of marine sediments to accommodate a waterfront 

development or construction-related activities such as geotechnical improvement.  As part of the process of 



 

MARINE SEDIMENT INVESTIGATION AND MANAGEMENT 
OPTIONS ASSESSMENT, LADYSMITH HARBOUR 

 

December 21, 2011 
Report No. 09-1436-5008/5000 2 

 

evaluating potential development options and associated costs of development, CLORB of MFLNRO and the 
Town of Ladysmith, along with Town of Ladysmith wish to refine the current understanding of contamination in 

marine sediments so that sediment management options can be better estimated. 

A previous assessment of financial liabilities related to contamination at the Site (Golder 2005) identified 

potential contamination in Harbour sediments and identified gaps in knowledge regarding this contamination. 
The 2005 assessment report concluded that further investigation to address the data gaps identified would serve 
to refine the remediation cost estimates for identified areas of sediment contamination.  

 

This report describes the sediment investigation portion of follow-up work for the Harbour and is intended to 
provide an improved understanding of the implications of contamination in marine sediments.  This 
understanding provides a basis for future sediment management decision-making; however, such decisions can 

only be made at such time as specific development project descriptions are available.   

The objectives of the sediment investigation include:  

 Characterize the magnitude and spatial extent of sediment contamination in the harbour;  

 Assess the bioavailability and toxicity of sediment contamination, to inform the evaluation of potential 
sediment management options;  

 Where relevant to sediment management options, identify contaminants of potential concern responsible 
for observed sediment or sediment porewater toxicity; and, 

 Identify the implications of sediment contamination for selected sediment management options. 

 

This sediment investigation was not intended to complete an application for Disposal at Sea of sediments that 
may be dredged as part of development plans, nor was it intended to complete a sediment ecological risk 

assessment, because the circumstances for each of these are not known. Rather, it provides a characterization 
of the degree of sediment contamination in the harbour, and the degree to which sediment contamination is 
bioavailable to marine organisms. This information is intended to inform high-level decision making for future Site 

development by providing a context for plausible outcomes to foreseeable sediment management options 
associated with development as well as indicating the uncertainty in the current understanding of contamination 
present in Harbour sediments.  

 

1.2 Applicable Regulatory Frameworks 
1.2.1 Federal and Provincial Sediment Quality Benchmarks 

The sediment investigation described in this report makes reference to both federal and provincial sediment 

quality benchmarks and associated guidance. The applicable federal guidance specifies Interim Sediment 
Quality Guidelines (ISQGs), representing the concentration below which adverse effects rarely occur, and 
Probable Effects Levels (PEL), representing concentrations above which adverse biological effects frequently 

occur (CCME 2001). The BC Contaminated Sites Regulation (CSR; Government of British Columbia 2011) 
specifies Sediment Quality Criteria for typical contaminated sites (SedQCTS), representing levels that provide 
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moderate protection to sediment-dwelling organisms, and Sediment Quality Criteria for sensitive contaminated 
sites (SedQCSS), representing levels that provide a relatively high level of protection to sediment-dwelling 

organisms. Given the previous industrial state of Ladysmith Harbour and the likelihood that it will remain as a 
mixed use of industrial, residential and parkland, the SedQCTS were considered appropriate values for use in 
interpreting data collected in the sediment investigation.  

The ISQG, PEL and SedQCTS were applied in the sediment investigation to provide interpretation of the 
sediment chemistry results, and to indicate where sediments might be considered contaminated according to 

federal or provincial processes. While the SedQCTS and the SedQCSS are part of the CSR, the ISQG and the 
PEL are sediment quality guidelines and do not have the force of law.  

 

1.2.2 Disposal at Sea 

In the event that future development scenarios require the dredging of sediments and disposal at sea, the 
Disposal at Sea Regulations of the Canadian Environmental Protection Act, 1999 (Government of Canada, 

2001) would apply to any proposal to dispose of those sediments.  The National Action List of the Disposal at 
Sea Regulations specifies criteria for evaluating the suitability of sediments for disposal at sea.  

The “Lower Level” numerical limits of the National Action List are based on the concentrations of specific 
substances, including:  

 Cadmium and its compounds (0.6 mg/kg dry weight [dw]);   

 Mercury and its compounds (0.75 mg/kg dw);   

 Total PAHs (2.5 mg/kg dw); and, 

 Total PCBs (0.1 mg/kg dw).  

 

Where substances in sediments do not exceed the Lower Level numerical limits, the sediments are considered 
to be below the Lower Level of the National Action List and may be suitable for ocean disposal, subject to a 

permit being obtained.  

The National Action List also includes an “Upper Level” which is based on the results of biological responses to 

sediments by three marine or estuarine biological (toxicity) tests. The specific tests and test evaluation criteria 
are specified in the National Guidelines for Monitoring Dredged and Excavated Material at Ocean Disposal Sites 
(Environment Canada, 1998), with updates and modifications on the current Disposal at Sea Program Website 

(Environment Canada 2011). The test and “failure” criteria include the following:  

 Amphipod 10-d Survival Test (acute lethality): a statistically significant 20% (or greater) reduction in 

survival relative to a reference sediment, or (where there is no acceptable reference sediment) a 
statistically significant 30% (or greater) reduction in survival relative to the control sediment;  

 Photolumenescent Bacteria Solid-Phase Test (sublethal): 10-minute IC50 (inhibition of light production) 
less than 1000 mg/L;  
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 Echinoderm Fertilization Test (sublethal): a statistically significant 25% (or greater) reduction in 
fertilization between the test sediment and control water.  

 Bioaccumulation Test: a statistically significant increase in tissue concentrations of a toxicant between the 
organism exposed to the test sediment and the organisms exposed to the reference or control sediment.  

 

Where none of the three marine/estuarine tests fail according to these criteria, the sediments are considered to 
be below the Lower Level of the National Action List.  If either the acute lethality test or both of the 
sublethal/bioaccumulation tests fail according to these criteria, the sediments are considered to be above the 
Upper Level of the National Action List.  If the acute lethality test and at least one of the sublethal or 
bioaccumulation tests pass according to these criteria, then the sediments are considered to fall between the 
Lower and Upper Levels of the National Action List.  

According to Schedule 6 of CEPA (1999), the following decision criteria should be applied for Disposal at Sea 
with respect to the National Action List:  

 Below the Lower Level: sediments are considered to be of little environmental concern in relation to 
disposal at sea;  

 Between the Lower and Upper Level: sediments require more detailed assessment prior to determination 
of suitability for disposal at sea; and, 

 Above the Upper Level: sediments shall not be disposed of at sea, unless made acceptable for disposal 
through the use of management techniques or processes (e.g., sediment treatment).  

 

The National Action List concentration criteria and biological response failure criteria were applied in the 
sediment investigation to assess the potential viability of a permit application for Disposal at Sea for sediment 
dredged as part of harbour development.  

It is important to note that as part of a Disposal Permit application, Environment Canada typically requires 
submission of the sampling and analysis plan for approval prior to implementation (Environment Canada 2011). 
Further investigation of sediment quality, with pre-approval by Environment Canada, would likely be required 
prior to initiating a permit application for a specific dredging program. As this investigation was not intended to 
support a permit application for disposal at sea, the sampling and analysis plan was not submitted to 
Environment Canada and the conclusions of this study regarding the potential viability of a permit application for 
disposal at sea should be considered indicative but not conclusive. 

 

1.2.3 Alternatives to Disposal at Sea 

It is also acknowledged that alternatives to Disposal at Sea for dredged sediments, such as disposal at a 
permitted landfill, confined uplands disposal, confined aquatic disposal or beneficial re-use, might be preferred 
as part of re-development plans. It is important to note that each of these possible disposal options could have 
specifically regulatory requirements under the BC Environmental Management Act and Contaminated Sites 
Regulation, the BC Waste Management Act and Hazardous Waste Regulations, and other applicable Federal or 
Provincial legislation and regulations. Examination of these options and regulatory requirements was considered 
beyond the scope of this report.  
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1.2.4 Fisheries Act  
The federal Fisheries Act is concerned with the management and protection of those fish stocks contributing to 
sport, commercial, and subsistence fisheries.  Maintaining these stocks also requires the management of their 
habitat and protection of fish populations from pollution. Dredging can have both physical impacts on habitat 
and, particularly in areas of contaminated sediments, can result in the dispersion of harmful substances.   

 

1.2.4.1 Conservation of Biophysical Elements of Fish Habitat 
The biophysical aspects of fish habitat include spawning grounds and nursery, rearing, food supply and 
migration areas on which fish depend directly or indirectly in order to carry out their life processes.  Section 35 of 
the Fisheries Act prohibits harmful alteration, disruption, or destruction (HADD) of fish habitat, unless the 
destruction is authorized by Fisheries and Oceans (DFO), the agency that administers this section of the Act.  
The National Policy for the Management of Fish Habitat (DFO, 1986) outlines the objectives and procedures that 
are followed by Fisheries and Oceans in managing habitat.  One of the major themes contained in this policy 
requires that there be No Net Loss (NNL) of fish habitat and a first preference in attaining this goal is the design 
of projects to avoid a HADD.  Potential interactions of future work in the study area with Section 35 of the 
Fisheries Act involve the physical works associated with dredging or other shoreline work.  

DFO decides whether a particular work or activity (such as dredging) would result in a HADD and whether or not 
a HADD is authorized under Subsection 35(2). To aid DFO in their assessment, a project proponent is usually 
required to provide information on the habitat characteristics, a description of the proposed project and 
associated work, an analysis of how the project work interacts with fish habitat and mitigation that will be applied. 
In the case of certain projects, this may require detailed biophysical surveys specific to the areas of habitat 
modification will be required to support the granting of an Authorization under the Fisheries Act and to identify 
the manner and extent of compensatory fish habitat if and as necessary. These aspects of the Fisheries Act 

would apply to the sediments and shoreline, regardless of whether or not the site is contaminated.  

 

1.2.4.2 Protection Against Pollution 
In addition to the biophysical aspects of fish habitat, the ongoing conservation of fish stocks also necessitates 
their protection from harmful (deleterious) substances.  Section 36 of the Fisheries Act is concerned with the 
control of substances that are harmful to fish (deleterious substances). 

The pollution prevention provisions of the Fisheries Act are administered separately from the administration of 
the biophysical habitat.  Environment Canada is the lead federal agency for matters of pollution 
(which includes a mandate broader than water pollution or fish stock protection).  However, the Minister of 
Fisheries and Oceans maintains accountability to Parliament for the Fisheries Act in its entirety 
(including Section 36) and DFO can (and does) exercise authority under Section 36.  It is common for both DFO 
and Environment Canada to have a cooperative role in administering/enforcing Section 36, with Environment 
Canada taking the lead role and each department referring applications to one another.  Over the past few 
years, DFO has removed itself from an active, operational role in water quality management (Section 36) issues, 
except in limited circumstances or when sediment-laden water (e.g., dredging) is involved.  
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The Fisheries Act contains a general prohibition against depositing deleterious substances.  While certain 
sector-specific regulations (e.g., Metal Mining Effluent Regulation) define what a deleterious substance is for that 
sector, the properties defining a substance as being deleterious under the parent Act are left to interpretation by 
experts in aquatic toxicology and water quality.  DFO may require that the specific controls applied to a dredging 
project include containment of areas that are contaminated and may require control of dredgeate dewatering 
effluent.  

 

1.3 Summary of Historical Data 
Historical sediment chemistry data for Ladysmith Harbour are available in the following reports:  

 G3 Consulting Ltd. 2005.  Report on Ladysmith Harbour Foreshore Fill Sampling & Analysis.  Dated 
March 2005. 

 Levelton Engineering Ltd. 2000.  Preliminary Site Investigation Stage I and Stage II Lot 4, Plan 45800, 
District Lot 8G,   Lot 11G and Lot 1, Plan VIP64405, Oyster Land District.  Ladysmith, B.C.  Dated 
October 25, 2000. 

 Levelton Engineering Ltd. 2000.  Detailed Site Investigation Lot 4, Plan 45800, District Lot 8G, District Lot 
11G and Lot 1, Plan VIP64405, Oyster Land District.  Ladysmith, B.C.  Dated October 25, 2000. 

 Phoenix Environmental Services Ltd.  1999.  Environmental Impact Assessment Report Proposed for 
Ladysmith Marina and Waterfront Development Project Ladysmith, B.C. Dated December 1999. 

 Phoenix Enviornmental Services Ltd. 2002. Sediment Chemistry Investigation Report Ladysmith Harbour 
Proposed Waterfront Re-Development Ladysmith, B.C. Dated September 2002. 

 

The historical data available in these reports were compiled and reviewed to obtain a preliminary understanding 
of sediment contamination conditions in Ladymisth Harbour. This understanding was used to set the context and 
scope of the current investigation.  

The compiled historical data were compared to the ISQG and PEL (CCME 2001), SedQCTS (BC CSR), and the 
Lower Level numerical limits (CEPA 1999) to evaluate the degree of contamination based on bulk sediment 
chemistry and to guide the selection of analytes for the sediment investigation. The historical sediment chemistry 
data are presented in Appendix I. A summary of analytes that were reported at concentrations greater than 
applicable benchmarks is presented in Table 1. The results of the compiled historical data for each group of 
analytes are discussed below. 

Metals: Several metals were reported at concentrations greater than the ISQG, PEL and SedQCTS in one or 
more sediment samples collected from Ladysmith Harbour. One metal was also reported at concentrations 
greater than the Lower Level numerical limits. A summary of the comparison of historical data to benchmarks is 
as follows:  

 Concentrations greater than the ISQG:  arsenic, cadmium, copper, lead, mercury and zinc; 

 Concentrations greater than the PEL:  copper, lead, mercury and zinc; 

 Concentrations greater than the SedQCTS: copper, lead; and, 

 Concentrations greater than the Lower Level numerical limit: cadmium. 
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Metal concentrations greater than applicable benchmarks were reported from sampling locations throughout the 
Harbour, with the highest concentrations typically identified in the vicinity of the DL 651 area, in the eastern 

portion of the Harbour, and adjacent to Slack Point. 

 

Polycyclic aromatic hydrocarbons (PAHs): Several PAHs were reported at concentrations greater than the 
ISQG, PEL and SedQCTS in one or more sediment samples collected from Ladysmith Harbour.  Total PAHs were 

also reported at concentrations greater than the Lower Level numerical limit.  A summary of the comparison of 
historical data to benchmarks is as follows: 

 Concentrations greater than the ISQG: acenaphthene, acenaphthylene, anthracene, benzo(a)anthracene, 
benzo(a)pyrene, chrysene, dibenzo(a,h)anthracene, fluoranthene, fluorene, naphthalene, phenanthrene 
and pyrene. 

 Concentrations greater than the PEL: acenaphthylene, anthracene, benzo(a)anthracene, chrysene, 
fluoranthene, fluorene,  naphthalene, phenanthrene and pyrene. 

 Concentrations greater than the SedQCTS: naphthalene, acenaphthylene, rluorene, phenanthrene, 
anthracene, fluoranthene, pyrene, benzo(a)anthracene, chrysene, 

 Concentrations greater than the Lower Level numerical limit: Total PAHs 

 

The spatial distribution of PAHs concentrations in Ladysmith Harbour did not appear to be restricted to any 

particular area, with concentrations greater than applicable benchmarks reported from most sampling locations 
throughout the harbour.  
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Table 1: Summary of Historical Sediment Data  

Substance 
Number of 

Sample 
Locations 

Reported 
Concentrations 

Benchmark (Number of Exceedances) 

Min Max 
CCME 
ISQGa 

CCME PELb 
BC 

SedQCTS
c 

Lower 
Level 

Numerical 
Limitd 

Arsenic 79 2.7 19 7.24 (36) 41.6 (0) 50 (0) - 

Cadmium 79 0.06 3.48 0.7 (37) 4.2 (0) 5 (0) 0.6 (39) 

Copper 79 19 344 18.7 (79) 108 (4) 130 (2) - 

Lead 79 4.18 165 30.2 (20) 112 (2) 130 (2) - 

Mercury 79 0.047 0.749 0.13 (60) 0.7 (1) 0.84 (0) 0.75 (0) 

Zinc 79 26.4 275 124 (29) 271 (1) 330 (0) - 

Naphthalene 17 0.07 3.26 0.0346 (17) 0.391 (7) 0.47 (5) - 

Acenaphthene 17 0.06 0.08 0.00671 (4) 0.0889 (0) 0.11 (0) - 

Acenaphthylene 17 0.05 0.52 0.00587 (14) 0.128 (4) 0.15 (4) - 

Fluorene 17 0.06 0.61 0.0212 (15) 0.144 (5) 0.17 (5) - 

Phenanthrene 17 0.15 8.09 0.0867 (17) 0.544 (15) 0.65 (14) - 

Anthracene 17 0.06 1.35 0.0469 (16) 0.245 (14) 0.29 (10) - 

Fluoranthene 17 0.07 2.56 0.113 (16) 1.494 (4) 1.8 (3) - 

Pyrene 17 0.06 2.46 0.153 (16) 1.398 (4) 1.7 (3) - 

Benz(a)anthracene 17 0.05 1.11 0.0748 (15) 0.683 (5) 0.83 (3) - 

Chrysene 17 0.05 1.16 0.108 (15) 0.846 (5) 1.0 (4) - 

Benzo(a)pyrene 17 0.06 0.49 0.0888 (15) 0.763 (0) 0.92 (0) - 

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

17 0.08 0.57 0.0202 (11) 0.201 (5) - - 

Dibenz(a,h) anthracene 17 0.05 0.08 0.00622 (3) 0.135 (0) 0.16 (0) - 

Total PAHs 17 0.45 18.86 - - 20 (0) 2.5 (15) 

Concentrations expressed as mg/kg dry weight.  
a - Federal interim sediment quality guideline (CCME2001) 
b - Federal probable effects level (CCME 2001) 
c - BC Contaminated Sites Regulation, Schedule 9 – Generic Numerical Sediment Criteria for typical sites   

(Government of British Columbia 2011) 
d - Disposal at Sea Regulations (CEPA 1999) 
-  No applicable value 

 

1.4 Study Approach 
The overall objective of the sediment investigation is intended to provide an improved understanding of the 

implications of contamination in marine sediments in the harbour. This understanding provides a basis for future 
sediment management decision-making; however, such decisions can only be made at such time as specific 
development project descriptions are available. 
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Based on the review of the historical data and a consideration of identified data gaps, the following tasks were 
undertaken: 

1) Delineation of sediment contamination: The current understanding of sediment contamination was 
refined by further delineating the magnitude and spatial extent of surface contamination in areas that have 

not been previously characterized. Confirmatory sampling was undertaken in areas that had been 
previously characterized. 

2) Investigation of the bioavailability of reported sediment contamination: A bioavailability assessment 
was undertaken to provide information about the potential viability of risk-based approaches to managing 
sediment contamination (e.g., a risk assessment to support in situ management), as well as information 

about the feasibility of ocean disposal options in the event that dredging is required. 

3) Investigation of the contaminants that are causing observed toxicity: Toxicity Identification Evaluation 

(TIE) procedures were applied to evaluate the likely causes of toxicity.  

4) Evaluation of sediment quality in the context of selected management options: The sediment quality 

was evaluated in the context of a project where sediments need to be dredged and disposed of at sea 
(typically the lower-cost option for disposal) or in the context of a situation where the desired option was to 
leave the sediments in place, supported by a risk assessment.  .  

 

Note that the understanding of available historical data was applied to develop the study approach and sampling 
design. However, given the potential temporal variability in an active harbour due to ongoing contaminant 
sources, and anthropogenic and natural contaminant redistribution process, it was expected that current 

sediment conditions could be different than observed historically. For this reason, the marine sediment 
investigation included both confirmation of historical sediment conditions as well as investigation of sediments 
that were previously investigated, and the evaluation of management options in Task 4 relied on the data from 

the 2009 and 2010 sediment investigations only.  

 

The following sections provide an overview of each task.  

 

1.4.1 Task 1: Spatial Delineation of Contamination 

A review of previous work in the Harbour indicated that concentrations of contaminants are highly variable within 
the areas that were previously sampled, and that those areas with the highest concentrations of PAHs have not 

been adequately delineated. These observations indicated that it would be inappropriate to extrapolate sediment 
characterization across the whole of the study area based on the limited existing data set. Uncharacterized 
areas relevant to potential development of the Site include the central-seaward portion of the Harbour 

(approximately one-third of the Harbour) and off-site areas adjacent to the Harbour and southeast of Slack Point. 

A study to further characterize sediment contamination was undertaken in October 2009 by the collection and 

analysis of surface sediment samples in at 40 locations, including 25 within the Harbour, ten in areas adjacent to 
the Harbour, and five from locations selected to represent regional reference conditions. 
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Supplemental analysis of sediments was also conducted in December 2010, including 6 surficial grab samples 
and 5 sediment cores selected to obtain a preliminary characterization of subsurface sediment chemistry.  Three 

additional cores were collected to delineate a suspected subsurface plume of hydrocarbon from upland sources, 
but these cores were not submitted for chemical analysis. 

Samples were analyzed for a suite of potential sediment contaminants (metals, PAHs, LEPH/HEPH, VOCs), 
ancillary parameters (grain size and total organic carbon) and petrographic analysis of coal content. 

 

1.4.2 Task 2:  Bioavailability Assessment 

Sediment concentrations of PAHs greater than the SedQCTS were reported historically from locations throughout 
the harbour.  In some locations, concentrations of individual PAHs exceeded the SedQCTS by more than a factor 

of ten.  Based on these bulk sediment chemistry results alone, concentrations of this magnitude would ordinarily 
suggest that the sediment could be toxic to marine biota such as amphipods, and this could preclude in-situ 
management and ocean disposal.  However, given the reported prevalence of coal in sediment in the Harbour, it 

was considered possible that a portion of the measured PAHs would be sequestered in a coal matrix and thus 
may present lower risks due to limited bioavailability.  Additionally, the acid-volatile sulphide (AVS) that is 
typically present in marine sediments can sequester divalent metals such as copper, reducing their bioavailability 

and resulting toxicity. Sediment quality criteria do not normally consider processes that would limit the 
bioavailability of contaminants and, therefore, where bioavailability is limited, comparison of sediment chemistry 
to regulatory benchmark values can overestimate the risk to marine biota.  

The bioavailability assessment combined sediment chemistry results with measures of contaminant availability 
and laboratory bioassay testing to determine the degree to which sediment contaminants were available and had 

the potential to cause adverse responses in representative benthic invertebrate species. Metals bioavailability 
was assessed by measurement of simultaneously extractable metals (SEM) and acid-volatile sulphide (AVS). 
The SEM/AVS ratio is a commonly employed measure of the bioavailability of divalent metals. PAH 

bioavailability was assessed using a sediment passive extraction method to assess the potential for PAHs 
present at the sampling locations to be accumulated by organisms. The technique employed was conceptually 
similar to the semi-permeable membrane devices routinely used to assess hydrocarbon bioavailability in water. 

A set of 20 surface sediment samples, selected to represent spatial heterogeneity in concentrations and 
potential sources of contamination, were tested with a 10-d marine amphipod survival test. A subset of nine of 
these samples (six inside the Harbour, two adjacent to the Harbour, and one from a regional reference station) 

were tested using three additional bioassay tests: a 21-d marine worm survival and growth test, an echinoderm 
fertilization assay on sediment porewater, and a solid phase test using photoluminescent bacteria. 

Toxicity testing with amphipods was intended to provide a site-specific indication of the potential for the reported 
sediment contaminant concentrations to elicit adverse effects in marine biota. Toxicity testing with the battery of 
test species was intended to provide additional information (i.e., sublethal endpoints, diversity of life histories and 

modes of exposure) at a subset of locations, as well as providing a more comprehensive assessment of the 
potential for adverse effects due to unmeasured substances.  
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1.4.3 Task 3: Sediment Toxicity Identification Evaluation 

Testing of the nine sediment samples in 2009 with the battery of test species indicated adverse effects on 
echinoderm fertilization in samples collected from multiple stations. However, no clear correlation was observed 
between porewater toxicity and sediment contaminant concentrations, indicating that the cause of the observed 

toxicity was uncertain.  

To examine the cause of echinoderm toxicity observed in 2009, porewater was extracted from the surface 

sediments collected in 2010 and subjected to a toxicity identification evaluation (TIE). Porewater was analyzed 
for dissolved metals and conventional toxicants such as ammonia and sulphides. Follow up testing was then 
conducted on a subset of porewater samples using the echinoderm fertilization test. Tested porewater samples 

were subjected to sample amendments to examine potential sulphide toxicity and potential cationic metals 
toxicity. Causes of the observed toxic responses were then confirmed by comparing measured toxicant 
concentrations to reported toxicity thresholds. 

 

1.4.4 Task 4: Evaluation of Management Options 

The results of the bioavailability assessment and sediment TIE were integrated to evaluate the potential viability 

of risk-based approaches for sediment assessment, and to assess whether in-situ management may be a 
feasible sediment management option, subject to conducting a sediment risk assessment. In addition, bioassay 
testing components were designed to be consistent with testing (but not necessarily sampling) requirements of 

the Disposal at Sea Regulations, to inform the potential viability of ocean disposal as a sediment disposal option. 
Based on the integrated findings of the investigations described above, portions of the Harbour were assigned to 
one of four Categories indicating potential approval status with respect to Disposal at Sea and the degree of 

uncertainty in the understanding of sediment conditions for stations within a particular category. 

 

1.5 Report Organization 
This remainder of this report is organized into the following sections:  

Section 2.0 – Methods: Describes the rationale and methods for sediment sampling and analyses.  

Section 3.0 – Results: Describes the results for sediment analyses.  

Section 4.0 – Integration of Findings: Integrates and provides an interpretation of the information from the 
sediment investigation.  

Section 5.0 – Summary: Provides an overview of the findings.  
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2.0 METHODS 

2.1 Sampling Locations 
The first phase of sediment sampling was conducted in October, 2009. Sediment samples were collected from a 
total of 40 locations, including 25 locations within the harbour, ten locations adjacent to the harbour, and five 

locations outside the harbour (Figure 1). Follow-up sediment sampling was conducted in December 2010 via six 
surface grabs and eight core samples within the Harbour. Core samples were collected at 2010-03, 2010-04 and 
2010-06 to investigate the potential presence of non-aqueous phase liquid (NAPL) hydrocarbon entering the 

subsurface subtidal zone from upland sources. Based on visual observations in the field which did not indicate 
NAPL presence, the decision was made not to submit these samples for chemical analysis (Section 2.2.1). Table 
2 provides a summary of the analyses performed for each station.  

For the discussion of results in Section 3.0, the surface sediment stations from 2009 and 2010 were grouped into 
three areas:  

 Inside the Harbour: 1A to 25A, 2010-7 to 2010-11, and 2010-13 (a total of 31 stations). These samples 
were intended represent conditions within Ladysmith Harbour. Sediment core samples collected in 2010 

were all from inside the Harbour. 

 Adjacent to the Harbour: 26A to 35A (a total of ten stations). These samples were intended to represent 

conditions near Ladysmith Harbour, in locations that may have been influenced by current and historical 
activities within the Harbour.  

 Regional Reference: 36R to 40R (a total of five stations). These samples were intended to represent the 
conditions that would be expected in areas near Ladysmith Harbour but not subject to the influence of 
current and historical activities within the harbour. 
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Table 2: Rationale for Sediment Sampling Locations and Sediment Analyses 

Station Rationale 
Field 

Observations 
Laboratory Analysis 

Chemistry 
Bioavailability 
Assessment 

Amphipod 
Toxicity Test 

Toxicity Test 
Battery 

Benthic 
Sample 

TIE 

October 2009 




1A Confirmatory/Delineation       

2A Confirmatory/Delineation   


  

3A Confirmatory/Delineation      

4A Confirmatory/Delineation   


 

5A Confirmatory/Delineation   


 

6A Data gap – Within Harbour   


  

7A Data gap – Within Harbour   


 

8A Confirmatory/Delineation   


 

9A Data gap – Within Harbour   


 

10A Data gap – Within Harbour      

11A Data gap – Within Harbour   


 

12A Data gap – Within Harbour   


  

13A Data gap – Within Harbour   


 

14A Data gap – Within Harbour   


 

15A Data gap – Within Harbour   


  

16A Data gap – Within Harbour   


 

17A Data gap – Within Harbour   


 

18A Data gap – Within Harbour   


 

19A Confirmatory/Delineation   


 

20A Data gap – Within Harbour   


 

21A Data gap – Within Harbour      
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Station Rationale 
Field 

Observations 
Laboratory Analysis 

Chemistry 
Bioavailability 
Assessment 

Amphipod 
Toxicity Test 

Toxicity Test 
Battery 

Benthic 
Sample 

TIE 

22A Data gap – Within Harbour   


  

23A Confirmatory/Delineation      

24A Confirmatory/Delineation   


  

25A Data gap – Within Harbour   


 

26A Data Gap – Adjacent to Harbour      

27A Data Gap – Adjacent to Harbour   


 

28A Data Gap – Adjacent to Harbour   


  

29A Data Gap – Adjacent to Harbour   


 

30A Data Gap – Adjacent to Harbour      

31A Data Gap – Adjacent to Harbour   


 

32A Data Gap – Adjacent to Harbour   


 

33A Data Gap – Adjacent to Harbour   


  

34A Data Gap – Adjacent to Harbour   


 

35A Data Gap – Adjacent to Harbour      

36R Regional Reference   


 

37R Regional Reference      

38R Regional Reference   


  

39R Regional Reference    
 

 

40R Regional Reference    
 

 

December 2010 




2010-10 Sediment TIE (Grab)    

2010-11 Sediment TIE (Grab)    

2010-12 Subsurface Delineation (Core)  






 

MARINE SEDIMENT INVESTIGATION AND MANAGEMENT OPTIONS ASSESSMENT, LADYSMITH 
HARBOUR 

 

December 21, 2011 
Report No. 09-1436-5008/5000 15 

 

Station Rationale 
Field 

Observations 
Laboratory Analysis 

Chemistry 
Bioavailability 
Assessment 

Amphipod 
Toxicity Test 

Toxicity Test 
Battery 

Benthic 
Sample 

TIE 

2010-13 
Sediment TIE and Subsurface 
Delineation (Grab + Core) 

 


 
 



2010-09 
Sediment TIE and Subsurface 
Delineation (Grab + Core) 

 


 
 



2010-08 
Sediment TIE and Subsurface 
Delineation (Grab + Core) 

 


 
 



2010-07 
Sediment TIE and Subsurface 
Delineation (Grab + Core) 

 


 
 



2010-03 Subsurface Delineation (Core) 




2010-04 Subsurface Delineation (Core) 




2010-06 Subsurface Delineation (Core) 




Notes: 

Chemistry Metals, PAHs, LEPH/HEPH, AVS/SEM, grain size, and petrographic analysis 

Bioavailability Coal content and bioavailability of PAHs  

Amphipod Toxicity Test Eohaustorius toxicity test only 

Toxicity Test Battery Eohaustorius, Neanthes, Echinoderm, and Microtox toxicity tests 

Benthic Sample Benthic invertebrate taxonomy (samples archived, not analyzed) 

Confirmatory/Delineation Sampling locations intended to confirm and delineate previously-identified contamination 

Data gap Sampling locations intended to characterize site conditions in areas not previously sampled within and adjacent to Harbour 

Regional Reference 
TIE 

Sampling locations intended to provide regional-scale context for observed site conditions 
Toxicity Identification Evaluation 

Subsurface Delineation Core samples intended to provide an indication of contamination a subsurface sediment depths.  
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2.2 Sample Collection Procedures 
2.2.1 Surface Sediment Chemistry, Petrography and Bioavailability Samples 

Surface sediment samples were collected using a boat-deployed Van Veen grab sampler. Once the boat was 
confirmed to be on station and the GPS coordinates had been recorded, the grab sampler was deployed. Only 
those grab samples that met the following acceptability criteria were retained: 

 The sampler was closed and did not contain large rocks or other debris; 

 There was adequate penetration depth (enough to retain the top 10-15 cm of the grab); 

 The sample was not overfilled (i.e., sample was not touching the top screen); the sediment surface was still 

intact  and the sampler was not deployed on an angle (sediment surface did not touch the top of the 
sampler, and was relatively flat); and, 

 The sampler was not leaking (there was overlying water present and no visible leaks out of the sampler 
jaws). 

 

If the grab was classified as acceptable, then sample processing proceeded as described below. Upon 

acceptance, the overlying water in the grab was removed using a siphon and a description of the sediment with 
respect to colour, particle size, odour, and presence of non-sediment materials (e.g., shells, debris, biota) was 
recorded. Sample processing is described for the two sampling dates, below.  

Samples were collected in October 2009 from forty sample locations for chemistry, petrography and 
bioavailability analysis. Pre-cleaned bowls and utensils were used for subsampling of sediments. The top 10-

15 cm of the Van Veen sampler’s contents was spooned into a stainless steel bowl and homogenized until 
consistent in texture and colour.  Four 125 mL and one 250 mL glass jars of sediment were collected for physical 
and chemical analysis from each homogenized sample. Jars were filled completely to the top, minimizing 

headspace. Duplicate samples were collected at four sample locations.  All samples were kept cool until 
submitted to Cantest (Burnaby, BC) at the end of the sampling program.  Photographs were taken as 
appropriate.  The jars were retained for the following analyses:  

 3 x 125 ml – bulk sediment physical and chemical analyses 

 1 x 125 ml – sediment bioavailability analysis 

 1 x 250 ml – sediment petrography 

 

Samples were collected in December 2010 from six locations as subsamples from the toxicity sediment sample 
buckets that were collected in support of the TIE. Sediments were subsampled by Maxxam (Burnaby, BC) during 
during sediment homogenization that was conducted in preparation for toxicity testing. Subsamples of 

homogenized sediment were retained for bulk sediment physical and chemical analyses.  
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2.2.2 Sediment Toxicity Samples 

Samples for toxicity tests were collected using the methods and equipment described above for sediment 
sampling. The required volume of sediment collected varied between locations, based on the number of planned 
toxicity tests. The subsamples for toxicity testing were the same homogenized samples as the sediment 

subsamples.  

Samples for toxicity testing were collected in October 2009 from a subset of 19 sample locations.  Two 4-L pails 

of sediment were collected from nine locations assigned to the full batch of tests (i.e., Eohaustorius survival test, 
Neanthes survival and growth test, echinoderm fertilization test, and Microtox), and one 4-L pail of sediment was 
collected from an additional ten locations assigned to the Eohaustorius toxicity test only1. Pails were filled 

completely, minimizing headspace, with aliquots from the same homogenized sample, and lids were secured 
with duct tape. Photographs were taken as appropriate.  All samples were kept cool until submitted to Cantest 
(Burnaby, BC; now Maxxam) at the completion of the sampling program.   

Samples were collected in December 2010 from six of the 2010 sample locations for the TIE using echinoderm 
fertilization testing. At all locations multiple composited grabs were required to collect the required sample 

volume of 16 L. The top 10-15 cm of the Van Veen sampler’s contents were transferred directly from the grab 
into four 4-L plastic pails. Pails were filled completely, minimizing headspace and lids were secured with duct 
tape. Grabs were not homogenized in the field as homogenization was conducted in the lab.  All samples were 

kept cool until submitted to Maxxam (Burnaby, BC; formerly Cantest) at the end of the sampling program. 
Photographs were taken as appropriate. All samples were kept cool until submitted to Maxxam at completion of 
the sampling program. 

 

2.2.3 Subsurface Sediment Chemistry Samples 

During the December 2010 sampling event, eight subsurface samples were collected using a vibrocorer. Depth 

strata were sampled from each core, including (to the depth of penetration) surface, 0.5 m, 1 m, and 2 m strata. 
The maximum core depth achieved with the vibrocorer was approximately1.6 m, and therefore fewer than four 
depth strata were collected at most locations. Pre-cleaned bowls and utensils were used to subsample core 

strata. The contents of each core stratum sample were homogenized in a stainless steel bowl and spooned into 
four 125 mL glass jars. Two field duplicate sediment samples were collected at different strata to provide an 
indication of variability in the sediment chemistry. All samples were submitted for physical and chemical analysis 

with the exception of the three core samples in the area of the former log dump (stations 2010-03, 2010-04 and 
2010-06). These were exploratory cores intended to rule out the potential presence of NAPL entering the 
subsurface subtidal zone.  The cores were observed in the field to contain primarily woody material and debris, 

and there was no indication of NAPL in the subsurface. Based on these observations, analysis of strata from 
these cores was not considered necessary.  

 

                                                      
1 Note sampling for toxicity testing using the full batch of tests was also conducted for Station 5A but the toxicity samples for this station were 
lost in shipping and, therefore, were not tested.  
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2.2.4 Benthic Community Samples 

A benthic community sample was collected from each sample location using a Ponar grab sampler. Once the 
boat was confirmed to be on station and the GPS coordinates had been recorded, the grab sampler was 
deployed. Only those grab samples that met the following acceptability criteria were retained: 

 The sampler was fully closed and did not contain large rocks or other debris; 

 There was adequate penetration depth (i.e., 10 cm); 

 The sample was not overfilled or disturbed, and the sampler was not deployed on an angle; and, 

 The sampler was not leaking (there was overlying water present and no visible leaks).  

 

If the grab was classified as acceptable, then the contents of the grab were transferred to a 5L plastic tote. 
Sediments were field-sieved on board the boat with a 1-mm mesh sieve. Seawater was used to rinse the 

sediments during field sieving. The material remaining on the sieve was transferred into 1-L plastic containers 
using a stainless steel spoon and a minimal volume of seawater. Samples were preserved using a 10% solution 
of buffered formalin and container lids were secured with tape to prevent spills, and stored at the Golder 

Associates warehouse in Burnaby, BC.  

 

2.2.5 Equipment Decontamination and Field QA/QC 

Quality assurance and control (QA/QC) practices were followed as described below to promote and verify 
sample quality during collection and transport. 

 All sampling equipment (grabs, totes, sieve, etc.) was decontaminated between sampling locations by 
scrubbing in site water with LiquinoxTM detergent, followed by rinsing in site water. 

 Pre-cleaned and lab-certified glass jars and plastic pails were used for sample collection.  

 Chain-of-custody procedures were initiated during sample collection and a chain-of-custody record 
accompanied each sample to its final destination.  

 Samples were collected and processed by qualified, experienced personnel.  

 Sample handling or contact with contaminating materials and surfaces was minimized.  

 

Field homogenization duplicates were collected during October 2009 grab sampling and as part of core stratum 
subsampling in December 2010.  
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2.3 Sediment Analyses 
2.3.1 Sediment Bulk Chemistry 

Surface sediment subsamples collected in 2009 were submitted to Cantest Laboratory (Burnaby, BC) for 
analysis of the following parameters according to the laboratory’s standard operating procedures (methods 
described in laboratory reports in Appendix II):  

 Moisture content, sediment pH, particle size, total organic carbon (TOC); 

 Metals;  

 Acid volatile sulphide and simultaneously extractable metals (AVS/SEM);  

 PAHs; and, 

 CCME petroleum hydrocarbon fractions F2, F3 and F4. 

 

Sediment subsamples collected in December 2010 from the toxicity pails, and core surface strata, were 
analyzed by Maxxam (Burnaby, BC) for the same parameters as the subsamples in October 2009 with the 
following exceptions:  

 For the subsamples collected from the toxicity pails, BTEX and CCME petroleum hydrocarbon fraction F1 
were also analyzed; and,  

 For the core surface strata, particle size was not analyzed.  

 

Core subsurface strata were analyzed for the same parameters as the subsamples in October 2009, with the 
exception of AVS/SEM which was not analyzed.  

 

2.3.2 Sediment PAH Passive Sampler Analysis 

Thin-film solid phase extraction was used to estimate the relative bioavailability of PAHs in sediment samples 
collected in October 2009. The basic principle of this method is to expose sediments to a passive sampling 

material (in this case the polymer ethylene vinyl acetate [EVA]), and to measure the concentration of chemical 
that diffuses from the sediment sample into the sampling material following a suitable equilibration period.  
Methods were based on those described in Meloche et al. (2009), and are described in more detail below.   

Passive samplers were prepared at Cantest Laboratory (Burnaby, BC) on October 1st, 2009.  Each sample vial 
was prepared by adding 0.15 mL of an EVA solution (6.2 mg/mL EVA dissolved in dichloromethane) into a 
20 mL borosilicate glass scintillation vial. The uncapped vials were gently rotated to allow the dichloromethane to 

evaporate, leaving a thin film of EVA on the vial interior.  Resulting EVA films were 1 µL in volume, with an 
approximate surface area-to -volume ratio of 37,000 m-1. These sampler properties were selected to achieve a 
relatively fast equilibration (i.e., high surface area to volume ratio) while preventing depletion of the sediment 

concentration (i.e., ratio of EVA volume to sediment organic carbon was low).   Vials were capped and stored in 
the laboratory until test initiation.   
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The test was initiated on November 19th, 2009 (Day 1).  Sediments were press sieved (2 mm mesh sieve) to 
remove large particles or debris prior to addition into the sampler vials.   Three passive sampler vials were filled 

for each sediment sample.  In addition to the harbour samples, positive and negative controls were prepared to 
provide a relative measure of high and low bioavailable PAHs, as follows: 

 Positive control (spiked sample):  A stock PAH solution (Certified reference material, Ultra Scientific, 
North Kingstown, RI) was added to Chesapeake Bay (CB) control sediment (TOC 3%, moisture content 
60%, sand 4%, silt 51%, clay 45%).   Sediment spiking was conducted directly in the passive sampler vials.  

Three vials were filled halfway with the control sediment, and 75 uL of the stock PAH solution was added to 
each vial.  Vials were left uncapped for four hours to allow the carrier solution to evaporate, and were then 
filled to 20 mL with CB control sediment and mixed for 5 minutes.  The resulting nominal total PAH 

concentration in the vials was 200 mg/kg dry weight. 

 Negative control (activated carbon):  5 grams of activated carbon (1-2 mm granules) was added to each 

of three vials containing 20 mL of CB control sediment.  Vials were mixed to allow the activated carbon to 
distribute evenly throughout the sediment.  

 

Once filled, all vials (test and control) were stored in a dark room at 15°C and were inverted once per day for the 

duration of the equilibration period to allow some mixing and renewal of the EVA-sediment contact layer.  Three 
empty vials were also stored with the test vials as method blanks.   

On Day 8, sediments were removed from the sampler vials and the EVA thin-films were extracted using hexane.  
Vials were shaken to fully remove the EVA from the sides, and the contents of the vials were emptied into a 
glass dish containing de-ionized water. The EVA films were recovered by floatation, rinsed with water to remove 

residual sediment debris, and stored in empty glass vials.   Thin films from the three replicates per sample were 
composited into one glass vial.  The films were then extracted with three consecutive rinses with 1 mL hexane 
each.  The 3 mL hexane extracts were stored in clean 20 mL scintillation vials and shipped to Pacific Rim 

Laboratory (Surrey, BC) for high-resolution analysis of PAHs. 

Hexane extracts were transferred to 15 mL test tubes and spiked with 50 ng each of 16 carbon-13 labelled 

internal standards.  The sample volume was reduced to 0.5 mL under a gentle stream of nitrogen and then 
transferred to a 700 µL gas chromatography vial.  Sample analysis was conducted on a Micromass Ultima High 
Resolution Mass Spectrometer coupled with a Hewlett-Packard 5890 gas chromatograph.  An initial five-point 

calibration was conducted with concentrations ranging from 3 to 300 ng/mL.  All analytes were quantified relative 
to their corresponding carbon-13 labelled analogue and the calibration was verified every twelve hours by 
injecting a mid-point standard. 

One blank (0.5 mL hexane, spiked with 50 ng of internal standards) was analyzed.  It contained detectable 
amounts of most of the analytes.  All data were therefore corrected for blank contamination.  Detection limits 

were calculated by analyzing three spiked blanks.  The detection limits were set at three times the standard 
deviation of the blanks.  No blank contamination was detected for indeno(1,2,3-cd)pyrene, benzo(g,h,i)perylene 
or dibenz(a,h)anthracene.  The detection limit for these parameters was set at 1 ng per sample.   
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Analytical results were reported as ng of analyte per sample (Appendix II).  To calculate the concentration of 
each analyte in EVA (i.e., the passive sampler concentration), the mass in hexane was divided by the volume of 

EVA in the composited samples.    

 

2.3.3 Bulk Sediment and Porewater Toxicity Testing 

2.3.3.1 10-d Amphipod Survival Test 

Sediments from 19 stations were tested with Eohaustorius estuarius using the 10-day Acute Survival and 

Reburial Test, as described by Environment Canada’s Biological Test Methods (EPS 1/RM/35). Two 10-day E. 
estuarius tests were initiated, the first on November 13, 2009, and the second on November 20, 2009, with 
reburial commencing on test end dates, November 23, 2009 and November 30, 2009, respectively.  The test 

involves exposure of the amphipod, E. estuarius, to marine sediments for a period of 10 days to assess effects 
on survival and reburial.  

Test organisms and the negative control sediment for the test were field collected intertidally from Mackenzie 
Beach, Tofino, BC on November 9, 2009 and transported to the Cantest laboratory for use (further information 
on collection and handling is provided in the Cantest report in Appendix II). Amphipods were acclimatized in the 

laboratory for 2-10 days in negative control sediment under static conditions at 15 ± 2°C. Overlying water for the 
test was uncontaminated seawater obtained from the Vancouver Aquarium. Five replicate test containers were 
prepared for each treatment; test treatments included the test sediment and a negative control.  The negative 

control, consisting of sediment from the amphipod collection site, also had five replicates.  The test was 
conducted in 1-L glass jars, each containing a 2-cm layer of sediment, 800 mL of clean, overlying seawater, and 
20 amphipods. The exposure period was 10 days at 15 ± 1°C under continuous light, with no food provided or 

renewal of overlying water. All replicates were gently aerated throughout the test. Water quality and amphipod 
sediment avoidance were monitored daily; final counts of surviving amphipods and reburial ability were made on 
Day 10. Surviving organisms were assessed for reburial in control sediment for up to one hour. At the end of the 

test, survival was compared with the controls.  The test was considered valid if mean survival in the control was 
≥ 90%, and the survival in individual control replicates was ≥ 80%.  

Subsamples for ammonia (mg/L N) in overlying water were collected on Days 0 and 10. Sample-specific 
measurements of pH and salinity, together with the fixed test chamber temperature were also made to facilitate 
calculation of the unionized ammonia fraction. 

 

2.3.3.2 20-d Polychaete Survival and Growth Test 

Sediments from nine stations sampled in October 2009 were tested with Neanthes arenaceodentata 20-d 

Survival and Growth Test, as described in PSEP (1995). The test was initiated on November 20, 2009. The test 
involves exposure of the polychaete N. arenaceodentata to assess effects on survival, mean individual dry 
weigth, and mean growth.  

Test organisms were laboratory-reared and provided by Don Reish at California State University, Long Beach 
CA.  They were collected on November 16, 2009 and shipped overnight in whirlpack bags and arrived at Cantest 

in satisfactory condition on November 17, 2009. The control sediment used in the N. arenaceodentata test was 
provided by the organism supplier and was collected from Chesapeake Bay, NH. Preparation of the sediment for 
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use as a negative control included press-sieving the material through a 250 µm stainless steel screen, rinsing 
the sediment with control water, then freezing the sediment for a minimum of 72 h to eliminate indigenous 

organisms that might be present. Overlying water for the test was uncontaminated seawater obtained from the 
Vancouver Aquarium. Five replicate test containers were prepared for each treatment; test treatments included 
the test sediment and a negative control consisting of the control sediment also had five replicates.  The test was 

conducted in 1-L glass jars, each containing 175 ml of homogenized sediment, 800 mL of clean, overlying 
seawater, and 20 amphipods.  The exposure period was 20 days at 20 ± 1°C under continuous light, with  
feeding every second day (40 mg Tetramin/replicate) and 30% renewal of overlying water every third day.  All 

replicates were gently aerated throughout the test. Water quality was monitored daily.  

At test termination (Day 20), the organisms were collected from the sediments and final survival was recorded. 

Surviving organisms were dried and weighed to determine total dry weight, average individual dry weight, and 
average individual growth rate for each replicate. The test was valid if mean survival in the control was ≥ 90%, 
mean growth rate in the control was ≥ 0.38 mg/worm/day, and mean individual growth rate/mean individual 

growth rate in the control was ≥ 80%. Subsamples for overlying ammonia (mg/L N) were collected on Days 0 
and 20. Sample-specific measurements of pH and salinity were also made to facilitate calculation of the 
unionized ammonia fraction. 

 

2.3.3.3 Echinoderm Fertilization 

Porewater centrifuged from sediments from nine stations sampled in October 2009 were tested with the 

Echinoderm Fertilization Test using Strongylocentrotus purpuratus as described by Environment Canada’s 
Biological Test Methods (EPS 1/RM/27). The test was initiated on November 19, 2009. The test involves 
exposure of sperm and eggs of the sea urchin  S. purpuratus to determine effects of pore water on fertilization.  

Test organisms were field-collected and provided by Steve Lepage of Marine Research and Educational 
Products, in Carlsbad, CA. Collected sea urchins were held for at least 24 hours prior to shipping in Styrofoam 

coolers with ice packs and received at Cantest on November 19, 2009. Control water was uncontaminated 
seawater obtained from the Vancouver Aquarium. Four replicate test containers were prepared for each 
treatment; test treatments included the test porewater and a negative control consisting of clean seawater that 

also had four replicates.  The test was conducted in 20 ml glass tubes, each containing 6 ml of sediment 
porewater or control water and an estimated 1,051 sea urchin eggs and 19,711 sea urchin sperm. The exposure 
period was 20 minutes (10 minutes sperm exposure only followed by 10 minutes sperm and egg exposure), with 

pre-aeration but no aeration during the test.  Water quality was monitored in the 100% porewater and at test 
initiation. At exposure termination, a subset of 100-200 eggs was taken from each test vessel for microscopic 
examination to determine the fertilization state of each egg and estimate the overall rate of fertilization.  

The test was valid if mean fertilization in the control was ≥ 50% but ≤ 100%. Subsamples of porewater were 
collected prior to test initiation for analysis for ammonia (mg/L N) and sulphide (mg/L). Sample-specific 

measurements of pH and salinity were also made to facilitate calculation of the unionized ammonia fraction. 
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2.3.3.4 Solid Phase Microtox 

Sediment from nine stations sampled in October 2009 was tested with the Solid Phase Light Inhibition 
Microtox™ test using the bacteria Vibrio fischeri according to the Environment Canada Biological Method for 
Determining the Toxicity of a Sediment Using Luminescent Bacteria (EPS 1/RM/42). The tests were performed 

on November 26 and 27, 2009. The test measures light production in V. fischeri exposed to multiple dilutions of 
a sediment elutriate to determine the IC50 for inhibition in light production.  

Test organisms were obtained from Strategic Diagnostics Inc. (Strain NRRL B-11177).  Control and dilution 
water was a 3.5% NaCl solution. Three replicate test containers were prepared for each control with 1 test 
container for each dilution concentration. Exposure was conducted in 15 ml polycarbonate tubes, each 

containing up to 7 g homogenized sediment and 35 mL diluents (in a dilution series) and 20 µL of inoculum.  The 
bacterial strain was incubated in each tube for a period of 20 minutes followed by filtration/stabilization of the 
contents for 10 minutes and subsequent measurement of light production in a photometer.   

The test was valid if the coefficient of variation in light production in the control replicates was ≤ 12%. 
Temperature was measured at each stage of the test. 

 

2.3.3.5 Toxicity Identification Evaluation 

Porewater centrifuged from surface sediments from the six stations sampled in December 2010 was tested with 

the Echinoderm Fertilization Test by Maxxam (Burnaby, BC) using test methods similar to those described in the 
preceding Section.  Two tiers of testing were conducted:  

 Tier 1: The first round was used to confirm porewater toxicity to echinoderm fertilization for each of the 
six samples and support a preliminary assessment of possible causes of toxicity; and  

 Tier 2: The second round involved testing of the porewater from a subset of three of the six stations  
(2010-7, 2010-9, 2010-11), with sample amendments to evaluate potential metal or sulphide toxicity.  

 

This testing was also combined with porewater chemistry analyses for dissolved metals, total suspended solids, 

hardness, ammonia, and sulphide.  

The sediment samples were received at Maxxam on December 17, 2010, where they were stored in the dark at 

4 ± 2°C, prior to testing.  The sediment samples were combined and homogenized, porewater was extracted via 
centrifugation and the Tier 1 testing on porewater was conducted on December 21, 2010.  Test organisms for 
this tier of testing were field-collected and provided by Steve Lepage of Marine Research and Educational 

Products, in Carlsbad, CA. Collected sea urchins were held for at least 24 hours prior to shipping in Styrofoam 
coolers with ice packs and received at Cantest on December 21, 2010. Extracted porewater was subsampled, 
prior to testing, for chemistry analyses.  
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Tier 2 testing involved further testing of new porewater extracted from the three sediment samples that exhibited 
the highest toxicity in December 2010 testing. Sediment porewater was extracted via centrifugation from 2010-7, 

2010-9, 2010-11 on February 22, 2011. Separate aliquots of each porewater sample were subjected to the 
following testing and amendments:  

 Testing of the un-amended sample. 

 Sulphide removal by allowing the samples to sit in open containers in a fume hood overnight (approximately 

19 hours), facilitating volatilization of sulphides with minimal other alteration of the porewater sample. This 
was followed by testing of the sulphide-amended sample.  

 Divalent metals chelation by addition of ethylenediaminetetraacetic acid (EDTA) at four concentrations: 0.8, 
1.6, 2.4 and 3.2 g EDTA/L. This was followed by testing of each of the four treatments of the EDTA-
amended sample. 

 

Echinoderm fertilization tests were initiated on the un-amended and amended porewater samples on 
February 24, 2011. Test organisms for this tier of testing were field-collected and provided by Steve Lepage of 
Marine Research and Educational Products, in Carlsbad, CA. Collected sea urchins were held for at least 

24 hours prior to shipping in Styrofoam coolers with ice packs and received at Cantest on February 22, 2011.  

For Tier 2, extracted porewater was subsampled, prior to amendment and testing, for chemistry analyses listed 

above, excluding TSS. Following sulphide removal, the sulphide-amended samples were also subsampled for 
analyses of the same parameters.  

 

2.3.4 Sediment Petrography 

Petrographic analysis was used to determine the coal content of surface grab sediment samples collected during 
the 2009 sampling event. Sediment subsamples were submitted to JP Petroraphics (Calgary AB) for microscopic 

analysis using standard petrographic techniques developed for routine analysis of coal samples. The analysis 
involved classification of sediment materials into organic and inorganic matter. These classifications were further 
subdivided to identify various forms of coal, other organic materials and other inorganic materials. Further 

information on the method is provided in the laboratory report in Appendix II.  
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3.0 RESULTS 
The results of the 2009 and 2010 sediment investigations are described in this Section. Historical sediment 
investigation data are summarized in Section 1.3. 

 

3.1 Field Observations  
Photos of typical sediment characteristics and field sediment grab and core sampling logs, a summary of 
observations, and are provided in Appendices II, III and IV. 

 

3.2 Surface Sediment Chemistry 
This section summarizes the surface sediment chemistry results for the 2009 and 2010 surface grab samples. 

Description of the surface sediment chemistry results is grouped by parameter and where appropriate, the 
results are subdivided by the areas described in Section 2.1 (i.e., Inside the Harbour, Adjacent to the Harbour, 
and Regional Reference).  

 

3.2.1 Ancillary Sediment Characteristics 

Particle size data are presented in Appendix V. A summary of particle size observed in the 2009 and 2010 grab 

samples is as follows:  

 Inside the Harbour: sand (> 0.053 mm particles) ranged from 16 to 96%, silt (0.002 to 0.053 mm particles) 

ranged from 2 to 68% and clay (< 0.002 mm particles) ranged from 2 to 28%.  

 Adjacent to the Harbour: sand ranged from 57 to 95%, silt ranged from 3 to 29% and clay ranged from 2 to 

13%.  

 Regional Reference Stations: sand ranged from 26 to 95%, silt ranged from 3 to 51% and clay ranged from 

2 to 23%. 

 

Sediment total organic carbon (TOC) data are presented in Appendix V. Total organic carbon concentrations 
ranged from 1.1 to 43.3% at Inside the Harbour locations, 1.2 to 10.1% at Adjacent to the Harbour locations and 

1.1 to 4.3% at Regional Reference locations. 

 

3.2.2 Metals 

Inside the Harbour 

Metal concentrations observed inside the Harbour are compiled in Appendix V and summarized in Table 3.  

Several metals exceeded the ISQG, PEL and SedQCTS in one or more of the sediment samples collected inside 
the Harbour. In addition, some metals exceeded the Lower Level numerical limit. 
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Applicable benchmarks, maximum and minimum concentrations, and number of exceedances are presented in 
Table 4. A summary of the metal exceedances are as follows:   

 Metals that exceeded the ISQG:  arsenic, cadmium, copper, lead, mercury and zinc. 

 Metals that exceeded the PEL:  copper.  

 Metals that exceeded the SedQCTS: copper.  

 Metals that exceeded the Disposal at Sea Lower Level numerical limit: cadmium. 

 

Metal concentrations exceeded benchmarks across the Harbour with the two exceedances of the SedQCTS 

located in the lot titled “Block C”. Based on air photo examination, Block C appears to correspond with a 
former/current marina facility. Contaminant distribution is examined further in Section 4.1.  

 

Adjacent to Harbour 

Metal concentrations observed adjacent to the Harbour are compiled in Appendix V and a summary is presented 
in Table 4.  

Arsenic, cadmium, copper and mercury exceeded the ISQG in surface sediments adjacent to the Harbour.  
There were no exceedances of the PEL or SedQCTS for metals in surface sediments from this area.  

 

Regional Reference 

Metal concentrations observed at Regional Reference stations are compiled in Appendix V and a summary is 
presented in Table 5.  

Arsenic, copper, cadmium and mercury exceeded the ISQG at one or more stations located in the Regional 
Reference areas. The PEL and SedQCTS were not exceeded in any of the surface sediment samples from these 

areas.  
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Table 3: Inside Harbour Sediment Data Screening 

Substance 

Number 
of 

Surface 
Stations 

Concentration Benchmark (Number of Exceedances) 

Min Max CCME 
ISQGa 

CCME PEL b 
BC 

SedQCTS
c 

Lower Level 
Numerical 

Limit d 

Arsenic  31 2.3 15.9 7.24 (24) 41.6 (0) 50 (0) - 

Cadmium  31 0.34 4.2 0.7 (24) 4.2 (0) 5 (0) 0.6 (24) 

Copper  31 19 300 18.7 (31) 108 (2) 130 (2) - 

Lead  31 3.3 52.3 30.2 (4) 112 (0) 130 (0) - 

Mercury  31 0.03 0.51 0.13 (26) 0.7 (0) 0.84 (0) 0.75 (0) 

Zinc  31 26 199 124 (16) 271 (0) 330 (0) - 

Acenaphthene 31 0.008 0.34 
0.00671 

(28) 
0.0889 (13) 0.11 (9) - 

Acenaphthylene 31 0.028 0.082 0.00587 (5) 0.128 (0) 0.15 (0) - 

Anthracene 31 0.02 0.62 0.0469 (31) 0.245 (10) 0.29 (11) - 

Benzo(a)anthracene 31 0.03 0.87 0.0748 (24) 0.693 (1) 0.83 (1) - 

Benzo(a)pyrene 31 0.02 0.45 0.0888 (21) 0.763 (0) 0.92 (0) - 

Chrysene 31 0.03 0.74 0.108 (25) 0.846 (0) 1.0 (0) - 

Dibenz(a,h)anthracene 31 0.005 0.07 
0.00622 

(24) 
0.135 (0) 0.16 (0) - 

Fluoranthene 31 0.06 2.6 0.113 (29) 1.494 (4) 1.8 (3) - 

Fluorene 31 0.02 0.56 0.0212 (27) 0.144 (13) 0.17 (9) - 

Methylnaphthalene (2-) 31 0.03 5 0.0202 (30) 0.201 (23 - - 

Naphthalene 31 0.02 1.9 0.0346 (31) 0.391 (9) 0.47 (9) - 

Phenanthrene 31 0.03 4.5 0.0867 (29) 0.544 (16) 0.65 (12) - 

Pyrene 31 0.04 1.8 0.153 (30) 1.398 (2) 1.7 (1) - 

Total PAHs 31 0.25 15.4 - - 20 (0) 2.5 (22) 

Notes:  
Concentrations expressed as mg/kg dry weight.  
a - Federal interim sediment quality guideline (ISQG). CCME, 2001. 
b - Federal probable effects level (PEL). CCME, 2001. 
c - Provincial sediment quality criteria for typical contaminated sites (SedQCTS) (Government of British Columbia 2011) 
d - Disposal at Sea Regulations of the Canadian Environmental Protection Act (CEPA), 1999. 
-  No Benchmark 
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Table 4: Adjacent to Harbour Sediment Data Screening 

Substance 

Number 
of 

Surface 
Stations 

Concentration Benchmark (Number of Exceedances) 

Min Max CCME ISQG a 
CCME 
PELb 

BC SedQCTS
c 

Lower Level 
Numerical 

Limitd 

Arsenic  10 2.1 10.3 7.24 (2) 41.6 (0) 50 (0) - 

Cadmium  10 0.2 1.9 0.7 (5) 4.2 (0) 5 (0) 0.6 (5) 

Copper  10 18 61 18.7 (9) 108 (0) 130 (0) - 

Mercury  10 0.05 0.26 0.13 (5) 0.7 (0) 0.84 (0) 0.75 (0) 

Acenaphthene 10 0.015 0.16 0.00671 (7) 0.0889 (2) 0.11 (1) - 

Acenaphthylene 10 0.012 0.13 0.00587 (4) 0.128 (1) 0.15 (0) - 

Anthracene 10 0.03 0.37 0.0469 (6) 0.245 (3) 0.29 (3) - 

Benzo(a)anthracene 10 0.03 0.49 0.0748 (6) 0.693 (0) 0.83 (0) - 

Benzo(a)pyrene 10 0.01 0.27 0.0888 (3) 0.763 (0) 0.92 (0) - 

Chrysene 10 0.04 0.53 0.108 (6) 0.846 (0) 1.0 (0) - 

Dibenz(a,h)anthracene 10 0.007 0.048 0.00622 (4) 0.135 (0) 0.16 (0) - 

Fluoranthene 10 0.02 1.3 0.113 (6) 1.494 (0) 1.8 (0) - 

Fluorene 10 0.03 0.37 0.0212 (6) 0.144 (3) 0.17 (3) - 

Methylnaphthalene (2-) 10 0.02 3.9 0.0202 (9) 0.201 (6) - - 

Naphthalene 10 0.07 1.5 0.0346 (9) 0.391 (5) 0.47 (5) - 

Phenanthrene 10 0.02 2.8 0.0867 (9) 0.544 (6) 0.65 (6) - 

Pyrene 10 0.04 0.81 0.153 (6) 1.398 (0) 1.7 (0) - 

Total PAH's 10 0.1 11.2 - - 20 (0) 2.5 (6) 
Notes:  
Concentrations expressed as mg/kg dry weight.  
a - Federal interim sediment quality guideline (ISQG). CCME, 2001. 
b - Federal probable effects level (PEL). CCME, 2001. 
c - Provincial sediment quality criteria for typical contaminated sites (SedQCTS) (Government of British Columbia 2011). 
d - Disposal at Sea Regulations of the Canadian Environmental Protection Act (CEPA), 1999. 
-  No Benchmark 
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Table 5: Regional Reference Sediment Data Screening 

Substance 

Number 
of 

Surface 
Stations 

Concentration 
(mg/kg dry weight) 

Benchmark (Number of Exceedances) 

Min Max 
CCME 
ISQG a 

CCME 
PEL b 

BC 
SedQCTS

c

Lower 
Level 

Numerical 

Limitd 

Arsenic  5 4.3 10.1 7.24 (2) 41.6 (0) 50 (0) - 

Cadmium  5 0.9 3.7 0.7 (5) 4.2 (0) 5 (0) 0.6 (5) 

Copper  5 17 56 18.7 (4) 108 (0) 130 (0) - 

Mercury  5 0.04 0.22 0.13 (3) 0.7 (0) 0.84 (0) 0.75 (0) 

Acenaphthene 5 0.012 0.026 0.00671 (3) 0.0889 (0) 0.11 (0) - 

Dibenz(a,h)anthracene 5 0.007 0.007 0.00622 (1) 0.135 (0) 0.16 (0) - 

Fluoranthene 5 0.03 0.12 0.113 (1) 1.494 (0) 1.8 (0) - 

Fluorene 5 0.02 0.03 0.0212 (2) 0.144 (0) 0.17 (0) - 

Methylnaphthalene (2-) 5 0.04 0.1 0.0202 (4) 0.201 (0) - - 

Naphthalene 5 0.02 0.06 0.0346 (2) 0.391 (0) 0.47 (0) - 

Phenanthrene 5 0.04 0.12 0.0867 (2) 0.544 (0) 0.65 (0) - 

Notes:  

Concentrations expressed as mg/kg dry weight.  

a - Federal interim sediment quality guideline (ISQG). CCME, 2001. 

b - Federal probable effects level (PEL). CCME, 2001. 

c - Provincial sediment quality criteria for typical contaminated sites (SedQCTS) (Government of British Columbia 2011). 

d - Disposal at Sea Regulations of the Canadian Environmental Protection Act (CEPA), 1999. 

-  No Benchmark 
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3.2.3 PAHs 

Inside the Harbour 

PAH concentrations observed inside the harbour are compiled in Appendix V and a summary is presented in 
Table 3.  

Several PAHs exceeded the ISQG, PEL and SedQCTS in one or more of the sediment samples collected inside 
the Harbour.  In addition, total PAHs exeeded the Lower Level numerical limit at some locations.  The applicable 

benchmarks, maximum and minimum concentrations and number of exceedances are presented in Table 3. A 
summary is provided below:  

 PAHs that exceeded the ISQG: acenaphthene, acenaphthylene, anthracene, benzo(a)anthracene, 
benzo(a)pyrene, chrysene, dibenzo(a,h)anthracene, fluoranthene, fluorene, 2-methylnaphthalene, 
naphthalene, phenanthrene and pyrene. 

 PAHs that exceeded the PEL: acenaphthene, anthracene, benzo(a)anthracene, fluoranthene, fluorene,   
2-methylnaphthalene, naphthalene, phenanthrene and pyrene. 

 PAHs that exceeded the SedQCTS: naphthalene, acenaphthene, Fluorene, Phenanthrene, Anthracene, 
Fluoranthene, Pyrene, benzo(a)anthracene, 

 PAHs that exceeded the Lower Level numerical limit: Total PAHs 

 

The spatial distributions of PAHs concentrations inside the Harbour were not focused in any particular region, 

with concentrations that exceeded the benchmarks distributed over the entire study area. Contaminant 
distribution is discussed further in Section 4.1. 

 

Adjacent to Harbour 

PAH concentrations observed adjacent to the harbour are compiled in Appendix V and a summary is presented 
in Table 4. 

All the evaluated PAHs exceeded the ISQG, similar to the concentrations observed inside the Harbour. In 
addition, several PAHs exceeded the PEL and SedQCTS in samples adjacent to the Harbour, exhibiting similar 

concentrations ranges to those inside the harbour.   

 

Regional Reference  

PAH concentrations observed at Regional Reference stations are compiled in Appendix V and a summary is 

presented in Table 5. 

Acenaphthene, dibenz(a,h)anthracene, fluoranthene, fluorine, 2-methylnaphthalene, naphthalene and 

phenanthrene exceeded the ISQG at one or more stations located in the Regional Reference areas. The PEL 
and  SedQCTS were not excedeed in any of the surface sediment samples from these areas.  
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3.2.4 CCME Petroleum Hydrocarbon Fractions F1-F4 

The concentrations of CCME petroleum hydrocarbon fractions F1 and F4 were less than analytical detection 
limits (DL) for the majority of the collected samples (Appendix V). Descriptions of detected fractions are as 
follows: 

 Inside the Harbour: Detected concentrations of F2 ranged from 23 to 230 µg/g (detected in 14 of 
31 samples) and of F3 ranged from 170 to 960 µg/g (detected in 28 of 31 samples). F4 was not detected in 

2009 samples (< 500 µg/g) and ranged from 110 to 240 µg/g in 2010 samples (detected in all 6 samples). 
F1 concentrations were determined in 2010 samples only and were all below the method detection limits.  

 Adjacent to Harbour: Detected concentrations of F2 ranged from 90 to 220 µg/g (five of 10 samples) and 
of F3 ranged from 120 to 540 µg/g (eight of 10 samples above DL). F4 was not detected in 2009 samples 
from this area (< 500 µg/g), and F1 was not analyzed in 2009 samples from this area.  

 Regional Reference: Concentrations of F2 were all below DL and of F3 ranged from 140 to 230 µg/g 
(three of five samples were above DL). F4 was not detected in 2009 samples from this area (< 500 µg/g), 

and F1 was not analyzed in 2009 samples from this area.  

 

3.2.5 Monoaromatic Hydrocarbons (BTEX) 

BTEX was analyzed for the 2010 surface samples. Concentrations of BTEX were less than analytical detection 
limits for the majority of the collected samples (Appendix V). Descriptions of measurable hydrocarbons 
concentrations are as follows: 

 Detected concentrations of toluene ranged from 0.05 to 0.19 µg/g (five of six samples contained detectable 
toluene). Benzene had a single detectable concentration of 0.04 µg/g.  

 

3.2.6 Acid Volatile Sulphide and Simultaneously Extractable Metals  

The SEM to AVS ratio is a surrogate for metal bioavailability (DiToro et al., 1990; Ankley et al., 1991; Chapman, 

1996b; Casas and Crecelius, 1994).  Samples with an excess of AVS (relative to SEM) are assumed to have 
relatively low metal bioavailability because divalent metal cations (i.e., cadmium, copper, lead, mercury, nickel 
and zinc) are likely sequestered as insoluble metal-sulphide complexes and thus have low bioavailability. When 

the molar quantity of SEM approaches or exceeds AVS, the capacity of the available AVS to form metal-sulphide 
complexes is likely to be exceeded and a portion of the metals present are expected to be bioavailable.  

The AVS and SEM results for sediment grab samples are presented in Appendix V. Only one station, 6A, had an 
SEM:AVS ratio exceeding one (i.e., indicating bioavailable metals). This station is located inside the harbour. An 
additional four stations (1A, 24A, 33A and 2010-13) had SEM:AVS ratios that were between 0.5 and 1 indicating 

that the molar quantity of SEM was close to the quantity of AVS. One of these stations (33A) was located 
adjacent to the Harbour, and the remainder were located inside the Harbour. 

Grab samples from the remaining stations all had SEM:AVS ratios below 0.5, indicating that the molar quantity of 
AVS was in excess of the SEM present. 
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3.2.7 Sediment PAH Passive Sampler Results 

The PAH results for the passive sampler testing are summarized in Appendix V. The Pacific Rim Laboratory 
report for the extract analysis is provided in Appendix II.  The total mass of PAHs in each sample extract was 
summed and then normalized to the amount of EVA used in each sampler to provide an index of the degree to 

which the PAHs in collected sediments were available for absorption into the EVA.  

Total available PAHs (µg PAHs/g EVA) were markedly higher for station 26A (128 µg PAHs/g EVA) than for any 

other station sampled inside or outside the Harbour. Excluding this station, the ranges of total available PAHs 
were as follows:  

 Inside the Harbour: total available PAHs ranged from 2.3 to 19.9 µg PAHs/g EVA.  

 Adjacent to Harbour: total available PAHs ranged from 1.2 to 5.6 µg PAHs/g EVA. 

 Regional Reference: total available PAHs ranged from 0.6 to 3.6 µg PAHs/g EVA. 

 

The total available PAH concentrations in the negative control (activated carbon added to control sediment), 

positive control (control sediment spiked with PAHs) and blank were 1.4, 1423 and 0.9 µg PAHs/g EVA, 
respectively.  

 

3.2.8 Petrography 

The results of the sediment petrography analysis are summarized in Appendix V.  The JP Petrographics 
laboratory report is provided in Appendix II.  Percent coal for each sediment sample was estimated by summing 

the percentage of coal and shaley coal observed in each sample.  The ranges of percent coal in sediment 
samples were as follows:  

 Inside the Harbour: percent coal ranged from 3 to 78%.  

 Adjacent to Harbour: percent coal ranged from 2 to 55%. 

 Regional Reference Stations: percent coal ranged from zero to 21%. 

 

3.2.9 QA/QC Results 

Field duplicates were collected at a rate of 10% of the total number of primary samples.  Each duplicate was 
collected as a split quantity of the same homogenized sediment sample (i.e., after sample homogenization in the 

field).  Field duplicates were collected during the October 2009 grab sampling at stations 15A, 21A and 22A,   
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To assess variability between field duplicates, the relative percent difference (RPD) was calculated as follows: 

ܦܴܲ  = ൬ ݈݁݉ܽݏ − ݈݁݉ܽݏሺ݁ݐ݈ܽܿ݅ݑ݀ + ሻ/2൰݁ݐ݈ܽܿ݅ݑ݀ × 100 

 

In accordance with the BC Technical Guidance 19 on Contaminated Sites (BC MOE 2005), an RPD value of 
± 35% for values ≥ 5 times the method detection limit (MDL) was used to identify notable differences between 
original and duplicate samples.  Values less than five times the MDL were not included in the RPD calculations 

because analytical variability near the MDL is much higher and does not provide a good measure of precision 
associated with the collection of field samples. 

Appendix VI presents the RPD calculations and values for the field duplicate samples. Field duplicates exhibited 
concentrations similar (i.e., within 35% for values >5 times the MDL) to the original sample for all metals 
analyses.   

Although Technical Guidance 19, does not specify an RPD value for organics analyses, the 35% guideline was 
used as a general indication of duplicate similarity. RPDs for individual PAHs for station 21A ranged from 23% to 

51% and for station 22A ranged from 24% to 68%.  The RPDs for PAHs at these stations are considered 
anomalous given the RPDs for metals which were within the accepted ranges. The variability for PAHs may 
reflect the association of PAHs with coal particles or other debris. 

An examination of the available RPDs indicates that samples were adequately homogenized. High RPDs of a 
few individual parameters are indicative of the presence of an analyte in particulate form, and are not an 

indication of poor homogenization or measurement error when other related compounds demonstrate relatively 
low RPDs. RPDs observed in this study are common for sediment sampling programs, especially for PAHs in 
sediments influenced by the presence of coal particles. Sediment heterogeneity may explain the variability 

between the field duplicate and original sample.  

All laboratory QA/QC measures, including laboratory duplicates, method spikes, method blanks and analysis of 

certified reference material met internal laboratory QA/QC criteria.  

 

3.3 Core Sediment Chemistry 
The core sample data included 20 strata samples taken from five core sample locations from the 
December 2010 sampling event.  All core samples were located inside the Harbour.  Core strata were defined as 

follows: 

 Surface stratum – 0 to 0.3 m; 

 Middle stratum – 0.3 m to 0.7 m; and, 

 Deep stratum – Greater than 0.7 m. 
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3.3.1 Metals  

Sediment metals concentrations in core strata are compiled in Appendix V.  The results of screening against the 
benchmarks for metals are presented in Tables 6, 7 and 8, and summarized as follows. 

 

Surface (0 to 0.3m) 

Several metals exceeded the ISQG and PEL in one or more of the surface sediment samples. However, there 
were no exceedances of the SedQCTS numerical criteria. Cadmium exceeded the Lower Level numerical limit.  A 
summary of the metal exceedances is as follows:   

 Metals that exceeded the ISQG: arsenic, cadmium, copper, mercury and zinc; 

 Metals that exceeded the PEL: zinc; and, 

 Metals that exceeded the Lower Level numerical limit: cadmium. 

 

Middle (0.3m to 0.7m) 

Several metals exceeded the ISQG, PEL and SedQCTS numerical criteria in one or more of the middle strata 

sediment samples.  In addition, cadmium exceeded the Lower Level numerical limit.  A summary of the metal 
exceedances are as follows:   

 Metals that exceeded the ISQG: cadmium, copper, mercury and zinc; 

 Metals that exceeded the PEL: zinc; and, 

 Metals that exceeded the Lower Level numerical limit: cadmium. 

 

Deep (> 0.7m) 

Several metals exceeded the ISQG in one or more of the surface strata sediment samples. However, there were 
no exceedances of the PEL or SedQCTS numerical criteria.  In addition, cadmium exceeded the Lower Level 
numerical limit. A summary of the metal exceedances are as follows:    

 Metals that exceeded the ISQG: arsenic, cadmium, copper and mercury; and, 

 Metals that exceeded the Lower Level numerical limit: cadmium. 
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Table 6:  Surface Stratum Sediment Core Data Screening 

Substance 
Number of 

SurfaceStrata 

Concentration Benchmark (Number of Exceedances) 

Min Max 
CCME 
ISQGa 

CCME PEL b 
BC 

SedQCTS
c 

Lower Level 
Numerical 

Limit d 

Arsenic  5 3.1 16.2 7.24 (3) 41.6 (0) 50 (0) -  

Cadmium  5 
0.3 3.63 0.7 (4) 4.2 (0) 5 (0) 0.6 (4) 

Copper  5 
31.4 82.3 18.7 (5) 108 (0) 130 (0) -  

Lead  5 
13.1 25.7 30.2 (0) 112 (0) 130 (0) -  

Mercury  5 
0.16 0.29 0.13 (5) 0.7 (0) 0.84 (0) 0.75 (0) 

Zinc  5 
61 4920 124 (3) 271 (1) 330 (1) -  

Acenaphthene 5 
0.015 0.31 0.00671 (5) 0.0889 (4) 0.11 (3) -  

Acenaphthylene 5 
0 0 0.00587 (0) 0.128 (0) 0.15 (0) -  

Anthracene 5 
0.052 0.54 0.0469 (5) 0.245 (4) 0.29 (2) -  

Benzo(a)anthracene 5 
0.1 0.62 0.0748 (5) 0.693 (0) 0.83 (0) -  

Benzo(a)pyrene 5 
0.1 0.31 0.0888 (3) 0.763 (0) 0.92 (0) -  

Chrysene 5 
0.11 0.57 0.108 (5) 0.846 (0) 1 (0) -  

Dibenz(a,h)anthracene 5 
0.015 0.05 0.00622 (3) 0.135 (0) 0.16 (0) -  

Fluoranthene 5 
0.25 1.4 0.113 (5) 1.494 (0) 1.8 (0) -  

Fluorene 5 
0.037 0.71 0.0212 (5) 0.144 (4) 0.17 (3) -  

Methylnaphthalene (2-) 5 
0.23 3.8 0.0202 (5) 0.201 (5) -  -  

Naphthalene 5 
0.087 1.8 0.0346 (5) 0.391 (4) 0.47 (4) -  

Phenanthrene 5 
0.22 3.1 0.0867 (5) 0.544 (4) 0.65 (4) -  

Pyrene 5 
0.23 1.6 0.153 (5) 1.398 (1) 1.7 (0) -  

Total PAHs 5 
1.8 15  - -  20 (0) 2.5 (4) 

Notes:  

Concentrations expressed as mg/kg dry weight.  

a - Federal interim sediment quality guideline (ISQG). CCME, 2001. 

b - Federal probable effects level (PEL). CCME, 2001. 

c - Provincial sediment quality criteria for typical contaminated sites (SedQCTS) (Government of British Columbia 2011) 

d - Disposal at Sea Regulations of the Canadian Environmental Protection Act (CEPA), 1999. 

-  No Benchmark 
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Table 7: Middle Stratum Sediment Core Data Screening 

Substance 
Number of 

Middle 
Strata 

Concentration Benchmark (Number of Exceedances) 

Min Max 
CCME 
ISQGa 

CCME PEL b 
BC 

SedQCTS
c 

Lower Level 
Numerical 

Limit d 

Arsenic  5 2.1 10.3 7.24 (2) 41.6 (0) 50 (0) -  

Cadmium  5 
0.27 3.19 0.7 (4) 4.2 (0) 5 (0) 0.6 (4) 

Copper  5 
26 67.9 18.7 (5) 108 (0) 130 (0) -  

Lead  5 
5.4 22.8 30.2 (0) 112 (0) 130 (0) -  

Mercury  5 
0.11 0.31 0.13 (4) 0.7 (0) 0.84 (0) 0.75 (0) 

Zinc  5 
33 2970 124 (2) 271 (1) 330 (1) -  

Acenaphthene 5 
0.008 0.57 0.00671 (5) 0.0889 (3) 0.11 (3) -  

Acenaphthylene 5 
0 0 0.00587 (0) 0.128 (0) 0.15 (0) -  

Anthracene 5 
0.029 1.1 0.0469 (4) 0.245 (3) 0.29 (2) -  

Benzo(a)anthracene 5 
0.052 1.1 0.0748 (3) 0.693 (1) 0.83 (1) -  

Benzo(a)pyrene 5 
0.038 0.36 0.0888 (1) 0.763 (0) 0.92 (0) -  

Chrysene 5 
0.081 1.2 0.108 (3) 0.846 (1) 1 (1) -  

Dibenz(a,h)anthracene 5 
0.008 0.06 0.00622 (3) 0.135 (0) 0.16 (0) -  

Fluoranthene 5 
0.11 1.9 0.113 (4) 1.494 (2) 1.8 (1) -  

Fluorene 5 
0.017 1.5 0.0212 (4) 0.144 (3) 0.17 (3) -  

Methylnaphthalene (2-) 5 
0.063 9.6 0.0202 (5) 0.201 (4) -  -  

Naphthalene 5 
0.04 4.6 0.0346 (5) 0.391 (3) 0.47 (3) -  

Phenanthrene 5 
0.16 7.1 0.0867 (5) 0.544 (3) 0.65 (3) -  

Pyrene 5 
0.1 2.6 0.153 (4) 1.398 (2) 1.7 (1) -  

Total PAHs 5 
1.2 32 -  -  20 (1) 2.5 (3) 

Notes:  

Concentrations expressed as mg/kg dry weight.  

a - Federal interim sediment quality guideline (ISQG). CCME, 2001. 

b - Federal probable effects level (PEL). CCME, 2001. 

c - Provincial sediment quality criteria for typical contaminated sites (SedQCTS) (Government of British Columbia 2011) 

d - Disposal at Sea Regulations of the Canadian Environmental Protection Act (CEPA), 1999. 

-  No Benchmark 
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Table 8:  Deep Stratum Sediment Core Data Screening  

Substance 
Number 
of Deep 
Strata 

Concentration Benchmark (Number of Exceedances) 

Min Max 
CCME 
ISQGa 

CCME PEL b 
BC 

SedQCTS
c 

Lower 
Level 

Numerical 
Limit d 

Arsenic  6 2.3 11.5 7.24 (1) 41.6 (0) 50 (0)  - 

Cadmium  6 
0.06 1.96 0.7 (4) 4.2 (0) 5 (0) 0.6 (4) 

Copper  6 
16.2 82.2 18.7 (4) 108 (0) 130 (0)  - 

Lead  6 
1 19.8 30.2 (0) 112 (0) 130 (0)  - 

Mercury  6 
0.07 0.28 0.13 (4) 0.7 (0) 0.84 (0) 0.75 (0) 

Zinc  6 
23 2880 124 (3) 271 (1) 330 (1)  - 

Acenaphthene 6 
0.008 0.33 0.00671 (5) 0.0889 (3) 0.11 (3)  - 

Acenaphthylene 6 
0 0 0.00587 (0) 0.128 (0) 0.15 (0)  - 

Anthracene 6 
0.011 0.65 0.0469 (4) 0.245 (3) 0.29 (3)  - 

Benzo(a)anthracene 6 
0.001 0.44 0.0748 (4) 0.693 (0) 0.83 (0)  - 

Benzo(a)pyrene 6 
0.008 0.24 0.0888 (2) 0.763 (0) 0.92 (0)  - 

Chrysene 6 
0.002 0.53 0.108 (4) 0.846 (0) 1 (0)  - 

Dibenz(a,h)anthracene 6 
0.04 0.04 0.00622 (2) 0.135 (0) 0.16 (0)  - 

Fluoranthene 6 
0.001 1.3 0.113 (4) 1.494 (0) 1.8 (0)  - 

Fluorene 6 
0.015 0.54 0.0212 (3) 0.144 (2) 0.17 (2)  - 

Methylnaphthalene (2-) 6 
0.005 4.4 0.0202 (5) 0.201 (4)  -  - 

Naphthalene 6 
0.003 2 0.0346 (5) 0.391 (3) 0.47 (3)  - 

Phenanthrene 6 
0.068 2.8 0.0867 (4) 0.544 (4) 0.65 (3)  - 

Pyrene 6 
0.002 0.93 0.153 (4) 1.398 (0) 1.7 (0)  - 

Total PAHs 6 
0.014 12  -  - 20 (0) 2.5 (4) 

Notes:  
Concentrations expressed as mg/kg dry weight.  
a - Federal interim sediment quality guideline (ISQG). CCME, 2001. 
b - Federal probable effects level (PEL). CCME, 2001. 
c - Provincial sediment quality criteria for typical contaminated sites (SedQCTS) (Government of British Columbia 2011) 
d - Disposal at Sea Regulations of the Canadian Environmental Protection Act (CEPA), 1999. 
-  No Benchmark 
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3.3.2 PAHs 

Sediment PAH concentrations for the core strata samples are compiled in Appendix V. The results of screening 
against the benchmarks for PAHs are presented in Tables 6, 7 and 8, and summarized as follows. 

 

Surface (0 to 0.3m) 

Several PAHs exceeded the ISQG, PEL and SedQCTS or Lower Level numerical limit in one or more of the 
surface strata sediment samples. A summary is provided below:  

 PAHs that exceeded the ISQG: acenaphthene, anthracene, benzo(a)anthracene, benzo(a)pyrene, 
chrysene, dibenzo(a,h)anthracene, fluoranthene, fluorene, 2-methylnaphthalene, naphthalene, 
phenanthrene and pyrene; and, 

 PAHs that exceeded the PEL and/or SedQCTS: acenaphthene, anthracene, fluorene,  2-methylnaphthalene, 
naphthalene, phenanthrene and pyrene. 

 Total PAHs exeeded the Lower Level numerical limit in 4 of 5 surface core samples. 

 

Middle (0.3m to 0.7m) 

Several PAHs exceeded the ISQG, PEL and SedQCTS or Lower Level numerical limit in one or more of the 
middle strata sediment samples. A summary is provided below:  

 PAHs that exceeded the ISQG: acenaphthene, anthracene, benzo(a)anthracene, benzo(a)pyrene, 
chrysene, dibenzo(a,h)anthracene, fluoranthene, fluorene, 2-methylnaphthalene, naphthalene, 

phenanthrene and pyrene; and, 

 PAHs that exceeded the PEL and/or SedQCTS: acenaphthene, anthracene, benzo(a)anthracene, chrysene, 

fluoranthene fluorene,  2-methylnaphthalene, naphthalene, phenanthrene and pyrene. 

 Total PAHs exeeded the Lower Level numerical limit in 3 of 5 middle core samples. 

 

Deep (> 0.7m) 

Several PAHs exceeded the ISQG, PEL and SedQCTS or Lower Level numerical limit in one or more of the deep 
strata sediment samples.  A summary is provided below:  

 PAHs that exceeded the ISQG: acenaphthene, acenaphthylene, benzo(a)anthracene, benzo(a)pyrene, 
chrysene, dibenzo(a,h)anthracene, fluoranthene, fluorene, 2-methylnaphthalene, naphthalene, 

phenanthrene and pyrene; and,  

 PAHs that exceeded the PEL and/or SedQCTS: acenaphthene, anthracene, fluorene,  2-methylnaphthalene, 

naphthalene and phenanthrene.  

 Total PAHs exeeded the Lower Level numerical limit in 4 of 6 deep core samples.  
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3.3.3 CCME Petroleum Hydrocarbon Fractions F1-F4 

Concentrations of CCME PHC fractions are compiled in Appendix V.  Descriptions of measurable hydrocarbons 
concentrations are as follows: 

Surface (0 to 0.3m) 

Concentrations of F1 were all below DL. Detected concentrations of F2 ranged from 19 to 160 µg/g, F3 ranged 
from 140 to 680 µg/g, and F4 ranged from 110 to 200 µg/g. 

 

Middle (0.3m to 0.7m) 

Concentrations of F1 were all below DL. Detected concentrations of F2 ranged from 35 to 270 µg/g, F3 ranged 

from 15 to 810 µg/g and F4 ranged from 51 to 180 µg/g; and 

 

Deep (> 0.7m) 

F1 had a single detectable concentration of 16 µg/g. Detected concentrations of F2 ranged from 77 to 170 µg/g, 

F3 ranged from 20 to 870 µg/g and F4 ranged from 62 to 230 µg/g. 

 

3.3.4 Monoaromatic Hydrocarbons (BTEX) 

Concentrations of monoaromatic hydrocarbons (BTEX) were less than analytical detection limits for the majority 
of the collected samples (Appendix V). Descriptions of measurable BTEX concentrations are as follows: 

Surface (0 to 0.3m) 

Ethylbenzene had a single detectable concentration of 0.03 µg/g. Detected concentrations of toluene ranged 

from 0.08 to 0.11 µg/g. Total xylenes had a single detectable concentration of 0.14 µg/g. 

 

Middle (0.3m to 0.7m) 

Ethylbenzene had a single detectable concentration of 0.02 µg/g. Detected concentrations of toluene ranged 

from 0.07 to 0.1 µg/g. Total xylenes had a single detectable concentration of 0.12 µg/g. 

 

Deep (> 0.7m) 

Ethylbenzene had a single detectable concentration of 0.05 µg/g. Detected concentrations of toluene ranged 
from 0.07 to 0.1 µg/g. Total xylenes ranged from 0.05 to 0.35 µg/g. VH6-10 had a single detectable 
concentration of 16 µg/g. 

 

3.3.5 QA/QC Results 

Field duplicates were collected at a rate of 10% of the total number of primary samples.  Each duplicate was 
collected as a split quantity of the same homogenized sediment sample (i.e., after sample homogenization in the 
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field). Field duplicates were collected as part of core stratum subsampling in 2010 at stations 2010-12 and  
2010-13.  The methods used to assess variability between field duplicates was the same as described in 
Section 3.2.8.  

Appendix VI presents the RPD calculations and values for the field duplicate samples. Field duplicates exhibited 
concentrations similar (i.e., within 35% for values > 5 times the MDL) to the original sample with a few 
exceptions:  

 RPDs were less than 20% for all metals, with the exception of barium (RPD = 52%) and cadmium 
(RPD = 39%) for station 2010-12. 

 RPDs for individual PAHs in core 2010-12 ranged from 96% to 100%.  The RPDs for PAHs at this station 
are considered anomalous given the RPDs for metals which were mostly within the accepted ranges.  The 
variability for PAHs may reflect the association of PAHs with coal particles or other debris. 

 

An examination of the available RPDs indicates that samples were adequately homogenized.  High RPDs of a 
few individual parameters are indicative of the presence of an analyte in particulate form, and are not an 
indication of poor homogenization or measurement error when other related compounds demonstrate relatively 
low RPDs. RPDs observed in this study are common for sediment sampling programs, especially for PAHs in 
sediments influenced by the presence of coal particles.  Sediment heterogeneity may explain the variability 
between the field duplicate and original sample.  

All laboratory QA/QC measures, including laboratory duplicates, method spikes, method blanks and analysis of 
certified reference material met internal QA/QC criteria.  

 

3.4 Sediment Toxicity  

This section summarizes the results of laboratory toxicity testing of sediment samples collected in 2009 and 
2010. The results of toxicity testing were were evaluated with respect to the following benchmark:  

 A level representing a modest (20 to 30%) reduction in endpoint performance versus the negative control. 
Normally, a 20% effect level is considered to represent an ecologically-relevant effect on the class of 
organisms represented by the test species. However, this value was varied to be consistent with the 
Disposal at Sea Upper Level “Failure” criteria which include a 20% or 30% reduction in amphipod survival 
relative to a reference or control sediment, respectively, and, a 25% reduction in echinoderm fertilization 
between the test sediment and control water.  There are no Disposal at Sea Upper Level “Failure” criteria 
for the polychaete test and a 20% threshold was applied for evaluating the results of this test. 

 

These benchmarks were applied to determine when the result of a toxicity test with amphipods, polychaetes, or 
echinoderm fertilization indicated that the sample was “toxic” with respect to the given test species and endpoint, 
to support interpretation of these data within the context of the Disposal at Sea Regulation.  Microtox test results 
were evaluated according to the guidelines provided by Buday (2000).  
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3.4.1 10-d Amphipod Survival  

Two 10-day amphipod Eohaustorius estuarius tests were initiated on November 13 and 20, 2009. 

 

November 13, 2009 

Results for the 10-d E. estuarius toxicity test initiated on November 13, 2009 are summarized in Tables 9 and 

10, and the Cantest laboratory report for 2009 toxicity testing is presented in Appendix II. 

Survival Endpoint Performance: Mean survival in the negative control was 98%. Overall mean survival in the 

samples ranged from 69 to 99%. All stations, with the exception of one, exhibited survival within 20% of control 
responses. For station 1A, a statistically significant reduction of 30% relative to the control and 26% relative to 
the Regional Reference station (37R) was observed for survival. No stations exhibited reductions in survival by 

more than 50% relative to the mean control response or the Regional Reference response. 

Ammonia: Total ammonia concentrations in overlying water ranged from 0.16 to 10.2 mg/L N (0.009 to 

0.06 mg/L unionized ammonia) on Day 0, and from 0.22 to 11 mg/L N (0.029 to 0.26 mg/L unionized ammonia) 
on Day 10. Measured total ammonia concentrations were below the recommended limit of 60 mg/L N for this 
species (USEPA/USACE, 1998).  

Sulphide: The reported interstitial water sulphide concentrations were below detection limits (0.05 mg/L) for all 
stations, with the exception of one. Station 21A had the only recorded (greater than detect) sulphide 

concentration observed in the toxicity tests at 24.4 mg/L.   

 

November 20, 2009 

Results for the 10-d E. estuarius toxicity test initiated on November 20, 2009 are summarized in Tables 11 and 
12, and the Cantest laboratory report for 2009 toxicity testing is presented in Appendix II. 

Survival Endpoint Performance: Mean survival in the negative control was 99%. Overall mean survival in the 
samples ranged from 73 to 99%. All stations, with the exception of one, exhibited survival within 20% of control 
responses. For station 33A, survival was reduced by 26% relative to both the control and the Regional 

Reference station (38R). No stations exhibited reductions in survival by more than 50% relative to the mean 
response in the control or the Regional Reference station. 

Ammonia: Total ammonia concentrations in overlying water ranged from 0.1 to 2.51 mg/L N (0.007 to 0.03 mg/L 
unionized ammonia) on Day 0, and from 0.23 to 6.48 mg/L N (0.027 to 0.10 mg/L unionized ammonia) on Day 
10. Measured total ammonia concentrations were below the recommended limit of 60 mg/L N for this species 

(USEPA/USACE, 1998).  

Sulphide: The reported interstitial water sulphide concentrations were below detection limits (0.05 mg/L) for all 

stations tested.  
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Table 9:  Results for the Mean Survival Comparisons in the 10-d Acute Amphipod (Eohaustorius) Test 
(Initiated November 13, 2009) 

Station Mean Survival ± SD (%) 
Survival Relative to 

Control (%) 
Survival Relative to 

Regional Reference (%) 

Control 98.0 ± 4.5 - - 

1A 69.0 ± 15.6* 70% 74% 

3A 91.0 ± 2.2* 93% 98% 

8A 92.0 ± 2.7* 94% 99% 

10A 92.0 ± 4.5* 94% 99% 

21A 88.0 ± 5.7* 90% 95% 

23A 91.0 ± 9.6 93% 98% 

26A 96.0 ± 2.2 98% 103% 

30A 95.0 ± 3.5 97% 102% 

35A 91.0 ± 5.5* 93% 98% 

37R 93.0 ± 5.7 95% - 
Asterisk and numerical notations indicate that there is a statistically significant effect in the sample mean as compared to the negative control 
(*). 
 
Table 10:  Summary of Un-ionized Ammonia and Sulphide in the 10-d Acute Amphipod (Eohaustorius) 
Test (initiated November 13, 2009) 

Station 
ID 

pH 

Total Ammonia-Nitrogen  
(mg/L) 

Un-ionized Ammonia (mg/L) Sulphide 
(mg/L) 

Day 0 Day 10 Day 0 Day 10 

Control 7.65 0.16 0.22 0.0016 0.0021 < 0.05 

1A 7.85 0.77 2.68 0.009 0.0397 < 0.05 

3A 8.05 4.18 11 0.0613 0.258 < 0.05 

8A 7.85 1.1 3.16 0.0137 0.0475 < 0.05 

10A 7.85 0.82 1.92 0.0099 0.0287 < 0.05 

21A 8.15 10.2 2.62 0.0119 0.0769 24.4 

23A 7.85 0.95 2.32 0.0143 0.0344 < 0.05 

26A 7.85 2.22 5.36 0.033 0.1011 < 0.05 

30A 7.95 2.16 6.05 0.0256 0.1124 < 0.05 

35A 7.85 0.97 3.81 0.0144 0.0703 < 0.05 

37R 7.75 0.54 1.49 0.0067 0.0176 < 0.05 
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Table 11: Results for the Mean Survival Comparisons in the 10-d Acute Amphipod Test (initiated 
November 20, 2009) 

Station Mean Survival ± SD (%) 
Survival Relative to 

Control (%) 
Survival Relative to 

Regional Reference (%) 

Control 99.0 ± 2.2 - - 

2A 95.0 ± 6.1 96% 96% 

6A 93.0 ± 2.7* 94% 94% 

12A 80.0 ± 44.7 81% 81% 

15A 98.0 ± 2.7 99% 99% 

22A 95.0 ± 3.5* 96% 96% 

24A 96.0 ± 6.5 97% 97% 

28A 98.0 ± 2.7 99% 99% 

33A 73.0 ± 37.3 74% 74% 

38R 99.0 ± 2.2 100% 100% 
Asterisk and numerical notations indicate that there is a statistically significant effect in the sample mean as compared to the negative control 
(*). 

 

Table 12:  Summary of Un-ionized Ammonia in the 10 Day Acute Amphipod Test 
(initiated November 20, 2009) 

Station 
ID 

pH 

Total Ammonia-Nitrogen  
(mg/L) 

Un-ionized Ammonia1 (mg/L) Sulphide 
(mg/L) 

Day 0 Day 10 Day 0 Day 10 

Control 7.65 0.1 0.23 0.001 0.003 <0.05 

2A 7.75 2.51 6.48 0.0299 0.1004 <0.05 

6A 7.75 1.01 2.31 0.0123 0.0353 <0.05 

12A 7.75 1.09 3.58 0.013 0.0547 <0.05 

15A 7.75 1.3 3.47 0.0156 0.0526 <0.05 

22A 7.75 0.62 1.41 0.0073 0.0268 <0.05 

24A 7.85 0.93 2.38 0.0141 0.0459 <0.05 

28A 7.85 1.52 3.48 0.0232 0.0666 <0.05 

33A 7.85 1.28 4.07 0.0193 0.0774 <0.05 

38R 7.85 0.69 1.8 0.0103 0.0342 <0.05 
1 Refer to the Cantest Laboratory Report in Appendix II for calculation of un-ionized ammonia concentrations.  
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3.4.2 20-d Polychaete Survival and Growth 

The 20-d Neanthes arenaceodentata (polychaete) growth and survival tests were initiated on 
November 20, 2009.  The test results are summarized in Tables 13 and 14, and the Cantest laboratory report for 
2009 toxicity testing is presented in Appendix II. 

Survival Endpoint Performance: Mean survival in the negative control was 100%. Overall mean survival in the 
samples ranged from 84 to 100%. All stations exhibited survival within 20% reduction of control responses. 

Growth Endpoint Performance: Mean individual dry weight and growth rate in the negative control were 
1.28 mg and 0.60 mg/day, respectively.  Two stations exhibited an individual dry weight and growth rate 

reduction exceeding 20% relative to the control responses.  For station 6A, individual dry weight was reduced by 
22% and growth rate was reduced by 23% relative to control. For station 33A, individual dry weight was reduced 
by 30% and growth rate was reduced by 32% relative to control. No stations exhibited reductions in individual 

dry weight or growth rate by more than 50% relative to the mean control response.  The > 20% decreases in 
weight and growth observed for 6A and 33A were not statistically significant at an alpha level of 0.05.  

Ammonia: Total ammonia concentrations in overlying water ranged from 0.7 to 2.46 mg/L N (0.013 to 
0.063 mg/L unionized ammonia) on Day 0, and from 7.94 to 11.3 mg/L N (0.025 to 0.20 mg/L unionized 
ammonia) on Day 20. Dillon et al. (1993) found that Neanthes survival and growth were unaffected at 10 mg/L N. 

Total ammonia concentrations exceeded this level on Day 20 for Stations 2A and 38R but survival, weight and 
growth were similar (within 20%) to control values for these samples.   

Sulphide: The reported interstitial water sulphide concentrations were below detection limits (0.05 mg/L) for all 
stations tested. 

  



 

MARINE SEDIMENT INVESTIGATION AND MANAGEMENT 
OPTIONS ASSESSMENT, LADYSMITH HARBOUR 

 

December 21, 2011 
Report No. 09-1436-5008/5000 45 

 

Table 13: Results for the Mean Survival, Mean Individual Dry Weight, and Mean Growth Rate 
Comparisons for the 20-d Neanthes (Polychaete) Test 

Station 

Mean 

Survival ± 
SD (%) 

Relative 
Survival 

Mean Ind. 

Dry Weight ± 
SD (mg) 

Relative Ind. 
Dry Weight 

Mean Growth 

Rate ± SD 
(mg/day) 

Relative 
Growth Rate 

Control 100 ± 0.0 - 12.8 ± 3.5 - 0.60 ± 0.17 - 

2A 96.0 ± 8.9 96% 12.7 ± 4.0 99% 0.59 ± 0.20 98% 

6A 84.0 ± 26.1 84% 10.0 ± 3.0 78% 0.46 ± 0.15 77% 

12A 100 ± 0.0 100% 13.3 ± 2.7 104% 0.62 ± 0.14 103% 

15A 100 ± 0.0 100% 12.0 ± 2.9 94% 0.56 ± 0.14 93% 

22A 100 ± 0.0 100% 12.5 ± 1.4 98% 0.58 ± 0.07 97% 

24A 100 ± 0.0 100% 10.9 ± 3.5 85% 0.50 ± 0.17 83% 

28A 100 ± 0.0 100% 11.5 ± 2.7 90% 0.53 ± 0.14 88% 

33A 100 ± 0.0 100% 9.0 ± 3.9 70% 0.41 ± 0.19 68% 

38R 100 ± 0.0 100% 10.4 ± 2.8 81% 0.48 ± 0.14 80% 

 

Table 14: Summary of Un-ionized Ammonia in the 20-d Neanthes (Polychaete) Test 

Station 
ID 

pH 

Total Ammonia-Nitrogen  
(mg/L) 

Un-ionized Ammonia1 (mg/L) Sulphide 
(mg/L) 

Day 0 Day 20 Day 0 Day 20 

Control 7.85 2.46 8.53 0.0505 0.0777 <0.05 

2A 7.95 2.45 11.3 0.0625 0.02549 <0.05 

6A 7.95 0.84 9.8 0.0214 0.1736 <0.05 

12A 7.85 1.17 8.84 0.0243 0.1591 <0.05 

15A 7.85 1.14 8.62 0.0236 0.1552 <0.05 

22A 7.85 0.66 8.3 0.0134 0.1181 <0.05 

24A 7.95 0.85 7.94 0.0219 0.145 <0.05 

28A 7.95 1.32 9.04 0.0337 0.199 <0.05 

33A 7.95 1.28 9.1 0.0338 0.1648 <0.05 

38R 7.95 0.7 10.5 0.0178 0.186 <0.05 
1   Refer to the Cantest Laboratory Report in Appendix II for calculation of un-ionized ammonia concentrations. 
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3.4.3 Echinoderm Fertilization 

Echinoderm fertilization tests with centrifuged porewater were initiated on November 19, 2009.  Results are 
summarized in Tables 15 and 16, and the Cantest laboratory report for 2009 toxicity testing is presented in 
Appendix II.  

Percent Fertilization: Mean fertilization in the negative control was 94%. Overall fertilization success in the 
samples ranged from 1 to 95%. Three stations (2A, 24A and 33A) exhibited mean fertilization response within 

25% of control responses. Reductions in mean fertilization exceeding 25% relative to the mean control response 
were found for stations 6A, 12A, 15A, 22A 28A and 38R, and for each of these stations except 6A, fertilization 
was reducted by 90% or higher relative to the control.  

Ammonia: Ammonia concentrations in tested porewater water ranged from 1.8 to 32.8 mg/L N (0.006 to 
0.41 mg/L unionized ammonia). Bailey et al. (1995) determined an ammonia no observed effect concentration 

(NOEC) and 25% inhibition concentration (IC25) for S. purpuratus of 10 mg/L N (0.17 mg/L unionized ammonia) 
and > 100 mg/L N (> 1.69 mg/L unionized ammonia). The porewater ammonia concentrations (both total and un-
ionized ammonia) ranged above the NOEC values, but were below the IC25 values; furthermore, there was no 

clear pattern of increasing ammonia concentrations leading to decreased fertilization success.   

Sulphide: The reported porewater water sulphide concentrations were below detection limits (0.05 mg/L) for all 

stations tested. 

Table 15:  Results for Mean Fertilization Comparisons for the Echinoderm Fertilization Test 

Station Mean Fertilization ± SD (%) Fertilization Relative to Control 

Control 94.0 ± 5 - 

2A 84.0 ± 4* 89% 

6A 45.0 ± 14* 48% 

12A 2.00 ± 2* 2% 

15A 4.00 ± 4* 4% 

22A 2.00 ± 1* 2% 

24A 93.0 ± 7 99% 

28A 1.00 ± 0* 1% 

33A 95.0 ± 3 101% 

38R 8.00 ± 4* 9% 

Asterisk and numerical notations indicate that there is a statistically significant effect in the sample mean as compared to the negative control 
(*). 
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Table 16: Summary of Un-ionized Ammonia and Sulphide in the Echinoderm Fertilization Test 

Station pH 

Total Ammonia-
Nitrogen (mg/L) 

Un-ionized Ammonia1 
(mg/L) Sulphide (mg/L) 

Day 0 Day 0 

2A 7.55 32.8 0.269 < 0.05 

6A 7.35 8.1 0.408 < 0.05 

12A 7.45 12 0.0777 < 0.05 

15A 7.15 1.8 0.0059 < 0.05 

22A 7.15 4.97 0.0164 < 0.05 

24A 7.45 9.3 0.0598 < 0.05 

28A 7.35 14.2 0.0714 < 0.05 

33A 7.55 10.1 0.0816 < 0.05 

38R 7.15 6.79 0.021 < 0.05 

1  Refer to the Cantest Laboratory Report in Appendix II for calculation of un-ionized ammonia concentrations. 

 

3.4.4 Solid Phase Microtox 

The Solid Phase Microtox test using Vibrio fischeri was conducted on November 26, 2009.  Test results were 
interpreted according to the guidelines provided by Buday (2000), summarized in Table 17.  Test results are 

summarized in Table 18.  The Cantest laboratory report for 2009 toxicity testing is presented in Appendix II. 

 

Table 17:  Interpretation of Solid Phase Microtox® Test Results (per Buday 2000) 

IC50 (mg/L) Level of Toxicity 

>5,000 Practically non-toxic 

1,000-5,000 Marginally toxic 

<1000 Toxic 

 

IC50 Endpoint Performance: The IC50 values for the tested sediment samples exceeded 5,000 mg/L in all 

cases and ranged from 16,616 mg/L to 251,659 mg/L (note that the lower 95% confidence intervals of the mean 
for each sample also exceeded 5,000 mg/L). These findings indicate that all samples were practically non-toxic 
to Vibrio fischeri. 
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Table 18:  Thirty-minute IC50 Values for Ladysmith Harbour Marine Sediment (mg/L) 

Station 
Dry Weight IC50 

Mean Lower 95% CI Upper 95% CI 

2A 26,990 24,345 29,927 

6A 196,478 54,405 709,550 

12A 16,616 9,423 29,286 

15A 33,143 30,028 36,598 

22A 25,152 13,880 45,591 

24A 224,972 73,367 689,717 

28A 68,450 35,807 130,876 

33A 104,340 74,447 146,390 

38R 251,659 80,844 783,600 

 
3.4.5 Echinoderm Toxicity Identification Evaluation 

3.4.5.1 Tier One 

Echinoderm fertilization tests were initiated on 6 sediment samples on December 21, 2010.  The results are 
summarized in Table 19 and Table 20. The Maxxam laboratory report for the December 2010 testing is 
presented in Appendix II. 

 
Echinoderm Test Results 

Percent Fertilization: Mean fertilization in the negative control was 97%. Overall fertilization survival in the 
samples ranged from 1 to 97%.  One station (2010-13) exhibited mean fertilization response within 20% 
reduction of control responses. The remaining five stations (2010-07, 2010-08, 2010-09, 2010-10 and 2010-11) 
exhibited considerable (63-99%) reductions in mean fertilization relative to the mean control. 

Table 19:  Results for Mean Fertilization Comparisons for the Echinoderm Fertilization Test 

Station Sample ID Mean Fertilization ± SD (%) Fertilization Relative to Control 

Control - 97 ± 2 - 

2010-10 0086-01 16 ± 4* 16% 

2010-11 0086-02 10 ± 5* 10% 

2010-13 0086-03 97 ± 1 100% 

2010-09 0086-04 1 ± 1* 1% 

2010-08 0086-05 36 ± 5* 37% 

2010-07 0086-06 1 ± 1* 1% 

Asterisk and numerical notations indicate that there is a statistically significant effect in the sample mean as compared to the negative control 
(*). 
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Table 20: Summary of Un-ionized Ammonia and Sulphide in the Echinoderm Fertilization Test 

Station 
Laboratory 
Sample ID 

pH 
Total 

Ammonia-
Nitrogen (mg/L)

Un-ionized 
Ammonia1 

(mg/L) 

Sulphide 
(mg/L) 

TSS (mg/L) 

2010-10 0086-01 7.35 3 0.0140 2.9 86 

2010-11 0086-02 7.25 2.7 0.0098 3.5 110 

2010-13 0086-03 7.35 2.4 0.0113 0.015 120 

2010-09 0086-04 7.25 4.4 0.0184 19.4 77 

2010-08 0086-05 7.25 2.8 0.0107 1.11 92 

2010-07 0086-06 7.35 5.4 0.0248 22.2 76 

1  Refer to the Maxxam Laboratory Report in Appendix II for calculation of un-ionized ammonia concentrations. 

 

Porewater Chemistry 

Ammonia: Total ammonia concentrations observed during Tier One testing are presented in Table 20.  
Ammonia concentrations in tested porewater ranged from 2.4 to 5.4 mg/L N (0.01 to 0.025 mg/L unionized 
ammonia). These values are below the NOEC (10 mg/L N; 0.17 mg/L unionized ammonia) determined by Bailey 

et al. (1995) suggesting that ammonia was not a confounding influence on the test results.  

Sulphide: Sulphide concentrations observed during Tier One testing are presented in Table 20.  Sulphide 

concentrations in tested porewater ranged from 0.015 mg/L to 22.2 mg/L. Knezovich et al. (1996) reported a 
EC50 of 0.19 mg/L sulphide for abnormal development of S. purpuratus.  Although the endpoint is different 
(normal development versus fertilization success), this EC50 provides an approximation of the concentration at 

which porewater sulphide concentrations begin to become toxic to S. purpuratus embryos. Sulphide 
concentrations exceeded the EC50 for five of the six stations tested, and at these stations fertilization success 
was statistically significantly lower than the control response. The remaining station (2010-13) had a sulphide 

concentration less than the EC50 and fertilization success similar to that in the control. The potential influence of 
sulphide on the observed toxicity is discussed further in Section 4.3.  

TSS: Total suspended sediment concentrations (TSS) observed during Tier One testing are presented in  
Table 20. The TSS concentrations in tested porewater ranged from 76 to 120 mg/L. Increased TSS did not 
appear to exert a negative influence on echinoderm responses, as the lowest fertilization success (i.e., highest 

toxicity) was observed in the two samples with the lowest TSS concentrations. The possible influence of TSS on 
observed echinoderm responses is discussed further in Section 4.3. 

Dissolved Metals: Dissolved metals concentrations observed during Tier One testing are presented in 
Appendix V. The possible influence of individual dissolved metal concentrations on observed echinoderm 
responses is discussed further in Section 4.3. 
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3.4.5.2 Tier Two 

Follow-up echinoderm fertilization tests of sediment porewater from three of the six Tier 1 stations (2010-11, 
2010-09 and 2010-07) were conducted on February 22, 2011. To yield information on the suspected toxicants, 
sulphide and EDTA amendments were performed on the samples prior to testing (Section 2.3.3.5). Un-amended 

samples were also tested. Test results are summarized in Table 21, Table 22, and Table 23. The Maxxam 
laboratory report for Tier 2 testing is presented in Appendix II. 

 

Sulphide Amendment Echinoderm Test Results 

Percent Fertilization: Mean fertilization success in the negative controls ranged from 66% to 96%. In the un-
amended samples, mean fertilization success was higher in 2010-11 (93%) than in the corresponding control, 
but considerably lower in 2010-09 (2%) and 2010-07 (0%), relative to the corresponding controls.  For the 

sulphide-amended samples, the amended sample for 2010-11 exhibited similar fertilization success (95%) to the 
un-amended sample. In contrast, the sulphide-amended samples for 2010-09 and 2010-07 exhibited no 
evidence of the toxicity that was present in un-amended samples, with fertilization success of 97% and 98%, 

respectively.  

 

Table 21: Results for Mean Fertilization Comparisons for the Sulphide Amended Echinoderm 
Fertilization Test 

Station Laboratory Sample ID 
Mean Fertilization ± SD 

(%) 
Fertilization Relative to 

Control 

Control - 66 ± 2 - 

2010-11 
0086-02 (Un-amended) 93 ± 4 140% 

0086-02 (Sulphide-amended) 95 ± 2 144% 

Control - 90 ± 4 - 

2010-09 
0086-04 (Un-amended) 2 ± 2 2% 

0086-04 (Sulphide-amended) 97 ± 3 107% 

Control - 96 ± 2 - 

2010-07 
0086-06 (Un-amended) 0 ± 1 0% 

0086-06 (Sulphide-amended) 98 ± 1* 102% 

Asterisk and numerical notations indicate that there is a statistically significant effect in the sample mean as compared to the negative control 
(*). 
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Table 22: Summary of Un-ionized Ammonia and Sulphide in the Sulphide Amended Echinoderm Fertilization 
Test 

Station Laboratory Sample ID 

pH Total 
Ammonia-
Nitrogen 
(mg/L) 

Un-ionized 
Ammonia1 

(mg/L) 

Sulphide 
(mg/L) 

TSS 

2010-11 
0086-02 (Un-amended) 7.35 11 0.0506 12.2 53 

0086-02 (Sulphide-amended) 7.55 8.9 0.0648 0.022 83 

2010-09 
0086-04 (Un-amended) 7.45 10 0.0579 34 88 

0086-04 (Sulphide-amended) 7.75 7.8 0.0904 0.028 87 

2010-07 
0086-06 (Un-amended) 7.35 9.1 0.0473 27 100 

0086-06 (Sulphide-amended) 7.65 6.6 0.0681 0.026 66 

1  Refer to the Maxxam Laboratory Report in Appendix II for calculation of un-ionized ammonia concentrations. 

 

Table 23: Results for Mean Fertilization Comparisons for the EDTA Amended Echinoderm Fertilization Test 

Station Laboratory Sample ID 
Mean Fertilization ± SD 

(%) 
Fertilization Relative to 

Control 

Control - 66 ± 2 - 

2010-11 

0086-02 (Un-amended)1 93 ± 4 140% 

0086-02 EDTA 0.8 g/L 93 ± 3 140% 

0086-02 EDTA 1.6 g/L 4 ± 2* 60% 

0086-02 EDTA 2.4 g/L 0 ± 0* 0% 

Control - 90 ± 4 - 

2010-09 

0086-04 (Un-amended)1 2 ± 2 2% 

0086-04 EDTA 0.8 g/L 10 ± 2 11% 

0086-04 EDTA 1.6 g/L 1 ± 1* 1% 

0086-04 EDTA 2.4 g/L 0 ± 0* 0% 

Control - 96 ± 2 - 

2010-07 

0086-06 (Un-amended)1 0 ± 1 0% 

0086-06 EDTA 0.8 g/L 17 ± 2* 18% 

0086-06 EDTA 1.6 g/L 4 ± 1* 4% 

0086-06 EDTA 2.4 g/L 0 ± 0 0% 
Asterisk and numerical notations indicate that there is a statistically significant effect in the sample mean as compared to the negative control 
(*). 
1 – same sample as in Table 21.  
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EDTA Amendment Echinoderm Test Results 

Percent Fertilization: Mean fertilization success in the negative controls and the un-amended samples was the 

same as reported for the sulphide amendment testing (the tests were run concurrently and only one set of 
controls and un-amended samples was run).  For sample 2010-11, mean fertilization success at 0.8 g/L EDTA 
(93%) was similar to that in the unadjusted sample and higher than in the control. At higher EDTA treatment 

levels, a marked decrease in fertilization success was observed, with mean fertilization of 4% at 1.6 g/L EDTA 
and 0% at 2.4 g/L EDTA. For samples 2010-09 and 2010-07, mean fertilization success at 0.8 g/L EDTA was 
moderately higher (10% and 17%, respectively) than in the un-amended samples but still well below the mean 

control responses. At higher EDTA treatment levels, mean fertilization success was similar to that in the un-
amended samples, and well below the mean control responses.  

 

Porewater Chemistry 

Ammonia: Total ammonia concentrations observed during Tier Two testing are presented in Table 22.  
Ammonia concentrations in the amended and un-amended samples ranged from 6.6 to 11 mg/L N (0.065 to 0.09 

mg/L unionized ammonia).  With one exception, these values are below the NOEC (10 mg/L N; 0.17 mg/L 
unionized ammonia) determined by Bailey et al. (1995) suggesting that ammonia was not a confounding 
influence on the test results. For the one sample with 11 mg/L N (2010-11, un-amended), fertilization success 

was similar to the control. 

Sulphide: Sulphide concentrations observed during Tier Two testing are presented in Table 22. Sulphide 

concentrations in the un-amended samples ranged from 12.2 to 34 mg/L, and following sulphide amendment 
ranged from 0.022 mg/L to 0.028 mg/L, showing a marked decrease in sulphide concentrations in all samples as 
a result of the amendment procedure.  Sulphide amendment reduced sulphide concentrations from well above 

the S. purpuratus EC50 to well below it. For two samples (2010-09 and 2010-07), this coincided with a large 
increase in fertilization success. The potential influence of sulphide on the observed toxicity is discussed further 
in Section 4.3. 

Ammonia and Sulphide: No samples were taken from the EDTA adjusted samples for sulphide analysis. The 
ammonia and sulphide results for the un-amended samples were the same as reported for the sulphide 

amendment testing.  

TSS: Total suspended sediment concentrations (TSS) observed during Tier Two testing are presented in 

Table 22. The TSS concentrations in tested porewater ranged from 53 to 100 mg/L. There did not appear to be 
any clear relationship of observed toxicity with TSS concentration. The possible influence of TSS on echinoderm 
responses is examined further in Section 4.3.  

Dissolved Metals: Dissolved metals concentrations observed during Tier Two testing are presented in 
Appendix V. The possible influence of individual dissolved metal concentrations on echinoderm responses is 

examined further in Section 4.3. 
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3.4.6 QA/QC Results 

Sediment samples used for November 2009 testing were received at Cantest in Burnaby in good condition on 
October 22, 2009.  The samples used for December 2010 and February 2011 testing were received at Maxxam 
in Burnaby in good condition on December 17, 2010.  All sediments were stored at 4°C and following sediment 

handling and use, any headspace in the jars and pails was replaced with nitrogen gas prior to re-sealing the pail. 

The test results were evaluated based on the performance of negative controls, reference toxicant tests, and 

compliance with the specified testing conditions (e.g., maintenance of water quality, no unusual observations 
during testing). Water quality measurements throughout tests (e.g., dissolved oxygen, pH, salinity and 
temperature) were within acceptable ranges. All tests met their test acceptability criteria for negative control 

performance such that the tests are considered valid; and, testing conditions were also acceptable. 

Reference toxicant results were acceptable with one exception. The echinoderm reference toxicant test 

conducted as part of the Tier 2 TIE testing was more toxic than expected based on past performance. However, 
this result did not invalidate that Tier 2 testing because control survival and test conditions for all Tier 2 testing 
met the validity criteria. 

Following Tier 1 echinoderm testing in support of the TIE, it became apparent that the porewater sulphide 
measurements made as part of the November 2009 testing were considerably lower than those measured in 

porewater extracted for the Tier 1 testing. An inquiry was made with Maxxam as to possible issues with the 2009 
sulphide analyses. Maxxam did not identify any issues with the preservation of the samples based on internal 
laboratory notes but did acknowledge that large number of non-detect results (all but one sulphide determination 

was below the detection limit of 0.05 mg/L) was unusual given that a sulphide odour was noticed in all of the 
porewater samples analyzed in 2009. Based on this observation, Maxxam acknowledged that the results were 
anomalous and recommended relying on the 2010 and 2011 results when evaluating potential sulphide toxicity 

in the echinoderm test (Jeremy Keating, Maxxam, personal communication).  

For interpreting the TIE results in Section 4.3, we relied primarily on sulphide-toxicity relationships for the 2010 

echinoderm TIE testing only.  
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4.0 INTEGRATION OF FINDINGS 
In this section, the findings of the sediment chemistry and toxicity investigations are integrated to achieve the 
tasks listed in Section 1.4. The main topics covered include:   

1) Characterization of sediment contamination: Sediment chemistry data from surface sampling and core 
sampling, are integrated to provide a summary of the spatial and vertical extent of sediment contamination 

and contaminant concentrations are compared to sediment benchmarks to provide an indication of the 
degree of contamination. The results of toxicity testing at specific stations are also presented spatially, as is 
the coal content of sediments. Contaminant co-occurrence with coal is examined to characterize the degree 

to which coal may be contributing contaminants to Harbour sediments.  

2) Bioavailability assessment: The results of sediment and sediment porewater toxicity testing are 

combined with indicators of contaminant exposure including metals and PAH concentrations, PAH 
bioavailability (as indicated by the sediment passive sampler results, and associations with coal content), 
and metals bioavailability (as indicated by SEM/AVS ratios). The resulting relationships between exposure 

and toxicity provide indications of possible causes of toxicity to test organisms.  

3) Echinoderm fertilization TIE: The findings of the echinoderm fertilization TIE are examined to determine 

the potential toxicant to echinoderm fertilization in sediment porewater. Key uncertainties in the TIE 
findings, and implications for decision making are also discussed.  

4) Evaluation of sediment management options: Study findings are summarized and integrated to draw 
conclusions regarding the potential viability of two sediment management options: (i) Disposal at Sea in the 
event that sediments need to be dredged and disposed of; and (ii), sediment risk assessment, where the 

desired option was to leave sediments in place. 

 

Note that the integration of findings relied on the results of the 2009 and 2010 sediment investigations only. 
Given the potential temporal variability in an active harbour due to ongoing contaminant sources, and 

anthropogenic and natural contaminant redistribution process, it was expected that current sediment conditions 
could be different than those observed historically. The historical data were used to guide design of the 2009 and 
2010 investigations.  

 

4.1 Characterization of Sediment Contamination 
4.1.1 Spatial Extent of Contamination 

Exceedances of applicable benchmarks for metals and PAHs were observed at sampling locations throughout 

Ladysmith Harbour. Sediment chemistry results were compared to the ISQG, PEL and SedQCTS to indicate 
areas of potential contamination according to federal or provincial regulatory frameworks. The Lower Level 
numerical limits of the Disposal at Sea Regulation were also considered relevant for future sediment 

management decisions. The spatial distribution of exceedances of these benchmarks is discussed in the 
following sections. 
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4.1.1.1 Metals 

Figure 2 illustrates the distribution of surface stations at which sediment metals concentrations exceeded 
applicable benchmarks.  The colour of the symbols indicates if there was an exceedance of either the Lower 
Level numerical limit (Blue) or SedQCTS (Red). 

Exceedance of the Lower Level numerical limit for cadmium was widespread throughout the harbour. Further 
spatial characterization of cadmium concentrations (Figure 3) indicates that the zone of highest concentration 

(3.0 to 4.2 mg/kg) centers between the waterlots that make up the Harbour, with the majority of this zone located 
in D.L. 651. Although the PEL and SedQCTS for cadmium are not exceeded at any stations, the ISQG and Lower 
Level numerical limit are exceeded over most of the harbour.  Although identification of cadmium sources was 

not pursued as part of this study, it is well known that cadmium can be elevated in marine sediments in many 
places in British Columbia.  It is believed that such cadmium reflects geological background.  

There were two exceedances of the SedQCTS for copper in the lot titled “Block C” (Figure 2).  Examination of the 
air photos underlying Figure 2 suggests that this area corresponds with a former/current marina facility. Further 
spatial characterization of copper concentrations (Figure 4) confirms the “Block C” hotspots where the PEL and 

the SedQCTS are exceeded.. Outside of these areas, copper concentrations were also elevated above the ISQG 
over most of the harbour.  

Several other metals (arsenic, cadmium, copper, lead, mercury and zinc) also exceeded the ISQG, but not the 
PEL or SedQCTS at multiple stations.  These exceedances were considered consistent with a low level of 
contamination expected in an operating harbour and spatial analysis was not conducted for these metals.  

 

4.1.1.2 PAHs 

Concentrations of PAHs exceeding the ISQG, PEL and SedQCTS were observed for one or more PAHs at each 

of the sediment samples collected from the study area.  Total PAH concentrations exceeded the Lower Level 
numerical limit (but not the SedQCTS) at multiple stations.  Figure 5 presents the stations for which total PAH 
exceeded the Lower Level numerical limit (blue dots) and for which both total PAH exceeded the Lower Level 

numerical limit and individual PAH exceeded the SedQCTS. (red dots).  Figure 6 presents contours of total PAH 
concentrations across the harbour.  

Total PAH concentrations were highest in the vicinity of Slack Point, exceeding the Lower Level numerical limit 
at all stations in this area.  At each of these stations at least one individual PAH also exceeded the SedQCTS. 

PAH concentrations were generally lower in areas distal to Slack Point with fewer stations having exceedances 

of the SedQCTS for individual PAHs and exceedances of the Lower Level numerical limit for total PAHs scattered 
across the waterlots. Outside the waterlots (Stations 27A to 30A), total PAH concentrations were below the 
Lower Level numerical limit and individual PAH concentrations did not exceed the SedQCTS.  

Comparison to the SedQCTS was used to indicate the level of contamination for individual PAHs. Acenaphthene, 
anthracene and phenanthrene were the PAH congeners that exceeded the SedQCTS. by the greatest amount. Of 

these, phenanthrene concentrations were the highest relative to the SedQCTS for most stations, with a measured 
concentration 6.9-fold higher than the SedQCTS at Station 19A.  
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4.1.1.3 Coal Content 

Petrographic analysis was used to determine the percentage coal content of surface grab sediment samples 
collected during the 2009 sampling event. The spatial distribution of coal material indicates that the percentage 
of coal increases toward the area of Slack Point inside D.L. 651 (Figure 7).  Near Slack Point, percent coal 

typically ranged from 30 to 50% with a “hotspot” at Station 23A, where coal accounted for 77.8% of the sediment 
sample. The elevated coal content coincided with the zone of higher total PAH concentrations and greater 
numbers of benchmark exceedances for individual PAHs around Slack Point (Figure 5 and Figure 6). 

 

4.1.1.4 Summary of Sediment Contamination Levels 

Based on the comparison of surface sediment contaminant concentrations to the applicable sediment 

benchmarks, and observations described above regarding the spatial distribution of contamination, it is possible 
to make the following general statements regarding the level of sediment contamination observed in Ladysmith 
Harbour:  

 Metals: The ISQG was exceeded for multiple metals at stations within the Harbour, but this guideline is 
intended to be a conservative threshold below which adverse effects are unlikely to occur rather than an 

indication of a problem.  The Lower Level numerical limit for cadmium was also exceeded at multiple 
stations, but this level is lower than the ISQG for cadmium, indicating that it is also a conservative 
benchmark; nevertheless, this bench mark does have legal standing where a proponent wishes to manage 

materials through disposal at sea. The PEL and SedQCTS, which are consistent with a moderate level of 
protection to marine organisms, were only exceeded for copper at two stations. In general, the level of 
metals contamination in Harbour sediments, although above conservative benchmarks, was below levels 

that would be expected to cause concern regarding risk to benthic biota. The exception to this statement is 
the two locations where elevated concentrations of copper were found. The concentrations of sediment 
metals in stations adjacent to the Harbour were lower than those within the Harbour, with concentrations 

exceeding the ISQG and Lower Level numerical limit, but not the PEL or SedQCTS. The bioavailability of 
sediment metals was examined through measurement of SEM/AVS ratios and toxicity testing; metals 
bioavailability information is discussed in Section 4.2.  

 PAHs: All of the PAHs measured at stations within the Harbour exceeded the ISQG at multiple stations. 
The concentrations of acenaphthene, anthracene, fluorene, 2-methylnaphthalene, naphthalene, and 

phenanthrene also exceed the PEL and/or SedQCTS at multiple stations, primarily in the vicinity of Slack 
Point. The highest PAH exceedance relative to the SedQCTS was for phenanthrene, which exceeded its 
criterion by a factor of up to 6.9 near Slack Point. The Lower Level numerical limit for total PAHs was also 

exceeded at most stations located within the Harbour. Although the exceedance of the PEL and SedQCTS 

by individual PAH compounds suggests an elevated level of contamination by individual PAHs, the 
SedQCTS for total PAHs, an additional indicator of aggregate contamination by PAHs, was not exceeded. In 

general, the level of PAH contamination in Harbour sediments was above benchmarks and potentially at 
levels that would cause concern regarding risk to benthic biota, especially in areas with high sediment coal 
content. The concentrations of sediment PAHs in stations adjacent to the Harbour were lower than within 

the Harbour, with fewer individual PAHs exceeding the PEL or SedQCTS and total PAH concentrations 
below the Lower Level numerical limit   The bioavailability of sediment PAHs was examined through passive 
sampler analysis and toxicity testing; PAH bioavailability information is discussed in Section 4.2. 
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When considering, the magnitude of contamination of Harbour sediments, the sediment chemistry was in the 
range observed at sites where risk-based sediment management approaches have been successfully employed. 

However, it is important to appreciate that risk assessments are site-specific.  Findings of insignificant risk at one 
particular site cannot be extrapolated to other sites. Site specific risk assessment is needed. Metals and PAH 
concentrations exceeded federal and provincial benchmarks, but the observed concentrations did not clearly 

indicate a high level of concern, especially given the uncertainty in the bioavailability of the observed 
concentrations.  Thus, examination of bioavailability and field-level effects measures would be appropriate to 
evaluate actual risks to marine organisms and the feasibility of disposal at sea of dredged sediments.   

 

4.1.2 Vertical Extent of Contamination 

As presented in Section 3.3, the core stratum data indicate that metals and PAHs exceeded the ISQG, PEL, 

SedQCTS and the Lower Level numerical limit throughout the analyzed core samples.  Although the metals and 
PAHs that exhibited exceedances of benchmarks were generally consistent in concentration across strata, 
concentrations were typically higher in the surface strata than in deeper strata (Table V-2 of Appendix V). 

Overall, the contamination appears to be highest at the surface.  One exception was that total PAH exceeded 
the SedQCTS in the middle stratum of location 2010-07 (near Slack Point), and this was the highest total PAH 
concentration observed in surface or subsurface sediments in the Harbour. 

 

4.1.3 Contaminant Co-Occurrence with Coal 

Comparison of Figure 7 with Figure 6 indicated a spatial co-occurrence of elevated PAH concentrations with 

higher observed coal content in sediments. This is consistent with reports that coal is comprised of and a source 
of PAHs in the environment (e.g., Wang et al. 2010).  However, although coal particles can result in a significant 
presence of PAHs in the environment, the bioavailability of PAHs in coal particles is often lower than would be 

expected for PAHs from other sources.  For example, Deepthike et al. (2009) demonstrated low bioavailability of 
PAHs in Gulf of Alaska coal relative to PAHs in crude oil from the Exxon Valdez oil spill.  The bioavailability of 
metals in coal is less well understood.  

To examine the degree to which concentrations of substances exceeding sediment benchmarks and which might 
be related to the presence of coal particles, the spatial correspondence of metal and PAH concentrations with 

coal content was examined through a combination of graphical and correlation analysis.   

Figure 8 presents scatterplots of concentration as a function of coal content for cadmium, mercury and total 

PAHs. The Lower Level numerical limits are also shown on Figure 8 for comparison.  Rank order correlations 
(Spearman’s R) between sediment contaminant concentrations and coal content are presented in Table 24. 
Mercury and total PAHs exhibited an apparent pattern of increasing concentration with increasing sediment coal 

content, and this pattern was supported by statistically significant positive correlations (p < 0.05).  No pattern 
was apparent for cadmium. 
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Table 24: Rank Order Correlations (Spearman’s R) Between Sediment Contaminants and Sediment Coal Content 

Parameter n R Parameter n R 

Acenaphthene 39 0.302 Aluminum 39 0.092 

Acenaphthylene 39 -0.132 Arsenic 39 0.122 

Anthracene 39 0.558 Barium 39 0.776 

Benzo[a]anthracene 39 0.483 Boron 39 0.257 

Benzo[a]pyrene 39 0.393 Cadmium 39 0.014 

Benzo[b]fluoranthene 39 0.402 Chromium 39 0.618 

Benzo[ghi]perylene 39 0.558 Cobalt 39 0.208 

Benzo[k]fluoranthene 39 0.312 Copper 39 0.41 

Chrysene 39 0.46 Iron 39 -0.012 

Dibenz[ah]anthracene 39 0.145 Mercury 39 0.668 

Fluoranthene 39 0.295 Lead 39 0.326 

Fluorene 39 0.361 Manganese 39 -0.071 

Indeno[123-cd]pyrene 39 0.239 Molybdenum 39 0.068 

Methylnaphthalene 39 0.777 Nickel 39 0.77 

Naphthalene 39 0.768 Selenium 39 0.31 

Phenanthrene 39 0.682 Strontium 39 0.57 

Pyrene 39 0.323 Thallium 39 -0.499 

Total HMW PAHs 39 0.352 Titanium 39 -0.72 

Total LMW PAHs 38 0.67 Vanadium 39 0.237 

Total PAHs 39 0.612 Zinc 39 0.197 

Total PAH-EVA 39 -0.467 Zirconium 39 0.822 

Bold-Underlined: significant positive correlation (p < 0.05, 1-tailed) 

 

For total PAHs, the pattern and correlation confirm the expectation that PAHs are expected to co-occur with coal. 
Significant correlations between concentration and coal content were also observed for multiple individual PAHs 

and the sum of low molecular weight (LMW) PAHs. The significant correlation for LMW PAHs, but not for high 
molecular weight (HMW) PAHs, may be related to coal quality; Wang et al. (2010) recently demonstrated that 
HMW PAHs were predominant in low-rank coals while LMW PAHs were predominant in high-rank coals. In 

contrast to PAH concentrations determined in sediment, bioavailable PAHs (Total PAH-EVA) as determined 
using the passive sampler analysis (Section 2.3.2) did not show significant positive correlation with coal content. 
The interaction between PAH concentrations, coal content and bioavailability of PAHs in sediments is examined 

further in Section 4.2.  
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The correlation of mercury with coal content was also expected because, based on evidence from coal 
combustion facilities, coal is expected to be a source of mercury compounds to the environment.  In contrast, 

there was no apparent pattern or statistically significant correlation of increasing cadmium with increasing 
sediment coal content, indicating that cadmium in Harbour sediments is unlikely to be related to the presence of 
coal particles.  

Figure 9 presents scatterplots of concentration versus coal content for arsenic, copper, lead and zinc. Rank 
order correlations with coal content for these metals are presented in Table 24.  The scatterplots for these metals 

did not indicate any clear increasing pattern of concentration with increasing sediment coal content. However, 
rank order correlations were significant (p < 0.05) for copper and for lead. For copper, the two “hotspots” where 
concentrations exceed the PEL were located in areas far from Slack Point with relatively low coal content 

(< 20%) suggesting that copper concentrations in excess of the PEL were not solely related to coal presence in 
sediments. Similarly, for lead, sediment concentrations in excess of the ISQG occured only in sediments with 
relatively low coal content (< 20%), suggesting that lead concentrations that exceed this guideline are not related 

to coal content. For arsenic and zinc, neither the scatterplots nor the rank order correlations indicate an 
association with sediment coal content. 

 

4.1.4 Spatial Distribution of Toxicity Findings  

Figure 10 presents the spatial distribution of toxicity for amphipod survival, polychaete growth and weight and 
echinoderm fertilization. There was no response observed for Microtox at any of the stations tested. Polychaete 

survival was 100% for all stations tested. The organism responses were categorized according to the 
benchmarks discussed in Section 3.4 to identify stations where sediment or sediment porewater was considered 
toxic to the test species and endpoint.  

Surface sediments were not toxic to amphipod survival over most of the harbour, with two exceptions. Amphipod 
survival was reduced relative to the Regional Reference at Station 1A (in the western corner of Block C) and 

Station 33A (east of Slack Point). No other toxicity testing was conducted at Station 1A, and the potential for 
sublethal effects to polychaetes or echinoderms is therefore uncertain. At Station 33A, sediments were also toxic 
to polychaete growth and weight. Toxicity to polychaete growth was also observed at Station 6A, which is 

located in the area of the current dock and marina facility. The potential influence of contaminant bioavailability 
on toxicity is discussed further in Section 4.2.  

Stations where sediment porewater was toxic to echinoderm fertilization were spread throughout the Harbour. 
There was no clear pattern of echinoderm response with Harbour location or sediment contaminant profiles. The 
possible toxicant responsible for effects to echinoderm fertilization was examined further in the TIE (Section 4.3).  

 

4.2 Bioavailability Assessment 
4.2.1 Bioavailability of PAHs 

Passive sampler analysis was used to estimate the relative bioavailability of PAHs in sediment samples collected 

within and adjacent to the Harbour and at Regional Reference stations.  This method measures the relative 
amount of a chemical that is available to diffuse from sediment into the aqueous phase (Meloche et al. 2009). 
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Diffusion into the aqueous phase is typically considered a limiting factor in the bioavailability of sediment-
associated organic contaminants.  

As described in Section 4.1.3, total PAH concentrations in the Harbour correlate with sediment coal content, but 
bioavailable PAHs in sediment do not correlate with coal content. Although coal contains PAHs, coal-associated 

PAHs are expected to have lower bioavailability than PAHs from sources such as oils (Deepthike et al. 2009). 
Relationships between PAH bioavailability, total PAH concentrations, and coal content of sediments was 
examined through scatterplot analysis (Figure 11). Station groupings were identified in this analysis, as follows:  

 Regional Reference Stations (36R to 40R) – At the regional stations, which provide an indication of 
typical reference PAH levels in marine sediments near Ladysmith, total PAHs were below 1 mg/kg, 

bioavailable PAHs were below 3 µg/g EVA and coal content was typically < 20%. PAHs in these sediments 
would likely be from a combination of non-point pyrogenic and petrogenic sources, as well as from coal 
particles that occur naturally or were transported to these areas.  

 Stations Adjacent to the Harbour (26A to 30A) -  With the exception of Station 26, these stations have 
total PAH concentrations similar to the regional stations (< 1 mg/kg) and similarly low coal content (< 20%) 

but somewhat higher bioavailable PAHs (3.8 to 5.6 µg/g EVA). This may indicate that these stations are 
more influenced by sources of non-coal petrogenic PAHs (e.g., oils and/or fuels), possibly as a result of 
marine and harbour activities. Station 26 had an anomalously high and unexplained concentration of 

bioavailable PAHs (128.5 µg/g EVA) relative to total PAH concentration and coal content observed there.  

 Stations Adjacent to Slack Point (19A, 22-25A, 31-35A) - High coal content (20 to 80%) was observed at 

these stations and most had relatively low bioavailable PAHs (< 3 µg/g EVA) compared to other stations 
with lower coal content but elevated total PAH concentrations (> 4 mg/kg). The lower relative bioavailability 
of PAHs in these areas with elevated coal content supports the hypothesis that a substantial portion of the 

PAHs are coal-associated. Despite the elevated total PAH levels, the concentration of bioavailable PAHs in 
this area appeared similar to that at the Regional Reference stations.  

 Remaining Stations Inside the Harbour – The stations not adjacent to Slack Point appeared to be more 
influenced by harbour-related sources of non-coal PAHs (e.g., oils and fuels). This was confirmed by the 
relatively low coal content (typically < 20%) and concordance between total PAH concentrations and 

bioavailable PAH concentrations. Total PAH concentrations ranged from < 1 mg/kg to ~10 mg/kg, and 
bioavailable PAHs were in some cases greater than 10 µg/g EVA. Based on these results, PAH 
bioavailability is likely higher in these areas than near Slack Point or in areas outside the Harbour.  

 

4.2.2 Concentration-Response Relationships 

4.2.2.1 Representativeness of Testing 

The toxicity testing component of this sediment investigation focussed on a set of 20 surface sediment samples, 
selected to represent spatial heterogeneity in concentrations and potential sources of contamination.  All 20 

stations were tested with an amphipod survival test, and a subset of nine of these stations were also tested with 
a toxicity test battery, including the marine polychaete survival and growth test, the echinoderm fertilization tests 
on sediment porewater, and the solid phase test using Microtox.  
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Results from the tested stations were extrapolated to draw general conclusions regarding the distribution of 
contaminant bioavailability and toxicity in Harbour sediments.  To support this extrapolation, the range of 

contaminant concentrations at the toxicity testing stations was compared to the range of contaminant 
concentrations overall, in and near the Harbour. This was conducted for four integrated contaminant exposure 
indicators:  

 PAHs: total PAHs and total bioavailable PAHs (the passive sampler results); and, 

 Metals: metals hazard index and the SEM/AVS ratio. 

 

The metals hazard index was calculated for metals for which there is a BC SedQCTS. For each station, the 
concentration of each metal was divided by its SedQCTS and the quotients were then summed to provide the 

metals hazard index for the station. This index was used to indicate the overall degree of metals contamination, 
and was considered a more informative index of contamination level (i.e., indicative of concentrations relative to 
benchmark values) than simply summing metals concentrations. AVS/SEM and total bioavailable PAHs provide 

an indication of potential contaminant bioavailability.  

Figure 12 and Figure 13 present scatterplots of the contaminant exposure indicators at the stations for which 

toxicity testing was conducted. For PAH indicators, the samples tested with only the amphipod test covered the 
full range of both total PAHs and bioavailable PAHs observed in sediments. The full battery of tests covered the 
range of total PAHs observed and, with the exception of station 26, was near the upper end of the range of 

bioavailable PAHs. The stations tested with the amphipod test or the full battery of tests also encompassed most 
of the range of sediment coal content observed in and near the harbour.  

For sediment metals, the two stations with the highest metals hazard index were not included in the toxicity 
testing program. However, multiple stations at the upper end of the range of SEM/AVS ratios were tested with 
the full battery of tests. Figure 13 indicates that SEM/AVS ratios greater than 0.5 are associated with samples 

that exhibited toxicity to polychaetes or amphipods (discussed further in Section 4.2.2.2), and the stations tested 
included most of those with SEM/AVS greater than 0.5.    

Overall, Figure 12 and Figure 13 indicate that the range of sediment contamination encompassed in the toxicity 
testing program was representative of the range of contamination present in the Harbour and adjacent areas.  

 

4.2.2.2 Relationships Between Exposure and Toxicity  

Relationships between contaminant exposure and toxicity were analyzed to evaluate which toxicants might be 
responsible for observed toxicity in test organisms. This analysis included a combination of graphical and 

correlation analysis. Figure 12 and Figure 13 combine the toxicity findings with key indicators of contaminant 
exposure and bioavailability. Rank order correlations of toxicity relative to metals and PAH concentrations and 
bioavailability indicators are presented in Table 25.  

For the echinoderm fertilization test, there was no apparent pattern of response with indicators of exposure and 
bioavailability of metals and PAHs. This test was conducted on sediment porewater rather than bulk sediment 

and there is uncertainty as to how well bulk sediment contaminant concentrations would relate to porewater 
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concentrations.  For metals, toxicity to echinoderm fertilization (i.e., a 25% or greater reduction relative to the 
control) was observed across the range of metals hazard index values, but was not observed at the two tested 

stations with the highest SEM/AVS ratios. This suggests a lack of clear correspondence with sediment metals 
concentrations and increased metals bioavailability. Similarly, there was no apparent relationship between PAH 
exposure and effects to echinoderm fertilization. The cause of toxicity to the echinoderm test was examined 

further as part of the TIE, which indicated that porewater sulphide was the primary toxicant (Section 3.4.5). 
Therefore, concentration-response relationships with sediment were not examined further for this test.  

Toxicity was not observed in the Microtox test on any samples, and therefore, this test was also excluded from 
concentration-response assessment.  

Amphipod survival and polychaete weight and growth exhibited toxic responses at only a few stations, limiting 
the ability of a correlation analysis to attribute effects to a particular toxicant. However, the data suggest 
bioavailable metals or possibly PAHs may be responsible for the observed test responses.  

The hypothesis that metals may have elicited toxic effects at some stations was supported by the observation 
that these responses occurred at stations with relatively high SEM/AVS ratios. In anoxic sediments, sulphide is 

known to bind to divalent metals such as copper, lead, and zinc (substances that exceeded SedQCTS), limiting 
their bioavailability (DiToro et al., 1990; Ankley et al., 1991; Chapman, 1996b; Casas and Crecelius, 1994). 
Normally, it is expected that divalent metals will become more bioavailable when SEM/AVS exceeds 1, indicating 

that there is an excess of metals relative to sulphide. However, given the uncertainty the SEM and AVS 
measurements, natural sediment variability, and complexity of sediment geochemistry, a SEM/AVS ratio below 
but near 1 may indicate potential increasing metals bioavailability as the binding capacity of sulphides nears 

saturation, particularly in the aerated environment of a sediment toxicity test. Furthermore, AVS values in some 
samples in the Harbour were below the detection limit meaning that the AVS concentrations are limit values (i.e., 
the “true” concentration could range from well-below, up to the detection limit). Thus, the calculated SEM/AVS 

ratio may be an underestimate of the true ratio, especially if the “true” concentration of AVS is well below the 
detection limit.  

From Figure 12, it is apparent that toxic responses to amphipods and polychaetes only occurred at stations with 
an SEM/AVS ratio exceeding 0.5, suggesting that bioavailable metals contributed to the observed toxicity. 
However, toxic responses in these tests were not observed for all stations with SEM/AVS exceeding 0.5, and, 

with the exception of lead, correlation analysis did not indicate a strong correspondence between toxicity test 
endpoints and metals concentrations, metals hazard index, or SEM/AVS (Table 25).  
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Table 25:  Rank Order Correlations (Spearman R) Between Sediment Chemistry and Sediment Toxicity (2009 testing) 

Parameter 
Amphipod Survival Polychaete Growth 

Toxic to Amphipod Survival and/or 
Polychaete Growth 

n Spearman R n Spearman R n Spearman R 

%Sand 19 0.073 9 -0.267 19 -0.158 

%Silt 19 -0.121 9 0.283 19 0.158 

%Clay 19 0.048 9 0.4 19 0.211 

%Fines 19 -0.073 9 0.267 19 0.158 

TOC 19 -0.166 9 0.1 19 0.092 

pH 19 -0.134 9 -0.521 19 -0.079 

Aluminum 19 0.221 9 0.151 19 0.145 

Antimony 19 -0.065 9 . 19 0.102 

Arsenic 19 0.18 9 0.483 19 0.29 

Barium 19 -0.069 9 -0.477 19 -0.079 

Boron 19 -0.142 9 0.233 19 0.092 

Cadmium 19 0.211 9 0.17 19 0.213 

Chromium 19 -0.071 9 -0.218 19 -0.027 

Cobalt 19 0.047 9 -0.02 19 0.046 

Copper 19 -0.37 9 0.226 19 -0.026 

Iron 19 0.103 9 0.417 19 0.145 

Lead 19 -0.512 9 0.317 19 -0.211 

Manganese 19 0.276 9 0.117 19 0.158 

Mercury 19 -0.216 9 -0.092 19 0.013 

Molybdenum 19 0.031 9 0.5 19 0.158 

Nickel 19 -0.151 9 -0.333 19 0 

Phosphorus 19 0.244 9 -0.05 19 0.237 

Selenium 19 -0.016 9 0.133 19 0.093 

Silver 19 -0.081 9 0.24 19 0.042 

Sodium 19 -0.018 9 0.517 19 0.211 

Strontium 19 -0.368 9 -0.083 19 0.119 

Thallium 19 0.594 9 0.239 19 0.367 

Tin 19 . 9 . 19 . 

Titanium 19 0.175 9 0.233 19 -0.026 

Vanadium 19 -0.075 9 0.444 19 0.186 

Zinc 19 -0.085 9 0.417 19 0.053 

Zirconium 19 -0.242 9 -0.381 19 -0.094 

SEM/AVS 19 -0.199 9 -0.533 19 -0.606 

Metals Hazard Index 19 -0.159 9 -0.05 19 0.026 

Acenaphthene 19 -0.571 9 0.332 19 -0.211 

Acenaphthylene 19 -0.157 9 0.017 19 -0.157 

Anthracene 19 -0.615 9 0.092 19 -0.251 

Benzo[a]anthracene 19 -0.701 9 0.143 19 -0.238 

Benzo[a]pyrene 19 -0.618 9 0.176 19 -0.198 

Benzo[b]fluoranthene 19 -0.625 9 0.25 19 -0.145 

Benzo[ghi]perylene 19 -0.569 9 0.119 19 -0.2 

Benzo[k]fluoranthene 19 -0.531 9 0.373 19 -0.119 

Chrysene 19 -0.524 9 0.1 19 -0.184 

Dibenz[ah]anthracene 19 -0.535 9 0.068 19 -0.338 
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Parameter 
Amphipod Survival Polychaete Growth 

Toxic to Amphipod Survival and/or 
Polychaete Growth 

n Spearman R n Spearman R n Spearman R 

Fluoranthene 19 -0.513 9 0.333 19 -0.105 

Fluorene 19 -0.678 9 0.153 19 -0.304 

Indeno[123-cd]pyrene 19 -0.468 9 0.275 19 -0.22 

Methylnaphthalene 19 -0.396 9 -0.209 19 -0.198 

Naphthalene 19 -0.48 9 -0.151 19 -0.238 

Phenanthrene 19 -0.485 9 -0.109 19 -0.211 

Pyrene 19 -0.605 9 0.2 19 -0.132 

TotalPAHS 19 -0.549 9 0.067 19 -0.185 

Total PAHEVA 19 -0.235 9 0.583 19 0.026 

Notes:  
Correlations for polychaete survival and Microtox are not included in table. No toxicity was observed in these tests.  
Bold-Underlined: significant negative correlation (p≤0.05, 1-tailed 

 

An alternative explanation for the observed toxicity to amphipod survival and polychaete weight/growth is 
sediment PAHs. From Figure 13 is apparent that toxicity to these species occurred at total PAH concentrations 

exceeding approximately 2.5 mg/kg, and there were multiple significant negative correlations (p < 0.05) between 
PAH concentrations (individual and total) and toxicity to amphipods. However, toxicity to amphipods and 
polychaetes occurred across a range of total bioavailable PAH concentrations which overlapped with the range 

where toxicity was not observed. Also, stations with higher total bioavailable PAH concentrations did not exhibit 
toxicity to amphipods or polychaetes. Figure 13 illustrates the influence of coal on PAH concentration and 
bioavailability and suggests that while toxicity occurred with higher frequency at higher total PAH concentrations, 

the most toxic sample (toxic to both amphipod survival and polychaete growth) was in the lower range of total 
bioavailable PAH concentrations and was influenced by relatively high coal content.  

These findings indicate that either bioavailable metals or PAHs could be the cause of observed toxic responses 
in amphipods and polychaetes. The evidence for an increased incidence of toxicity above an SEM/AVS ratio of 
0.5 appears reasonably clear based on the visual relationship in Figure 12. The observation of increased 

incidence of toxicity above a total PAH concentration of 2.5 mg/kg is less consistent (Figure 13). Also, total PAH 
concentrations were confounded by coal content in sediments, and no correspondence was observed between 
toxicity and bioavailable PAH concentrations. However, given the multiple negative correlations between 

amphipod survival and PAH concentrations, a potential for toxicity above 2.5 mg/kg (which is coincident with the 
Lower Level numerical limit) cannot be ruled out.  

 

4.3 Echinoderm Fertilization TIE 
In 2009 echinoderm fertilization testing, there was no apparent correspondence between toxicity test response 

and indicators of exposure to sediment metals and PAHs (i.e., based on measured concentrations and indicators 
of bioavailability). Follow-up sediment collection and testing of sediment porewater with the echinoderm 
fertilization test was conducted in 2010 and 2011 using a TIE approach (Section 3.4.5).  The results of Tier 1 

testing of porewater from newly-collected sediments, along with determination of porewater metals, TSS, 
ammonia and sulphide concentrations, indicated that toxicity might be attributable to porewater metals or 
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sulphide.  Tier 2 testing, employing amendments to remove sulphide and metals toxicity, further supported the 
attribution of toxicity to porewater sulphide.  

Examination of possible causative toxicants for the observed echinoderm toxicity considered the following lines 
of evidence, with refinement of the TIE conclusion at each step.  These considerations support a conclusion that 

porewater sulphide was the likely toxicant for echinoderm fertilization in the samples tested. Further discussion is 
provided below.  

1) Sediment/toxicity correlations (2009 and TIE data combined);  

2) Porewater/toxicity correlations (with TIE data, and where available 2009 data);  

3) The influence of specific amendments on toxicity; and, 

4) Comparison of correlated substances in porewater with known toxicity thresholds.  

 

4.3.1 Sediment Correlation Results 

Table 26 presents rank order correlations between echinoderm toxicity, indicators of sediment contaminant 
exposure and sediment characteristics for the combined 2009 and TIE data. Significant negative rank order 
correlations (p < 0.05) were observed for grain size parameters (clay, silt and percent fines), sediment metals 

(arsenic, cadmium, selenium, silver, and thallium), and acenaphthene. 

The significant negative correlations of echinoderm fertilization with clay, silt and percent fines suggested that 

fines suspended in sediment porewater could be causing the observed responses.  Total suspended solids 
(TSS) were determined in the sediment porewater used for the TIE and possible correlations with toxicity are 
examined in the next section.   

The correlations between echinoderm toxicity and concentrations of some sediment metals suggested that 
metals might be the cause of observed echinoderm toxicity. However, the correlations between SEM/AVS ratios, 

an indicator of metals bioavailability, were not significant. Metals bioavailability in porewater was investigated 
further through the measurement of dissolved metals concentrations in the porewater used for 2010 testing. 
Porewater metals/toxicity correlations are examined in the next section.  

Despite the significant correlation of toxicity with acenapthene, the lack of negative correlation of echinoderm 
fertilization with total PAHs or total bioavailable PAHs (from the passive samples testing) suggests that PAHs 

were not the primary cause of toxicity to echinoderm fertilization.  
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Table 26: Rank Order Correlations (Spearman R) Between Sediment Chemistry and Echinoderm 
Fertilization Success (2009 and 2010 testing) 

Parameter n 
Spearman 

R 
Parameter n 

Spearman 
R 

%Sand 15 0.54 Vanadium 15 -0.415 

%Silt 15 -0.522 Zinc 15 -0.317 

%Clay 15 -0.63 Zirconium 15 0.131 

pH 15 0.654 Acenaphthene 15 -0.511 

SEM/AVS 15 0.619 Acenaphthylene 15 -0.222 

Aluminum 15 -0.165 Anthracene 15 -0.205 

Antimony 15 -0.161 Benzo[a]anthracene 15 -0.106 

Arsenic 15 -0.692 Benzo[a]pyrene 15 -0.174 

Barium 15 0.113 Benzo[b]fluoranthene 15 -0.241 

Beryllium 15 -0.093 Benzo[ghi]perylene 15 -0.085 

Cadmium 15 -0.592 Benzo[k]fluoranthene 15 -0.22 

Chromium 15 -0.283 Chrysene 15 -0.081 

Cobalt 15 -0.194 Dibenz[ah]anthracene 15 -0.139 

Copper 15 -0.352 Fluoranthene 15 -0.34 

Iron 15 -0.429 Fluorene 15 -0.395 

Lead 15 -0.045 Indeno[123-cd]pyrene 15 -0.167 

Manganese 15 0.122 Methylnaphthalene 15 -0.028 

Mercury 15 -0.194 Naphthalene 15 -0.049 

Molybdenum 15 -0.425 Phenanthrene 15 -0.034 

Nickel 15 -0.043 Pyrene 15 -0.187 

Selenium 15 -0.613 TotalHMWPAH 15 -0.303 

Silver 15 -0.562 TotalLMWPAH 15 0.126 

Strontium 15 0.065 TotalPAHS 15 -0.133 

Thallium 15 -0.583 TotalPAHEVA 9* -0.444 

Tin 15 0.134 %Fines 15 -0.54 

Titanium 15 -0.145    

*Only determined for 2009 sediment samples.  
Bold-Underlined: significant negative correlation (p≤0.05, 1-tailed) 
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4.3.2 Porewater Chemistry-Toxicity Correlations.  

Rank order correlation analysis was used to examine relationships between porewater chemistry and toxicity to 
the echinoderm fertilization test (refer to Table 27). The suspect porewater sulphide concentrations reported in 
2009 (Section 3.4.6) were excluded from this analysis. Significant negative correlations (p < 0.05) were observed 

with porewater sulphide and dissolved aluminum concentrations, and scatterplots (Figure 14) indicated a pattern 
of decreased fertilization success with increased concentrations of these substances. Correlations of 
echinoderm toxicity with TSS and other metals concentrations in porewater were not significant, and there was 

no apparent pattern in the concentration-toxicity scatterplots (Appendix VII) suggesting that toxicity was unlikely 
to be related to these parameters.  

The significant correlations and scatterplots suggested that sulphide and/or dissolved aluminum could be the 
potential toxicant in sediment porewater. The attribution of observed toxicity to sulphide and dissolved aluminum 
was investigated further via sample amendments (Section 4.3.3) and by consideration of published toxicity data 

for these substances (Section 4.3.4). 

 

4.3.3 Influence of Sample Amendments on Toxicity  

The amendments that were applied to the porewater samples were sulphide removal and metals chelation using 
EDTA. The results of toxicity testing on porewater samples following each amendment were as follows:  

 Sulphide Amendment – The sulphide amendment involved removal of sulphide via volatilization. Sulphide 
removal reduced toxicity that was apparent in two of the three test samples (2010-07 and 2010-09). 
Sulphide removal in these two samples resulted in echinoderm fertilization success that was similar to that 

observed in the control. The remaining sample (2010-11) was not toxic prior to amendment. This finding 
was unexpected, because the porewater extracted from 2010-11 sediments was toxic to echinoderm in Tier 
1 testing, with a reported sulphide concentration of 3.5 mg/L. In Tier 2 testing, 2010-11 porewater was not 

toxic at reported sulphide concentrations of 12.2 mg/L (un-amended sample) or 0.022 mg/L (amended 
sample). The lack of toxicity to the un-amended sample could not be explained, especially given that the 
sulphide concentration in the sample exceeded the reported EC50 for toxicity to echinoderm fertilization 

(Section 4.3.4). Thus, two of the samples subjected to this amendment supported the hypothesis that 
sulphide caused the toxicity to echinoderm observed in porewater, whereas the third sample, which was 
considered unusual given the sulphide concentration and known toxicity threshold for sulphide, did not 

support this hypothesis. Thus, based on this finding alone the strength of this hypothesis is uncertain and 
additional evidence was considered for further interpretation of TIE results.  
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Table 27: Rank Order Correlations (Spearman R) Between Porewater Chemistry and Echinoderm Fertilization 
Success (2009 and 2010 testing) 

Parameter 
2010 and 2011 TIE Testing 

n Spearman R 

Ammonia 13 -0.235 

Sulphide 13 -0.871 

Unionized Ammonia 12 0.351 

TSS 13 -0.169 

Aluminum 13 -0.72 

Antimony 13 0.06 

Arsenic 13 -0.053 

Barium 13 -0.459 

Bismuth 13 -0.166 

Boron 13 -0.21 

Cadmium 13 0.08 

Chromium 13 0.151 

Cobalt 13 -0.264 

Copper 13 0.318 

Iron 13 -0.3 

Lead 13 0.591 

Lithium 13 -0.028 

Manganese 13 0.12 

Molybdenum 13 0.288 

Nickel 13 -0.312 

Selenium 13 -0.062 

Silicon 13 -0.183 

Silver 13 -0.166 

Strontium 13 -0.174 

Thallium 13 -0.166 

Tin 13 -0.166 

Titanium 13 -0.166 

Uranium 13 0.371 

Vanadium 13 -0.166 

Zinc 13 -0.106 

Calcium 13 -0.329 

Magnesium 13 -0.346 

Potassium 13 -0.376 

Sodium 13 -0.258 

Sulphur 13 -0.337 

Bold-Underlined: significant negative correlation (p≤0.05, 1-tailed) 
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 EDTA Amendment – EDTA chelates cationic metals, limiting their bioavailability in solution (U.S. EPA 
2007). A concomitant reduction in toxicity is therefore evidence that cationic metals are a primary toxicant. 
EDTA can also be toxic to marine organisms, but when cationic metals are present in solution 
(i.e., available for chelation), the EDTA-metal complexes are not toxic. Therefore, when cationic metals are 
a primary toxicant, a reduction in toxicity should be observed with EDTA treatment, but the toxicity 
reduction will be sensitive to the amount of EDTA added because once all available metals have been 
chelated, then the residual EDTA may become toxic to test organism. EDTA amendment at the lowest 
EDTA treatment level reduced toxicity slightly in two of the three samples (2010-07 and 2010-09), but 
echinoderm fertilization in these amended samples was still reduced relative to control values. As 
discussed in the Maxxam report, it is possible that the toxicity reduction following EDTA amendment was 
due to loss of sulphide during sample processing. Fertilization success was still significantly impaired with 
the EDTA treatment, indicating that metals are unlikely to have been the only toxicant. At higher dosing 
levels of EDTA, an increase in toxicity was observed suggesting that residual EDTA was a possible cause.  

 

The sample amendment findings provided evidence that aluminum was unlikely to be the primary toxicant 
responsible for the reduction in echinoderm fertilization success.  

The evidence relating observed toxicity to sulphide was inconsistent. Two of the amended samples supported 
the hypothesis of sulphide toxicity, but the third sample did not. These inconsistent results could indicate the 
toxicant was not sulphide, but rather some other, unmeasured substance that was also detoxified by exposure to 
air. An alternative explanation is that the results for sample 2010-11 were anomalous, potentially due to an 
artefact of sample handling or analysis. The consideration of published toxicity data presented below supports 
this alternative explanation, in that the reported porewater sulphide concentration in sample 2010-11 was almost 
six-fold higher than a published EC50 for sulphide toxicity to echinoderm embryo development (refer to the next 
section), and was therefore inconsistent with the reported lack of toxicity in this sample. 

 

4.3.4 Toxicity Thresholds  

The final line of evidence of the TIE involved consideration of thresholds for toxicity of sulphide and aluminum to 
echinoderm fertilization. These included:  

 Sulphide: In a study of the sulphide tolerance of four standard marine test species, Knezovich et al. (1996) 
tested the effect of porewater sulphide on embryo development in Strongylocentrotus purpuratus (the same 
species used echinoderm testing here). The sulphide EC50 for normal embryo development in S. purpuratus 
was 0.19 mg/L. Although the endpoint used by Knezovich et al. (1996) was different than used in this study 
(normal embryo development versus fertilization success), the results of Knezovich et al. (1996) are the 
closest available in terms of life stage for the concentration at which adverse effects to sea urchin would be 
expected.  

 Aluminum: Pagano et al. (1996) examined the effect of exposure to aluminum sulphate on the fertilization 
success of the sea urchin, Sphaerechinus granularis. At an exposure concentration of 10-4 mol/L Al2(SO4)3 
(5.4 mg/L Al), a statistically significant reduction in fertilization success of approximately 50%, relative to the 
control, was observed (p < 0.05). At lower test concentrations ranging from 0.00054 to 0.54 mg/L Al, 
fertilization success ranged from 71 to 96% of but was not significantly different than the control (p > 0.05). 
Although the species tested by Pagano et al. was different than used in this study, the life stage, endpoint 
and organism class was similar and the results were considered indicative of the concentration near which 
adverse effects to sea urchin would be expected. 
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Figure 15 provides a comparison of the TIE echinoderm toxicity results to dissolved aluminum and sulphide 
concentrations and their respective toxicity thresholds. The 2009 echinoderm testing data were not included 

because of uncertainty associated with the sulphide determination in the 2009 samples (Section 3.4.6).  

This comparison provides additional support to the hypothesis that sulphide was the toxicant responsible for 

effects to echinoderm fertilization. Seven of the eight samples for which the sulphide concentration exceeded the 
EC50 of 0.19 mg/L were toxic to echinoderm fertilization, with some indication of a dose-response relationship 
between toxicity and sulphide concentration.  

None of the samples in which echinoderm toxicity was observed had dissolved aluminum concentrations near or 
above the estimated EC50 for aluminum (5.4 mg/L). 
 

4.3.5 TIE Conclusion 

The findings of the TIE are subject to residual uncertainty, but are suggestive that sulphides are the toxicant to 
echinoderm fertilization in sediment porewater. The evidence contributing to this conclusion includes:  

 With the exception of dissolved aluminum, correlations with other parameters, including ammonia, TSS, 
and other dissolved metals were lacking;  

 The available evidence suggested that dissolved aluminum was unlikely to be the primary toxicant because 
the EDTA amendment caused only a minor reduction in toxicity and dissolved aluminum concentrations 
were well below the approximate EC50 for echinoderm fertilization;  

 The amendment to remove sulphides from the porewater, while non-specific, removed toxicity, when it was 
present; and, 

 With the exception of the lack of toxicity for unamended sample 2010-11, there was a clear dose-response 
relationship between increasing sulphide and decreasing echinoderm fertilization that was consistent with 

the EC50 for echinoderm larval development, the closest life-stage/endpoint for which sulphide toxicity 
information was available.  

 

Conversely, the lack of toxicity observed for unamended sample 2010-11, does not appear to support this 

hypothesis. While the results from this sample may be anomalous, they may also indicate that sulphide was not 
the toxicant. 

Thus, notwithstanding the evidence presented in the bullets above, the TIE should not be considered conclusive, 
but rather suggestive that sulphide is potentially the toxicant causing reduced echinoderm fertilization. The 
present level of TIE analysis, while appropriate for an initial evaluation, relies on methods that are non-specific to 

removal of the substance of interest (sulphide). Oxidation processes could also remove toxicity of other 
substances such as, for example, oxidation of Fe2+ (toxic) to Fe3+ (non-toxic, but could have physical effects from 
particulate material). However, in the case that an alternate toxicant is causing the observed toxicity, it appears 

that it would be removed and/or detoxified by exposure to air, and therefore, processes that mitigate sulphide 
toxicity may also mitigate the toxicity of the unidentified toxicant, if present.  

 



 

MARINE SEDIMENT INVESTIGATION AND MANAGEMENT 
OPTIONS ASSESSMENT, LADYSMITH HARBOUR 

 

December 21, 2011 
Report No. 09-1436-5008/5000 71 

 

4.4 Evaluation of Sediment Management Options 
The following sections evaluate the feasibility of disposal at sea of dredged sediments and risk-based 
management of sediment contamination, as these are understood to be elements of a conceivable sediment 

management strategy for Ladysmith Harbour, depending on the specific project component needs of as yet to be 
developed concepts for the waterfront. The disposal at sea option is evaluated in Section 4.4.1. The risk 
assessment option is evaluated in Section 4.4.2. 

 

4.4.1 Disposal at Sea Option 

A Disposal at Sea application for dredged sediments from Ladysmith Harbour would require a program of 

sampling and analysis developed in consultation with Environment Canada, based on a specified development 
plan for the Harbour. The following evaluation of the Disposal at Sea option is based on data collected in a 
manner consistent with methods specified in the Disposal at Sea Regulations, and from locations in portions of 

the Harbour that might be considered for dredging. However, the intensity of sampling needed by Environment 
Canada may differ. The results of the following evaluation are therefore intended to provide insight into the 
possible findings of studies carried out to support such an application;  however, the results of future 

investigations cannot be predicted with confidence, and this evaluation should not be considered conclusive. 

The following evaluation is based on the results of the sediment chemistry, contaminant bioavailability, and 

toxicity testing investigations presented above. The evaluation was conducted on a station-by-station basis, 
because it was expected that dredging would be considered for only some as yet unknown portions of the 
Harbour, and that Disposal at Sea might be feasible for some locations but not others. In general Environment 

Canada does not favour excising portions of sediments in waterlots based on kriging between sample points, 
although in specific circumstances, they have supported such approaches to sediment management.  Because 
not all lines of evidence were collected at every station (e.g., toxicity testing was conducted on a subset of 

stations), the evaluation at some stations was based on the available lines of evidence and a consideration of 
possible outcomes of additional testing. 

Key findings relevant to the feasibility of the Disposal at Sea option are as follows: 

1) Sediment Concentrations of Cadmium, Mercury, and Total PAHs. Concentrations of cadmium and total 

PAHs exceeded the Lower Level numerical limits at most stations. Exceedance of the Lower Level 
numerical limits was considered to reduce the probability of a successful Disposal at Sea application, 
unless other lines of evidence were available to demonstrate that the contamination was not bioavailable. 

Mercury did not exceed the Lower Level numerical limit at any station, and was not considered further.  
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2) Toxicity Testing Results. Test results were considered as follows: 

a) Results of the amphipod survival test were compared to the Disposal at Sea interpretation guidelines. 
Results that indicated a 20% reduction in survival relative to the regional reference station or a 30% 
reduction in survival relative to the control (refer to Section 3.4) were classified as “Toxic” and 

considered to reduce the probability of a successful Disposal at Sea application. This was the case for 
Stations 1A and 33A.  

b) Results of the polychaete test were considered as an additional line of evidence regarding the 
potential bioavailability of sediment contamination.  Results that indicated a 20% reduction in weight 
and growth relative to the control (refer to Section 3.4) were classified as “Toxic” and considered to 

reduce the probability of a successful Disposal at Sea application. None of the tested sediment 
samples were toxic to polychaete survival.  

c) Toxicity to echinoderm fertilization was observed at stations throughout the harbour and this finding 
would need to be addressed in order to advance a successful application for disposal at sea. An initial 
TIE, supported by numeric relationships between contaminant concentrations and biological test 

responses was suggestive of the test response being the result of porewater sulphides, rather than 
metals or PAHs. The physical disturbance associated with dredging and dumping of sediment would 
be expected to result in a loss of porewater sulphides, through oxidation and advection and, in the 

physical process of removal and disposal at sea, the sediments would be rendered acceptable for 
disposal. Based on these considerations, a scientific rationale could be advanced to omit the 
echinoderm fertilization test results from a Disposal at Sea permit application and replace these results 

with Microtox testing. However, we note that the present level of TIE analysis, while appropriate for an 
initial evaluation relies on methods that are non-specific to removal of the substance of interest 
(sulphide). Oxidation processes could also remove toxicity of other substances such as, for example, 

oxidation of Fe2+ (toxic) to Fe3+ (non-toxic, but could have physical effects from particulate material).  
Thus, uncertainty still remains, regarding the cause of echinoderm toxicity, for which Environment 
Canada could request further investigation. To address this uncertainty, we recommend that more 

detailed TIE procedures be undertaken, in particular, methods with greater removal specificity for 
sulphide to ideally determine, with more certainty, whether sulphide toxicity explains the observed 
impairment of echinoderm fertilization. An increased scope of testing (number of samples and stages 

in the TIE evaluation) might be required to support this rationale to the satisfaction of Environment 
Canada. Needless to say, there is uncertainty in both the results of such testing and in Environment 
Canada’s response to the proposed change. Nevertheless, the results presented here suggest (but do 

not conclude) that observed toxicity in the echinoderm fertilization test need not preclude a successful 
Disposal at Sea application. Test results indicating no toxicity to the echinoderm fertilization test were 
considered to increase the probability of a successful Disposal at Sea application. 

d) None of the tested sediments were toxic in the Microtox test.  

  



 

MARINE SEDIMENT INVESTIGATION AND MANAGEMENT 
OPTIONS ASSESSMENT, LADYSMITH HARBOUR 

 

December 21, 2011 
Report No. 09-1436-5008/5000 73 

 

3) Relative Bioavailability. Relative bioavailability of sediment contaminants was indicated by SEM/AVS 
ratios for metals and by sediment concentration and coal association for PAHs:  

a) SEM/AVS Ratios. Toxicity to the amphipod or polychaete tests was more frequently observed in 
sediments with a molar SEM/AVS ratio greater than 0.5. Observed SEM/AVS greater than 0.5 was 

considered to indicate a greater potential for sediment metals to be bioavailable, and a greater 
potential for sediment toxicity (at stations where toxicity testing has not been conducted). Conversely, 
for stations where SEM/AVS did not exceed 0.5, toxicity to test organisms was considered unlikely. 

Where SEM/AVS exceeded 0.5 metals relative bioavailability was classified as “High”; this was the 
case for Stations 1A, 5A, 6A, 7A, 11A, 12A, 13A, 15A and 24A. For the remaining stations metals 
relative bioavailability was classified as “Low”.  

b) PAH Concentrations and Coal Association. Evidence for toxicity as a result of sediment PAH was 
weak, but toxicity was more frequently observed at total PAH concentrations above 2.5 mg/kg and a 

possible causal relationship could not be ruled out (the possibility of PAH toxicity was not part of the 
TIE testing). The potential for sediment PAHs to elicit toxicity was considered to be relatively low when 
there was evidence that the PAHs had low bioavailability or were associated with coal (Section 4.2). 

For these stations, relative bioavailability of PAHs was classified as “Low”. Where PAHs occurred in 
the absence of factors that indicate reduced bioavailability (i.e., coal particles), relative bioavailability 
was classified as “High”. High relative bioavailability co-occurring with total PAH concentrations 

exceeding 2.5 mg/kg, was considered to reduce the probability of a successful Disposal at Sea 
application, without additional evidence (e.g., toxicity findings) to demonstrate that they are not 
responsible for toxicity. 

 

Table 28 integrates these three lines of evidence to provide an overall evaluation of the anticipated outcome of a 
Disposal at Sea application.    

After integrating the available chemistry, bioavailability and toxicity data, stations were classified as follows:  

 Category 1: For these stations, sediment contaminant concentrations and toxicity are known, reducing 

uncertainty, and the observed conditions appear favourable for a Disposal at Sea Application. The available 
data for these stations indicated sediment conditions that, assuming conditions as encountered here would 
be encountered in subsequent application-specific testing, would likely be approved for Disposal at Sea, 

either because they meet the numerical limits or because toxicity data indicate they are below the Lower 
Level of the National Action List. Sediment conditions included in this category were:  

 Cadmium, mercury and total PAH concentrations were all below the Lower Level numerical limits 
(Stations 2A and 3A). 

 Total PAH concentrations exceeded the Lower Level numerical limits, but there was evidence of low 
PAH bioavailability and a lack of toxicity to any test species (Station 24A).  
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Table 28: Summary of Findings Relevant to a Disposal at Sea Application 

Station 
Comparison to Lower 
Level Numerical Limit 

Relative 
Bioavailability 

Toxicity Classification Anticipated 
Approval 
Status1 Cd Total PAHs Metals PAHs Amphipod Polychaete Microtox Echinoderm 

2A Below Below Low High Non-toxic Non-toxic Non-toxic Non-toxic 

Category 1 3A Below Below Low High Non-toxic - - - 

24A Below Above High Low Non-toxic Non-toxic Non-toxic Non-toxic 

19A Above Above Low Low - - - - 

Category 2 

25A Above Above Low Low - - - - 

31A Below Above Low Low - - - - 

32A Below Above Low Low - - - - 

34A Above Above Low Low - - - - 

8A Above Above Low High Non-toxic - - - 

10A Above Above Low High Non-toxic - - - 

21A Above Above Low High Non-toxic - - - 

26A Below Above Low High Non-toxic - - - 

28A Above Below Low High Non-toxic Non-toxic Non-toxic Toxic 

14A Above Below Low High - - - - 

16A Above Below Low High - - - - 

17A Above Below Low High - - - - 

20A Above Below Low High - - - - 

27A Above Below Low High - - - - 

4A Above Below Low High - - - - 

9A Above Below Low High - - - - 

18A Above Below Low High - - - - 

29A Above Below Low High - - - - 

30A Above Below Low High Non-toxic - - - 

22A Above Above Low Low Non-toxic Non-toxic Non-toxic Toxic 
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Station 
Comparison to Lower 
Level Numerical Limit 

Relative 
Bioavailability 

Toxicity Classification Anticipated 
Approval 
Status1 Cd Total PAHs Metals PAHs Amphipod Polychaete Microtox Echinoderm 

23A Below Above Low Low Non-toxic - - - 

35A Below Above Low Low Non-toxic - - - 

12A Above Above Low High Non-toxic Non-toxic Non-toxic Toxic 

15A Above Above Low High Non-toxic Non-toxic Non-toxic Toxic 

6A Above Above High High Non-toxic Toxic Non-toxic Toxic 

Category 3 

5A Below Above Low High - - - - 

7A Above Above Low High - - - - 

11A Above Above Low High - - - - 

13A Above Above Low High - - - - 

2010-10 Above Above Low - - - - Toxic 

2010-11 Above Above Low - - - - Toxic 

2010-13 Below Above High - - - - Non-toxic 

2010-09 Above Above Low - - - - Toxic 

2010-08 Above Above Low - - - - Toxic 

2010-07 Above Above Low - - - - Toxic 

33A Below Above High Low Toxic Toxic Non-toxic Non-toxic 
Category 4 

1A Below Above High High Toxic - - - 
Notes:  
1Categories are defined in text.  
- Indicates information is lacking.  
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 Category 2: For these stations, gaps in knowledge and understanding with respect to contaminant 
bioavailability and toxicity create uncertainty but the available information is suggestive of favourable 

conditions for a Disposal at Sea Application. Data for stations in this category indicated that, despite 
exceedances of the Lower Level numerical limits, bioavailability of metals and PAHs was likely low. 
Sediment conditions included in this category were:   

 Cadmium and/or total PAH concentrations were above the Lower Level numerical limits, but the 
bioavailability assessment indicated low bioavailability (Stations 19A, 25A, 31A, 32A and 34A). No 

toxicity data were available for these stations to support a more definitive classification, as would be 
needed to support an Application for Disposal at Sea.  

 Cadmium exceeded the Lower Level numerical limit, but there was evidence of low metals 
bioavailability (Stations 4A, 9A, 14A, 16A, 17A, 18A, 20A, 27A, 28A, 29A and 30A). At stations 28A and 
30A, this conclusion was supported by a lack of toxicity to the amphipod test.  Toxicity to echinoderm 

fertilization was observed at stations 28A, but the TIE indicated that this was attributable to porewater 
sulphides rather than sediment contamination. Cadmium is known to be elevated in certain BC Coastal 
Sediments as a result of natural geological conditions.  

 Total PAHs exceeded the Lower Level numerical limit, but there was no toxicity observed in the 
amphipod test (Stations 23A, 26A and 35A). At stations 23A and 35A this conclusion was further 

supported by the bioavailability assessment. No other toxicity data were available for these stations. 

 Both total PAHs and cadmium exceeded the Lower Level numerical limits, but there was no toxicity 

observed in the amphipod test (Stations 8A, 10A, 12A, 15A, 21A and 22A). At stations 12A, 15A and 
22A this conclusion was further supported by a lack of toxicity to the polychaete and Microtox tests. The 
bioavailability assessment indicated low metals bioavailability at all stations in this category, and low 

PAH bioavailability at station 22A. Toxicity to echinoderm fertilization was observed at stations 12A, 
15A and 22A; however, initial TIE and chemical-toxicological relationships suggest porewater sulphides 
rather than contaminants. Sulphides could occur at higher concentrations when organics such as wood 

debris result in the reductive transformation of sulphate to sulphide. Sulphate is abundant in seawater, 
comprising roughly 7.7% of  major ions (Thurman, 1978).   

 Category 3: For these stations, gaps in knowledge and understanding with respect to contaminant 
bioavailability and toxicity create uncertainty and the available information suggests possible unfavourable 
conditions for a Disposal at Sea Application. Stations in this category exhibited cadmium and/or total PAH 

concentrations exceeding the Lower Level numerical limits, with no indication of low bioavailability of metals 
or PAHs. However, these stations either were not included in the toxicity testing program, or were included 
but exhibited inconclusive results. There is therefore uncertainty regarding what would be the outcome of 

an assessment of these locations following toxicity testing. Sediment conditions included in this category 
were:   

 Total PAHs exceeded the Lower Level numerical limit, with no indication of low PAH bioavailability 
(Stations 5A and 2010-13). Porewater from station 2010-13 exhibited no toxicity to the echinoderm 
fertilization test. 
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 Total PAHs and cadmium exceeded the Lower Level numerical limits, with evidence of low metals 
bioavailability but no evidence of low PAH bioavailability (Stations 7A, 11A, 13A, 2010-7, 2010-8,  

2010-9, 2010-10, and 2010-11). None of these stations were tested with the amphipod, polychaete or 
Microtox tests. Toxicity to echinoderm fertilization was observed at stations 2010-7, 2010-8, 2010-9, 
2010-10, and 2010-11, but the TIE indicated that this was attributable to porewater sulphides rather 

than sediment contamination. 

 Total PAHs and cadmium exceeded the Lower Level numerical limits, with evidence that bioavailability 

of both metals and PAHs was potentially high, and observed toxicity to polychaetes and echinoderm 
fertilization (Station 6A). However, the amphipod and Microtox tests showed no toxicity at this station. 
The polychaete test is not required for a Disposal at Sea application, and the TIE indicated that toxicity 

to echinoderm fertilization was attributable to porewater sulphides rather than sediment contamination. 
Therefore, there is uncertainty regarding what would be the outcome of an assessment of this location 
following a full suite of toxicity testing. 

 Category 4: For these stations, sediment contaminant concentrations and toxicity are known, reducing 
uncertainty, but the observed conditions do not appear favourable for a Disposal at Sea Application. 

Stations in this category exhibited total PAH concentrations exceeding the Lower Level numerical limit, with 
evidence of toxicity to amphipods sufficient to classify these sediments as “above the Upper Level”. 
Sediment conditions included in this category were:   

 Total PAHs exceeded the Lower Level numerical limit, with no indication of low PAH bioavailability and 
with evidence of toxicity to amphipods (Station 1A).  

 Total PAHs exceeded the Lower Level numerical limit, with an indication of low PAH bioavailability but 
evidence of toxicity to amphipods and polychaetes (Station 33A).  

 

Figure 16 shows the expected approval status of a Disposal at Sea application, based on the classification 
provided above, for different portions of Ladysmith Harbour. The majority of the Harbour was classified as 
Category 2 with gaps in knowledge and understanding causing uncertainty, but indications of conditions 

favourable for Disposal at Sea. The available information indicated that these locations have cadmium and/or 
total PAH concentrations exceeding the Lower Level numerical limits, but are characterized by low contaminant 
bioavailability, likely to result in a lack of toxicity in test species relevant to the Disposal at Sea Regulation.  

Small portions of the Harbour west of Slack Point (around Station 24A) and in the northwest corner of the 
Harbour (near Stations 2A and 3A) exhibited no exceedances of the Lower Level numerical limits or were not 

toxic to test species, and thus were categorized as Category 1. The evaluation of these portions of the Harbour 
would need to be confirmed through additional sediment investigation in consultation with Environment Canada, 
but the available data indicate that pursuing an application for Disposal at Sea for these areas and based on 

conditions encountered in this study would have merit. 

Small portions of the Harbour were also categorized as Category 4, with conditions that appear to preclude 

Disposal at Sea based on existing data. Locations categorized as Category 4 included the westernmost corner 
of the Harbour around Stations 1A, and the east side of Slack Point around Station 33A, where toxicity to 
amphipod survival was observed.  
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Locations categorized as Category 3 included a zone extending from Station 1A into the central portion of the 
Harbour, isolated patches around Stations 2010-09, 2010-08 and 2010-07, and the area surrounding Station 

33A east of Slack Point. The observed toxicity to test organisms in these areas indicates that a successful 
Disposal at Sea application for these sediments may not approved. Some areas were included in this category 
based on sediment chemistry and a lack of data to mitigate exceedances of Lower Level numerical limits 

(e.g., 2010-07, 2010-08, 2010-09 and 2010-10). The classification of these locations has relatively high 
uncertainty, and could change with collection of further data. 

 

4.4.2 Risk Assessment Option 

A risk assessment option might be desired for development scenarios that do not require dredging of harbour 
sediments and where there is desire to manage sediments in situ (i.e., leave in place, possibly with specified 
restrictions on future activities). Risk assessment is accepted in provincial law as a form of “remediation” such 

that the sediments are considered to be “clean”. Although the concentrations of some metals and PAHs 
exceeded federal and provincial sediment benchmarks, several considerations indicate that there may be a 
relatively low ecological risk to marine biota in at least some portions of the Harbour and that risk assessment 

could be a viable approach to managing sediments where their removal is not needed. These considerations 
include:  

 With the exception of copper at two stations, metals concentrations were below both the PEL and the 

SedQCTS. Thus, the available sediment chemistry data indicate a potential for adverse effects, but not 
necessarily a likelihood of those effects occurring. 

 Over much of the Harbour, acid-volatile sulphides were measured to be at concentrations sufficient to 

reduce the bioavailability of divalent metals.  

 Although individual PAHs exceeded the PEL or the SedQCTS, the SedQCTS for total PAHs, an indicator of 
more widespread contamination by PAHs, was not exceeded at any surface station.  

 The bioavailability of PAHs is uncertain due to the presence of high coal content in many areas, including 
the location west of Slack Point where PAHs concentrations were highest. The bioavailability assessment 
supported the hypothesis that coal-associated PAHs in Harbour sediments have limited bioavailability.  

 Toxicity to echinoderm fertilization did not appear to be related to sediment contamination, but to elevated 
porewater sulphide concentrations, based on preliminary toxicity identification evaluation procedures. 
Porewater sulphides are expected to result from natural biogeochemical processes in sediment, and would 

not ordinarily be considered to warrant remediation.  

 Toxicity to amphipods and polychaetes was observed at only a few stations across the Harbour. While 
bioavailable metals and/or PAHs were identified as possible causes of toxicity to these test species, this 

attribution is uncertain given that toxicity did not occur everywhere that metals and PAHs were elevated and 
potentially bioavailable.  

 Uncertainty exists in the extrapolation of toxicity observed in laboratory test organisms to those in natural 

environments. The test organisms used for testing of Ladysmith Harbour sediments were field-collected 
from relatively pristine areas and therefore could be more sensitive than the benthic invertebrate community 
in Ladysmith Harbour.  
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Based on these considerations, follow-up investigation to complete a sediment ecological risk assessment 
appears to be appropriate viable approach for sediments that would not be dredged as part of a development 

plan.  

Provincial guidance has been developed in BC regarding the design and implementation of sediment quality 

assessments (BCMOE 2005). The Draft Guidance for Detailed Ecological Risk Assessments (DERA) in British 
Columbia (Golder 2006) provides additional considerations and guidance for conducting site-specific sediment 
ecological risk assessments. The approach typically involves the development of a weight of evidence 

assessment based on the Sediment Quality Triad (Chapman 1990, 1996; Chapman et al. 1997). The Sediment 
Quality Triad involves collection and integration of information regarding:  

 Sediment and/or porewater chemistry. The presence of contaminants at concentrations exceeding 
regulatory benchmarks is considered to indicate a potential for contaminant-related adverse effects. 
Measures of sediment chemistry are generally considered to have uncertain ecological relevance, given the 

potential for large differences in bioavailability between sites. Measures of bioavailability (e.g., AVS/SEM) 
are considered during the interpretation of contaminant concentrations. 

 Sediment and/or porewater toxicity. Observed effects to laboratory organisms are considered to support the 
hypothesis that measured contaminant concentrations are resulting in adverse effects to resident biota. 
Toxicity test results have uncertain ecological relevance, given differences between laboratory and field 

conditions, and the potential for test organism responses to reflect non-contaminant factors. Other sediment 
characteristics that can elicit responses in laboratory tests (e.g., porewater sulphide) are considered during 
the interpretation of toxicity data.    

 Benthic community structure. An observed perturbation of benthic community structure relative to reference 
areas is considered to provide the most relevant support for the hypothesis of contaminant-related effects 

(Chapman 1990, 1996; Chapman et al. 1997). Benthic community data are typically highly variable, 
however, and can reflect the influence of many non-contaminant habitat characteristics. Several habitat 
characteristics that can affect biological communities (e.g., grain size, depth) are considered during the 

interpretation of benthic community data. 

 At sites where bioaccumulative contaminants have been identified, an assessment of contaminant 

bioaccumulation is also considered to be necessary. However, the findings of the PSI, DSI, and this 
sediment investigation have not identified elevated concentrations of bioaccumulative contaminants in 
Harbour sediments.  

 

The sediment investigation presented in the previous sections integrated the findings of sediment chemistry, 
bioavailability, and toxicity information for stations throughout the Harbour. The interpretation of these data to 
evaluate the risk of contaminant-related effects to biota would be enhanced by the inclusion of benthic 

community data. The integration of these three lines of evidence in a logical and transparent framework like the 
Sediment Quality Triad would support a risk assessment-based approach, that, based on the data provided 
here, has a reasonable likelihood of identifying low risks. Nevertheless, as with any risk assessment, certainty of 

outcome cannot be provided. . 
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4.5 Key Uncertainties  
The approach applied for this investigation was designed to reduce uncertainty arising from sediment data 
compiled in previous reports, with respect to options available for future development of the Ladysmith Harbour 

waterfront.  Several complementary lines of evidence, including chemistry, bioavailability, sediment and 
porewater toxicity and a toxicity identification evaluation were collected in this study and were used to assemble 
a profile of sediment contamination in the harbour that would provide indication, in broad terms, of the potential 

success of sediment management options that could be part of an as yet undefined development scenario. In 
addition, a concentration-response analysis was applied to infer observed responses at stations where toxicity 
testing was conducted, to stations where this information was lacking.  A key uncertainty in the work carried out 

was the absence of a defined development project description. The sediment study was therefore extensive 
through the water lot, rather than intensively focused on development project-specific study questions. The 
implications of this uncertainty are that more detailed study may be needed to advance certain development 

proposals that are dependent on sediment management solutions.  

Other uncertainties in each study component are discussed below: 

 Chemistry: The chemistry results have relatively low uncertainty with respect to the numerical 
concentrations of analytes. Samples were collected and analyzed using established procedures. With the 

exception of porewater sulphide concentrations reported in 2009, no significant QA/QC issues were 
identified that suggested that the sediment chemistry data were unreliable.  Although the sample stations 
were distributed throughout the Harbour, we cannot rule out the possibility, even with additional testing, that 

localized areas or depths of elevated contamination have not been sampled. A common uncertainty with 
respect to sediment chemistry as a proxy for environmental impact is the extrapolation from environmental 
concentration to biological responses. Generic sediment quality benchmarks are generic predictors of 

potential effects, they do not reflect site-specific conditions, and, similar to many other sediment studies, 
were found to be generally poor predictors of sediment toxicity in this study.  

 Bioavailability and Concentration-Response Assessment: The bioavailability results for metals 
(SEM/AVS) have relatively low uncertainty with respect to the numerical values of the indicators. Samples 
were collected, processed and analyzed using established procedures. No significant QA/QC items were 

identified that suggested that the bioavailability data were unreliable. The numerical values for the PAH 
passive sampler results have similarly low uncertainty but the technique is less established and tested than 
than the SEM/AVS approach for metals. The PAH passive sampler technique has been shown to estimate 

the bioavailable fractions of PAHs in marine sediment (Meloche et al. 2009), but to our knowledge this 
technique has not been extensively tested and validated. It is possible that site-specific factors could limit 
the utility of the method, and this uncertainty has not been quantified. An additional area of uncertainty is 

the degree to which the bioavailability indicators are representative of the Harbour as a whole. Although the 
sample stations were distributed throughout Ladysmith Harbour, we cannot rule out the possibility, even 
with additional testing, that additional localized areas with high bioavailability of metals or PAHs have not 

been sampled. This is particularly true in a harbour where creosoted timber, in contact with the sediment, 
will have been used for building harbour infrastructure.  
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 Toxicity: The toxicity testing program was based on a battery of toxicity test endpoints including those 
relevant to Disposal at Sea (amphipod, echinoderm and Microtox), and a polychaete test with both 

sublethal and lethal endpoints. The inclusion of multiple endpoints and taxa in the toxicity program 
increases the sensitivity of the test program to detect potential effects.  Comparisons were made to both 
laboratory controls and regional reference stations to also consider the local ecological relevance of testing 

program findings. However, in some cases toxicity tests are subject to uncertainty related to the 
interpretation of test outcomes. Although toxicity test protocols are designed to reduce confounding 
environmental factors, these tests are nevertheless subject to non-contaminant influences or influences 

that are the result of sample handling (e.g., shift in redox and oxidation of sediment contaminants (iron) or 
their complexes (metal sulphides)) that can affect study results.  Test organism responses are inherently 
variable, and they may respond to particle size distributions, physical influences, handling stress, and other 

factors. In this study, this uncertainty was reduced through the quantification of confounding variables, 
wherever possible and where appropriate (i.e. for echinoderm toxicity), more in depth analysis to examine 
the cause of toxicity. The apparent effects for amphipod survival and polychaete weight and growth were 

observed at the threshold for whether the effects indicated toxicity to these endpoints. These findings were 
conservatively assumed to represent contaminant-related toxicity as opposed to natural variability or the 
influence of a confounding factor – doing so is a judgment rather than a finding of fact. Furthermore, as 

discussed in the preceding section, uncertainty exists in the extrapolation of toxicity observed in laboratory 
test organisms to those in natural environments and it is uncertain whether adverse effects would be 
occurring to organisms in Ladysmith Harbour. 

 Toxicity Identification Evaluation: The TIE for echinoderm fertilization was based on results observed 
over two sampling events and multiple porewater extractions for the sediments collected in 2010. The 
approach used for TIE was essentially a process of elimination to identify potential toxicants, combined with 

confirmation of likely toxicity thresholds for likely toxicants. There was significant uncertainty in the 
porewater sulphide results observed during 2009 toxicity testing. In the initial TIE, which was scaled back 
from a full TIE, only a limited number of samples were tested. One of these samples produced results that 

were in apparent contradiction to the hypothesis of sulphide being the cause of toxicity; however, this 
sample is believed to be an anomalous outlier as it also did not conform to previously established toxicity 
levels and the relationship between concentration and effect was markedly different from other samples, 

which fit an expected dose-response curve based well, based on the hypothesis that sulphide was the 
cause of toxicity (Figure 14). Based on a weight of evidence including the TIE study and other data 
collected, we believe that porewater sulphide was a significant determinant of sediment toxicity..  

 Options Assessment: The assessment of sediment management options made assumptions regarding 
possible management needs as part of Harbour re-development. However a key uncertainty in the work 
carried out was the absence of a defined development project description meaning that our study made 

generalizations regarding general conditions in the Harbour as a whole, as opposed to answering specific 
questions regarding potential risks and Disposal at Sea feasibility for defined areas of the Harbour with 
defined development or management objectives. For Disposal at Sea, the current study provides context, 

specifically that although some toxicity was observed in sediment and sediment porewater, our results 
suggest that a scientific rationale could be developed in support of Disposal at Sea. This finding, 
notwithstanding, the study was not designed to satisfy Disposal at Sea application requirements and 

therefore, follow up investigation in support of an application, with pre-approval by Environment Canada, 
would be required. O ne of the main purposes of the sediment risk assessment option would be to reduce 
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and better understand the influence of this uncertainty on the assessment of potential effects to marine 
organisms in Ladysmith Harbour. It should be noted that while the methods used are in many ways similar 

to a sediment risk assessment there is uncertainty because additional lines of evidence that would normally 
be considered in a sediment risk assessment (i.e., benthic community structure) have not been included. 
Thus, sediment risk assessment is considered a viable and appropriate next step to address this 

uncertainty. 
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5.0 SUMMARY  
This report presents the results of the Sediment Investigation for the subtidal zone of Ladysmith Harbour and 
nearby areas. The overall objective of the sediment investigation was to inform refinement of remedial costs and 

options, including an assessment of whether ocean disposal or risk assessment might be a viable option 
(depending on project needs) for potential developers of Ladysmith Harbour. It characterized the degree of 
sediment contamination in the harbour, the degree to which sediment contamination is bioavailable to marine 

organisms, and possible causes of toxicity to marine organisms, and then integrated this information to assess 
the viability of sediment management options. 

The feasibility of Disposal at Sea of dredged sediments and risk-based management of sediment contamination 

were evaluated as these are understood to be elements of a conceivable sediment management strategy for 
Ladysmith Harbour, depending on the specific project component needs of as yet to be developed concepts for 
the waterfront.  

A Disposal at Sea application for dredged sediments from Ladysmith Harbour would require a program of 
sampling and analysis developed in consultation with Environment Canada, based on a specified development 
plan for the Harbour. A preliminary evaluation, based on existing data, was conducted to provide insight into the 

possible findings of studies carried out to support such an application; however, uncertainty remains because the 
results of future investigations cannot be predicted with confidence. The results of the evaluation for Disposal at 
Sea resulted in assignment of areas of the Harbour to one of four categories. The category assignments were as 

follows:  

 Category 1: Small portions of the Harbour west of Slack Point and in the northwest corner of the Harbour 
could be categorized as having conditions favourable for Disposal at Sea, with low uncertainty.  

 Category 2: More than half of the Harbour could be categorized as having conditions favourable for 
Disposal at Sea, but uncertainty was considered high due to data gaps regarding sediment toxicity.  

 Category 3: Less than half of the Harbour was categorized as having conditions potentially unfavourable 

for Disposal at Sea. Over much of this area uncertainty was considered high due to data gaps regarding 
contaminant bioavailability and sediment toxicity.  

 Category 4: In the westernmost corner of the Harbour and an area on the east side of Slack Point, 

conditions were considered unfavourable and uncertainty was low because observed toxicity to amphipod 
provides an indication that sediments are likely to fail Disposal at Sea approval guidelines.  

 

The viability of a risk-based management approach was considered to be high for the entire Harbour. A 
sediment risk assessment for the Harbour could be based on integrating an assessment of benthic invertebrate 
communities with the chemistry, toxicity and bioavailability data reported herein. One of the main purposes of the 

sediment risk assessment option would be to reduce and better understand the influence of uncertainty on the 
assessment of potential effects to marine organisms in Ladysmith Harbour. It should be noted that while the 
methods used in this study were in many ways similar to a sediment risk assessment, additional lines of 

evidence that would normally be considered in a sediment risk assessment (i.e., benthic community structure) 
have not been included. Thus, sediment risk assessment is considered a viable and appropriate next step to 
address this uncertainty. 
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6.0 CLOSURE 
We trust the information contained in this report is sufficient for your present needs.  Should you have any 
additional questions regarding the project, please do not hesitate to contact the undersigned at 604-296-4200. 

GOLDER ASSOCIATES LTD. 
 

 

 

Ryan Stevenson, M.R.M., R.P.Bio. Adrian De Bruyn, Ph.D., R.P.Bio 
Environmental Scientist Senior Environmental Scientist 
 
Reviewed by: 
 

 

 

Lee Nikl, M.Sc., R.P.Bio.  
Principal  
 
 

RWS/ADB/LKN/jcc 

\\bur1-s-filesrv2\final\2009\1436\09-1436-5008\rep 1221_11 ladysmith marine sediment - final\rep 1221_11 ladysmith marine sediment - final.docx 
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Surface Sediment Sample Location (2009 - 2010) *

Copper Contour 
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Distribution of Copper
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*  The surface sediment sample locations include the upper core stratum
   at 2010-12.
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*  The surface sediment sample locations include the upper core stratum
   at 2010-12.

and at least one individual PAH exceeds the SedQCTS



Surface Sediment Sample Location (2009 - 2010) *
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Distribution of Total PAH
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   at 2010-12.
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Figure 8: Scatterplots of sediment cadmium, mercury and total PAH concentrations versus sediment coal content  
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Figure 9: Scatterplots of sediment arsenic, copper, lead and zince concentrations versus sediment coal content 
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Figure 11: Scatterplots of Total PAHs versus PAH bioavailability versus coal content 
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Figure 12: Scatterplots of Key Exposure Indicators for Metals and PAHs, Superimposed with Toxicity Results 
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Figure 13: Scatterplots of Key PAH Exposure Indicators with Coal, Superimposed with Toxicity Results 
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Figure 14: Relationships Between Exposure Concentrations of Sulphide and Dissolved Aluminum in Sediment Porewater and 
Echinoderm Fertilization Success 
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Figure 15: Comparison of Sulphide and Dissolved Aluminum in Sediment Porewater to Echinoderm Toxicity Values and 
Echinoderm Toxicity Test Results 

 

Notes:  

 Dashed lines indicate toxicity values for porewater aluminum and sulphide 

 Arrows indicate direction above which an increase in toxicity would be expected 

1 Approximate aluminum EC50 for Sphaerechinus granularis (Pagano et al. 1996) 

2 Sulphide EC50 for Strongylocentrotus purpuratus (Knezovich et al. 1996) 
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APPENDIX I
Table I-1: Summary of Ladysmith Harbour's Historical Bulk Sediment Chemistry Data 

1999-2005

 12/21/2011 09-1436-5008/5000

Location A3 B3 B4 B4 C3 C3 C4 C5 C6 D2 D3 D4 D5 D5 D6 D7 E2 E6 F1 F3 F4 F5 G0 G0 G1
Depth (m) 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15
Soil Type Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab

Date Sampled 8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/6/2002
QA/QC FDA FD FDA FD FDA FD FDA FDA FD

Data Source Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe

TOC (%) % 4.04 4.43 1.9 2.42 1.65 2.9 7.5 4.38 6.14 0.88 2.39 5.13 2.62 2.65 10.9 26.1 1.86 18.6 1.1 12.3 17 14.4 6.51 4.88 3.96
Organic Matter (%) % - - - - - - - - - - - - - - - - - - - - - - - - -
pH - - - - - - - - - - - - - - - - - 7.4 - - - - - - -
Metals
Aluminum ug/g 12600 9960 12900 12500 9850 9040 11200 10000 10500 9320 8350 9400 7750 7900 9490 3980 8630 9400 9570 7300 7230 9480 5900 7240 8920
Antimony ug/g 0.5 1.7 <0.3 1 <0.3 0.5 0.6 0.3 0.3 <0.3 <0.3 0.8 0.4 0.6 <0.3 <0.3 0.5 <0.3 0.5 <0.3 <0.3 0.5 <0.3 <0.3 0.8
Arsenic ug/g 7.24 41.6 50 4.3 7.59 3.7 3.3 3.6 3.1 6.67 4 5.3 3.5 3.6 4.4 2.8 3.1 5.86 4.8 3 10.5 4.2 6.48 6.95 8.73 5.46 5.59 4.1
Barium ug/g 64 98.9 61.3 64.2 29.7 71.2 114 51.8 68.7 24.9 35.8 68.7 34.3 30.8 48.6 29.7 31.4 45.9 32.2 33.6 33.9 48.4 26.3 32.6 36.5
Beryllium ug/g 0.15 0.15 0.15 0.16 0.08 0.07 0.15 0.11 0.16 0.07 0.08 0.1 0.07 0.07 0.12 0.08 0.06 0.14 0.08 0.09 0.1 0.13 0.07 0.08 0.08
Bismuth ug/g 0.6 0.9 0.9 0.7 <0.4 <0.4 0.7 0.5 0.6 0.4 0.7 0.7 0.5 <0.4 1 <0.4 0.4 0.9 0.6 <0.4 <0.4 0.7 <0.4 <0.4 <0.4
Cadmium ug/g 0.7 4.2 5 0.6 0.41 0.38 0.28 0.28 0.25 0.23 0.56 0.4 0.55 0.19 0.4 0.41 0.55 0.57 1.14 0.85 0.26 2.53 0.28 0.94 1.51 1.75 0.48 0.63 0.47
Calcium ug/g 8160 6660 7340 6870 8790 11600 11550 7590 9170 6960 6290 7150 6020 5530 7250 10600 7170 6990 - 5550 5000 7940 - - -
Chromium ug/g 52.3 160 190 22.2 18.3 22.4 19.3 16.4 13.8 24.6 21.6 24.1 13.6 13.4 16.6 13.7 13.8 17.1 10.6 14.1 24.9 18.6 16.3 16 19.4 13.2 16.3 22.8
Cobalt ug/g 4.95 4.19 4.96 5.01 3.76 3.56 4.81 4.12 3.99 3.59 3.28 3.97 3.05 3.12 3.96 1.87 3.54 3.96 4.02 2.97 2.95 4.04 2.57 3.24 3.82
Copper ug/g 18.7 108 130 49.3 52.9 74.7 46 26.3 21.7 63.9 35.3 45 19 23.8 36.1 24.1 26 71.4 51.7 22 68.8 25.3 32.4 43.2 49.3 23 33.9 29.7
Iron ug/g 16200 35500 16600 16400 12200 11600 16700 13200 15900 11400 10400 12100 9810 9950 13600 9820 10700 15400 12000 10300 11200 14100 10000 11200 12100
Lead ug/g 30.2 112 130 49.8 37 50.2 37.9 8.54 5.12 43.8 18.5 26.9 4.18 9.97 17.6 9.45 9.94 53.4 32.4 5.24 36.7 4.88 10 15.2 21.3 4.62 6.5 4.65
Lithium ug/g - - - - - - - - - - - - - - - - - - - - - - - - -
Magnesium ug/g 5100 4050 5030 5050 4450 4260 5450 4720 5320 4050 3940 4560 3680 3790 5310 4930 4050 7120 4530 4530 4870 6300 3930 4210 4510
Manganese ug/g 181 134 183 180 153 150 186 158 174 148 129 138 121 121 135 63.2 137 134 150 108 103 138 95.3 118 139
Mercury ug/g 0.13 0.7 0.84 0.75 0.122 0.128 0.091 0.137 0.067 0.051 0.27 0.136 0.199 0.047 0.09 0.128 0.1 0.146 0.464 0.186 0.066 0.289 0.052 0.14 0.183 0.202 0.221 0.092 0.07
Molybdenum ug/g 1.77 1.23 0.69 0.71 0.76 0.72 2.38 1.33 1.59 0.51 1.16 1.09 1.43 1.4 4.16 3.02 0.75 13.6 0.7 5.11 6.77 10.6 1.71 2.53 1.34
Nickel ug/g 11.2 10.3 11.1 15.7 8.5 7.25 12.4 11 11.4 7.26 7.25 8.84 6.64 9.59 9.88 5.65 7.64 13.3 9.49 8.52 8.65 10.8 6.97 8.27 11
Phosphorus ug/g 472 514 489 482 398 419 516 462 526 386 335 445 328 329 588 425 383 677 466 481 481 617 506 445 478
Potassium ug/g - - - - - - - - - - - - - - - - - - - - - - - - -
Selenium ug/g 0.9 1.7 0.6 0.4 0.8 0.5 1.2 0.9 1.4 0.5 0.5 0.5 0.6 0.9 1.3 1 0.4 1.8 0.7 1.2 1 1.5 0.6 0.7 1.2
Silicon ug/g 137 133 182 219 135 132 98.7 148 106 141 131 110 143 147 122 108 132 129 127 105 130 148 147 144 164
Silver ug/g 0.08 <0.05 <0.05 <0.05 <0.05 <0.05 0.14 <0.05 0.33 <0.05 <0.05 0.07 <0.05 <0.05 0.52 0.36 <0.05 0.28 <0.05 <0.05 0.1 0.22 <0.05 <0.05 <0.05
Sodium ug/g - - - - - - - - - - - - - - - - - - - - - - - - -
Strontium ug/g 53.8 47.6 42.3 39.6 44.3 58.7 74.1 42.9 65.4 31.3 35.2 42.8 31.5 30 52.1 90.3 33.3 68.1 143 47.3 44.9 59.6 507 335 320
Sulfur ug/g - - - - - - - - - - - - - - - - - - - - - - - - -
Thorium ug/g - - - - - - - - - - - - - - - - - - - - - - - - -
Thallium ug/g <0.2 <0.2 <0.2 0.6 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.3 <0.2 0.5 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Tin ug/g 3.8 2.2 2.6 3.4 1.5 1.6 4 2.8 4 1.4 1.8 2.9 2 2.3 15.5 5 1.6 3.8 1.5 2 2.6 3.2 1.9 1.7 1.4
Titanium ug/g - 959 - - - - 1200 1250 1010 - 1190 1230 1150 1110 953 330 1300 651 - 745 654 1010 648 880 1160
Uranium ug/g - - - - - - - - - - - - - - - - - - - - - - - - -
Vanadium ug/g 45.6 37.6 46.6 44.2 38.1 37 44.3 39.4 40.2 35.6 33.5 38.5 31.8 30.5 36.1 20.1 34.9 39.9 38 30.9 31.1 42.1 23.7 31 36.6
Zinc ug/g 124 271 330 85.3 96.9 72.1 74.4 34.9 32.8 88.3 55.8 78.6 26.4 35.7 53.1 45 42.1 119 117 30.2 184 34.6 58 85.3 110 32.8 50.9 41.1
Zirconium ug/g - - - - - - - - - - - - - - - - - - - - - - - - -
Polycyclic Aromatic Hydrocarbons
Naphthalene ug/g 0.0346 0.391 0.47 0.28 - - - - - 0.47 - - 0.07 - 0.42 0.1 0.07 - - - 0.27 - 0.32 - 0.23 0.12 - -
Acenaphthene ug/g 0.00671 0.0889 0.11 0.07 - - - - - <0.05 - - <0.05 - <0.05 <0.05 <0.05 - - - 0.08 - <0.05 - 0.06 0.06 - -
Acenaphthylene ug/g 0.00587 0.128 0.15 0.05 - - - - - 0.06 - - <0.05 - 0.06 <0.05 <0.05 - - - 0.12 - 0.09 - 0.11 0.07 - -
Fluorene ug/g 0.0212 0.144 0.17 0.06 - - - - - 0.1 - - <0.05 - 0.08 <0.05 <0.05 - - - 0.12 - 0.11 - 0.12 0.1 - -
Phenanthrene ug/g 0.0867 0.544 0.65 0.83 - - - - - 0.98 - - 0.15 - 0.59 0.21 0.17 - - - 1.02 - 0.7 - 0.75 0.72 - -
Anthracene ug/g 0.0469 0.245 0.29 0.25 - - - - - 0.27 - - <0.05 - 0.13 0.06 0.05 - - - 0.61 - 0.28 - 0.47 0.3 - -
Fluoranthene ug/g 0.113 1.494 1.8 1.05 - - - - - 1.08 - - 0.07 - 0.31 0.25 0.16 - - - 2.56 - 0.66 - 1.21 2.18 - -
Pyrene ug/g 0.153 1.398 1.7 1.04 - - - - - 0.86 - - 0.06 - 0.26 0.24 0.16 - - - 2.12 - 0.64 - 1.71 1.57 - -
Benz(a)anthracene ug/g 0.0748 0.693 0.83 0.52 - - - - - 0.39 - - 0.05 - 0.18 0.09 0.06 - - - 0.77 - 0.27 - 0.65 1.5 - -
Chrysene ug/g 0.108 0.846 1 0.56 - - - - - 0.47 - - 0.05 - 0.18 0.13 0.07 - - - 0.99 - 0.31 - 1.16 1.03 - -
Benzo(b)fluoranthene ug/g 0.25 - - - - - 0.14 - - <0.05 - 0.07 0.06 <0.05 - - - 0.39 - 0.11 - 0.37 0.27 - -
Benzo(k)fluoranthene ug/g 0.22 - - - - - 0.13 - - <0.05 - 0.07 <0.05 <0.05 - - - 0.37 - 0.11 - 0.31 0.26 - -
Benzo(a)pyrene ug/g 0.0888 0.763 0.92 0.49 - - - - - 0.26 - - <0.05 - 0.1 0.06 <0.05 - - - 0.39 - 0.15 - 0.49 0.25 - -
Indeno(1,2,3-c,d)pyrene ug/g 0.57 - - - - - 0.24 - - <0.05 - 0.08 <0.05 <0.05 - - - 0.32 - 0.13 - 0.37 0.17 - -
Dibenz(a,h)anthracene ug/g 0.00622 0.135 0.16 0.08 - - - - - <0.05 - - <0.05 - <0.05 <0.05 <0.05 - - - <0.05 - <0.05 - 0.06 <0.05 - -
Benzo(g,h,i)perylene ug/g 0.48 - - - - - 0.25 - - <0.05 - 0.08 <0.05 <0.05 - - - 0.31 - 0.12 - 0.3 0.14 - -
Total PAHs ug/g 20 2.5 6.8 - - - - - 5.7 - - 0.45 - 2.61 1.2 0.74 - - - 10.465 - 4 - 8.37 7.74 - -

FDA = Field Duplicate Available; FD = Field Duplicate.

Ocean 
Disposal 

Lower Action 
Limits d

CCME Marine 
Sediment 

Guideline PEL b

CCME Marine 
Sediment 

Guideline ISQG a

BC CSR 
Marine 

Sediment 
Criteria cUnits

f - Levelton Engineering Ltd. 2000.  Preliminary Site Investigation Stage I and Stage II Lot 4, Plan 45800, District Lot 8G, Lot 11G and 
Lot 1, Plan VIP64405, Oyster Land District. Ladysmith, BC
g -  Levelton Engineering Ltd. 2000.  Detailed Site Investigation Lot 4, Plan 45800, District Lot 8G, District Lot 11G and Lot 1, Plan 
VIP64405, Oyster Land District.  Ladysmith, B.C.  Dated October 25, 2000
h - Phoenix Environmental Services Ltd.  1999.  Environmental Impact Assessment Report Proposed Ladysmith Marina and Waterfront 
Development Project Ladysmith, B.C. Dated December 1999
I - G3 Consulting Ltd. 2005.  Report on Ladysmith Harbour Foreshore Fill Sampling & Analysis.  Dated March 2005

a - Canadian Council of Ministers of the Environment (CCME) Interim Maine Sediment Quality Guidelines (ISQG); CCME 2001

b - Canadian Council of Ministers of the Environment (CCME) Probable Effect Levels; CCME 2001
c - British Columbia Contaminated Sites Regulations (BC CSR) Typical Marine Sediment Criteria (BC CSR 2011)
d - Environment Canada Disposal at Sea Program; Lower Action Limits, Environment Canada 2011

e - Phoenix Enviornmental Services Ltd. 2002. Sediment Chemistry Investigation Report Ladysmith Harbour Proposed Waterfront Re-
Development Ladysmith, B.C. Dated September 2002

Bold and underlined values are equal to or exceed the CCME Marine Sediment Guideline ISQG
Bold  and outlined values are equal to or exceed the CCME Marine Sediment Guideline PEL
Bold, yellow highlighted and outlined values are equal to or exceed the BC CSR Marine Sediment Criteria

Bold and blue highlighted values are equal to or exceed the Ocean Disposal Limit
italics values indicate detections limits grater than guideline.
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APPENDIX I
Table I-1: Summary of Ladysmith Harbour's Historical Bulk Sediment Chemistry Data 

1999-2005

 12/21/2011 09-1436-5008/5000

Location
Depth (m)
Soil Type

Date Sampled
QA/QC

Data Source
TOC (%) %
Organic Matter (%) %
pH
Metals
Aluminum ug/g
Antimony ug/g
Arsenic ug/g 7.24 41.6 50
Barium ug/g
Beryllium ug/g
Bismuth ug/g
Cadmium ug/g 0.7 4.2 5 0.6
Calcium ug/g
Chromium ug/g 52.3 160 190
Cobalt ug/g
Copper ug/g 18.7 108 130
Iron ug/g
Lead ug/g 30.2 112 130
Lithium ug/g
Magnesium ug/g
Manganese ug/g
Mercury ug/g 0.13 0.7 0.84 0.75
Molybdenum ug/g
Nickel ug/g
Phosphorus ug/g
Potassium ug/g
Selenium ug/g
Silicon ug/g
Silver ug/g
Sodium ug/g
Strontium ug/g
Sulfur ug/g
Thorium ug/g
Thallium ug/g
Tin ug/g
Titanium ug/g
Uranium ug/g
Vanadium ug/g
Zinc ug/g 124 271 330
Zirconium ug/g
Polycyclic Aromatic Hydrocarbons
Naphthalene ug/g 0.0346 0.391 0.47
Acenaphthene ug/g 0.00671 0.0889 0.11
Acenaphthylene ug/g 0.00587 0.128 0.15
Fluorene ug/g 0.0212 0.144 0.17
Phenanthrene ug/g 0.0867 0.544 0.65
Anthracene ug/g 0.0469 0.245 0.29
Fluoranthene ug/g 0.113 1.494 1.8
Pyrene ug/g 0.153 1.398 1.7
Benz(a)anthracene ug/g 0.0748 0.693 0.83
Chrysene ug/g 0.108 0.846 1
Benzo(b)fluoranthene ug/g
Benzo(k)fluoranthene ug/g
Benzo(a)pyrene ug/g 0.0888 0.763 0.92
Indeno(1,2,3-c,d)pyrene ug/g
Dibenz(a,h)anthracene ug/g 0.00622 0.135 0.16
Benzo(g,h,i)perylene ug/g
Total PAHs ug/g 20 2.5

FDA = Field Duplicate Available; FD = Field Duplicate.

Ocean 
Disposal 

Lower Action 
Limits d

CCME Marine 
Sediment 

Guideline PEL b

CCME Marine 
Sediment 

Guideline ISQG a

BC CSR 
Marine 

Sediment 
Criteria cUnits

f - Levelton Engineering Ltd. 2000.  Preliminary Site Investigation Stage I and Stage II Lot 4, Plan 45800, District Lot 8G, Lot 11G and 
Lot 1, Plan VIP64405, Oyster Land District. Ladysmith, BC
g -  Levelton Engineering Ltd. 2000.  Detailed Site Investigation Lot 4, Plan 45800, District Lot 8G, District Lot 11G and Lot 1, Plan 
VIP64405, Oyster Land District.  Ladysmith, B.C.  Dated October 25, 2000
h - Phoenix Environmental Services Ltd.  1999.  Environmental Impact Assessment Report Proposed Ladysmith Marina and Waterfront 
Development Project Ladysmith, B.C. Dated December 1999
I - G3 Consulting Ltd. 2005.  Report on Ladysmith Harbour Foreshore Fill Sampling & Analysis.  Dated March 2005

a - Canadian Council of Ministers of the Environment (CCME) Interim Maine Sediment Quality Guidelines (ISQG); CCME 2001

b - Canadian Council of Ministers of the Environment (CCME) Probable Effect Levels; CCME 2001
c - British Columbia Contaminated Sites Regulations (BC CSR) Typical Marine Sediment Criteria (BC CSR 2011)
d - Environment Canada Disposal at Sea Program; Lower Action Limits, Environment Canada 2011

e - Phoenix Enviornmental Services Ltd. 2002. Sediment Chemistry Investigation Report Ladysmith Harbour Proposed Waterfront Re-
Development Ladysmith, B.C. Dated September 2002

Bold and underlined values are equal to or exceed the CCME Marine Sediment Guideline ISQG
Bold  and outlined values are equal to or exceed the CCME Marine Sediment Guideline PEL
Bold, yellow highlighted and outlined values are equal to or exceed the BC CSR Marine Sediment Criteria

Bold and blue highlighted values are equal to or exceed the Ocean Disposal Limit
italics values indicate detections limits grater than guideline.

G8 H9 H9 N8 N8 E8 E8 F6 F7 I8 I8 I9 I9 I10 J7 J8 J9 K8 K9 K10 K10 L8 L9 M8 N7 F3 CJ8 CJ8 CJ8 CN8
0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0.5 1.5 2.5 0.5
Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Grab Core Core Core Core

8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/6/2002 8/7/2002 8/7/2002 8/7/2002 8/7/2002 8/7/2002 8/7/2002 8/7/2002 8/7/2002 8/7/2002 8/7/2002 8/7/2002 8/7/2002 8/7/2002 8/7/2002 8/7/2002 8/7/2002 8/7/2002 8/7/2002 8/7/2002 8/7/2002 8/7/2002 8/7/2002 8/7/2002 8/7/2002 8/7/2002
FDA FD FDA FD FDA FD FDA FD FDA FD FDA FD FD

Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe

25.9 30.1 31.4 31.3 34 23.7 23 21.9 29.6 27.3 27.7 22.4 21.9 28.4 19.1 30.4 28.6 43.3 29.5 28.5 - 33.7 26.4 20.1 31.5 11.3 26.2 38.3 44.5 48.6
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - 7.4 7.4 7.4 7.4 7.1 - - - 7.3 - - - - - - - - 7 - - - - -

6570 5830 5470 9750 9410 7210 7500 9160 6590 9060 8480 9660 9170 10700 10900 10200 10900 7750 9170 10100 9780 8540 12000 12800 10600 8080 8870 6260 7870 7470
0.5 <0.3 0.7 <0.5 <0.5 0.3 <0.3 0.6 <0.3 <0.4 <0.4 <0.5 <0.5 <0.5 0.4 <0.4 <0.5 <0.5 <0.4 0.5 0.6 <0.5 <0.5 <0.3 <0.5 0.4 <0.5 <0.5 <0.5 <0.5
11.4 5.64 6.45 5.7 4.5 8.46 7.56 13 9.83 10.6 11 2.7 2.9 4.8 14.3 9.26 4.7 4.4 3.7 5.7 5.8 3.2 4.7 3.4 4.4 6.11 2.1 2.1 3.5 1.7
33.7 50 46.3 134 181 38.6 34.4 40.7 34.6 78.8 73.6 104 105 125 71.7 106 148 207 113 129 133 171 159 143 191 40.2 210 148 178 224
0.13 0.17 0.17 0.37 0.44 0.13 0.12 0.15 0.12 0.21 0.2 0.26 0.29 0.37 0.21 0.28 0.46 0.41 0.31 0.42 0.42 0.41 0.42 0.46 0.43 0.1 0.5 0.28 0.38 0.42
<0.4 <0.4 <0.4 <0.7 <0.7 0.4 <0.4 1 0.5 <0.6 0.7 <0.6 <0.6 <0.7 0.8 1 <0.7 <0.7 <0.6 <0.7 <0.7 <0.7 0.7 0.4 <0.7 <0.4 <0.7 <0.7 <0.7 <0.7
1.78 1.17 1.22 0.44 0.4 1.62 1.5 2.82 1.94 2.17 2.11 0.4 0.36 0.13 3.22 2.08 0.12 0.43 0.65 0.09 0.12 0.13 0.19 0.06 0.48 1.24 0.21 0.44 0.59 0.08

- 7000 7370 8490 9660 6520 6230 10600 6330 6690 5250 10700 10500 3460 19100 9720 3520 6240 4400 5100 2890 6630 4700 5360 19600 6210 6630 13700 5740 21800
18.1 17.3 20.7 35.3 34.8 17.7 18.1 23.7 18 25.8 23.3 24.8 25.5 32.8 28.7 27.7 35.3 28.1 26 35.7 39.3 34.2 40.3 37.9 36.1 16.8 31.6 22.9 25.6 30
2.96 3.27 3.29 5.66 5.41 3.04 3.07 3.92 2.87 4.24 3.97 4.18 4.24 5.65 4.69 4.94 5.55 5.95 4.75 5.33 4.99 5.49 6.49 5.62 6.12 3.29 5.13 4.5 6.1 5.79
59.1 57.1 61 53.2 55.9 56.7 56 75.6 56.9 57.4 63.2 39.7 39.2 46.6 67.4 60.3 49.3 43.4 61.3 55.7 50 45.2 66.7 52.4 57.3 40.1 47.4 40.6 45.1 45.4
1400 11500 12000 9570 8590 12800 12600 15100 12000 12300 11300 9240 9070 10600 16400 12700 15700 7100 9530 11700 11000 7600 13300 1270 9230 11700 6450 5750 7310 6110
29.2 42.6 59.8 10.6 9.7 32 30 30.3 27.2 20.3 19.6 13.2 13.2 18.6 36.2 19.1 12.2 8.99 25.7 12.6 20.6 13.1 59.9 11.8 11 16 9.34 9.04 10.8 6.42

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
6780 7470 7870 3790 3470 6880 6270 7720 7440 6230 6200 4500 4370 4400 7570 6120 4030 3770 5210 4390 4370 3520 5270 4510 4140 4970 3010 3600 3670 2800
90.4 82.7 80.4 102 130 104 103 119 88.1 104 102 107 104 164 138 110 134 89.7 98.5 87.7 83.2 77.8 112 150 131 125 75.6 67.8 104 132
0.14 0.176 0.195 0.218 0.223 0.161 0.175 0.261 0.158 0.219 0.217 0.152 0.108 0.264 0.271 0.226 0.161 0.243 0.242 0.141 0.089 0.288 0.3 0.244 0.281 0.147 0.1 0.411 0.243 0.206
13.3 10.2 12.5 1.91 1.77 17.7 15.3 17.4 15.3 11.7 12.3 2.6 2.46 1.29 11.8 11 1.02 2.53 5.38 1.5 2.27 0.67 0.98 0.31 1.01 5.47 1.83 6.38 4.78 0.87
10 12.9 12.8 29.6 28.3 10.1 10 13 9.82 19.7 18.6 19 19.6 24 15.4 23 27.6 24.8 21 27.8 29.8 26.3 36.6 25 30.4 9.22 25.8 19.3 22.5 26.3
654 538 581 288 280 523 510 728 634 571 552 299 318 454 812 607 290 338 392 276 273 297 434 301 358 568 157 246 279 173

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1.7 1.3 2.3 1.6 2.1 1.2 1.1 2 1.7 1.7 1.5 <0.4 0.5 0.7 2.3 2.5 1.1 2.1 0.9 <0.4 0.6 3.1 1 0.9 1.7 1 0.8 0.8 1.7 2.9
122 173 158 283 220 114 134 142 135 254 336 268 277 317 112 206 350 249 229 597 442 357 363 148 268 139 350 344 172 383
0.17 0.07 0.22 <0.10 <0.09 0.3 0.18 0.3 0.18 0.09 <0.08 <0.09 <0.09 <0.09 0.18 0.1 <0.10 <0.10 0.15 <0.10 <0.10 <0.1 <0.09 <0.05 <0.09 <0.05 <0.10 <0.1 <0.09 <0.10

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
247 103 110 86.6 91.8 77.3 71.9 91.2 82.8 85.8 73.9 111 119 78.6 110 96.8 67.9 136 87.6 82.2 65.5 111 87.6 62.2 174 48.4 73.1 113 105 227

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

<0.2 <0.2 <0.2 <0.4 <0.4 <0.2 <0.2 <0.2 <0.2 <0.3 <0.3 <0.4 <0.4 <0.4 0.3 <0.3 <0.4 <0.4 <0.3 <0.4 <0.4 <0.4 <0.4 <0.2 <0.4 <0.2 <0.4 <0.4 <0.04 <0.4
3.4 3.2 4.8 1.8 1.8 3.7 3.6 3.5 6.4 3.3 3.6 2 1.9 1.9 2.4 2.8 1.5 2.3 2.5 1.8 2 2.1 2.3 0.5 1.9 3 1.4 2.5 2.9 2.3
468 422 422 411 367 503 555 606 450 517 514 530 578 518 628 557 338 452 446 403 415 460 413 177 414 852 360 400 465 404

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
37.5 34.4 36.4 46 50.3 37.5 37.2 43.6 35.2 43.7 44.2 40.9 43.2 51.8 48.8 48.5 49.5 45.3 45.3 49.7 50.2 49.4 53.7 47.1 50.3 33.8 50 40.2 45.2 44.2
120 105 116 50 50 142 117 162 130 111 107 57.8 83.4 50.2 157 103 68.6 38.3 78.7 113 120 39.2 66.9 46.8 53.6 84.4 40.9 47.6 42.9 26.9

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0.34 - - 3.01 2.57 - - 0.24 0.25 - - 2.17 3.38 0.99 - - - - - - 3.26 - - - - - 3.13 2.95 2.63
<0.05 - - <0.05 <0.05 - - <0.05 <0.05 - - <0.05 <0.05 <0.05 - - - - - - <0.05 - - - - - <0.05 <0.05 <0.05

0.1 - - <0.05 0.23 - - 0.08 0.07 - - 0.52 1.32 0.45 - - - - - - 0.27 - - - - - 0.51 0.18 0.17
0.12 - - 0.5 0.48 - - 0.13 0.11 - - 0.59 1.19 0.61 - - - - - - 0.59 - - - - - 0.77 0.41 0.43
0.77 - - 4.5 5.13 - - 0.72 0.74 - - 3.83 3.81 2.19 - - - - - - 8.09 - - - - - 5.72 3.23 4.05
0.28 - - 0.72 0.89 - - 0.36 0.3 - - 0.7 0.61 1.08 - - - - - - 1.35 - - - - - 0.99 0.43 0.92
0.694 - - 0.72 0.99 - - 0.95 0.93 - - 1.72 1.48 1.84 - - - - - - 1.12 - - - - - 1.21 0.55 0.38
0.84 - - 0.7 0.89 - - 1.2 0.91 - - 1.26 1.01 2.46 - - - - - - 1.21 - - - - - 1.02 0.5 0.48
0.36 - - 0.71 0.75 - - 0.42 0.37 - - 0.51 0.32 1.11 - - - - - - 1.06 - - - - - 0.8 <0.05 0.63
0.36 - - 0.68 0.75 - - 0.43 0.41 - - 0.7 0.43 1.08 - - - - - - 1.1 - - - - - 0.78 <0.05 0.61
0.13 - - 0.11 0.1 - - 0.23 0.13 - - 0.15 0.12 0.32 - - - - - - 0.21 - - - - - 0.16 0.09 0.11
0.11 - - 0.1 0.11 - - 0.19 0.15 - - 0.14 0.09 0.28 - - - - - - 0.19 - - - - - 0.15 0.08 0.11
0.19 - - 0.26 0.25 - - 0.24 0.2 - - 0.24 0.18 0.44 - - - - - - 0.41 - - - - - 0.35 0.21 0.26
0.17 - - <0.05 <0.05 - - 0.19 0.12 - - <0.05 <0.05 0.21 - - - - - - <0.05 - - - - - <0.05 <0.05 <0.05

<0.05 - - <0.05 <0.05 - - <0.05 <0.05 - - <0.05 <0.05 0.05 - - - - - - <0.05 - - - - - <0.05 <0.05 <0.05
0.13 - - 0.12 <0.05 - - 0.11 0.1 - - <0.05 <0.05 0.15 - - - - - - <0.05 - - - - - 0.15 0.08 0.16
4.84 - - 12.13 13.14 - - 5.49 4.79 - - 12.53 13.94 13.26 - - - - - - 18.86 - - - - - 15.74 8.71 10.94
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APPENDIX I
Table I-1: Summary of Ladysmith Harbour's Historical Bulk Sediment Chemistry Data 

1999-2005

 12/21/2011 09-1436-5008/5000

Location
Depth (m)
Soil Type

Date Sampled
QA/QC

Data Source
TOC (%) %
Organic Matter (%) %
pH
Metals
Aluminum ug/g
Antimony ug/g
Arsenic ug/g 7.24 41.6 50
Barium ug/g
Beryllium ug/g
Bismuth ug/g
Cadmium ug/g 0.7 4.2 5 0.6
Calcium ug/g
Chromium ug/g 52.3 160 190
Cobalt ug/g
Copper ug/g 18.7 108 130
Iron ug/g
Lead ug/g 30.2 112 130
Lithium ug/g
Magnesium ug/g
Manganese ug/g
Mercury ug/g 0.13 0.7 0.84 0.75
Molybdenum ug/g
Nickel ug/g
Phosphorus ug/g
Potassium ug/g
Selenium ug/g
Silicon ug/g
Silver ug/g
Sodium ug/g
Strontium ug/g
Sulfur ug/g
Thorium ug/g
Thallium ug/g
Tin ug/g
Titanium ug/g
Uranium ug/g
Vanadium ug/g
Zinc ug/g 124 271 330
Zirconium ug/g
Polycyclic Aromatic Hydrocarbons
Naphthalene ug/g 0.0346 0.391 0.47
Acenaphthene ug/g 0.00671 0.0889 0.11
Acenaphthylene ug/g 0.00587 0.128 0.15
Fluorene ug/g 0.0212 0.144 0.17
Phenanthrene ug/g 0.0867 0.544 0.65
Anthracene ug/g 0.0469 0.245 0.29
Fluoranthene ug/g 0.113 1.494 1.8
Pyrene ug/g 0.153 1.398 1.7
Benz(a)anthracene ug/g 0.0748 0.693 0.83
Chrysene ug/g 0.108 0.846 1
Benzo(b)fluoranthene ug/g
Benzo(k)fluoranthene ug/g
Benzo(a)pyrene ug/g 0.0888 0.763 0.92
Indeno(1,2,3-c,d)pyrene ug/g
Dibenz(a,h)anthracene ug/g 0.00622 0.135 0.16
Benzo(g,h,i)perylene ug/g
Total PAHs ug/g 20 2.5

FDA = Field Duplicate Available; FD = Field Duplicate.

Ocean 
Disposal 

Lower Action 
Limits d

CCME Marine 
Sediment 

Guideline PEL b

CCME Marine 
Sediment 

Guideline ISQG a

BC CSR 
Marine 

Sediment 
Criteria cUnits

f - Levelton Engineering Ltd. 2000.  Preliminary Site Investigation Stage I and Stage II Lot 4, Plan 45800, District Lot 8G, Lot 11G and 
Lot 1, Plan VIP64405, Oyster Land District. Ladysmith, BC
g -  Levelton Engineering Ltd. 2000.  Detailed Site Investigation Lot 4, Plan 45800, District Lot 8G, District Lot 11G and Lot 1, Plan 
VIP64405, Oyster Land District.  Ladysmith, B.C.  Dated October 25, 2000
h - Phoenix Environmental Services Ltd.  1999.  Environmental Impact Assessment Report Proposed Ladysmith Marina and Waterfront 
Development Project Ladysmith, B.C. Dated December 1999
I - G3 Consulting Ltd. 2005.  Report on Ladysmith Harbour Foreshore Fill Sampling & Analysis.  Dated March 2005

a - Canadian Council of Ministers of the Environment (CCME) Interim Maine Sediment Quality Guidelines (ISQG); CCME 2001

b - Canadian Council of Ministers of the Environment (CCME) Probable Effect Levels; CCME 2001
c - British Columbia Contaminated Sites Regulations (BC CSR) Typical Marine Sediment Criteria (BC CSR 2011)
d - Environment Canada Disposal at Sea Program; Lower Action Limits, Environment Canada 2011

e - Phoenix Enviornmental Services Ltd. 2002. Sediment Chemistry Investigation Report Ladysmith Harbour Proposed Waterfront Re-
Development Ladysmith, B.C. Dated September 2002

Bold and underlined values are equal to or exceed the CCME Marine Sediment Guideline ISQG
Bold  and outlined values are equal to or exceed the CCME Marine Sediment Guideline PEL
Bold, yellow highlighted and outlined values are equal to or exceed the BC CSR Marine Sediment Criteria

Bold and blue highlighted values are equal to or exceed the Ocean Disposal Limit
italics values indicate detections limits grater than guideline.

E6-R1 E6-R2 E6-R3 E6 E6 E6 F6-R1 F6-R2 F6-R3 F6 F6 F6 F7-R1 F7-R2 F7-R3 I8-R1 I8-R2 I8-R3 I8 I8 I8 J7-R1 J7-R2
surface surface surface 0-0.05 1.2-1.25 2.76-2.8 surface surface surface 0-0.05 2.04-2.12 3.85-3.9 surface surface surface surface surface surface 0-0.04 3.05-3.1 5.5-5.55 surface surface

grab grab grab core core core grab grab grab core core core grab grab grab grab grab grab core core core grab grab
4-Feb-05 4-Feb-05 4-Feb-05 5-Feb-05 5-Feb-05 2-Feb-05 4-Feb-05 4-Feb-05 4-Feb-05 2-Feb-05 2-Feb-05 2-Feb-05 4-Feb-05 4-Feb-05 4-Feb-05 4-Feb-05 4-Feb-05 4-Feb-05 2-Feb-05 2-Feb-05 2-Feb-05 3-Feb-05 3-Feb-05

G3i G3i G3i G3i G3i G3i G3i G3i G3i G3i G3i G3i G3i G3i G3i G3i G3i G3i G3i G3i G3i G3i G3i

- 22.2 - - - - - 30.3 - - - - - 25.2 - - 40.3 - - - - - 28.6
- - - - - - - - - - - - - - - - - - - - - - -

7.47 7.06 7.32 7.56 9.02 8.6 6.68 6.91 7.01 6.71 8.56 9.12 6.92 7.32 6.94 7.15 7.04 6.75 7.08 8.78 8.89 7.52 7.54

- - - - - - - - - - - - - - - - - - - - - - -
<10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
15.3 12.9 9.8 10.5 6.1 6.4 12.9 15.8 12.6 8.2 9.1 <5.0 15.6 14.5 14.2 7.9 9.8 7 6.8 <5.0 <5.0 13 14.3
40.4 39.1 41.8 34.2 48.2 51.7 22.4 30.7 30.4 14.2 18.7 23.6 42.1 39.1 30.9 62.8 58.5 53.6 75.9 169 135 82.9 54.5

<0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
- - - - - - - - - - - - - - - - - - - - - - -

3.28 2.58 1.2 2.59 <0.10 <0.10 2.34 2.94 2.52 1.27 1.48 <0.10 3 3.12 2.35 0.63 1.07 0.59 0.81 0.2 0.13 1.42 3.35
- - - - - - - - - - - - - - - - - - - - - - -

27.4 25.1 18.8 23 21.5 25.1 18.6 21.7 21.2 15.2 15.1 20 24.9 25.8 21.5 18.5 15.2 17.4 16.3 9.2 10.7 24.4 26.1
4.8 4.4 3.9 4.4 7.7 9.8 3.2 3.8 3.6 2.8 4.3 6 4.3 4.4 3.8 3.9 3.4 3.8 3.9 4.5 4.4 4.4 4.6
111 95.2 97.7 92.9 29.8 44.7 84.4 82.3 84.9 64 16.5 22.5 80.6 83.3 75 70.2 63.3 51.4 56.2 45.3 49.6 138 344

- - - - - - - - - - - - - - - - - - - - - - -
<50 <50 82 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 150 <50

- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - -

0.287 0.354 0.359 0.749 0.0493 0.0621 0.202 0.243 0.248 0.174 0.0298 0.014 0.237 0.25 0.233 0.385 0.332 0.273 0.259 0.271 0.253 0.22 0.236
16.3 9.6 <4.0 17.6 <4.0 <4.0 24.8 17 16.9 18.8 9.6 <4.0 18.9 15.8 20.2 <4.0 5.4 4.8 9.7 <4.0 <4.0 10.9 12.5
19.2 18.4 13.6 17.3 20.1 23.8 15.1 17.5 16.5 11.1 12.3 13.5 19.1 19.5 17 20.7 15.7 18.2 19.2 15.6 16.7 15.2 20.7

- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - -

<2.0 <2.0 <4.0 <2.0 <2.0 <2.0 <4.0 <3.0 <5.0 <2.0 <2.0 <2.0 <3.0 <3.0 <3.0 <2.0 <4.0 <3.0 <3.0 <2.0 <2.0 <2.0 <2.0
- - - - - - - - - - - - - - - - - - - - - - -

<2.0 <2.0 <2.0 2.4 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
- - - - - - - - - - - - - - - - - - - - - - -

- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - -

<5.0 <5.0 <5.0 8.4 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - -

43.5 41.6 36.7 43.9 57.6 58.2 41.8 46.8 43.3 36.2 41.3 77.6 47.6 46.3 45.1 38.9 41.4 35.7 40 32.7 38.7 38.8 46.5
209 215 113 225 39.9 41 218 192 186 213 22.5 23.8 159 179 170 74.6 91 76 84.2 36.9 33.8 275 206

- - - - - - - - - - - - - - - - - - - - - - -

- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - -
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APPENDIX I
Table I-1: Summary of Ladysmith Harbour's Historical Bulk Sediment Chemistry Data 

1999-2005

 12/21/2011 09-1436-5008/5000

Location
Depth (m)
Soil Type

Date Sampled
QA/QC

Data Source
TOC (%) %
Organic Matter (%) %
pH
Metals
Aluminum ug/g
Antimony ug/g
Arsenic ug/g 7.24 41.6 50
Barium ug/g
Beryllium ug/g
Bismuth ug/g
Cadmium ug/g 0.7 4.2 5 0.6
Calcium ug/g
Chromium ug/g 52.3 160 190
Cobalt ug/g
Copper ug/g 18.7 108 130
Iron ug/g
Lead ug/g 30.2 112 130
Lithium ug/g
Magnesium ug/g
Manganese ug/g
Mercury ug/g 0.13 0.7 0.84 0.75
Molybdenum ug/g
Nickel ug/g
Phosphorus ug/g
Potassium ug/g
Selenium ug/g
Silicon ug/g
Silver ug/g
Sodium ug/g
Strontium ug/g
Sulfur ug/g
Thorium ug/g
Thallium ug/g
Tin ug/g
Titanium ug/g
Uranium ug/g
Vanadium ug/g
Zinc ug/g 124 271 330
Zirconium ug/g
Polycyclic Aromatic Hydrocarbons
Naphthalene ug/g 0.0346 0.391 0.47
Acenaphthene ug/g 0.00671 0.0889 0.11
Acenaphthylene ug/g 0.00587 0.128 0.15
Fluorene ug/g 0.0212 0.144 0.17
Phenanthrene ug/g 0.0867 0.544 0.65
Anthracene ug/g 0.0469 0.245 0.29
Fluoranthene ug/g 0.113 1.494 1.8
Pyrene ug/g 0.153 1.398 1.7
Benz(a)anthracene ug/g 0.0748 0.693 0.83
Chrysene ug/g 0.108 0.846 1
Benzo(b)fluoranthene ug/g
Benzo(k)fluoranthene ug/g
Benzo(a)pyrene ug/g 0.0888 0.763 0.92
Indeno(1,2,3-c,d)pyrene ug/g
Dibenz(a,h)anthracene ug/g 0.00622 0.135 0.16
Benzo(g,h,i)perylene ug/g
Total PAHs ug/g 20 2.5

FDA = Field Duplicate Available; FD = Field Duplicate.

Ocean 
Disposal 

Lower Action 
Limits d

CCME Marine 
Sediment 

Guideline PEL b

CCME Marine 
Sediment 

Guideline ISQG a

BC CSR 
Marine 

Sediment 
Criteria cUnits

f - Levelton Engineering Ltd. 2000.  Preliminary Site Investigation Stage I and Stage II Lot 4, Plan 45800, District Lot 8G, Lot 11G and 
Lot 1, Plan VIP64405, Oyster Land District. Ladysmith, BC
g -  Levelton Engineering Ltd. 2000.  Detailed Site Investigation Lot 4, Plan 45800, District Lot 8G, District Lot 11G and Lot 1, Plan 
VIP64405, Oyster Land District.  Ladysmith, B.C.  Dated October 25, 2000
h - Phoenix Environmental Services Ltd.  1999.  Environmental Impact Assessment Report Proposed Ladysmith Marina and Waterfront 
Development Project Ladysmith, B.C. Dated December 1999
I - G3 Consulting Ltd. 2005.  Report on Ladysmith Harbour Foreshore Fill Sampling & Analysis.  Dated March 2005

a - Canadian Council of Ministers of the Environment (CCME) Interim Maine Sediment Quality Guidelines (ISQG); CCME 2001

b - Canadian Council of Ministers of the Environment (CCME) Probable Effect Levels; CCME 2001
c - British Columbia Contaminated Sites Regulations (BC CSR) Typical Marine Sediment Criteria (BC CSR 2011)
d - Environment Canada Disposal at Sea Program; Lower Action Limits, Environment Canada 2011

e - Phoenix Enviornmental Services Ltd. 2002. Sediment Chemistry Investigation Report Ladysmith Harbour Proposed Waterfront Re-
Development Ladysmith, B.C. Dated September 2002

Bold and underlined values are equal to or exceed the CCME Marine Sediment Guideline ISQG
Bold  and outlined values are equal to or exceed the CCME Marine Sediment Guideline PEL
Bold, yellow highlighted and outlined values are equal to or exceed the BC CSR Marine Sediment Criteria

Bold and blue highlighted values are equal to or exceed the Ocean Disposal Limit
italics values indicate detections limits grater than guideline.

J7-R3 J7 J7 J7 J7 J8-1 J8-R2 J8-R3 N7-R1 N7-R2 N7-R3 N7 N7 N7 FS1 FS2 FS3 FS4 TP14 TP15 S1 S2 S3 S4 S5 S6 S7
surface 0-0.04 1.55-1.61 1.55-1.61 3.05-3.1 surface surface surface surface surface surface 0-0.05 4.78-4.88 7.34-7.44 Surface Surface Surface Surface 0-0.5 0-0.5 Surface Surface Surface Surface Surface Surface Surface

grab core core core core grab grab grab grab grab grab core core core Grab Grab Grab Grab 0.5 0.5 Grab Grab Grab Grab Grab Grab Grab
3-Feb-05 2-Feb-05 2-Feb-05 2-Feb-05 2-Feb-05 3-Feb-05 3-Feb-05 3-Feb-05 5-Feb-05 5-Feb-05 5-Feb-05 2-Feb-05 2-Feb-05 2-Feb-05 21-Sep-00 21-Sep-00 21-Sep-00 21-Sep-00 18-Jul-00 18-Jul-00 22-Mar-99 22-Mar-99 22-Mar-99 22-Mar-99 22-Mar-99 22-Mar-99 22-Mar-99

FDA FD
G3i G3i G3i G3i G3i G3i G3i G3i G3i G3i G3i G3i G3i G3i Leveltonf Leveltonf Leveltonf Leveltonf Leveltong Leveltong Phoenixh Phoenixh Phoenixh Phoenixh Phoenixh Phoenixh Phoenixh

- - - - - - 36.4 - - - 18.9 - - - - - - - - - 8.65 8.24 2.81 16.2 18.6 22.4 -
- - - - - - - - - - - - - - - - - - - - 15.4 14.7 5 28.9 33.1 39.8 -

7.33 8.04 8.09 8.04 8.64 7.79 7.22 7.07 8.52 8.61 8.42 8.84 8.57 8.03 7.9 8.1 8 6.4 7.9 7.9 7.45 7.52 7.44 7.68 7.49 7.17 7.48

- - - - - - - - - - - - - - - - - - - - 24900 20400 15800 25600 27400 23000 10100
<10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
13.9 12.7 8.2 9.6 8.5 5.9 12.3 15.6 6.1 <5.0 <5.0 5.1 <5.0 <5.0 4.5 4.1 4 4.9 6.8 9 13 <2 14 12 19 13 9
55.9 59.5 30.9 29.9 42.5 97.9 62 56.6 80.6 86.7 132 93.1 115 142 42.7 23.8 33.8 29.2 30 24 125 94.9 80.6 125 143 102 64.4

<0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 0.2 0.1 0.1 0.1 0.2 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
- - - - - - - - - - - - - - - - - - - - <5 <5 <5 <5 <5 <5 <5

2.97 2.34 2.55 2.25 <0.10 0.43 2.31 3.48 <0.10 0.13 <0.10 <0.10 <0.10 0.19 <0.2 <0.2 <0.2 <0.2 0.3 0.6 0.4 0.6 0.2 1.8 2.4 1.7 0.9
- - - - - - - - - - - - - - - - - - - - 15400 13600 12500 13600 13900 12700 30000

24 28.8 29.6 28 31.4 16.6 20.8 27.3 28.2 27.2 21.6 25.6 26.4 28.2 19.6 22.8 17 14 19 20 37 30.2 24 32 32 34.6 12.9
4.6 5.3 6.1 5.8 10.9 4.3 4.1 5.2 6.3 5.8 5.3 5.6 6.3 6 5.2 4.5 5.1 5.2 5.3 6.3 9.2 7.1 6.9 6.5 6.6 6.7 2.8
81.2 83.8 31.4 29.5 36.7 55.6 72.4 91.6 61.7 65.2 72.1 63.4 64.5 69.5 34.7 54.2 40.9 35.9 62 69 70.8 62.4 29.1 69.5 81.6 110 76.2

- - - - - - - - - - - - - - - - - - - - 27000 21000 16000 22000 22000 24000 16000
<50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 30 39 17 14 38 165 47 30 7 14 24 99 44

- - - - - - - - - - - - - - - - - - - - 20.8 16.5 12.1 22.5 21.2 20.2 5.8
- - - - - - - - - - - - - - - - - - - - 11800 9640 7530 13000 14300 13000 10800
- - - - - - - - - - - - - - - - - - - - 361 241 213 186 184 205 72.2

0.261 0.212 0.41 0.0384 0.0324 0.323 0.308 0.292 0.275 0.247 0.459 0.236 0.149 0.149 0.05 0.54 <0.05 <0.05 0.13 0.1 0.24 0.65 <0.002 0.18 0.24 <0.002 <0.002
16.7 16.1 5.1 4.9 <4.0 <4.0 12.1 17.9 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 1.7 2.8 2.5 2.1 2.7 5.8 <1 3 <1 5 6 20 7
20.5 23.8 21.6 20.5 27.8 21.6 19.3 23.6 40.8 38.5 27.9 34.6 39.1 37.2 15.9 14.7 14 16.4 16 24 19.6 15.8 12.6 18.9 18.6 18.9 8.9

- - - - - - - - - - - - - - - - - - - - 740 568 453 942 1040 792 601
- - - - - - - - - - - - - - - - - - - - 3840 3350 2280 5200 6400 4710 2870

<3.0 <2.0 <3.0 <2.0 <2.0 <2.0 <2.0 <3.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <2 <2 <2 <2 <2 <2 <2
- - - - - - - - - - - - - - - - - - - - 389 459 618 121 487 295 2910

<2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2 <2 <2 <2 <1 <1 <0.5 <0.5 <0.5 <0.5 <0.5 0.6 <0.5
- - - - - - - - - - - - - - - - - - - - 13600 125800 7500 38100 49700 33000 32800

- - - - - - 76 67 54 88 98 90 169
- - - - - - - - - - - - - - - - - - - - 7400 8900 2770 15500 18300 21600 22300
- - - - - - - - - - - - - - - - - - - - 3 3 2 1 2 2 <1
- - - - - - - - - - - - - - - - - - - - - - - - - - -

<5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <2 <2 <2 <2 <2 <2 8 8 3 1 6 7 6
- - - - - - - - - - - - - - - - - - - - 1730 1450 1440 1190 1180 1200 406
- - - - - - - - - - - - - - - - - - - - <5 <5 <5 <5 7 11 15

48.9 43.7 48.8 47.7 64 38.6 45.4 54.8 40.9 38.7 44.2 38.2 40.4 44 30.6 30.7 32.9 32.1 28 28 70 60 52 62 59 67 29
139 140 40.3 36 49.1 46.9 125 165 79.4 72.1 41.7 72.1 70.6 65.6 132 134 98.3 131 130 189 109 104 43.8 115 167 207 182

- - - - - - - - - - - - - - - - - - - - 9.4 7.7 7 7.9 7.4 7.2 2.9

- - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - -
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APPENDIX I
Table I-2: Summary of Ladysmith Harbour Historical Bulk Sediment Chlorophenol Chemistry Data 

2002

 12/21/2011 09-1436-5008/5000

Location A3 B4 B4 D7 F4 F6 J8
SCN 185977-1 185977-52 185977-3 185977-14 185977-19 185977-30 185977-38

Depth (m) 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15 0-0.15
Soil Type Grab Grab Grab Grab Grab Grab Grab

Date Sampled 6-Aug-02 6-Aug-02 6-Aug-02 6-Aug-02 6-Aug-02 7-Aug-02 7-Aug-02
QA/QC
Source Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe Phoenixe

Chlorinated Phenols
Monochlorophenols <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
dichlorophenols <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Trichlorophenols <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Tetrachlorophenols 1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Pentachlorophenol 0.69 1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Notes:
Results are expressed in micrograms per gram (ug/g) unless othwise indicated.

Bold and yellow highlighted values are equal to or exceed the BC CSR Marine Sediment Criteria
Bold and blue highlighted values are equal to or exceed the Ocean Disposal Limit
italics values indicate detections limits grater than guideline.

b - Canadian Council of Ministers of the Environment (CCME) Probable Effect Levels; CCME 2001
c - British Columbia Contaminated Sites Regulations (BC CSR) Typical Marine Sediment Criteria (BC CSR 2011)
d - Environment Canada Disposal at Sea Program; Lower Action Limits, Environment Canada 2011

e - Phoenix Enviornmental Services Ltd. 2002. Sediment Chemistry Investigation Report Ladysmith Harbour Proposed 
Waterfront Re-Development Ladysmith, B.C. Dated September 2002

CCME Marine 
Sediment 

Guideline ISQG a

CCME Marine 
Sediment 

Guideline PEL b

BC CSR Marine 
Sediment Criteria c

Ocean Disposal 
Lower Action 

Limits d

a - Canadian Council of Ministers of the Environment (CCME) Interim Maine Sediment Quality Guidelines (ISQG); CCME 2001
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MARINE SEDIMENT INVESTIGATION AND MANAGEMENT 
OPTIONS ASSESSMENT, LADYSMITH HARBOUR 
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Report No. 09-1436-5008/5000  

 

APPENDIX II  
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SAMPLE RECEIPT FORM / CHEMICAL ANALYSIS FORM 
 
FILE #:  PR91796 CLIENT: Golder Associates 

  500 – 4260 Still Creek Drive 
  Burnaby, BC 
  V5C 6C6 
 
  Phone – 604-298-6623 
  Fax – 604-298-5253 
 
 

RECEIVED BY:  V. Ionescu DATE/TIME: December 2, 200 (12:20 p.m.) 
CONDITION: ok, 10˚C, sample#39 (PR91833) may have leaked. Approx 200 uL remaining 
 
# of Containers Sample Type Sample (Client Codes) Lab Codes Test Requested 
     

1 Hexane extract 1 PR91796 PAH 
1 Hexane extract 2 PR91797 PAH 
1 Hexane extract 3 PR91798 PAH 
1 Hexane extract 4 PR91799 PAH 
1 Hexane extract 6 PR91800 PAH 
1 Hexane extract 7 PR91801 PAH 
1 Hexane extract 8 PR91802 PAH 
1 Hexane extract 9 PR91803 PAH 
1 Hexane extract 10 PR91804 PAH 
1 Hexane extract 11 PR91805 PAH 
1 Hexane extract 12 PR91806 PAH 
1 Hexane extract 13 PR91807 PAH 
1 Hexane extract 14 PR91808 PAH 
1 Hexane extract 15 PR91809 PAH 
1 Hexane extract 16 PR91810 PAH 
1 Hexane extract 17 PR91811 PAH 
1 Hexane extract 18 PR91812 PAH 
1 Hexane extract 19 PR91813 PAH 
1 Hexane extract 20 PR91814 PAH 
1 Hexane extract 21 PR91815 PAH 
1 Hexane extract 22 PR91816 PAH 
1 Hexane extract 23 PR91817 PAH 
1 Hexane extract 24 PR91818 PAH 
1 Hexane extract 25 PR91819 PAH 
1 Hexane extract 26 PR91820 PAH 
1 Hexane extract 27 PR91821 PAH 
1 Hexane extract 28 PR91822 PAH 
1 Hexane extract 29 PR91823 PAH 
1 Hexane extract 30 PR91824 PAH 
1 Hexane extract 31 PR91825 PAH 
1 Hexane extract 32 PR91826 PAH 
1 Hexane extract 33 PR91827 PAH 
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1 Hexane extract 34 PR91828 PAH 
1 Hexane extract 35 PR91829 PAH 
1 Hexane extract 36 PR91830 PAH 
1 Hexane extract 37 PR91831 PAH 
1 Hexane extract 38 PR91832 PAH 
1 Hexane extract 39 PR91833 PAH 
1 Hexane extract 40 PR91834 PAH 
1 Hexane extract NC PR91835 PAH 
1 Hexane extract PC PR91836 PAH 
1 Hexane extract B PR91837 PAH 

 
 
STORAGE: Stored at 4 °C 
 
ANALYTES: HRGC/HRMS analysis for polycyclic aromatic hydrocarbons (PAH) 
 
SPECIAL INSTRUCTIONS:  PAH:  SOP LAB03; EPA 8270 modified  
 

Reference Method: PAH:  SOP LAB03; EPA 8270 modified 
METHODOLOGY 

  
Data summarized in Data Report Attached 
 
Report sent to:  Adrian DeBruyn Date:  December 21, 2009 
 
 
Comments: Results relate only to items tested.  Extract weights are provided on the final report. 
 
 
 
 
 
 
 
 
 
________________________________________ 
David Hope,  PChem, CEO 
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Client: Golder Associates Date Extracted:
Contact: Lizanne Meloche Date Analysed:

Client 
ID: 1 2 3 4 6 7

PRL ID: PR91796 PR91797 PR91798 PR91799 PR91800 PR91801
Extract Wt. (g): 1.55 1.47 1.6 1.23 1.79 1.74

Compound DL
ng/sample ng/sample ng/sample ng/sample ng/sample ng/sample ng/sample

Naphthalene 0.1 0.43 0.55 0.47 0.32 0.52 0.48
Acenaphthylene 0.1 0.13 0.18 0.15 0.11 0.1 ND
Acenaphthene 0.2 ND 0.35 0.95 0.32 0.34 ND
Fluorene 0.1 0.41 0.3 1.1 0.16 0.23 0.34
Phenanthrene 0.1 0.82 1.9 7.9 1.6 2.5 1.1
Anthracene 0.1 0.24 0.56 1.5 0.79 1.4 0.65
Fluoranthene 0.1 2.7 9.1 23 9.4 10 4.1
Pyrene 0.1 1.7 5.5 13 10 14 6.9
Benz(a)anthracene 0.1 0.46 1.4 3.2 1.6 2.3 1.2
Chrysene 0.1 0.38 1.9 3.4 1.1 1.3 0.6
Benzo(b+j)fluoranthene 0.2 0.7 1.3 2.2 2 2.2 1.6
Benzo(k)fluoranthene 0.1 0.38 1.1 1.9 1.5 1.7 1.6
Benzo(a)pyrene 0.5 ND 0.59 1 0.62 1.1 0.79
Indeno(1,2,3-cd)pyrene 1.0 ND ND ND ND ND ND
Dibenz(a,h)anthracene 1.0 ND ND ND ND ND ND
Benzo(ghi)perylene 1.0 ND ND ND ND ND ND

Patrick Pond, Chief Technical Officer ND - none detected
Form Name:  DOC13 Data Report PAH  5-Nov-08  DGH

n/a
9-Dec-09

DATA REPORT
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Client: Golder Associates Date Extracted:
Contact: Lizanne Meloche Date Analysed:

Client 
ID: 8 9 10 11 12 13

PRL ID: PR91802 PR91803 PR91804 PR91805 PR91806 PR91807
Extract Wt. (g): 1.4 1.59 1.61 1.53 1.05 1.59

Compound DL
ng/sample ng/sample ng/sample ng/sample ng/sample ng/sample ng/sample

Naphthalene 0.1 0.49 0.22 0.29 0.17 0.29 0.43
Acenaphthylene 0.1 0.12 0.13 ND ND ND ND
Acenaphthene 0.2 0.22 0.22 0.26 0.2 0.68 0.21
Fluorene 0.1 0.12 0.16 0.21 0.19 0.55 0.12
Phenanthrene 0.1 0.97 1.7 1.3 0.77 3.2 0.97
Anthracene 0.1 0.83 1.4 0.9 0.47 2.1 0.62
Fluoranthene 0.1 7.3 6.5 8.9 4.3 14 23
Pyrene 0.1 14 23 13 4.6 11 22
Benz(a)anthracene 0.1 1.7 2.3 1.8 0.8 2.4 2.8
Chrysene 0.1 0.75 0.76 1.1 0.44 1.5 2.6
Benzo(b+j)fluoranthene 0.2 2.7 4.6 2 0.91 1.3 2.3
Benzo(k)fluoranthene 0.1 2.7 4.2 1.6 0.63 1.3 1.7
Benzo(a)pyrene 0.5 1.1 1.8 0.55 ND 0.66 0.9
Indeno(1,2,3-cd)pyrene 1.0 ND ND ND ND ND ND
Dibenz(a,h)anthracene 1.0 ND ND ND ND ND ND
Benzo(ghi)perylene 1.0 ND ND ND ND ND ND

Patrick Pond, Chief Technical Officer ND - none detected
Form Name:  DOC13 Data Report PAH  5-Nov-08  DGH

DATA REPORT
n/a

9-Dec-09
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Client: Golder Associates Date Extracted:
Contact: Lizanne Meloche Date Analysed:

Client 
ID: 14 15 16 17 18 19

PRL ID: PR91808 PR91809 PR91810 PR91811 PR91812 PR91813
Extract Wt. (g): 1.62 1.76 1.69 1.37 1.44 1.38

Compound DL
ng/sample ng/sample ng/sample ng/sample ng/sample ng/sample ng/sample

Naphthalene 0.1 0.35 0.46 0.65 0.27 0.37 0.33
Acenaphthylene 0.1 ND ND 0.19 0.13 ND ND
Acenaphthene 0.2 0.21 0.23 0.33 ND 0.33 0.31
Fluorene 0.1 0.18 0.12 0.38 0.1 0.21 0.15
Phenanthrene 0.1 0.71 0.99 1.9 0.78 0.82 0.74
Anthracene 0.1 0.55 0.43 0.77 0.39 0.56 0.23
Fluoranthene 0.1 1.9 3.3 4.6 4.4 6.3 3.6
Pyrene 0.1 2.9 3.5 4.1 3.3 7.6 1.9
Benz(a)anthracene 0.1 0.87 0.78 1 1.1 1.7 0.86
Chrysene 0.1 0.77 0.54 0.73 0.81 0.83 0.93
Benzo(b+j)fluoranthene 0.2 0.64 0.78 1.2 0.68 1.7 0.73
Benzo(k)fluoranthene 0.1 0.54 0.56 0.63 0.63 1.4 0.19
Benzo(a)pyrene 0.5 ND ND 0.68 ND 0.6 ND
Indeno(1,2,3-cd)pyrene 1.0 ND ND ND ND ND ND
Dibenz(a,h)anthracene 1.0 ND ND ND ND ND ND
Benzo(ghi)perylene 1.0 ND ND ND ND ND ND

Patrick Pond, Chief Technical Officer ND - none detected
Form Name:  DOC13 Data Report PAH  5-Nov-08  DGH

DATA REPORT
n/a

9-Dec-09
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Client: Golder Associates Date Extracted:
Contact: Lizanne Meloche Date Analysed:

Client 
ID: 20 21 22 23 24 25

PRL ID: PR91814 PR91815 PR91816 PR91817 PR91818 PR91819
Extract Wt. (g): 1.54 1.36 1.45 1.44 1.59 1.49

Compound DL
ng/sample ng/sample ng/sample ng/sample ng/sample ng/sample ng/sample

Naphthalene 0.1 0.37 2.6 0.51 0.48 0.71 0.36
Acenaphthylene 0.1 0.11 0.14 ND ND 0.12 0.11
Acenaphthene 0.2 0.32 2.5 ND ND 0.28 ND
Fluorene 0.1 ND 1.2 0.14 0.16 0.48 0.23
Phenanthrene 0.1 0.76 6.9 0.95 1 2.2 0.8
Anthracene 0.1 0.77 2.8 0.27 0.2 0.46 0.3
Fluoranthene 0.1 5.9 8.3 2.6 2.3 1.1 2.3
Pyrene 0.1 11 16 1.6 1.1 0.71 1.8
Benz(a)anthracene 0.1 2 2.2 0.63 0.69 0.42 0.75
Chrysene 0.1 1.1 1.3 0.95 0.79 0.39 0.64
Benzo(b+j)fluoranthene 0.2 1.6 1.9 0.56 0.46 ND 0.51
Benzo(k)fluoranthene 0.1 1.3 1.8 0.36 0.28 ND ND
Benzo(a)pyrene 0.5 1 0.71 ND ND ND ND
Indeno(1,2,3-cd)pyrene 1.0 ND ND ND ND ND ND
Dibenz(a,h)anthracene 1.0 ND ND ND ND ND ND
Benzo(ghi)perylene 1.0 ND ND ND ND ND ND

Patrick Pond, Chief Technical Officer ND - none detected
Form Name:  DOC13 Data Report PAH  5-Nov-08  DGH

DATA REPORT
n/a

9-Dec-09
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Client: Golder Associates Date Extracted:
Contact: Lizanne Meloche Date Analysed:

Client 
ID: 26 27 28 29 30 31

PRL ID: PR91820 PR91821 PR91822 PR91823 PR91824 PR91825
Extract Wt. (g): 1.61 1.27 1.35 1.58 1.68 1.55

Compound DL
ng/sample ng/sample ng/sample ng/sample ng/sample ng/sample ng/sample

Naphthalene 0.1 0.69 0.72 0.27 0.67 0.3 0.28
Acenaphthylene 0.1 0.24 ND 0.16 0.13 0.12 0.1
Acenaphthene 0.2 2.5 0.32 0.27 ND ND ND
Fluorene 0.1 3.4 0.24 0.16 0.24 0.35 ND
Phenanthrene 0.1 21 1.7 1.2 0.98 1.7 0.94
Anthracene 0.1 13 0.59 0.47 0.39 0.74 ND
Fluoranthene 0.1 163 5.1 5.5 4.3 4.1 1.1
Pyrene 0.1 113 4.4 3.2 2.9 3.3 0.82
Benz(a)anthracene 0.1 23 1.2 1.1 0.56 2.1 0.36
Chrysene 0.1 16 0.92 0.88 0.43 1.2 0.63
Benzo(b+j)fluoranthene 0.2 12 0.74 0.99 0.4 1.3 0.21
Benzo(k)fluoranthene 0.1 11 1 0.53 0.44 1 0.34
Benzo(a)pyrene 0.5 6.7 ND ND ND ND ND
Indeno(1,2,3-cd)pyrene 1.0 ND ND ND ND ND ND
Dibenz(a,h)anthracene 1.0 ND ND ND ND ND ND
Benzo(ghi)perylene 1.0 ND ND ND ND ND ND

Patrick Pond, Chief Technical Officer ND - none detected
Form Name:  DOC13 Data Report PAH  5-Nov-08  DGH

DATA REPORT
n/a

10-Dec-09
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Client: Golder Associates Date Extracted:
Contact: Lizanne Meloche Date Analysed:

Client 
ID: 32 33 34 35 36 37

PRL ID: PR91826 PR91827 PR91828 PR91829 PR91830 PR91831
Extract Wt. (g): 1.3 1.59 1.24 1.42 1.43 0.99

Compound DL
ng/sample ng/sample ng/sample ng/sample ng/sample ng/sample ng/sample

Naphthalene 0.1 0.53 0.67 0.19 0.48 0.26 0.21
Acenaphthylene 0.1 0.18 ND 0.13 ND ND ND
Acenaphthene 0.2 ND ND ND ND ND ND
Fluorene 0.1 0.24 0.3 0.13 0.16 0.2 0.21
Phenanthrene 0.1 1.8 1.4 0.81 0.45 0.56 1.2
Anthracene 0.1 0.44 0.18 0.17 0.17 0.13 0.36
Fluoranthene 0.1 1.5 0.59 1.2 0.65 1.7 1.8
Pyrene 0.1 1.5 0.57 0.54 0.89 0.94 1.4
Benz(a)anthracene 0.1 0.45 0.23 0.37 0.35 0.57 0.47
Chrysene 0.1 0.61 0.51 0.5 0.29 0.6 0.52
Benzo(b+j)fluoranthene 0.2 ND ND ND 0.28 0.21 0.29
Benzo(k)fluoranthene 0.1 ND ND ND ND 0.51 ND
Benzo(a)pyrene 0.5 ND ND ND ND ND ND
Indeno(1,2,3-cd)pyrene 1.0 ND ND ND ND ND ND
Dibenz(a,h)anthracene 1.0 ND ND ND ND ND ND
Benzo(ghi)perylene 1.0 ND ND ND ND ND ND

Patrick Pond, Chief Technical Officer ND - none detected
Form Name:  DOC13 Data Report PAH  5-Nov-08  DGH

DATA REPORT
n/a

10-Dec-09
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Client: Golder Associates Date Extracted:
Contact: Lizanne Meloche Date Analysed:

Client 
ID: 38 39 40 NC PC B

PRL ID: PR91832 PR91833 PR91834 PR91835 PR91836 PR91837
Extract Wt. (g): 1.31 0.17 1.7 1.75 1.28 1.64

Compound DL
ng/sample ng/sample ng/sample ng/sample ng/sample ng/sample ng/sample

Naphthalene 0.1 0.3 ND 0.63 0.31 693 0.47
Acenaphthylene 0.1 ND ND 0.14 0.11 611 0.13
Acenaphthene 0.2 ND ND ND ND 919 ND
Fluorene 0.1 0.17 ND 0.28 0.26 482 0.12
Phenanthrene 0.1 0.54 0.12 1.5 0.95 258 0.51
Anthracene 0.1 0.15 ND 0.32 ND 245 ND
Fluoranthene 0.1 1.9 0.38 2.9 0.8 234 0.16
Pyrene 0.1 1.5 0.44 2.4 0.88 193 0.16
Benz(a)anthracene 0.1 0.61 0.38 0.75 0.46 94 0.36
Chrysene 0.1 0.51 0.34 0.87 0.21 82 0.2
Benzo(b+j)fluoranthene 0.2 0.4 ND 0.6 ND 89 0.26
Benzo(k)fluoranthene 0.1 0.17 ND 0.48 0.12 76 0.45
Benzo(a)pyrene 0.5 ND ND ND ND 78 ND
Indeno(1,2,3-cd)pyrene 1.0 ND ND ND ND 83 ND
Dibenz(a,h)anthracene 1.0 ND ND ND ND 52 ND
Benzo(ghi)perylene 1.0 ND ND ND ND 79 ND

Patrick Pond, Chief Technical Officer ND - none detected
Form Name:  DOC13 Data Report PAH  5-Nov-08  DGH

DATA REPORT
n/a

10-Dec-09
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Client: Vancouver Petrographics-Golder & Associates
Project #: 09-1436-5008-5000
Contact: Jim Vinnell, VanPetro [vanpetro@vanpetro.com]; Adrian de Bruyn

Petrography by: Judith Potter, Ph.D., P.Geol. jpp@sitogeo.com
Date: 05-Jan-10

Samples # % coal % shaley % organic- %  coal % recent phyterals- % shale
HVB rank (Up Cret) coal (hvb) 

(Up Cret)

rich mud or 
mudstone

char mineralized wood,  wood, 
peat, algae, bark, spores, 
fungal & faunal remains

- mudstone,  - 
clays

Priority #1   
16741-02 4.3 1.0 - 0.7 43.0 20.4
16741-04 3.7 3.3 1.3 1.7 16.7 18.3
16741-07 9.7 2.0 4.3 0.4 22.3 22.7
16741-08 8.3 1.7 3.3 - 31.7 8.3
16745-02 25.0 19.7 1.0 - - 8.0
16745-03 20.0 1.0 34.0 - 14.3 4.0
16745-04 18.3 3.3 5.0 0.7 16.7 12.7
16745-08 17.0 29.0 12.0 - 0.3 4.7
16745-10 5.0 1.3 0.3 - 18.4 14.7
16745-11 3.0 0.3 0.3 - 3.3 6.3
16748-03 3.7 - 4.0 2.0 4.7 4.0
16748-04 6.3 1.3 1.0 0.3 9.0 11.3
16748-06 7.0 1.0 1.3 - 31.0 15.4
Priority #2 January 11, 2010
16741-01 6.7 3.7 - - 40.0 13.3
16741-03 9.0 3.7* - 1.0 34.5 2.7
16741-05 1.3 1.3 1.7 2.3 1.0 9.7
16741-06 0.7 1.3 1.3 0.3 2.0 8.0
16741-09 6.7 2.0 0.7 - 11.7 12.3
16745-01 15.0 9.7 0.3 0.7 0.7 27.6
16745-05 66.8 11.0 2.3 - 9.3 5.0
16745-06 17.3 2.3 4.3 - 30.0 8.3
16745-07 25.7* 4.6 - 0.3 33.0 4.7
16745-09 10.3 0.7 1.0 1.3 9.0 9.0
16748-28* 9.7** - 0.4 0.3 1.3 19.7

Priority #3 January 19, 2010
16745-12 10.3 - - - 30.7 9.7
16748-01 18.7 1.7 2.0 0.3 40.3 4.3
16748-02 11.0 0.7 1.0 0.7 28.7 16.0
16748-05 - - - - 0.4 9.3
16748-08 16.7 4.7 - 3.0 6.7
16748-09 9.0 1.0 0.3 22.7 5.0
16748-10 15.0 2.0 5.0 0.7 46.3 -



16748-11 17.0 2.3 2.0 1.0 23.7 2.7
16748-12 14.0 2.3 3.7 - 38.3 2.3
16751-01 13.0 3.7 4.0 - 50.0 -
16751-02 11.4 1.3 0.7 - 29.3 1.3
16751-03 43.7 5.3 5.0 1.0 29.6 1.7
16751-04 33.7 13.7 6.7 - 17.3 1.7
16751-05 21.3 5.3 2.3 - 13.7 2.0
16751-06 19.3 0.7 2.0 0.3 31.7 1.0
16751-07 28.7 26.0 4.3 1.3 2.3 6.7
16751-08 16.3 25.7 3.0 0.3 0.7 13.7
16751-09 23.7 9.0 9.0 - 37.0 0.7
16751-10 6.3 1.3 0.7 4.0 4.7
16751-11 11.7 2.0 1.0 5.7 4.7

*based on 300 points per slide
all point counting done under reflected, white light, using oil immersion objectives at X600 



90, Patterson Close SW, Calga     
Tel: (403) 240-0240   
jpp@sitogeo.com

%  coaly Total* Other
shale-mud-
stone (recent)

 pyrite, silica, 
silicates

salts (Na, Ca, Fe 
carbonates) & 
sulphides

7.0 23.3 0.3 100.0  
28.4 20.3 6.3 100.0
20.3 12.3 0.7 94.7 + 5.3% iron oxide

28.7 17.0 0.7 99.7 + 0.3% iron oxides

42.3 1.3 2.7 100.0
21.0 5.0 0.7 100.0
39.3 2.7 1.3 100.0
33.3 - 3.7 100.0
0.3 28.0 32.0 100.0
3.0 49.3 33.0 98.5 + 1.5% iron oxides

4.3 31.0* 46.3 100.0
16.7 30.7 22.7 99.3 + 0.7% iron oxide

11.7 14.3 18.3 100.0

28.3 1.7 6.3 100.0
45.7 1.7 1.7 100.0
0.7 44.3 37.3 99.6 + 0.4% iron oxide

- 37.7 48.7* 100.0
2.3 39.7 24.3 99.7 + 0.3% iron oxide

27.0 18.7 0.3 100.0
5.3 0.3 - 100.0

35.5 1.0 1.0 99.7 + 0.3% iron oxide

27.7 2.3 1.0 99.3 + 0.7% iron oxide

11.3 19.7 37.3 99.6 + 0.4% iron oxide

24.3 9.3 31.3 96.3 + 3.7% iron oxide

14.3 21.7 12.7 99.4 + 0.6% iron oxides

20.7 2.3 8.0 98.3 + 1.7% iron oxide

33.7 0.7 7.0 99.5 + 0.5% iron oxide

- 47.0 42.0 98.7 + 1.3% iron oxide

48.0 9.3 11.3 99.7 + 0.3% iron oxide

28.0 17.7 16.3 100.0
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EXECUTIVE SUMMARY 

A total of 44 sediment samples were collected from Ladysmith Harbour, British Columbia, 
October 19- 22, 2009. The samples were received at CANTEST on October 22, 2009, where they 
were stored in the dark at 4 ± 2°C, prior to testing.  

As per the client’s instruction, 19 of the 44 samples were tested with Eohaustorius estuarius using 
the 10-day Acute Survival and Reburial Test, as described by Environment Canada’s Biological 
Test Methods (EPS 1/RM/35). Testing with E. estuarius was initiated on November 13, 2009 and 
November 20, 2009. The reburial test was performed using amphipods recovered from each 
sediment sample, immediately following their 10 day exposure.  

In addition to the amphipod test, the sediments were evaluated with the Echinoid Fertilization 
Test, 20-day Neanthes arenaceodentata Survival and Growth Test, and the Vibrio fischeri Light 
Inhibition Test (Microtox™). These tests were initiated with 9 of the 19 samples as specified by 
Golder Associates.  

The N. arenaceodentata test was initiated on November 20, 2009 and was conducted under 
conditions outlined in the Puget Sound Estuary Program (PSEP 1995).  

The fertilization success of gametes of the echinoderm, Strongylocentrotus purpuratus, was 
conducted according to the Environment Canada’s Biological Test Method: Fertilization Assay 
Using Echinoids Test (EPS 1/RM/27).  The Echinoid Fertilization test was performed on 
November 19, 2009.  Gametes were exposed to centrifuged porewater from each of the selected 
sediments. 

The Solid Phase Light Inhibition Microtox™ test was conducted using the bacteria Vibrio fischeri 
using the Environment Canada Biological Method for Determining the Toxicity of a Sediment 
Using Luminescent Bacteria (EPS 1/RM/42). 

The test results are summarized as follows: 

Of the 19 samples tested with the amphipod, E. estuarius, 16740-01, 16740-03, 16740-04, 
16740-05, 16744-01, 16744-03, 16744-06 and 16744-09 were found to have significant 
reductions in mean amphipod survival compared to the negative control. Mean reburial for all 
samples tested was 100%.  

Seven samples were found to have significantly lower mean echinoderm fertilization compared to 
the negative control: 16740-02, 16740-04, 16740-07, 16744-03, 16744-11, 16747-03 and 16747-
06.  

The 20 day N. arenaceodentata test results showed that neither mean survival nor growth was 
significantly reduced in any of the samples statistically compared to the negative control.   
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The estimated IC50 values for all samples tested were >5000 mg/L for the Solid Phase Light 
Inhibition Microtox™ tests. The standard interpretation of IC50 values exceeding this 
concentration is that they are practically non-toxic.   

All tests were considered valid as survival in the laboratory controls met and/or exceeded the 
requirements outlined in the respective test protocols.  
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SECTION 
1 SEDIMENT DESCRIPTION 

1.1 Sample Information 
A total of 44 sediment samples were collected from Ladysmith Harbour, BC, October 19- 22, 
2009. The samples were received at CANTEST in good condition on October 22, 2009.  Of the 
44 samples, 19 were selected for toxicity testing with Eohaustorius estuarius, and of these 9 were 
selected for further assessment with a battery of toxicity tests. All toxicity tests were initiated 
between November 13, 2009 and November 27, 2009. Sample receipt information, along with the 
Chain-of-Custody Forms, are available in Appendix A. 

The volume of sediment supplied, either 5L or 10L, was dependant on the number of tests 
requested for each sediment sample.  All samples arrived at our laboratory in satisfactory 
condition, and there were no apparent events during shipping and handling which might 
compromise the quality of the samples. The samples varied in colour, texture, grain size and 
content. Upon opening the sample pails, a description of the sample was noted (“Sediment 
Sample Descriptions” in Appendix A). The sediments from each sample were thoroughly 
homogenised before their distribution into the test vessels. Any headspace in the pails was 
replaced with nitrogen gas prior to re-sealing the pail. When not in use, the sediments were 
stored without light at 4 ± 2°C. 

1.2 Porewater and Sediment Characterisation 
Prior to toxicity testing, porewater aliquots were collected from the sediment samples for 
ammonia, sulphides, salinity, temperature and pH measurements.  

Analysis of ammonia and in porewater was performed at the CANTEST Environmental Quality 
Laboratory. A Flow Injection Analysis method was employed to determine the total ammonia 
concentrations as N (mg/L) in the samples. This involved treating the aqueous sample with 
sodium hydroxide to form gaseous phase ammonia. Acid-base indicators present in the mixture 
reacted with ammonia and the product was then quantified photometrically at 590 nm. Un-ionized 
ammonia was determined using the Un-ionized Ammonia Calculator (Seawater) Spreadsheet 
(Colt 2002), adjusting for salinity, pH, and temperature. The results for total and unionized 
ammonia are located in Appendix A.  

The measurement of Sulphide in porewater was also performed at CANTEST Environmental 
Quality Laboratory. The protocol used in the analysis of sulphides was based on Method 4500-S2 
D (Standard Methods, 21ST Edition), and Method X031(BC Laboratory Manual). Sulphides data 
may be located in the chemistry reports for porewater analysis in Appendix A.  
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Homogenized sub-samples of all sediments were analyzed for grain size analysis, Total Organic 
Carbon (TOC) content, and Moisture Content. Table 1-1 summarizes the results of these 
analyses.  

Table 1-1: Results for percent Total Organic Carbon, Grain size and Moisture Content for 
Ladysmith Harbour Sediments, collected October 2009.  

Grain size (%) 
Sample ID CANTEST 

Login ID 
Total Organic 

Carbon (%) 
Moisture 

Content (%) Sand Silt Clay 

MB Control  - <0.5 19.2 99.07 0.34 0.6 
CB Control - 3.1 60 3.63 50.99 45.38 
16740-01 910300222 9.33 73.1 35.37 50.82 13.81 
16740-03 910300227 11.3 66.6 26.62 47.72 25.66 
16740-05 910300229 1.14 15.4 96.24 1.96 1.81 
16740-06 910300230 1.23 16.3 95.09 2.70 2.21 
16740-09 910300233 1.65 32.9 85.63 8.86 5.51 
16744-01 910300234 10.1 27.0 81.37 13.99 4.64 
16744-05 910300238 6.03 16.7 78.94 15.14 5.92 
16744-06 910300239 43.3 57.6 30.13 61.62 8.25 
16744-09 910300242 1.68 29.0 83.82 11.72 4.46 
16747-07 910300251 3.43 50.0 49.81 36.05 14.14 
16744-11 910300243 1.31 17.1 93.83 3.98 2.20 
16740-04 910300228 8.3 60.4 61.22 30.42 8.37 
16740-02 910300226 7.72 74.0 42.73 34.52 22.75 
16740-07 910300231 11.2 70.1 26.08 48.50 25.42 
16744-03 910300236 28.6 66.3 32.75 50.59 16.65 
16744-08 910300241 6.03 20.8 85.03 10.91 4.06 
16747-06 910300250 2.96 39.5 85.15 8.63 6.22 
16744-02 910300235 3.43 20.3 89.18 7.39 3.43 
16747-03 910300247 1.76 31.1 81.48 13.38 5.15 

Note: MB=Mackenzie Beach, CB= Chesapeake Bay. Particle size categories: sand < 4.75mm- >0.075mm, silt < 

0.075mm- >0.002mm, clay <0.002mm.  

1.3 Negative Control Sediment 
The negative control sediment used in the amphipod tests, was collected intertidally from 
Mackenzie Beach, Tofino, BC. This sandy sediment has been used as a negative control in 
previous studies within our laboratory, and has been found to be non-toxic to a variety of 
organisms. It was sieved with the appropriate seawater before use.  
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The control sediment used in the Neanthes arenaceodentata test was provided by an organism 
supplier, and was collected from Chesapeake Bay, NH. Preparation of the sediment for use as a 
negative control included press-sieving the material through a 250um stainless steel screen, 
rinsing the sediment with control water, then by freezing the sediment for a minimum of 72-h to 
eliminate any potential indigenous organisms that might be present.  

Previous N. arenaceodentata tests that have utilized this sediment as a negative control have 
demonstrated satisfactory and consistent performance for both the survival and growth endpoints.  

1.4 Overlying Water 

The overlying water was uncontaminated seawater obtained from the Vancouver Aquarium. 
The seawater was pumped from Burrard Inlet from a depth of 40-45 feet and filtered through 
a gravity sand filter, with sand mesh size 22. After filtration, the seawater was held in a concrete 
reservoir (retention time approximately 4 hours) before passing through a UV sterilizer.  

At CANTEST, the seawater was stored at 4 ± 2°C. Before its use in tests, the seawater was 
passed through a U.V sterilizer equipped with an inline 1μm filter. Volumes required for testing 
were gradually brought to the appropriate test temperature overnight while vigorously aerating.  
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SECTION 
2 10-DAY ACUTE AMPHIPOD TEST 

2.1 Test Methods and Conditions 

The survival and reburial of the amphipod Eohaustorius estuarius, was assessed according to the 
Environment Canada Test Method “Reference Method for Determining Acute lethality of 
Sediment to Marine or Estuarine Amphipods” (1998). 

Two 10-day E. estuarius tests were initiated; the first on November 13, 2009, and the second 
on November 20, 2009, with reburial commencing on test end dates, November 23, 2009 and 
November 30, 2009, respectively. See Table 2-1 for details regarding the specific methods 
and conditions employed in both toxicity tests. Results of the reburial test are presented in 
Appendix B. 

Table 2-1: Summary of Test Methods and Conditions for the 10-d Acute Amphipod Survival Test 

Parameter Conditions and Methods 

Test Type and Duration 10 Day, Static (non-renewal) 

Temperature 15 ± 2° C 

Salinity 28 ± 2 ‰  

Photoperiod and Illuminance Continuous Light. Wide spectrum cool white fluorescent lights used to 
provide 500-1000 lux. 

Aeration 2-3 bubbles/ second. Clean oil-free air supplied to each test vessel via 
micro-bore plastic tubing 

Test Chamber 1 L Jars with plastic lids containing small opening for airline tubing. 

Sediment Volume 175 ml of homogenized sediment (≈ 2cm depth) 

Overlying Water Vancouver Aquarium seawater; U.V sterilized, filtered and aerated before 
use.  

Overlying Water Volume 800 ml 
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Parameter Conditions and Methods 

Overlying Water Quality 
Day 0 and Day 10: temperature, pH, salinity, and dissolved oxygen, and 
ammonia measurements on a composite water sample. On Days 3, 5, 7: 
dissolved oxygen and temperature.  

Replicates  5 per sample, plus an additional replicate for water quality measurements 

Control Sediment Mackenzie Beach Sand. Rinsed with overlying water. 

Organisms/ replicate 20 

Organism size and source Amphipods sized 3-5mm, field collected by Seacology staff from 
Mackenzie Beach, Tofino, BC. See section 2.2.3 for more details. 

Feeding None.  

Observations Organism behaviour during test, visible mortalities and/or abnormal 
behaviour were recorded in the Test Observations Page (Appendix B)  

Endpoints Survival and Reburial 

Test Validity Criteria ≥ 90% mean survival in the negative controls. No less than 80% survival 
in any one control replicate.  

Data Analysis Data were assessed for normality using Shapiro-Wilks Test, and 
homogeneity of variance by Bartlett’s Test and/or Levene’s Test. 
Significant differences between the mean survival in the samples and the 
negative control were determined by parametric analysis (equal variance 
two-sample t tests). Statistical bench sheets available in Appendix B. 

Statistical Software CETIS™ version 1.7.0revO. Tidepool Scientific Software (Copyright 
2000-2009).  

2.2 Quality Assurance/Quality Control 

2.2.1 Reference Toxicant Results 

Water-only reference toxicant tests, using cadmium chloride (CdCl2·2.5H20), were performed with 
each amphipod test to assess the performance of the test organism and the precision of the 
results. The LC50 of each reference toxicant test was calculated and compared to previous test 
results plotted in a control chart. The control charts are included in Appendix B. Methods used in 
preparing the control charts were taken from the CANTEST SOP “Standard Operating Procedure 
for the Control Charting of Reference Toxicant Tests” (DCN 80-E-008) and from Environment 
Canada (1990). 

The LC50 value for the reference toxicant test initiated on November 13, 2009, with 95% 
Confidence Limits, was 9.1 (6.8, 11.7) mg/L Cd2+. The previous mean for this species, with 2 SD, 
was 8.2 (4.4, 12.1) mg/L Cd2+.  

The LC50 value for the reference toxicant test initiated on November 20, 2009, with 95% 
Confidence Limits, was 10.1 (8.1, 12.5) mg/L Cd2+. The previous mean for this species, with 2 
SD, was 8.3 (4.6, 12.0) mg/L Cd2+.  
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2.2.2 Test Validity Criteria 

Survival data in the negative controls were considered be acceptable if the mean percent survival 
in the negative control was greater than or equal to 90%, and survival was greater than or equal 
to 80% in each replicate (Environment Canada, 1998). The mean negative control survival was 
determined to be 98% in the test initiated on November 13, 2009, and 99% in the test initiated 
November 20, 2009.   

2.2.3 Organism Collection Information 

E. estuarius were collected by Seacology (SE), North Vancouver, BC on November 8- 9, 2009, 
from Mackenzie Beach (Lat. 49° 8' 01”Long. 125° 54' 20”), Tofino, BC. The amphipods were 
delivered to CANTEST on November 10, 2009.  

All holding containers, buckets, pipettes, sieves, and the hands of collectors were thoroughly 
rinsed in marine water adjacent to the amphipod collection site before commencing the collection 
of amphipods. 

Sediment containing amphipods was carefully sieved using a 1 mm mesh sieve while submerged 
in 26‰ water collected on site. Larger debris and gravel, retained in the sieve was immediately 
removed to prevent abrasions to amphipods by larger objects. The screen was floated in water 
and the contents retained in the sieve were inspected for the presence of predator organisms, 
which were removed when observed. Amphipods were transferred using a wide-bore glass 
pipette from the submerged sieve and counted into holding containers. Sieved sediment was 
used to fill amphipod holding containers to a sediment depth of 1 cm or placed in plastic bags for 
use as reference sediment. Holding containers were filled with amphipods to a density of 1 
amphipod per centimeter squared. Containers were stored in a cooler with cold packs to maintain 
temperature between 13 and 15°C. Between transportation events, while in the field and 
immediately prior to the return to Vancouver, the holding containers were opened to allow 
uninhibited exchange of oxygen. To prevent spillage holding containers are sealed only 
immediately after collection while on site and immediately prior to the return trip to Vancouver. If 
necessary, water changes, which included the removal of injured and/or inactive amphipods, 
were performed every 36 hours before the amphipods were delivered to CANTEST.  

The following key taken from “Marine Invertebrates of the Pacific Northwest” (Kozloff 1996) was 
used to identify the marine amphipods used in this test as Eohaustorius estuarius: 

1a) One or both gnathopods simple 

2b) Eyes absent or indistinct; article 5 of gnathopod 2 without a posterodistal lobe 
projecting alongside article 6; rami of uropod 3 slender or foliaceous, but not 
paddlelike 

3b) Articles 4 and 5 of antenna 2 broad and with many long setae; pereopods 6 and 
7 broad; pereopod 6 appearing subchelate 

5b) Article 2 of pereopod 7 lacking a posteroproximal tooth; article 5 of adult 
pereopod 7 with 2 groups of spines along the anterior margin 
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7b) Article 7 of gnathopod 1 half as long as article 4 

8b) Article 5 of pereopod 4 without spines along its posteroproximal margin; article 6 
of pereopod 5 approximately equal in length to article 5; article 2 of pereopod 7 
with proximal posterior corner smoothly rounded. 

2.2.4 Summary of Organism and Sample Holding Information 

Upon arrival of the amphipods at CANTEST, temperature, dissolved oxygen concentration, pH, 
and salinity were measured in a representative sample of the shipping water. The holding 
containers were carefully placed in a large aquarium of aerating Vancouver Aquarium seawater. 
Any salinity or temperature adjustments to the holding water of the amphipods did not exceed 5‰ 
or 3°C per day. The animals were not fed during the holding period. Partial water changes were 
conducted as necessary. Bench sheets of daily water quality with observations of number dead, 
emerged, and inactive amphipods during the holding period and the amphipod lengths are 
presented in Appendix B. 

Amphipods were held in the laboratory for 2-10 days in negative control sediment under static 
conditions at 15 ± 2°C. See the bench sheets for “Acclimation and Holding Conditions” in 
Appendix B for more details.  

2.3 Results 
Total and percent survival in each replicate and mean ± SD in each control and test sediment are 
presented in Appendix B. Overall mean survival in the samples ranged from 69 to 99%. The 
results for the mean survival comparisons, between the control and the samples are in Tables 2-2 
and 2-3.  

Total and unionized ammonia concentrations, pH, temperature, and salinity in overlying water at 
test initiation (Day 0) and completion (Day 10) are presented in Appendix B. For all other daily 
water quality measurements, see the bench-sheets in Appendix B. 

Directly after test initiation, it was observed that many of the amphipods appeared to be actively 
avoiding certain test sediments; specifically, avoidance behaviour was noted in all replicates of 
samples 16740-01, 16740-02, 16740-03, 16740-09, 16744-06, and 16744-11.  
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Table 2-2: Mean Amphipod Survival in the 10 Day Acute Tests (initiated November 13, 2009) 

Sample ID CANTEST Login ID 
Mean Survival  

± SD (%) 

Control - 98.0 ± 4.5 

16740-01 910300222 92.0 ± 2.7* 

16740-03 910300227 92.0 ± 4.5* 

16740-05 910300229 91.0 ± 2.2* 

16740-06 910300230 96.0 ± 2.2 

16740-09 910300233 95.0 ± 3.5 

16744-01 910300234 91.0 ± 5.5* 

16744-05 910300238 91.0 ± 9.6 

16744-06 910300239 88.0 ± 5.7* 

16744-09 910300242 69.0 ± 15.6* 

16747-07 910300251 93.0 ± 5.7 

Note: Asterisks indicate that there is a statistically significant decrease in the sample mean compared to the 
negative control (*). 

Table 2-3: Mean Amphipod Survival in the 10 Day Acute Tests (initiated November 20, 2009) 

Sample ID CANTEST Login ID 
Mean Survival  

± SD (%) 

Control - 99.0 ± 2.2 

16744-11 910300243 95.0 ± 6.1 

16740-04 910300228 93.0 ± 2.7* 

16740-02 910300226 80.0 ± 44.7 

16740-07 910300231 98.0 ± 2.7 

16744-03 910300236 95.0 ± 3.5* 

16744-08 910300241 96.0 ± 6.5 

16747-06 910300250 98.0 ± 2.7 

16744-02 910300235 73.0 ± 37.3 

16747-03 910300247 99.0 ± 2.2 

Note: Asterisks indicate that there is a statistically significant decrease in the sample mean compared to the 
negative control (*). 

2.4 Discussion 
Both sets of tests met the test validity criteria, the mean survival in the controls was 98% and 
99%, respectively. The total mean survival in the test sediments ranged from 69.0 to 99.0%, with 
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samples 16740-01, 16740-03, 16740-04, 16740-05, 16744-01, 16744-03, 16744-06 and 16744-
09 being significantly different from their respective negative control.  

Two samples, 16740-02 and 16744-02, had one or two replicates where indigenous crabs were 
discovered at the end of the test. It is possible that their presence impacted the survival of the 
seeded amphipods. However, neither sample mean was found to be significantly lower than the 
control mean. 



Toxicity Tests Conducted on Ladysmith Harbour Marine Sediments (October 2009) 
 Project: 09-1436-5008 

CANTEST Ltd. 

10 
 

SECTION  
3 20-DAY NEANTHES ARENACEODENTATA TEST 

3.1 Test Methods and Conditions 

The survival and growth of Neanthes arenaceodentata was assessed according to the test 
protocol “Juvenile Polychaete Sediment Bioassay”, outlined in the Puget Sound Estuary Program 
(1995). The 20-d Growth and Survival Tests were initiated on November 20, 2009 using the 9 
selected sediment samples.  See Table 3-1 for details regarding the specific methods and 
conditions employed in this study. 

Table 3-1: Summary of Test Methods and Conditions for the 20-d Neanthes arenaceodentata 
Survival and Growth Test 

Parameter Conditions and Methods 

Test Type and Duration 20 Days, Static-renewal 

Temperature 20 ± 1° C 

Salinity 28 ± 2 ‰  

Photoperiod and 
Illumination 

24 hours continuous light. Wide spectrum cool white fluorescent lights used 
to provide ambient laboratory light. 

Aeration < 100 bubbles/ minute. Clean oil-free air supplied to each test vessel via 
micro-bore plastic tubing 

Test Chamber 1L Jars. Plastic lids containing a small opening for airline tubing, placed on 
top. 

Sediment Volume 175 ml of homogenized sediment (≈ 2 cm depth) 

Overlying Water Vancouver Aquarium seawater. Water, U.V sterilized, filtered and aerated 
before use.  

Overlying Water Quality 
Day 0 and Day 20: temperature, pH, salinity, dissolved oxygen and 
ammonia measurements. Every third day directly before water renewal; pH, 
salinity, dissolved oxygen and temperature measurements. 

Overlying Water Volume 
and Renewals 

800 ml. 30% renewals every third day directly after recording water quality 
measurements.  

Replicates  5 per sample, plus an additional replicate for water quality measurements. 

Control Sediment Two control sediments Chesapeake Bay Sediment and Mackenzie Beach 
Sand. Rinsed thoroughly with overlying water.  

Organisms/ replicate 5 
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Parameter Conditions and Methods 

Organism Source and age Don Reish, California State University, Long Beach, CA. Average worm 
weight at test initiation was 0.83 mg.  

Feeding Every second day: 40 mg Tetramarine® per replicate delivered in seawater 
slurry.   

Observations Organism behaviour during test, visible mortalities and/or abnormal 
behaviour were recorded in the Test Observations Page (Appendix C)  

Endpoints Survival and Growth 

Test Validity Criteria ≥ 90% mean survival in the negative controls.  

Data Analysis Data were assessed for normality using Shapiro-Wilks Test, and 
homogeneity of variance by Bartlett’s Test and/or Levene’s Test. Analyses of 
mean survival, mean dry weight and mean growth, comparing the samples to 
the negative control were completed using parametric two sample t- tests 
(equal and unequal variance).  Statistical Bench sheets available in Appendix 
C.   

Statistical Software CETIS™ version 1.7.0rev0. Tidepool Scientific Software (Copyright 2000-
2009).  

3.2 Quality Assurance/Quality Control 

3.2.1 Reference Toxicant Results 

A water-only reference toxicant test using cadmium chloride (CdCl2·2.5H20) was initiated on 
November 20, 2009. The reference toxicant test is used to assess the performance of the test 
organism and the precision of the results. The LC50 and 95% confidence intervals, after a 96 
hour test period, were calculated then entered into a control chart. The results were then 
compared with those of previous tests with this test organism, which are included in Appendix C. 
Methods used in preparing the control chart were taken from the CANTEST SOP “Standard 
Operating Procedure for the Control Charting of Reference Toxicant Tests” (DCN 80-E-008) and 
from Environment Canada (1990). 

The LC50 value for the reference toxicant test, with 95% Confidence Limits, was 9.8 (8.2, 11.6) 
mg/L Cd2+. The previous mean for this species, with 2 SD, was 8.6 (5.2, 12.1) mg/L Cd2+.  

3.2.2 Test Validity Criteria 

Survival data in the negative controls were considered be acceptable if the mean percent survival 
in the negative control was greater than or equal to 90% (PSEP, 1995). The mean negative 
control survival was determined to be 100%.  
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3.2.3 Organism Holding Information 

The Neanthes arenaceodentata were laboratory-reared by the supplier, Don Reish, at the 
California State University, located in Long Beach, CA. The organisms were shipped in 
Whirlpacks® for overnight delivery, and arrived at CANTEST in satisfactory condition on 
November 17, 2009. 

Upon arrival, temperature, dissolved oxygen concentration, pH, and salinity were measured in a 
representative sample of the shipping water. The organisms were carefully transferred into glass 
Pyrex™ dishes, and aeration was supplied. Holding water was added to the dishes after initial 
water quality had been determined. Any salinity or temperature adjustments to the holding water 
of the amphipods did not exceed 3‰ or 2°C per day. The animals were fed a small amount of 
ground Tetramarine™ upon arrival. Bench-sheets with recorded water quality, observations of 
number dead, emerged, and inactive organisms during the holding period are presented in 
Appendix C. 

3.3 Results 
Total and percent survival, dry weight, growth rate in each replicate, and mean ± SD in each 
control and test sediment, are summarized  in Appendix C. Table 3-2 summarizes the significant 
differences in mean survival, and mean individual dry weight, between the control and the sample 
sediments.  

Total and unionized ammonia concentrations, pH, temperature, and salinity in overlying water, at 
test initiation (Day 0) and completion (Day 20), are presented in Appendix C. For all other daily 
water quality measurements, see the bench-sheets in Appendix C. 

Table 3-2: Results for the Mean Survival, Individual Dry Weight, and Growth Rate Comparisons for 
the 20-d Neanthes arenaceodentata Test 

Sample 
ID 

CANTEST 
Login  

ID 

Mean  
Survival ± SD 

(%) 

Mean  
Ind. Dry Weight  

± SD(mg)  

Mean Growth 
Rate ± SD 
(mg/day) 

Control - 100 ± 0.0 12.8 ± 3.5  0.60 ± 0.17 

16744-11 910300243 96.0 ± 8.9 12.7 ± 4.0 0.59 ± 0.20 

16740-04 910300228 84.0 ± 26.1 10.0 ± 3.0 0.46 ± 0.15 

16740-02 910300226 100 ± 0.0 13.3 ± 2.7 0.62 ± 0.14 

16740-07 910300231 100 ± 0.0 12.0 ± 2.9 0.56 ± 0.14 

16744-03 910300236 100 ± 0.0 12.5 ± 1.4 0.58 ± 0.07 

16744-08 910300241 100 ± 0.0 10.9 ± 3.5 0.50 ± 0.17 

16747-06 910300250 100 ± 0.0 11.5 ± 2.7 0.53 ± 0.14 

16744-02 910300235 100 ± 0.0 9.0 ± 3.9 0.41 ± 0.19 

16747-03 910300247 100 ± 0.0 10.4 ± 2.8 0.48 ± 0.14 
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3.4 Discussion 
The tests met the validity criteria; the mean survival in the control was 100%. The total mean 
survival in the test ranged from 84% to 100%, with no significant differences between the control 
sediment and the samples. Mean dry weight ranged from 9.0 to 13.3 mg per individual worm. 
Mean growth rate, measured per individual worm, per day, ranged from 0.41 to 0.62 mg in the 
test. No significant reductions in dry weight and growth rate were seen in any of the samples.  
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SECTION  
4 STRONGLYOCENTROTUS PURPURATUS FERTILIZATION TEST  

4.1 Test Methods and Conditions 

The successful fertilization of echinoderm eggs was assessed according to the Environment 
Canada Biological Test Method “Fertilization Assay Using Echinoids (Sand Dollars or Sea 
Urchins)” EPS 1/RM/27.  Echinoderm fertilization tests were initiated on the centrifuged porewater 
of 9 selected test sediments, on November 19, 2009.  See Table 4-1 for details regarding the 
specific methods and conditions employed in this test.  

Table 4-1: Summary of Test Methods and Conditions for the Echinoderm Fertilization Test 

Parameter Conditions and Methods 

Test Type and Duration 20 minute fertilization; 10 minutes sperm exposure only, followed by 
another 10 minutes exposure with both sperm and eggs. 

Temperature 15 ± 1° C 

Salinity 30 ± 2 ‰  

Lighting Broad spectrum fluorescent lighting 

Aeration None during test. Pre-aeration for ≤ 20 minutes if the Dissolved oxygen 
content is less than 40% or greater than 100% saturation. See Test Data 
sheets in Appendix D 

Test Chamber 20 ml borosilicate glass tubes 

Test solution volume 5 ml 

Control Water Vancouver Aquarium seawater, from Burrard Inlet, 40-45’ deep inlet, 
gravity sand filtered with sand mesh size 22.  Seawater was additionally 
filtered, UV sterilized and aerated before use.  

Renewal Water None 

Replicates  4 replicates/sample 

Test Species Strongylocentrotus purpuratus – Purple Sea Urchin 

Age of Test Organisms Recently spawned eggs and sperm 

Organisms/ replicate 1051 eggs and 19711 sperm were added to each test vessel.  The 
sperm:egg ratio was 18.75:1.  See Calculation of Gamete Density sheet in 
Appendix D 
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Parameter Conditions and Methods 

Organism Source and size Marine Research and Educational Products, Carlsbad, CA.  Sea Urchins 
were between 3-9 cm in diameter and gravid 

Feeding None 

Water Quality DO, pH, salinity and temperature in the 100% porewater before mixing and 
at test initiation for each concentration 

Endpoints Fertilization rate 

Test Validity Criteria ≥50% or <100% fertilization in the control. 

Data Analysis Data were assessed for normality using Shapiro-Wilks Test, and 
homogeneity of variance by Bartlett’s Test.  

Analyses of mean fertilization rate, comparing the samples to the negative 
control were completed using parametric two sample t- tests (equal 
variance).  

Statistical Software CETIS™ version 1.7.0revO. Tidepool Scientific Software (Copyright 2000-
2009).  

4.2 Quality Assurance/Quality Control 

4.2.1 Reference Toxicant Results 

A water-only reference toxicant test, using copper sulphate (CuSO4), was initiated on November 
19, 2009. The reference toxicant test is used to assess the performance of the test organism and 
the precision of the results. The LC50 and 95% confidence intervals were calculated then entered 
into a control chart. The results were then compared with those of previous tests with this test 
organism, which are included in Appendix D. Methods used in preparing the control chart were 
taken from the CANTEST SOP “Standard Operating Procedure for the Control Charting of 
Reference Toxicant Tests” (DCN 80-E-008) and from Environment Canada (1990). 

The IC50 value for the current reference toxicant test, with 95% Confidence Limits, was 37.7 
(34.1, 40.4) μg/L Cu2+. The previous mean for this species, with 2 SD, was 39.4 (5.5, 73.3) μg/L 
Cu2+.  

4.2.2 Test Validity Criteria 

Survival data in the negative control was considered be acceptable as the mean percent 
fertilization in the negative control was greater than or equal to 50%, and less than 100%. The 
mean percent fertilization in the negative control was 94%. 

4.2.3 Organism Holding Information 

The Stronglyocentrotus purpuratus were field-collected by Steve Lepage of Marine Research and 
Educational Products, located in Carlsbad, CA. The organisms were held for at least 24 hours 
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prior to shipment to CANTEST. The sea urchins were shipped in Styrofoam coolers, with ice 
packs, and arrived at CANTEST in good condition on November 19, 2009. 

Upon arrival, the sea urchins were transferred to glass aquaria filled with gently aerating sea 
water and held there prior to test initiation. Bench-sheets with recorded water quality, acclimation 
activities, and spawning records during the holding period are presented in Appendix D.  

4.3 Results 
Total and percent fertilization, in each replicate, and mean ± SD in the control and test sediment 
porewater samples, are presented in Appendix D.  The mean fertilization rate ± SD for the control 
and test samples are summarized in Table 4-2. 

For water quality measurements, see the bench-sheets in Appendix D. 

Table 4-2: Results for Mean Fertilization Comparisons for the Echinoderm Fertilization Test 

CANTEST  
Sample ID 

CANTEST  
Login ID 

Mean Fertilization  
± SD (%) 

Control - 94 ± 5 

16740-02 910300226 2 ± 2* 

16740-04 910300228 45 ± 14* 

16740-07 910300231 4 ± 4* 

16744-02 910300235 95 ± 3 

16744-03 910300236 2 ± 1* 

16744-08 910300241 93 ± 7 

16744-11 910300243 84 ± 4* 

16747-03 910300247 8 ± 4* 

16747-06 910300250 1 ± 0* 

Note: Asterisks indicate that there is a statistically significant decrease in the sample mean as compared to the 
negative control (*). 

4.4 Discussion 

The test met validity criteria as the mean percent fertilization in the negative control was 94%. 
The total mean percent fertilization in the test ranged from 1% to 95%. Significant reductions in 
mean fertilization when compared to the negative control were found in samples 16740-02, 
16740-04, 16740-07, 16744-03, 16744-11, 16747-03, and 16747-06.  
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SECTION  
5 MICROTOX 

5.1 Test Methods and Conditions 

The acute solid-phase Microtox® test was performed using the luminescent bacteria Vibrio 
fischeri.  The analyses were performed according to the Environment Canada Biological Test 
Method “Reference Method for Determining the Toxicity of Sediment Using Luminescent Bacteria 
in a Solid-Phase Test” EPS 1/RM/42, April 2002.  The tests were performed on November 26, 
2009 and November 27, 2009, using the 9 selected sediment samples.  See Table 5-1 for details 
regarding the specific method and conditions employed in this test. 

Table 5-1: Summary of Test Methods and Conditions for the Solid Phase Microtox™ Test 

Parameter Conditions and Methods 

Test Type and Duration Light Inhibition, 30 minute exposure 

Temperature 15 ± 0.5° C 

Salinity No adjustment 

Colour/Turbidity No correction required 

Aeration None required 

Test Chamber 15mL Polycarbonate tubes, Disposable cuvettes for light readings 

Reconstitution solution Pure, non-toxic water 

Control/Dilution Water 3.5% NaCl solution 

Primary Dilution 7.0 ± 0.05g homogenized sediment/35mL diluent 

Inoculum 20 μL 

Incubation 20 minutes at test temperature 

Replicates 3 for Control, 1 for each concentration 

Concentrations 12, with a  maximum concentration of 197,000 mg/L 

Organism species/source Vibrio fischeri. Strategic Diagnostics Inc. Strain NRRL B-11177 

Water Quality Temperature readings at each stage 

Endpoints IC50 (mg/L) normalized for moisture content of sediment 

Test Validity Criteria Coefficient of Variation of mean light readings in the controls is ≤12% 

Data Analysis IC50 (mg/L) 

Statistical Software MicrotoxOmni™ Version 1.18 
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5.2 Quality Assurance/Quality Control 

5.2.1 Reference Toxicant Results 

A water-only reference toxicant test, using HS-5, a standard marine sediment reference material 
that was produced by the Marine Analytical Chemistry Standards Program at the National 
Research Council, was initiated on November 26, 2009.  The IC50 of the reference toxicant test 
was calculated and compared in a control chart with those of previous tests. The control chart is 
included in Appendix E. Methods used in preparing the control chart was taken from the 
CANTEST SOP “Standard Operating Procedure for the Control Charting of Reference Toxicant 
Tests” (DCN 80-E-008) and from Environment Canada (1990). 

The IC50 value for the reference toxicant test, with 95% Confidence Limits, was 5753 (5646, 
5861) mg/L HS-5. The historical previous mean for this test, with 2 SD, is 4892 (2746, 8714) mg/L 
HS-5. 

5.2.2 Test Validity Criteria 

The tests were considered valid because the coefficient of variation representing the mean light 
readings in the controls was ≤12%.  The coefficient of variation of the control light readings 
ranged from 0.83 – 6.17. Table 5-2 summarizes the mean and SD of coefficient of variation for 
control light readings. 

Table 5-2: Mean, Standard Deviation and Coefficient of Variation of the Control Light Readings 

Sample ID Mean  SD CV (%) 
16740-02 89.98 1.08 1.20 
16740-04 91.60 0.76 0.83 
16740-07 100.01 6.17 6.17 
16744-02* 95.93 4.02 4.19 
16744-03* 93.57 2.86 3.06 
16744-08 99.48 3.55 3.57 
16744-11* 96.90 4.59 4.74 
16747-03* 94.69 5.70 6.01 
16747-06 102.32 4.14 4.04 
*Sample was tested twice. Result from repeated test is reported. 

5.3 Results 
The IC50 value and 95% confidence limits for the 30 minute exposure of the samples for both wet 
and dry weights are summarised in Table 5-3.  The detailed reports are presented in Appendix E.  
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The IC50 was calculated by MicroToxOmni™ Software, Version 1.18 (Azur Environmental 1999), 
using the autocalc feature. 

Table 5-3: Thirty Minute IC50 Values for Ladysmith Harbour Marine Sediment Samples (mg/L) 

Sample ID Wet Weight 
IC50 

Lower  
CI 

Upper  
CI 

Dry Weight 
IC50 

Lower  
CI 

Upper  
CI 

16740-02 66550 37740 117300 16616 9423 29286 

16740-04 603100 167000 2178000 196478 54405 709550 

16740-07 136200 123400 150400 33143 30028 36598 

16744-02 145900 104100 204700 104340 74447 146390 

16744-03 83030 45820 150500 25152 13880 45591 

16744-08 297900 97150 913300 224972 73367 689717 

16744-11 34280 30920 38010 26990 24345 29927 

16747-03 405300 130200 126200 251659 80844 783600 

16747-06 143200 74910 273800 68450 35807 130876 

5.4 Discussion 

The tests met the validity criteria, because the coefficient of variation values of less than 12%. 
The IC50 values were greater than 5000 mg/L (dry weight), indicating that the samples are 
considered to be practically non toxic.  A summary of values indicating levels of toxicity is 
presented in Table 5-4. 

Table 5-4 Interpretation of Solid Phase Microtox® Test Results (Buday 2000) 

IC50 (mg/L) Level of Toxicity 
>5,000 Practically non toxic 

1,000-5,000 Marginally toxic 
<1000 Toxic 
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C3450 Client Project #: 09-1436-5008
Report Date: 2011/01/04

RESULTS OF CHEMICAL ANALYSES OF SOIL

Maxxam ID Z15990 Z15991 Z15992 Z15995 Z15996 Z15997 Z16001 Z16002
Sampling Date 2010/12/16 2010/12/16 2010/12/16 2010/12/16 2010/12/16 2010/12/16 2010/12/17 2010/12/17

Units 21774-01 21774-02 21774-03 RDL 21774-06 21774-07 21774-08 RDL 21774-12 21775-01 RDL QC Batch
Parameter
Subcontract Parameter N/A ATTACHED ATTACHED ATTACHED N/A ATTACHED ATTACHED ATTACHED N/A ATTACHED ATTACHED N/A 4538442
Calculated Parameters
Sulphide umole/g 28.5 0.5 51 1 1.18 0.02 4522343
MISCELLANEOUS
Sulphide ug/g 915 20 1620 40 37.8 0.8 4536272
Physical Properties
% sand by hydrometer % 28 31 2 59 60 2 44 2 4533957
% silt by hydrometer % 38 21 2 16 <2 2 2 2 4533957
Clay Content % 20 14 2 6 3 2 3 2 4533957
Gravel % 15 34 2 19 36 2 51 2 4533957

Maxxam ID Z16003 Z16004 Z16005 Z16010 Z16011 Z16012 Z16013
Sampling Date 2010/12/17 2010/12/17 2010/12/17 2010/12/16 2010/12/16 2010/12/16 2010/12/17

Units 21775-02 21775-03 21775-04 RDL 21775-09 21775-10 21775-11 21775-12 RDL QC Batch
Parameter
Subcontract Parameter N/A ATTACHED ATTACHED ATTACHED N/A ATTACHED ATTACHED ATTACHED ATTACHED N/A 4538442
Calculated Parameters
Sulphide umole/g 0.02 11.4 0.3 4522343
MISCELLANEOUS
Sulphide ug/g 0.8 367 10 4536272
Physical Properties
% sand by hydrometer % 81 80 81 2 80 75 79 2 4533957
% silt by hydrometer % 12 13 13 2 7 3 3 2 4533957
Clay Content % 4 4 4 2 4 <2 <2 2 4533957
Gravel % 3 4 3 2 9 21 16 2 4533957

N/A = Not Applicable
RDL = Reportable Detection Limit

Page 2 of 45



GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C3450 Client Project #: 09-1436-5008
Report Date: 2011/01/04

RESULTS OF CHEMICAL ANALYSES OF SOIL

Maxxam ID Z16018 Z16019 Z16020 Z16021 Z16022
Sampling Date 2010/12/16 2010/12/17 2010/12/17 2010/12/17 2010/12/17

Units 21776-01 RDL 21776-02 21776-03 21776-04 21776-05 RDL QC Batch
Parameter
Subcontract Parameter N/A ATTACHED N/A ATTACHED ATTACHED ATTACHED ATTACHED N/A 4538442
Calculated Parameters
Sulphide umole/g 0.3 28.0 0.6 4522343
MISCELLANEOUS
Sulphide ug/g 10 897 20 4536272
Physical Properties
% sand by hydrometer % 51 2 65 34 45 2 4533957
% silt by hydrometer % 2 2 22 39 28 2 4533957
Clay Content % <2 2 8 14 10 2 4533957
Gravel % 46 2 5 14 16 2 4533957

N/A = Not Applicable
RDL = Reportable Detection Limit
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C3450 Client Project #: 09-1436-5008
Report Date: 2011/01/04

PETROLEUM HYDROCARBONS (CCME)

Maxxam ID Z15990 Z15991 Z15992 Z15995 Z15996 Z15997 Z16001
Sampling Date 2010/12/16 2010/12/16 2010/12/16 2010/12/16 2010/12/16 2010/12/16 2010/12/17

Units 21774-01 21774-02 21774-03 21774-06 QC Batch 21774-07 QC Batch 21774-08 QC Batch 21774-12 RDL QC Batch
Ext. Pet. Hydrocarbon
F2 (C10-C16 Hydrocarbons) mg/kg 120(1) 100(1) 77(1) 160(1) 4525234 270 4527562 170 4525234 19 10 4527562
F3 (C16-C34 Hydrocarbons) mg/kg 680(1) 510(1) 450(1) 580(1) 4525234 810 4527562 310 4525234 140 10 4527562
F4 (C34-C50 Hydrocarbons) mg/kg 170(1) 180 120(1) 200(1) 4525234 180 4527562 62 4525234 110 10 4527562
Reached Baseline at C50 mg/kg YES YES YES YES 4525234 YES 4527562 YES 4525234 NO N/A 4527562
Surrogate Recovery (%)
O-TERPHENYL (sur.) % 95 97 91 97 4525234 101 4527562 94 4525234 90 4527562

Maxxam ID Z16002 Z16003 Z16004 Z16005 Z16010
Sampling Date 2010/12/17 2010/12/17 2010/12/17 2010/12/17 2010/12/16

Units 21775-01 QC Batch 21775-02 21775-03 QC Batch 21775-04 21775-09 RDL QC Batch
Ext. Pet. Hydrocarbon
F2 (C10-C16 Hydrocarbons) mg/kg <10 4527562 <10 <10 4525234 <10 56(1) 10 4527562
F3 (C16-C34 Hydrocarbons) mg/kg 15 4527562 <10 40 4525234 <10 330(1) 10 4527562
F4 (C34-C50 Hydrocarbons) mg/kg <10 4527562 <10 <10 4525234 <10 120(1) 10 4527562
Reached Baseline at C50 mg/kg YES 4527562 YES YES 4525234 YES YES N/A 4527562
Surrogate Recovery (%)
O-TERPHENYL (sur.) % 95 4527562 93 94 4525234 95 95 4527562

Maxxam ID Z16011 Z16012 Z16013 Z16018
Sampling Date 2010/12/16 2010/12/16 2010/12/17 2010/12/16

Units 21775-10 QC Batch 21775-11 21775-12 QC Batch 21776-01 RDL QC Batch
Ext. Pet. Hydrocarbon
F2 (C10-C16 Hydrocarbons) mg/kg 35 4525234 <10 <10 4527562 <10 10 4525234
F3 (C16-C34 Hydrocarbons) mg/kg 170 4525234 20 <10 4527562 <10 10 4525234
F4 (C34-C50 Hydrocarbons) mg/kg 51 4525234 <10 <10 4527562 <10 10 4525234
Reached Baseline at C50 mg/kg YES 4525234 YES YES 4527562 YES N/A 4525234
Surrogate Recovery (%)
O-TERPHENYL (sur.) % 97 4525234 93 89 4527562 91 4525234

N/A = Not Applicable
RDL = Reportable Detection Limit
(1) - Sample contained > 50% moisture.
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C3450 Client Project #: 09-1436-5008
Report Date: 2011/01/04

PETROLEUM HYDROCARBONS (CCME)

Maxxam ID Z16019 Z16020 Z16021 Z16022
Sampling Date 2010/12/17 2010/12/17 2010/12/17 2010/12/17

Units 21776-02 QC Batch 21776-03 QC Batch 21776-04 21776-05 RDL QC Batch
Ext. Pet. Hydrocarbon
F2 (C10-C16 Hydrocarbons) mg/kg 130(1) 4527562 120(1) 4525234 170(1) 170(1) 10 4527562
F3 (C16-C34 Hydrocarbons) mg/kg 650(1) 4527562 710(1) 4525234 870(1) 790(1) 10 4527562
F4 (C34-C50 Hydrocarbons) mg/kg 150(1) 4527562 180(1) 4525234 210(1) 230(1) 10 4527562
Reached Baseline at C50 mg/kg YES 4527562 YES 4525234 YES YES N/A 4527562
Surrogate Recovery (%)
O-TERPHENYL (sur.) % 90 4527562 92 4525234 96 96 4527562

PHYSICAL TESTING (SOIL)

Maxxam ID Z15990 Z15991 Z15992 Z15995 Z15996 Z15997 Z16001 Z16002 Z16003 Z16004
Sampling Date 2010/12/16 2010/12/16 2010/12/16 2010/12/16 2010/12/16 2010/12/16 2010/12/17 2010/12/17 2010/12/17 2010/12/17

Units 21774-01 21774-02 21774-03 21774-06 21774-07 21774-08 21774-12 21775-01 21775-02 21775-03 RDL QC Batch
Physical Properties
Moisture % 76 73 75 56 36 27 24 12 18 17 0.3 4523815

Maxxam ID Z16005 Z16010 Z16011 Z16012 Z16013 Z16018 Z16019 Z16020 Z16021 Z16022
Sampling Date 2010/12/17 2010/12/16 2010/12/16 2010/12/16 2010/12/17 2010/12/16 2010/12/17 2010/12/17 2010/12/17 2010/12/17

Units 21775-04 21775-09 21775-10 21775-11 21775-12 21776-01 21776-02 21776-03 21776-04 21776-05 RDL QC Batch
Physical Properties
Moisture % 16 63 31 14 14 13 74 72 75 69 0.3 4523815

N/A = Not Applicable
RDL = Reportable Detection Limit
(1) - Sample contained > 50% moisture.
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C3450 Client Project #: 09-1436-5008
Report Date: 2011/01/04

ELEMENTS BY ATOMIC SPECTROSCOPY (SOIL)

Maxxam ID Z15990 Z15995 Z16001 Z16010 Z16019
Sampling Date 2010/12/16 2010/12/16 2010/12/17 2010/12/16 2010/12/17

Units 21774-01 21774-06 21774-12 21775-09 21776-02 RDL QC Batch
SEM Metals by ICPMS
SEM Cadmium (Cd) umole/g 0.0204 0.0269 0.0020 0.0107 0.0253 0.0002 4538275
SEM Copper (Cu) umole/g 0.005 0.006 0.287 0.057 0.028 0.004 4538275
SEM Lead (Pb) umole/g 0.0746 0.0839 0.0820 0.0490 0.0866 0.0002 4538275
SEM Mercury (Hg) umole/g <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 0.0003 4538275
SEM Nickel (Ni) umole/g 0.184 0.260 0.156 0.126 0.183 0.004 4538275
SEM Zinc (Zn) umole/g 2.08 66.3 0.727 1.15 2.37 0.008 4538275

CCME BTEX/F1 BY HS IN SOIL (SOIL)

Maxxam ID Z15990 Z15991 Z15992 Z15995 Z15996 Z15997 Z16001
Sampling Date 2010/12/16 2010/12/16 2010/12/16 2010/12/16 2010/12/16 2010/12/16 2010/12/17

Units 21774-01 21774-02 21774-03 RDL 21774-06 RDL 21774-07 RDL 21774-08 RDL 21774-12 RDL QC Batch
Calculated Parameters
F1 (C6-C10) - BTEX mg/kg <60 <60 <60 60 <30 30 <10 10 16 10 <10 10 4521447
Volatiles
Methyl-tert-butylether (MTBE) mg/kg <0.1 <0.1 <0.1 0.1 <0.1 0.1 <0.1 0.1 <0.1 0.1 <0.1 0.1 4527507
Benzene mg/kg <0.03(1) <0.03(1) <0.03(1) 0.03 <0.02(1) 0.02 <0.005 0.005 <0.02(2) 0.02 <0.005 0.005 4527507
Toluene mg/kg 0.11(1) 0.07(1) 0.10(1) 0.03 0.09 0.02 0.06 0.02 0.10 0.02 <0.02 0.02 4527507
Ethylbenzene mg/kg <0.03(1) <0.03(1) <0.03(1) 0.03 0.03(1) 0.02 0.02 0.01 0.05 0.01 <0.01 0.01 4527507
m & p-Xylene mg/kg <0.04 <0.04 <0.04 0.04 0.09 0.04 0.08 0.04 0.22 0.04 <0.04 0.04 4527507
o-Xylene mg/kg <0.04 <0.04 <0.04 0.04 0.05 0.04 0.05 0.04 0.13 0.04 <0.04 0.04 4527507
Styrene mg/kg <0.03(1) <0.03 <0.03 0.03 <0.03 0.03 <0.03 0.03 <0.03 0.03 <0.03 0.03 4527507
Xylenes (Total) mg/kg <0.04 <0.04 <0.04 0.04 0.14 0.04 0.12 0.04 0.35 0.04 <0.04 0.04 4527507
(C6-C10) mg/kg <60(1) <60(1) <60(1) 60 <30(1) 30 <10 10 16 10 <10 10 4527507
Surrogate Recovery (%)
4-BROMOFLUOROBENZENE (sur.) % 87 87 88 89 88 91 87 4527507
D10-ETHYLBENZENE (sur.) % 89 92 98 91 84 84 100 4527507
D4-1,2-DICHLOROETHANE (sur.) % 109 106 106 110 111 113 106 4527507
D8-TOLUENE (sur.) % 91 91 92 91 96 91 100 4527507

RDL = Reportable Detection Limit
(1) - RDL raised due to high sample moisture content.
(2) - RDL raised due to failed ion ratio.
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C3450 Client Project #: 09-1436-5008
Report Date: 2011/01/04

CCME BTEX/F1 BY HS IN SOIL (SOIL)

Maxxam ID Z16002 Z16003 Z16004 Z16005 Z16010 Z16011
Sampling Date 2010/12/17 2010/12/17 2010/12/17 2010/12/17 2010/12/16 2010/12/16

Units 21775-01 21775-02 21775-03 21775-04 RDL QC Batch 21775-09 RDL QC Batch 21775-10 RDL QC Batch
Calculated Parameters
F1 (C6-C10) - BTEX mg/kg <10 <10 <10 <10 10 4521447 <40 40 4521447 <10 10 4521447
Volatiles
Methyl-tert-butylether (MTBE) mg/kg <0.1 <0.1 <0.1 <0.1 0.1 4527507 <0.1 0.1 4527468 <0.1 0.1 4527507
Benzene mg/kg <0.005 <0.005 <0.005 <0.005 0.005 4527507 <0.02(1) 0.02 4527468 <0.005 0.005 4527507
Toluene mg/kg <0.02 <0.02 <0.02 <0.02 0.02 4527507 <0.02 0.02 4527468 <0.02 0.02 4527507
Ethylbenzene mg/kg <0.01 <0.01 <0.01 <0.01 0.01 4527507 <0.02(1) 0.02 4527468 <0.01 0.01 4527507
m & p-Xylene mg/kg <0.04 <0.04 <0.04 <0.04 0.04 4527507 <0.04 0.04 4527468 <0.04 0.04 4527507
o-Xylene mg/kg <0.04 <0.04 <0.04 <0.04 0.04 4527507 <0.04 0.04 4527468 <0.04 0.04 4527507
Styrene mg/kg <0.03 <0.03 <0.03 <0.03 0.03 4527507 <0.03 0.03 4527468 <0.03 0.03 4527507
Xylenes (Total) mg/kg <0.04 <0.04 <0.04 <0.04 0.04 4527507 <0.04 0.04 4527468 <0.04 0.04 4527507
(C6-C10) mg/kg <10 <10 <10 <10 10 4527507 <40(1) 40 4527468 <10 10 4527507
Surrogate Recovery (%)
4-BROMOFLUOROBENZENE (sur.) % 85 87 82 85 4527507 95 4527468 87 4527507
D10-ETHYLBENZENE (sur.) % 94 96 87 96 4527507 89 4527468 94 4527507
D4-1,2-DICHLOROETHANE (sur.) % 109 109 106 109 4527507 90 4527468 118 4527507
D8-TOLUENE (sur.) % 90 92 86 90 4527507 101 4527468 95 4527507

RDL = Reportable Detection Limit
(1) - RDL raised due to high sample moisture content.
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C3450 Client Project #: 09-1436-5008
Report Date: 2011/01/04

CCME BTEX/F1 BY HS IN SOIL (SOIL)

Maxxam ID Z16012 Z16013 Z16018 Z16019 Z16020 Z16021 Z16022
Sampling Date 2010/12/16 2010/12/17 2010/12/16 2010/12/17 2010/12/17 2010/12/17 2010/12/17

Units 21775-11 21775-12 21776-01 RDL 21776-02 RDL 21776-03 RDL 21776-04 RDL 21776-05 RDL QC Batch
Calculated Parameters
F1 (C6-C10) - BTEX mg/kg <10 <10 <10 10 <60 60 <50 50 <60 60 <50 50 4521447
Volatiles
Methyl-tert-butylether (MTBE) mg/kg <0.1 <0.1 <0.1 0.1 <0.1 0.1 <0.1 0.1 <0.1 0.1 <0.1 0.1 4527507
Benzene mg/kg <0.005 <0.005 <0.005 0.005 <0.03(1) 0.03 <0.03(1) 0.03 <0.03(1) 0.03 <0.02(1) 0.02 4527507
Toluene mg/kg <0.02 <0.02 <0.02 0.02 0.08(1) 0.03 0.07(1) 0.03 0.07(1) 0.03 0.08(1) 0.02 4527507
Ethylbenzene mg/kg <0.01 <0.01 <0.01 0.01 <0.03(1) 0.03 <0.03(1) 0.03 <0.03(1) 0.03 <0.02(1) 0.02 4527507
m & p-Xylene mg/kg <0.04 <0.04 <0.04 0.04 <0.04 0.04 <0.04 0.04 0.05 0.04 0.05 0.04 4527507
o-Xylene mg/kg <0.04 <0.04 <0.04 0.04 <0.04 0.04 <0.04 0.04 <0.04 0.04 0.06 0.04 4527507
Styrene mg/kg <0.03 <0.03 <0.03 0.03 <0.03 0.03 <0.03 0.03 <0.03 0.03 <0.03 0.03 4527507
Xylenes (Total) mg/kg <0.04 <0.04 <0.04 0.04 <0.04 0.04 <0.04 0.04 0.05 0.04 0.10 0.04 4527507
(C6-C10) mg/kg <10 <10 <10 10 <60(1) 60 <50(1) 50 <60(1) 60 <50(1) 50 4527507
Surrogate Recovery (%)
4-BROMOFLUOROBENZENE (sur.) % 88 88 85 86 87 88 86 4527507
D10-ETHYLBENZENE (sur.) % 96 95 96 92 92 95 90 4527507
D4-1,2-DICHLOROETHANE (sur.) % 111 112 115 116 115 113 113 4527507
D8-TOLUENE (sur.) % 91 90 89 89 90 91 89 4527507

RDL = Reportable Detection Limit
(1) - RDL raised due to high sample moisture content.
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C3450 Client Project #: 09-1436-5008
Report Date: 2011/01/04

CSR/CCME METALS IN SOIL (SOIL)

Maxxam ID Z15990 Z15991 Z15992 Z15995 Z15996 Z15997
Sampling Date 2010/12/16 2010/12/16 2010/12/16 2010/12/16 2010/12/16 2010/12/16

Units 21774-01 QC Batch 21774-02 21774-03 QC Batch 21774-06 QC Batch 21774-07 21774-08 RDL QC Batch
Physical Properties
Soluble (2:1) pH pH Units 7.08 4539281 7.64 7.38 4525076 7.63 4539281 7.97 8.22 0.01 4525076
Total Metals by ICPMS
Total Aluminum (Al) mg/kg 11400 4539236 8260 8140 4525068 8890 4539236 5830 6890 100 4525068
Total Antimony (Sb) mg/kg 0.4 4539236 0.3 0.3 4525068 0.9 4539236 0.7 1.2 0.1 4525068
Total Arsenic (As) mg/kg 7.3 4539236 5.2 4.2 4525068 16.2 4539236 9.6 11.5 0.2 4525068
Total Barium (Ba) mg/kg 48.0 4539236 37.0 38.2 4525068 52.2 4539236 69.7 48.0 0.1 4525068
Total Beryllium (Be) mg/kg 0.1 4539236 0.1 0.1 4525068 0.3 4539236 0.2 0.3 0.1 4525068
Total Bismuth (Bi) mg/kg 0.2 4539236 0.1 0.1 4525068 0.1 4539236 <0.1 <0.1 0.1 4525068
Total Cadmium (Cd) mg/kg 3.08 4539236 2.21 1.86 4525068 3.53 4539236 1.35 0.82 0.05 4525068
Total Calcium (Ca) mg/kg 9290 4539236 13300 17400 4525068 9850 4539236 10800 74800 100 4525068
Total Chromium (Cr) mg/kg 27 4539236 19 18 4525068 34 4539236 25 39 1 4525068
Total Cobalt (Co) mg/kg 5.4 4539236 3.9 3.5 4525068 5.8 4539236 5.1 7.1 0.3 4525068
Total Copper (Cu) mg/kg 77.9 4539236 52.3 49.7 4525068 82.3 4539236 55.7 82.2 0.5 4525068
Total Iron (Fe) mg/kg 16900 4539236 13600 11300 4525068 32500 4539236 23900 42700 100 4525068
Total Lead (Pb) mg/kg 25.7 4539236 15.6 17.1 4525068 23.2 4539236 14.0 12.9 0.1 4525068
Total Magnesium (Mg) mg/kg 9020 4539236 6100 6970 4525068 7040 4539236 4030 4950 100 4525068
Total Manganese (Mn) mg/kg 164 4539236 118 108 4525068 144 4539236 93.5 160 0.2 4525068
Total Mercury (Hg) mg/kg 0.28 4539236 0.27 0.26 4525068 0.26 4539236 0.31 0.24 0.05 4525068
Total Molybdenum (Mo) mg/kg 24.5 4539236 12.4 18.1 4525068 11.4 4539236 5.8 5.5 0.1 4525068
Total Nickel (Ni) mg/kg 22.0 4539236 15.3 14.1 4525068 26.7 4539236 20.9 36.6 0.8 4525068
Total Phosphorus (P) mg/kg 663 4539236 503 466 4525068 679 4539236 482 450 10 4525068
Total Potassium (K) mg/kg 2340 4539236 1610 1740 4525068 1660 4539236 975 1340 100 4525068
Total Selenium (Se) mg/kg 1.7 4539236 1.1 1.0 4525068 1.3 4539236 0.9 0.6 0.5 4525068
Total Silver (Ag) mg/kg 0.28 4539236 0.15 0.21 4525068 0.21 4539236 0.08 0.09 0.05 4525068
Total Sodium (Na) mg/kg 29000 4539236 17300 21300 4525068 13200 4539236 5480 4440 100 4525068
Total Strontium (Sr) mg/kg 84.0 4539236 74.7 87.4 4525068 102 4539236 128 518 0.1 4525068
Total Thallium (Tl) mg/kg 0.34 4539236 0.23 0.23 4525068 0.24 4539236 0.11 0.14 0.05 4525068
Total Tin (Sn) mg/kg 2.0 4539236 1.5 1.6 4525068 3.2 4539236 2.5 4.6 0.1 4525068
Total Titanium (Ti) mg/kg 467 4539236 409 439 4525068 326 4539236 133 56 1 4525068
Total Vanadium (V) mg/kg 51 4539236 36 38 4525068 46 4539236 34 28 2 4525068
Total Zinc (Zn) mg/kg 176 4539236 119 125 4525068 4920 4539236 2970 2880 1 4525068
Total Zirconium (Zr) mg/kg 2.9 4539236 2.9 2.3 4525068 2.2 4539236 0.9 1.0 0.5 4525068

RDL = Reportable Detection Limit
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C3450 Client Project #: 09-1436-5008
Report Date: 2011/01/04

CSR/CCME METALS IN SOIL (SOIL)

Maxxam ID Z16001 Z16002 Z16003 Z16004 Z16005 Z16010 Z16011
Sampling Date 2010/12/17 2010/12/17 2010/12/17 2010/12/17 2010/12/17 2010/12/16 2010/12/16

Units 21774-12 QC Batch 21775-01 21775-02 21775-03 21775-04 QC Batch 21775-09 QC Batch 21775-10 RDL QC Batch
Physical Properties
Soluble (2:1) pH pH Units 8.13 4539281 8.64 8.66 8.66 8.32 4525076 7.39 4539281 8.03 0.01 4525076
Total Metals by ICPMS
Total Aluminum (Al) mg/kg 9970 4539236 10200 9950 9750 10700 4525068 8690 4539236 8950 100 4525068
Total Antimony (Sb) mg/kg 0.3 4539236 0.2 <0.1 <0.1 <0.1 4525068 0.3 4539236 0.1 0.1 4525068
Total Arsenic (As) mg/kg 3.1 4539236 3.6 3.0 2.9 3.1 4525068 7.0 4539236 2.1 0.2 4525068
Total Barium (Ba) mg/kg 27.8 4539236 17.9 14.1 14.6 16.4 4525068 29.1 4539236 29.7 0.1 4525068
Total Beryllium (Be) mg/kg 0.1 4539236 0.1 <0.1 <0.1 0.1 4525068 0.1 4539236 <0.1 0.1 4525068
Total Bismuth (Bi) mg/kg <0.1 4539236 <0.1 <0.1 <0.1 <0.1 4525068 0.1 4539236 <0.1 0.1 4525068
Total Cadmium (Cd) mg/kg 0.30 4539236 0.27 0.26 0.25 0.14 4525068 1.45 4539236 0.75 0.05 4525068
Total Calcium (Ca) mg/kg 5570 4539236 11900 13000 12300 7840 4525068 7910 4539236 10500 100 4525068
Total Chromium (Cr) mg/kg 16 4539236 15 14 14 15 4525068 19 4539236 14 1 4525068
Total Cobalt (Co) mg/kg 5.1 4539236 5.2 4.9 4.9 5.5 4525068 4.4 4539236 4.3 0.3 4525068
Total Copper (Cu) mg/kg 31.4 4539236 26.0 16.2 15.7 17.1 4525068 45.7 4539236 28.4 0.5 4525068
Total Iron (Fe) mg/kg 13700 4539236 13900 14300 14000 15300 4525068 12800 4539236 10700 100 4525068
Total Lead (Pb) mg/kg 20.0 4539236 5.4 1.1 1.0 1.2 4525068 13.1 4539236 6.5 0.1 4525068
Total Magnesium (Mg) mg/kg 4800 4539236 5240 4690 4650 5030 4525068 5900 4539236 4580 100 4525068
Total Manganese (Mn) mg/kg 169 4539236 173 169 164 178 4525068 133 4539236 141 0.2 4525068
Total Mercury (Hg) mg/kg 0.20 4539236 0.11 0.07 0.08 0.07 4525068 0.16 4539236 0.19 0.05 4525068
Total Molybdenum (Mo) mg/kg 1.4 4539236 1.0 1.8 1.9 1.6 4525068 6.7 4539236 3.0 0.1 4525068
Total Nickel (Ni) mg/kg 12.5 4539236 12.8 11.3 10.9 11.4 4525068 14.5 4539236 11.6 0.8 4525068
Total Phosphorus (P) mg/kg 368 4539236 380 434 426 305 4525068 536 4539236 442 10 4525068
Total Potassium (K) mg/kg 695 4539236 786 663 601 624 4525068 1150 4539236 704 100 4525068
Total Selenium (Se) mg/kg <0.5 4539236 <0.5 <0.5 <0.5 <0.5 4525068 0.8 4539236 <0.5 0.5 4525068
Total Silver (Ag) mg/kg 0.06 4539236 <0.05 <0.05 <0.05 <0.05 4525068 0.15 4539236 0.06 0.05 4525068
Total Sodium (Na) mg/kg 2560 4539236 2040 2290 2100 2160 4525068 12000 4539236 3740 100 4525068
Total Strontium (Sr) mg/kg 31.1 4539236 51.6 55.5 48.5 34.9 4525068 57.1 4539236 43.9 0.1 4525068
Total Thallium (Tl) mg/kg 0.19 4539236 0.24 0.21 0.21 0.12 4525068 0.26 4539236 0.25 0.05 4525068
Total Tin (Sn) mg/kg 1.6 4539236 0.6 0.2 0.2 0.2 4525068 1.6 4539236 0.9 0.1 4525068
Total Titanium (Ti) mg/kg 992 4539236 1010 1080 1060 1150 4525068 707 4539236 972 1 4525068
Total Vanadium (V) mg/kg 39 4539236 37 40 38 45 4525068 37 4539236 35 2 4525068
Total Zinc (Zn) mg/kg 61 4539236 33 23 23 23 4525068 98 4539236 47 1 4525068
Total Zirconium (Zr) mg/kg 2.2 4539236 2.4 2.3 2.3 2.8 4525068 2.6 4539236 2.6 0.5 4525068

RDL = Reportable Detection Limit
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C3450 Client Project #: 09-1436-5008
Report Date: 2011/01/04

CSR/CCME METALS IN SOIL (SOIL)

Maxxam ID Z16012 Z16013 Z16018 Z16019 Z16020 Z16021 Z16022
Sampling Date 2010/12/16 2010/12/17 2010/12/16 2010/12/17 2010/12/17 2010/12/17 2010/12/17

Units 21775-11 21775-12 21776-01 QC Batch 21776-02 QC Batch 21776-03 21776-04 QC Batch 21776-05 RDL QC Batch
Physical Properties
Soluble (2:1) pH pH Units 8.60 8.00 8.89 4525076 7.41 4539281 7.33 7.02 4525097 7.09 0.01 4525076
Total Metals by ICPMS
Total Aluminum (Al) mg/kg 9340 8500 9100 4525068 9870 4539236 9620 7270 4525084 7520 100 4525068
Total Antimony (Sb) mg/kg 0.1 0.2 0.1 4525068 0.4 4539236 0.6 0.3 4525084 0.2 0.1 4525068
Total Arsenic (As) mg/kg 2.3 2.0 2.4 4525068 11.2 4539236 10.3 4.1 4525084 2.8 0.2 4525068
Total Barium (Ba) mg/kg 21.4 12.6 15.1 4525068 44.2 4539236 43.3 30.8 4525084 39.9 0.1 4525068
Total Beryllium (Be) mg/kg <0.1 0.1 0.1 4525068 0.2 4539236 0.3 0.1 4525084 <0.1 0.1 4525068
Total Bismuth (Bi) mg/kg <0.1 <0.1 <0.1 4525068 0.2 4539236 0.2 0.2 4525084 0.2 0.1 4525068
Total Cadmium (Cd) mg/kg 0.49 0.33 0.06 4525068 3.63 4539236 3.19 1.96 4525084 1.55 0.05 4525068
Total Calcium (Ca) mg/kg 5540 4890 11400 4525068 12000 4539236 5190 4400 4525084 5420 100 4525068
Total Chromium (Cr) mg/kg 16 15 16 4525068 25 4539236 25 17 4525084 16 1 4525068
Total Cobalt (Co) mg/kg 5.1 5.0 5.1 4525068 5.0 4539236 4.8 3.5 4525084 3.9 0.3 4525068
Total Copper (Cu) mg/kg 18.1 15.9 16.2 4525068 79.9 4539236 67.9 50.2 4525084 49.3 0.5 4525068
Total Iron (Fe) mg/kg 12500 11000 12800 4525068 15600 4539236 16100 10400 4525084 9540 100 4525068
Total Lead (Pb) mg/kg 1.0 0.9 1.1 4525068 24.7 4539236 22.8 19.8 4525084 14.8 0.1 4525068
Total Magnesium (Mg) mg/kg 5210 4740 4960 4525068 7870 4539236 7110 6920 4525084 6490 100 4525068
Total Manganese (Mn) mg/kg 197 163 184 4525068 139 4539236 137 99.6 4525084 103 0.2 4525068
Total Mercury (Hg) mg/kg 0.07 <0.05 <0.05 4525068 0.29 4539236 0.23 0.19 4525084 0.28 0.05 4525068
Total Molybdenum (Mo) mg/kg 0.5 0.4 0.3 4525068 13.6 4539236 20.0 17.4 4525084 13.2 0.1 4525068
Total Nickel (Ni) mg/kg 12.6 11.5 12.2 4525068 20.2 4539236 20.0 13.8 4525084 15.3 0.8 4525068
Total Phosphorus (P) mg/kg 365 346 374 4525068 702 4539236 634 457 4525084 426 10 4525068
Total Potassium (K) mg/kg 614 554 706 4525068 2120 4539236 1870 1740 4525084 1540 100 4525068
Total Selenium (Se) mg/kg <0.5 0.5 <0.5 4525068 1.8 4539236 1.1 1.0 4525084 1.0 0.5 4525068
Total Silver (Ag) mg/kg <0.05 <0.05 <0.05 4525068 0.23 4539236 0.22 0.19 4525084 0.21 0.05 4525068
Total Sodium (Na) mg/kg 1750 2110 1680 4525068 25300 4539236 19900 26100 4525084 20000 100 4525068
Total Strontium (Sr) mg/kg 22.8 21.3 71.5 4525068 85.1 4539236 65.8 61.9 4525084 76.9 0.1 4525068
Total Thallium (Tl) mg/kg 0.26 0.27 0.07 4525068 0.37 4539236 0.33 0.25 4525084 0.18 0.05 4525068
Total Tin (Sn) mg/kg 0.2 0.1 0.2 4525068 2.1 4539236 2.1 1.7 4525084 1.8 0.1 4525068
Total Titanium (Ti) mg/kg 1020 1030 978 4525068 370 4539236 408 280 4525084 265 1 4525068
Total Vanadium (V) mg/kg 36 35 37 4525068 45 4539236 48 39 4525084 40 2 4525068
Total Zinc (Zn) mg/kg 26 24 26 4525068 170 4539236 151 163 4525084 109 1 4525068
Total Zirconium (Zr) mg/kg 2.3 2.1 2.2 4525068 2.4 4539236 2.7 2.5 4525084 2.8 0.5 4525068

RDL = Reportable Detection Limit
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C3450 Client Project #: 09-1436-5008
Report Date: 2011/01/04

CCME PAH IN SOIL BY GC-MS (SOIL)

Maxxam ID Z15990 Z15991 Z15992 Z15995 Z15996 Z15997
Sampling Date 2010/12/16 2010/12/16 2010/12/16 2010/12/16 2010/12/16 2010/12/16

Units 21774-01 RDL 21774-02 RDL 21774-03 RDL 21774-06 RDL 21774-07 RDL 21774-08 RDL QC Batch
Polycyclic Aromatics
Naphthalene mg/kg 0.57(1) 0.02 0.54(2) 0.005 0.29(1) 0.02 1.8(2) 0.005 4.6(2) 0.01 2.0(2) 0.005 4536352
2-Methylnaphthalene mg/kg 1.2(1) 0.02 1.1(2) 0.005 0.63(1) 0.02 3.8(2) 0.005 9.6(2) 0.01 4.4(2) 0.005 4536352
Acenaphthylene mg/kg <0.1(3) 0.1 <0.08(3) 0.08 <0.06(1) 0.06 <0.2(3) 0.2 <0.5(3) 0.5 <0.2(3) 0.2 4536352
Acenaphthene mg/kg 0.16(1) 0.02 0.15(2) 0.005 0.07(3) 0.02 0.31(2) 0.005 0.57(2) 0.01 0.20(2) 0.005 4536352
Fluorene mg/kg 0.28(1) 0.02 0.26(2) 0.005 0.14(1) 0.02 0.71(2) 0.005 1.5(2) 0.01 <0.5(3) 0.5 4536352
Phenanthrene mg/kg 1.1(1) 0.02 1.0(2) 0.005 0.61(1) 0.02 3.1(2) 0.005 7.1(2) 0.01 2.8(2) 0.005 4536352
Anthracene mg/kg 0.27(1) 0.02 0.25(2) 0.005 0.13(1) 0.02 0.52(2) 0.005 1.1(2) 0.01 0.35(2) 0.005 4536352
Fluoranthene mg/kg 0.91(1) 0.02 0.84(2) 0.005 0.48(1) 0.02 1.3(2) 0.005 1.7(2) 0.01 0.63(2) 0.005 4536352
Pyrene mg/kg 0.73(1) 0.02 0.68(2) 0.005 0.41(1) 0.02 1.1(2) 0.005 1.7(2) 0.01 0.60(2) 0.005 4536352
Benzo(a)anthracene mg/kg 0.34(1) 0.02 0.31(2) 0.005 0.18(1) 0.02 0.62(2) 0.005 1.1(2) 0.01 0.44(2) 0.005 4536352
Chrysene mg/kg 0.40(1) 0.02 0.23(2) 0.005 0.15(1) 0.02 0.54(2) 0.005 1.2(2) 0.01 0.42(2) 0.005 4536352
Benzo(b&j)fluoranthene mg/kg 0.35(1) 0.02 0.31(2) 0.005 0.19(1) 0.02 0.50(2) 0.005 0.71(2) 0.01 0.28(2) 0.005 4536352
Benzo(k)fluoranthene mg/kg 0.08(1) 0.02 0.068(2) 0.005 0.05(1) 0.02 0.15(2) 0.005 0.21(2) 0.01 0.052(2) 0.005 4536352
Benzo(a)pyrene mg/kg <0.2(3) 0.2 <0.2(3) 0.2 <0.1(3) 0.1 <0.4(3) 0.4 <0.5(3) 0.5 <0.2(3) 0.2 4536352
Indeno(1,2,3-cd)pyrene mg/kg 0.13(1) 0.03 0.09(2) 0.01 0.07(1) 0.03 0.16(2) 0.01 0.24(2) 0.02 0.07(2) 0.01 4536352
Dibenz(a,h)anthracene mg/kg <0.03(1) 0.03 <0.03(3) 0.03 <0.03(1) 0.03 <0.06(3) 0.06 <0.2(3) 0.2 <0.04(3) 0.04 4536352
Benzo(g,h,i)perylene mg/kg 0.19(1) 0.03 0.16(2) 0.01 0.11(1) 0.03 0.30(2) 0.01 0.49(2) 0.02 0.18(2) 0.01 4536352
Low Molecular Weight PAH`s mg/kg 3.6 0.1 3.4 0.08 1.9 0.06 10 0.2 24 0.5 9.7 0.5 4521449
High Molecular Weight PAH`s mg/kg 3.1 0.2 2.7 0.2 1.6 0.1 4.7 0.4 7.4 0.5 2.7 0.2 4521449
Total PAH mg/kg 6.7 0.2 6.1 0.2 3.5 0.1 15 0.4 32 0.5 12 0.5 4521449
Surrogate Recovery (%)
D10-ANTHRACENE (sur.) % 90 85 85 75 130 75 4536352
D12-BENZO(A)PYRENE (sur.) % 90 85 80 80 110 75 4536352
D8-ACENAPHTHYLENE (sur.) % 40(4) 40(4) 40(4) 60 100 65 4536352
D8-NAPHTHALENE (sur.) % 90 85 80 75 130 80 4536352
TERPHENYL-D14 (sur.) % 85 85 80 85 120 80 4536352

RDL = Reportable Detection Limit
(1) - RDL raised due to high sample moisture content and dilution.
(2) - RDL raised due to sample dilution.
(3) - RDL raised due to sample matrix interference.
(4) - Surrogate recovery below control limit - 1 surrogate failure allowed - Pot. low bias
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C3450 Client Project #: 09-1436-5008
Report Date: 2011/01/04

CCME PAH IN SOIL BY GC-MS (SOIL)

Maxxam ID Z16001 Z16002 Z16003 Z16004 Z16005 Z16010 Z16011
Sampling Date 2010/12/17 2010/12/17 2010/12/17 2010/12/17 2010/12/17 2010/12/16 2010/12/16

Units 21774-12 RDL 21775-01 RDL 21775-02 21775-03 21775-04 RDL 21775-09 RDL 21775-10 RDL QC Batch
Polycyclic Aromatics
Naphthalene mg/kg 0.087 0.001 0.040 0.001 <0.001 <0.001 <0.001 0.001 0.49(1) 0.005 0.12 0.001 4536352
2-Methylnaphthalene mg/kg 0.23 0.001 0.063 0.001 <0.001 <0.001 <0.001 0.001 1.0(1) 0.005 0.33 0.001 4536352
Acenaphthylene mg/kg <0.04(2) 0.04 <0.02(2) 0.02 <0.001 <0.001 <0.001 0.001 <0.06(2) 0.06 <0.02(2) 0.02 4536352
Acenaphthene mg/kg 0.015 0.001 0.008 0.001 <0.001 <0.001 <0.001 0.001 0.11(3) 0.005 0.038 0.001 4536352
Fluorene mg/kg 0.037 0.001 0.017 0.001 <0.001 <0.001 <0.001 0.001 0.16(3) 0.005 0.067 0.001 4536352
Phenanthrene mg/kg 0.22 0.001 0.16 0.001 <0.001 <0.001 <0.001 0.001 0.73(1) 0.005 0.28 0.001 4536352
Anthracene mg/kg 0.052 0.001 0.029 0.001 <0.001 <0.001 <0.001 0.001 0.28(1) 0.005 0.060 0.001 4536352
Fluoranthene mg/kg 0.25 0.001 0.17 0.001 <0.001 <0.001 <0.001 0.001 0.70(1) 0.005 0.11 0.001 4536352
Pyrene mg/kg 0.23 0.001 0.20 0.001 <0.001 <0.001 <0.001 0.001 0.90(1) 0.005 0.10 0.001 4536352
Benzo(a)anthracene mg/kg 0.10 0.001 0.066 0.001 <0.001 <0.001 <0.001 0.001 0.28(1) 0.005 0.052 0.001 4536352
Chrysene mg/kg 0.11 0.001 0.081 0.001 <0.001 <0.001 <0.001 0.001 0.38(1) 0.005 0.081 0.001 4536352
Benzo(b&j)fluoranthene mg/kg 0.14 0.001 0.093 0.001 <0.001 <0.001 <0.001 0.001 0.25(3) 0.005 0.040 0.001 4536352
Benzo(k)fluoranthene mg/kg 0.045 0.001 0.020 0.001 <0.001 <0.001 <0.001 0.001 0.18(3) 0.005 0.027 0.001 4536352
Benzo(a)pyrene mg/kg 0.10 0.001 0.079 0.001 <0.001 <0.001 <0.001 0.001 0.18(3) 0.005 0.038 0.001 4536352
Indeno(1,2,3-cd)pyrene mg/kg 0.080 0.002 0.058 0.002 <0.002 <0.002 <0.002 0.002 0.08(3) 0.01 0.017 0.002 4536352
Dibenz(a,h)anthracene mg/kg 0.015 0.002 0.008 0.002 <0.002 <0.002 <0.002 0.002 0.04(3) 0.01 0.008 0.002 4536352
Benzo(g,h,i)perylene mg/kg 0.079 0.002 0.064 0.002 <0.002 <0.002 <0.002 0.002 0.12(3) 0.01 0.036 0.002 4536352
Low Molecular Weight PAH`s mg/kg 0.64 0.04 0.32 0.02 <0.001 <0.001 <0.001 0.001 2.8 0.06 0.89 0.02 4521449
High Molecular Weight PAH`s mg/kg 1.2 0.002 0.84 0.002 <0.002 <0.002 <0.002 0.002 3.1 0.01 0.51 0.002 4521449
Total PAH mg/kg 1.8 0.04 1.2 0.02 <0.002 <0.002 <0.002 0.002 5.9 0.06 1.4 0.02 4521449
Surrogate Recovery (%)
D10-ANTHRACENE (sur.) % 79 84 79 80 80 95 75 4536352
D12-BENZO(A)PYRENE (sur.) % 75 85 81 78 78 90 72 4536352
D8-ACENAPHTHYLENE (sur.) % 67 76 71 78 77 45(4) 57 4536352
D8-NAPHTHALENE (sur.) % 76 74 71 78 75 90 68 4536352
TERPHENYL-D14 (sur.) % 79 84 78 75 76 95 75 4536352

RDL = Reportable Detection Limit
(1) - RDL raised due to sample dilution. Matrix Spike outside acceptance criteria (10% of analytes failure allowed).
(2) - RDL raised due to sample matrix interference.
(3) - RDL raised due to sample dilution.
(4) - Surrogate recovery below control limit - 1 surrogate failure allowed - Pot. low bias
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C3450 Client Project #: 09-1436-5008
Report Date: 2011/01/04

CCME PAH IN SOIL BY GC-MS (SOIL)

Maxxam ID Z16012 Z16013 Z16018 Z16019 Z16020 Z16021
Sampling Date 2010/12/16 2010/12/17 2010/12/16 2010/12/17 2010/12/17 2010/12/17

Units 21775-11 RDL 21775-12 RDL 21776-01 RDL 21776-02 21776-03 RDL 21776-04 RDL QC Batch
Polycyclic Aromatics
Naphthalene mg/kg 0.035 0.001 0.012 0.001 0.003 0.001 0.78(1) 0.96(1) 0.005 0.54(1) 0.02 4536352
2-Methylnaphthalene mg/kg 0.084 0.001 0.029 0.001 0.005 0.001 1.7(1) 2.1(1) 0.005 1.2(1) 0.02 4536352
Acenaphthylene mg/kg <0.004(2) 0.004 <0.002(2) 0.002 <0.001 0.001 <0.1(2) <0.1(2) 0.1 <0.09(2) 0.09 4536352
Acenaphthene mg/kg 0.008 0.001 0.003 0.001 <0.001 0.001 0.28(1) 0.38(1) 0.005 0.19(1) 0.02 4536352
Fluorene mg/kg 0.015 0.001 0.005 0.001 <0.001 0.001 0.45(1) 0.63(1) 0.005 0.37(1) 0.02 4536352
Phenanthrene mg/kg 0.068 0.001 0.024 0.001 <0.005(2) 0.005 1.6(1) 2.1(1) 0.005 1.3(1) 0.02 4536352
Anthracene mg/kg 0.011 0.001 0.004 0.001 <0.001 0.001 0.54(1) 0.75(1) 0.005 0.50(1) 0.02 4536352
Fluoranthene mg/kg 0.017 0.001 0.006 0.001 0.001 0.001 1.4(1) 1.9(1) 0.005 1.3(1) 0.02 4536352
Pyrene mg/kg 0.017 0.001 0.006 0.001 0.002 0.001 1.6(1) 2.6(1) 0.005 0.89(1) 0.02 4536352
Benzo(a)anthracene mg/kg 0.011 0.001 0.004 0.001 0.001 0.001 0.49(1) 0.62(1) 0.005 0.32(1) 0.02 4536352
Chrysene mg/kg 0.016 0.001 0.006 0.001 0.002 0.001 0.57(1) 0.73(1) 0.005 0.39(1) 0.02 4536352
Benzo(b&j)fluoranthene mg/kg 0.007 0.001 0.003 0.001 0.001 0.001 0.38(1) 0.49(1) 0.005 0.24(1) 0.02 4536352
Benzo(k)fluoranthene mg/kg 0.005 0.001 0.002 0.001 <0.001 0.001 0.32(1) 0.39(1) 0.005 0.19(1) 0.02 4536352
Benzo(a)pyrene mg/kg 0.008 0.001 0.003 0.001 <0.001 0.001 0.31(1) 0.36(1) 0.005 0.20(1) 0.02 4536352
Indeno(1,2,3-cd)pyrene mg/kg 0.003 0.002 <0.002 0.002 <0.002 0.002 0.13(1) 0.13(1) 0.01 0.09(1) 0.03 4536352
Dibenz(a,h)anthracene mg/kg <0.002 0.002 <0.002 0.002 <0.002 0.002 0.05(1) 0.06(1) 0.01 0.04(1) 0.03 4536352
Benzo(g,h,i)perylene mg/kg 0.009 0.002 0.004 0.002 <0.002 0.002 0.20(1) 0.22(1) 0.01 0.16(1) 0.03 4536352
Low Molecular Weight PAH`s mg/kg 0.22 0.004 0.076 0.002 0.008 0.005 5.3 6.9 0.1 4.1 0.09 4521449
High Molecular Weight PAH`s mg/kg 0.094 0.002 0.034 0.002 0.007 0.002 5.5 7.5 0.01 3.8 0.03 4521449
Total PAH mg/kg 0.32 0.004 0.11 0.002 0.014 0.005 11 14 0.1 7.9 0.09 4521449
Surrogate Recovery (%)
D10-ANTHRACENE (sur.) % 80 79 81 80 90 90 4536352
D12-BENZO(A)PYRENE (sur.) % 80 79 81 75 85 85 4536352
D8-ACENAPHTHYLENE (sur.) % 76 75 78 40(3) 45(3) 50 4536352
D8-NAPHTHALENE (sur.) % 75 78 75 80 90 90 4536352
TERPHENYL-D14 (sur.) % 80 81 85 80 90 90 4536352

RDL = Reportable Detection Limit
(1) - RDL raised due to sample dilution.
(2) - RDL raised due to sample matrix interference.
(3) - Surrogate recovery below control limit - 1 surrogate failure allowed - Pot. low bias
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C3450 Client Project #: 09-1436-5008
Report Date: 2011/01/04

CCME PAH IN SOIL BY GC-MS (SOIL)

Maxxam ID Z16022
Sampling Date 2010/12/17

Units 21776-05 RDL QC Batch
Polycyclic Aromatics
Naphthalene mg/kg 1.1(1) 0.005 4536352
2-Methylnaphthalene mg/kg 2.4(1) 0.005 4536352
Acenaphthylene mg/kg <0.1(2) 0.1 4536352
Acenaphthene mg/kg 0.33(1) 0.005 4536352
Fluorene mg/kg 0.54(1) 0.005 4536352
Phenanthrene mg/kg 2.2(1) 0.005 4536352
Anthracene mg/kg 0.65(1) 0.005 4536352
Fluoranthene mg/kg 1.2(1) 0.005 4536352
Pyrene mg/kg 0.93(1) 0.005 4536352
Benzo(a)anthracene mg/kg 0.40(1) 0.005 4536352
Chrysene mg/kg 0.53(1) 0.005 4536352
Benzo(b&j)fluoranthene mg/kg 0.27(1) 0.005 4536352
Benzo(k)fluoranthene mg/kg 0.16(1) 0.005 4536352
Benzo(a)pyrene mg/kg 0.24(1) 0.005 4536352
Indeno(1,2,3-cd)pyrene mg/kg 0.08(1) 0.01 4536352
Dibenz(a,h)anthracene mg/kg 0.04(1) 0.01 4536352
Benzo(g,h,i)perylene mg/kg 0.17(1) 0.01 4536352
Low Molecular Weight PAH`s mg/kg 7.1 0.1 4521449
High Molecular Weight PAH`s mg/kg 4.1 0.01 4521449
Total PAH mg/kg 11 0.1 4521449
Surrogate Recovery (%)
D10-ANTHRACENE (sur.) % 80 4536352
D12-BENZO(A)PYRENE (sur.) % 75 4536352
D8-ACENAPHTHYLENE (sur.) % 50 4536352
D8-NAPHTHALENE (sur.) % 80 4536352
TERPHENYL-D14 (sur.) % 80 4536352

RDL = Reportable Detection Limit
(1) - RDL raised due to sample dilution.
(2) - RDL raised due to sample matrix interference.
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C3450 Client Project #: 09-1436-5008
Report Date: 2011/01/04

General Comments

Sample     Z15990-01:  ** SEM/AVS = 0.08 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 

Sample     Z15995-01:  ** SEM/AVS = 1.32 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 

Sample     Z16001-01:  ** SEM/AVS = 1.06 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 

Sample     Z16010-01:  ** SEM/AVS = 0.12 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 

Sample     Z16019-01:  ** SEM/AVS = 0.10 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C3450 Client Project #: 09-1436-5008
Report Date: 2011/01/04

QUALITY ASSURANCE REPORT

Matrix Spike Spiked Blank Method Blank RPD QC Standard
QC Batch Parameter Date % Recovery QC Limits % Recovery QC Limits Value Units Value (%) QC Limits % Recovery QC Limits
4523815 Moisture 2010/12/23 <0.3 % 1.4 20
4525068 Total Arsenic (As) 2010/12/22 103 75 - 125 100 75 - 125 <0.2 mg/kg 0.7 30 102 70 - 130
4525068 Total Beryllium (Be) 2010/12/22 103 75 - 125 100 75 - 125 <0.1 mg/kg NC 30
4525068 Total Cadmium (Cd) 2010/12/22 110 75 - 125 109 75 - 125 <0.05 mg/kg 0.6 30 104 70 - 130
4525068 Total Chromium (Cr) 2010/12/22 104 75 - 125 102 75 - 125 <1 mg/kg 2.3 30 102 70 - 130
4525068 Total Cobalt (Co) 2010/12/22 102 75 - 125 102 75 - 125 <0.3 mg/kg 2.4 30 98 70 - 130
4525068 Total Copper (Cu) 2010/12/22 NC 75 - 125 105 75 - 125 <0.5 mg/kg 0.8 30 97 70 - 130
4525068 Total Lead (Pb) 2010/12/22 106 75 - 125 104 75 - 125 <0.1 mg/kg 1.4 35 108 70 - 130
4525068 Total Mercury (Hg) 2010/12/22 100 75 - 125 110 75 - 125 0.10, RDL=0.05 mg/kg 3.9 35
4525068 Total Nickel (Ni) 2010/12/22 97 75 - 125 100 75 - 125 <0.8 mg/kg 1.1 30 95 70 - 130
4525068 Total Selenium (Se) 2010/12/22 102 75 - 125 102 75 - 125 <0.5 mg/kg NC 30
4525068 Total Vanadium (V) 2010/12/22 NC 75 - 125 105 75 - 125 <2 mg/kg 0.9 30 106 70 - 130
4525068 Total Zinc (Zn) 2010/12/22 NC 75 - 125 105 75 - 125 <1 mg/kg 4.0 30 96 70 - 130
4525068 Total Aluminum (Al) 2010/12/22 <100 mg/kg 10.3 35 108 70 - 130
4525068 Total Antimony (Sb) 2010/12/22 <0.1 mg/kg NC 30 93 70 - 130
4525068 Total Barium (Ba) 2010/12/22 <0.1 mg/kg 1.1 35 104 70 - 130
4525068 Total Calcium (Ca) 2010/12/22 <100 mg/kg 1 30 102 70 - 130
4525068 Total Iron (Fe) 2010/12/22 <100 mg/kg 4.4 30 101 70 - 130
4525068 Total Magnesium (Mg) 2010/12/22 <100 mg/kg 2.4 30 103 70 - 130
4525068 Total Manganese (Mn) 2010/12/22 <0.2 mg/kg 2.9 30 103 70 - 130
4525068 Total Molybdenum (Mo) 2010/12/22 <0.1 mg/kg 4.8 35 106 70 - 130
4525068 Total Phosphorus (P) 2010/12/22 <10 mg/kg 9.8 30 100 70 - 130
4525068 Total Strontium (Sr) 2010/12/22 <0.1 mg/kg 2.1 35 97 70 - 130
4525068 Total Thallium (Tl) 2010/12/22 <0.05 mg/kg NC 30 89 70 - 130
4525068 Total Titanium (Ti) 2010/12/22 <1 mg/kg 3.8 35 104 70 - 130
4525068 Total Bismuth (Bi) 2010/12/22 <0.1 mg/kg NC 30
4525068 Total Potassium (K) 2010/12/22 <100 mg/kg 5.6 35
4525068 Total Silver (Ag) 2010/12/22 <0.05 mg/kg NC 35
4525068 Total Sodium (Na) 2010/12/22 <100 mg/kg 5.5 35
4525068 Total Tin (Sn) 2010/12/22 <0.1 mg/kg 2.3 35
4525068 Total Zirconium (Zr) 2010/12/22 <0.5 mg/kg NC 30
4525076 Soluble (2:1) pH 2010/12/22 101 96 - 104 0 20
4525084 Total Arsenic (As) 2010/12/23 102 75 - 125 103 75 - 125 <0.2 mg/kg 2.4 30 101 70 - 130
4525084 Total Beryllium (Be) 2010/12/23 98 75 - 125 103 75 - 125 <0.1 mg/kg 24.2 30
4525084 Total Cadmium (Cd) 2010/12/23 105 75 - 125 104 75 - 125 <0.05 mg/kg NC 30 99 70 - 130
4525084 Total Chromium (Cr) 2010/12/23 97 75 - 125 102 75 - 125 <1 mg/kg 0.6 30 100 70 - 130
4525084 Total Cobalt (Co) 2010/12/23 98 75 - 125 102 75 - 125 <0.3 mg/kg 1.8 30 98 70 - 130
4525084 Total Copper (Cu) 2010/12/23 NC 75 - 125 103 75 - 125 <0.5 mg/kg 0.8 30 94 70 - 130
4525084 Total Lead (Pb) 2010/12/23 110 75 - 125 104 75 - 125 <0.1 mg/kg 0.8 35 103 70 - 130
4525084 Total Mercury (Hg) 2010/12/23 108 75 - 125 95 75 - 125 <0.05 mg/kg NC 35
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C3450 Client Project #: 09-1436-5008
Report Date: 2011/01/04

QUALITY ASSURANCE REPORT

Matrix Spike Spiked Blank Method Blank RPD QC Standard
QC Batch Parameter Date % Recovery QC Limits % Recovery QC Limits Value Units Value (%) QC Limits % Recovery QC Limits
4525084 Total Nickel (Ni) 2010/12/23 NC 75 - 125 103 75 - 125 <0.8 mg/kg 2.1 30 95 70 - 130
4525084 Total Selenium (Se) 2010/12/23 99 75 - 125 103 75 - 125 <0.5 mg/kg NC 30
4525084 Total Vanadium (V) 2010/12/23 NC 75 - 125 104 75 - 125 <2 mg/kg 0.5 30 104 70 - 130
4525084 Total Zinc (Zn) 2010/12/23 NC 75 - 125 102 75 - 125 <1 mg/kg 0.7 30 90 70 - 130
4525084 Total Aluminum (Al) 2010/12/23 <100 mg/kg 4.4 35 97 70 - 130
4525084 Total Antimony (Sb) 2010/12/23 <0.1 mg/kg 2.2 30 95 70 - 130
4525084 Total Barium (Ba) 2010/12/23 <0.1 mg/kg 2.4 35 102 70 - 130
4525084 Total Calcium (Ca) 2010/12/23 <100 mg/kg 0.8 30 94 70 - 130
4525084 Total Iron (Fe) 2010/12/23 <100 mg/kg 3.2 30 93 70 - 130
4525084 Total Magnesium (Mg) 2010/12/23 <100 mg/kg 1.4 30 94 70 - 130
4525084 Total Manganese (Mn) 2010/12/23 <0.2 mg/kg 0.9 30 98 70 - 130
4525084 Total Molybdenum (Mo) 2010/12/23 <0.1 mg/kg 1.7 35 96 70 - 130
4525084 Total Phosphorus (P) 2010/12/23 <10 mg/kg 1.7 30 100 70 - 130
4525084 Total Strontium (Sr) 2010/12/23 <0.1 mg/kg 0.5 35 94 70 - 130
4525084 Total Thallium (Tl) 2010/12/23 <0.05 mg/kg NC 30 88 70 - 130
4525084 Total Titanium (Ti) 2010/12/23 <1 mg/kg 1.7 35 100 70 - 130
4525084 Total Bismuth (Bi) 2010/12/23 <0.1 mg/kg NC 30
4525084 Total Potassium (K) 2010/12/23 <100 mg/kg 1.3 35
4525084 Total Silver (Ag) 2010/12/23 <0.05 mg/kg NC 35
4525084 Total Sodium (Na) 2010/12/23 <100 mg/kg NC 35
4525084 Total Tin (Sn) 2010/12/23 <0.1 mg/kg 3.9 35
4525084 Total Zirconium (Zr) 2010/12/23 <0.5 mg/kg 16.0 30
4525097 Soluble (2:1) pH 2010/12/23 102 96 - 104 1.3 20
4525234 O-TERPHENYL (sur.) 2010/12/24 98 50 - 130 91 50 - 130 108 %
4525234 F2 (C10-C16 Hydrocarbons) 2010/12/24 101 50 - 130 98 80 - 120 <10 mg/kg 1 (1) 40
4525234 F3 (C16-C34 Hydrocarbons) 2010/12/24 107 50 - 130 107 80 - 120 <10 mg/kg 1.9(1) 40
4525234 F4 (C34-C50 Hydrocarbons) 2010/12/24 110 50 - 130 106 80 - 120 <10 mg/kg 2.6(1) 40
4525234 Reached Baseline at C50 2010/12/24 NC 50
4527468 4-BROMOFLUOROBENZENE (sur.) 2010/12/23 95 70 - 130 104 70 - 130 103 % 96 70 - 130
4527468 D10-ETHYLBENZENE (sur.) 2010/12/23 91 50 - 130 75 50 - 130 81 % 75 50 - 130
4527468 D4-1,2-DICHLOROETHANE (sur.) 2010/12/23 91 70 - 130 89 70 - 130 86 % 84 70 - 130
4527468 D8-TOLUENE (sur.) 2010/12/23 102 70 - 130 103 70 - 130 104 % 106 70 - 130
4527468 Benzene 2010/12/23 86 60 - 140 79 60 - 140 <0.005 mg/kg NC (2) 40
4527468 Toluene 2010/12/23 89 60 - 140 83 60 - 140 <0.02 mg/kg NC 40
4527468 Ethylbenzene 2010/12/23 93 60 - 140 86 60 - 140 <0.01 mg/kg NC (2) 40
4527468 m & p-Xylene 2010/12/23 90 60 - 140 84 60 - 140 <0.04 mg/kg NC 40
4527468 o-Xylene 2010/12/23 89 60 - 140 84 60 - 140 <0.04 mg/kg NC 40
4527468 (C6-C10) 2010/12/23 <10 mg/kg NC (2) 40 117 60 - 140
4527468 Methyl-tert-butylether (MTBE) 2010/12/23 <0.1 mg/kg NC 40
4527468 Styrene 2010/12/23 <0.03 mg/kg NC 40
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C3450 Client Project #: 09-1436-5008
Report Date: 2011/01/04

QUALITY ASSURANCE REPORT

Matrix Spike Spiked Blank Method Blank RPD QC Standard
QC Batch Parameter Date % Recovery QC Limits % Recovery QC Limits Value Units Value (%) QC Limits % Recovery QC Limits
4527468 Xylenes (Total) 2010/12/23 <0.04 mg/kg NC 40
4527507 4-BROMOFLUOROBENZENE (sur.) 2010/12/23 88 70 - 130 88 70 - 130 86 % 90 70 - 130
4527507 D10-ETHYLBENZENE (sur.) 2010/12/23 95 50 - 130 90 50 - 130 89 % 79 50 - 130
4527507 D4-1,2-DICHLOROETHANE (sur.) 2010/12/23 106 70 - 130 108 70 - 130 107 % 105 70 - 130
4527507 D8-TOLUENE (sur.) 2010/12/23 92 70 - 130 91 70 - 130 91 % 94 70 - 130
4527507 Benzene 2010/12/23 111 60 - 140 121 60 - 140 <0.005 mg/kg NC (2) 40
4527507 Toluene 2010/12/23 93 60 - 140 101 60 - 140 <0.02 mg/kg NC (2) 40
4527507 Ethylbenzene 2010/12/23 102 60 - 140 113 60 - 140 <0.01 mg/kg NC (2) 40
4527507 m & p-Xylene 2010/12/23 99 60 - 140 111 60 - 140 <0.04 mg/kg NC 40
4527507 o-Xylene 2010/12/23 95 60 - 140 108 60 - 140 <0.04 mg/kg NC 40
4527507 (C6-C10) 2010/12/23 <10 mg/kg NC (2) 40 101 60 - 140
4527507 Methyl-tert-butylether (MTBE) 2010/12/23 <0.1 mg/kg NC 40
4527507 Styrene 2010/12/23 <0.03 mg/kg NC (2) 40
4527507 Xylenes (Total) 2010/12/23 <0.04 mg/kg NC 40
4527562 O-TERPHENYL (sur.) 2010/12/24 85 50 - 130 99 50 - 130 97 %
4527562 F2 (C10-C16 Hydrocarbons) 2010/12/24 102 50 - 130 99 80 - 120 <10 mg/kg 0.6(1) 40
4527562 F3 (C16-C34 Hydrocarbons) 2010/12/24 113 50 - 130 107 80 - 120 <10 mg/kg 4.2(1) 40
4527562 F4 (C34-C50 Hydrocarbons) 2010/12/24 111 50 - 130 107 80 - 120 <10 mg/kg 19.6(1) 40
4527562 Reached Baseline at C50 2010/12/24 NC 50
4533957 % sand by hydrometer 2010/12/29 <2 % 1.1 25 88 75 - 125
4533957 % silt by hydrometer 2010/12/29 <2 % 0.8 25 111 75 - 125
4533957 Clay Content 2010/12/29 <2 % NC 25 101 75 - 125
4533957 Gravel 2010/12/29 <2 % NC 25
4536272 Sulphide 2010/12/30 NC 75 - 125 100 75 - 125 0.3, RDL=0.2 ug/g 8.6 30
4536352 D10-ANTHRACENE (sur.) 2010/12/31 90 60 - 130 88 60 - 130 78 %
4536352 D12-BENZO(A)PYRENE (sur.) 2010/12/31 85 60 - 130 88 60 - 130 71 %
4536352 D8-ACENAPHTHYLENE (sur.) 2010/12/31 50 50 - 130 88 50 - 130 77 %
4536352 D8-NAPHTHALENE (sur.) 2010/12/31 85 50 - 130 88 50 - 130 80 %
4536352 TERPHENYL-D14 (sur.) 2010/12/31 90 60 - 130 88 60 - 130 81 %
4536352 Naphthalene 2010/12/31 NC 40 - 130 75 40 - 130 <0.001 mg/kg 45.0(3) 50
4536352 2-Methylnaphthalene 2010/12/31 NC 40 - 130 73 40 - 130 <0.001 mg/kg 41.1(3) 50
4536352 Acenaphthylene 2010/12/31 52 40 - 130 74 40 - 130 <0.001 mg/kg NC (4) 50
4536352 Acenaphthene 2010/12/31 90 40 - 130 76 40 - 130 <0.001 mg/kg 8.3(3) 50
4536352 Fluorene 2010/12/31 89 40 - 130 75 40 - 130 <0.001 mg/kg 5.4(3) 50
4536352 Phenanthrene 2010/12/31 NC 40 - 130 74 40 - 130 <0.001 mg/kg 15.5(3) 50
4536352 Anthracene 2010/12/31 NC 40 - 130 73 40 - 130 <0.001 mg/kg 14.2(3) 50
4536352 Fluoranthene 2010/12/31 NC 40 - 130 72 40 - 130 <0.001 mg/kg 37.2(3) 50
4536352 Pyrene 2010/12/31 NC 40 - 130 76 40 - 130 <0.001 mg/kg 23.8(3) 50
4536352 Benzo(a)anthracene 2010/12/31 NC 40 - 130 65 40 - 130 <0.001 mg/kg 4.7(3) 50
4536352 Chrysene 2010/12/31 NC 40 - 130 67 40 - 130 <0.001 mg/kg 10.1(3) 50
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C3450 Client Project #: 09-1436-5008
Report Date: 2011/01/04

QUALITY ASSURANCE REPORT

Matrix Spike Spiked Blank Method Blank RPD QC Standard
QC Batch Parameter Date % Recovery QC Limits % Recovery QC Limits Value Units Value (%) QC Limits % Recovery QC Limits
4536352 Benzo(b&j)fluoranthene 2010/12/31 79 40 - 130 72 40 - 130 <0.001 mg/kg 15.1(3) 50
4536352 Benzo(k)fluoranthene 2010/12/31 85 40 - 130 68 40 - 130 <0.001 mg/kg 15.2(3) 50
4536352 Benzo(a)pyrene 2010/12/31 82 40 - 130 73 40 - 130 <0.001 mg/kg 11.8(3) 50
4536352 Indeno(1,2,3-cd)pyrene 2010/12/31 81 40 - 130 66 40 - 130 <0.002 mg/kg 30.3(3) 50
4536352 Dibenz(a,h)anthracene 2010/12/31 77 40 - 130 62 40 - 130 <0.002 mg/kg NC (3) 50
4536352 Benzo(g,h,i)perylene 2010/12/31 74 40 - 130 64 40 - 130 <0.002 mg/kg 21.3(3) 50
4538275 SEM Cadmium (Cd) 2010/12/30 <0.0002 umole/g
4538275 SEM Copper (Cu) 2010/12/30 <0.004 umole/g
4538275 SEM Lead (Pb) 2010/12/30 <0.0002 umole/g
4538275 SEM Mercury (Hg) 2010/12/30 <0.0003 umole/g
4538275 SEM Nickel (Ni) 2010/12/30 <0.004 umole/g
4538275 SEM Zinc (Zn) 2010/12/30 <0.008 umole/g
4539236 Total Arsenic (As) 2010/12/31 94 75 - 125 98 75 - 125 <0.2 mg/kg 3.4 30 101 70 - 130
4539236 Total Beryllium (Be) 2010/12/31 95 75 - 125 90 75 - 125 <0.1 mg/kg NC 30
4539236 Total Cadmium (Cd) 2010/12/31 98 75 - 125 97 75 - 125 <0.05 mg/kg 2.1 30 98 70 - 130
4539236 Total Chromium (Cr) 2010/12/31 NC 75 - 125 95 75 - 125 <1 mg/kg 1.0 30 100 70 - 130
4539236 Total Cobalt (Co) 2010/12/31 93 75 - 125 96 75 - 125 <0.3 mg/kg 0.8 30 97 70 - 130
4539236 Total Copper (Cu) 2010/12/31 NC 75 - 125 97 75 - 125 <0.5 mg/kg 0.1 30 94 70 - 130
4539236 Total Lead (Pb) 2010/12/31 NC 75 - 125 101 75 - 125 <0.1 mg/kg 2.0 35 106 70 - 130
4539236 Total Mercury (Hg) 2010/12/31 94 75 - 125 98 75 - 125 <0.05 mg/kg 3.5 35
4539236 Total Nickel (Ni) 2010/12/31 93 75 - 125 96 75 - 125 <0.8 mg/kg 2.4 30 97 70 - 130
4539236 Total Selenium (Se) 2010/12/31 94 75 - 125 100 75 - 125 <0.5 mg/kg NC 30
4539236 Total Vanadium (V) 2010/12/31 NC 75 - 125 96 75 - 125 <2 mg/kg 0.6 30 105 70 - 130
4539236 Total Zinc (Zn) 2010/12/31 NC 75 - 125 95 75 - 125 <1 mg/kg 0.9 30 91 70 - 130
4539236 Total Aluminum (Al) 2010/12/31 <100 mg/kg 1.2 35 104 70 - 130
4539236 Total Antimony (Sb) 2010/12/31 <0.1 mg/kg NC 30 94 70 - 130
4539236 Total Barium (Ba) 2010/12/31 <0.1 mg/kg 2.2 35 103 70 - 130
4539236 Total Calcium (Ca) 2010/12/31 <100 mg/kg 0.9 30 94 70 - 130
4539236 Total Iron (Fe) 2010/12/31 <100 mg/kg 1 30 93 70 - 130
4539236 Total Magnesium (Mg) 2010/12/31 <100 mg/kg 3.9 30 94 70 - 130
4539236 Total Manganese (Mn) 2010/12/31 <0.2 mg/kg 2.8 30 97 70 - 130
4539236 Total Molybdenum (Mo) 2010/12/31 <0.1 mg/kg 2.3 35 88 70 - 130
4539236 Total Phosphorus (P) 2010/12/31 <10 mg/kg 2.6 30 93 70 - 130
4539236 Total Strontium (Sr) 2010/12/31 <0.1 mg/kg 3.3 35 93 70 - 130
4539236 Total Thallium (Tl) 2010/12/31 <0.05 mg/kg 2.1 30 90 70 - 130
4539236 Total Titanium (Ti) 2010/12/31 <1 mg/kg 3.0 35 102 70 - 130
4539236 Total Bismuth (Bi) 2010/12/31 <0.1 mg/kg NC 30
4539236 Total Potassium (K) 2010/12/31 <100 mg/kg 4.4 35
4539236 Total Silver (Ag) 2010/12/31 <0.05 mg/kg 6.8 35
4539236 Total Sodium (Na) 2010/12/31 <100 mg/kg 3.2 35
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C3450 Client Project #: 09-1436-5008
Report Date: 2011/01/04

QUALITY ASSURANCE REPORT

Matrix Spike Spiked Blank Method Blank RPD QC Standard
QC Batch Parameter Date % Recovery QC Limits % Recovery QC Limits Value Units Value (%) QC Limits % Recovery QC Limits
4539236 Total Tin (Sn) 2010/12/31 <0.1 mg/kg 2.6 35
4539236 Total Zirconium (Zr) 2010/12/31 <0.5 mg/kg 5.1 30
4539281 Soluble (2:1) pH 2011/01/04 101 96 - 104 1.7 20

N/A = Not Applicable
RDL = Reportable Detection Limit
RPD = Relative Percent Difference
Duplicate:  Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.
Matrix Spike:  A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.
QC Standard:  A blank matrix to which a known amount of the analyte has been added. Used to evaluate analyte recovery.
Spiked Blank:  A blank matrix to which a known amount of the analyte has been added. Used to evaluate analyte recovery.
Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.
Surrogate:  A pure or isotopically labeled compound whose behavior mirrors the analytes of interest. Used to evaluate extraction efficiency.
NC (Matrix Spike): The recovery in the matrix spike was not calculated. The relative difference between the concentration in the parent sample and the spiked amount was not sufficiently significant to permit a reliable recovery
calculation.
NC (RPD): The RPD was not calculated. The level of analyte detected in the parent sample and its duplicate was not sufficiently significant to permit a reliable calculation.
(1) - Sample contained > 50% moisture.
(2) - RDL raised due to high sample moisture content.
(3) - RDL raised due to sample dilution.
(4) - RDL raised due to sample matrix interference.
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GOLDER ASSOCIATES LTD
Report Date: 2011/01/04 Client Project #: 09-1436-5008
Maxxam  Job  #: B0C3450
Maxxam Sample: Z15990 Client ID: 21774-01

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/01/04 Client Project #: 09-1436-5008
Maxxam  Job  #: B0C3450
Maxxam Sample: Z15990 Lab-Dup Client ID: 21774-01

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/01/04 Client Project #: 09-1436-5008
Maxxam  Job  #: B0C3450
Maxxam Sample: Z15991 Client ID: 21774-02

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/01/04 Client Project #: 09-1436-5008
Maxxam  Job  #: B0C3450
Maxxam Sample: Z15992 Client ID: 21774-03

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/01/04 Client Project #: 09-1436-5008
Maxxam  Job  #: B0C3450
Maxxam Sample: Z15995 Client ID: 21774-06

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/01/04 Client Project #: 09-1436-5008
Maxxam  Job  #: B0C3450
Maxxam Sample: Z15996 Client ID: 21774-07

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/01/04 Client Project #: 09-1436-5008
Maxxam  Job  #: B0C3450
Maxxam Sample: Z15997 Client ID: 21774-08

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/01/04 Client Project #: 09-1436-5008
Maxxam  Job  #: B0C3450
Maxxam Sample: Z16001 Client ID: 21774-12

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/01/04 Client Project #: 09-1436-5008
Maxxam  Job  #: B0C3450
Maxxam Sample: Z16002 Client ID: 21775-01

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/01/04 Client Project #: 09-1436-5008
Maxxam  Job  #: B0C3450
Maxxam Sample: Z16003 Client ID: 21775-02

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/01/04 Client Project #: 09-1436-5008
Maxxam  Job  #: B0C3450
Maxxam Sample: Z16004 Client ID: 21775-03

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/01/04 Client Project #: 09-1436-5008
Maxxam  Job  #: B0C3450
Maxxam Sample: Z16005 Client ID: 21775-04

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/01/04 Client Project #: 09-1436-5008
Maxxam  Job  #: B0C3450
Maxxam Sample: Z16010 Client ID: 21775-09

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/01/04 Client Project #: 09-1436-5008
Maxxam  Job  #: B0C3450
Maxxam Sample: Z16011 Client ID: 21775-10

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/01/04 Client Project #: 09-1436-5008
Maxxam  Job  #: B0C3450
Maxxam Sample: Z16012 Client ID: 21775-11

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/01/04 Client Project #: 09-1436-5008
Maxxam  Job  #: B0C3450
Maxxam Sample: Z16013 Client ID: 21775-12

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/01/04 Client Project #: 09-1436-5008
Maxxam  Job  #: B0C3450
Maxxam Sample: Z16018 Client ID: 21776-01

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/01/04 Client Project #: 09-1436-5008
Maxxam  Job  #: B0C3450
Maxxam Sample: Z16019 Client ID: 21776-02

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/01/04 Client Project #: 09-1436-5008
Maxxam  Job  #: B0C3450
Maxxam Sample: Z16020 Client ID: 21776-03

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/01/04 Client Project #: 09-1436-5008
Maxxam  Job  #: B0C3450
Maxxam Sample: Z16021 Client ID: 21776-04

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/01/04 Client Project #: 09-1436-5008
Maxxam  Job  #: B0C3450
Maxxam Sample: Z16022 Client ID: 21776-05

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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Maxxam Analytics
Maxxam  Job  #: B0I5433 Client Project #: B0C3450
Report Date: 2010/12/30

RESULTS OF ANALYSES OF SOIL

Maxxam ID IG2830 IG2831 IG2832 IG2833 IG2834 IG2835 IG2836 IG2837 IG2838
Sampling Date 2010/12/16 2010/12/16 2010/12/16 2010/12/16 2010/12/16 2010/12/16 2010/12/17 2010/12/17 2010/12/17

Units Z15990-03R Z15991-02R Z15992-02R Z15995-03R Z15996-02R Z15997-02R Z16001-03R Z16002-02R Z16003-02R RDL QC Batch
\ 21774-01 \ 21774-02 \ 21774-03 \ 21774-06 \ 21774-07 \ 21774-08 \ 21774-12 \ 21775-01 \ 21775-02

Inorganics
Total Organic Carbon mg/kg 190000 170000 210000 190000 160000 97000 15000 8800 1600 500 2369370

Maxxam ID IG2839 IG2840 IG2841 IG2842 IG2843 IG2844 IG2845
Sampling Date 2010/12/17 2010/12/17 2010/12/16 2010/12/16 2010/12/16 2010/12/17 2010/12/16

Units Z16004-02R \ 21775-03 Z16005-02R Z16010-03R Z16011-02R Z16012-02R Z16013-02R Z16018-02R RDL QC Batch
\ 21775-04 \ 21775-09 \ 21775-10 \ 21775-11 \ 21775-12 \ 21776-01

Inorganics
Total Organic Carbon mg/kg 1800 3800 81000 36000 4100 3200 1300 500 2369370

Maxxam ID IG2846 IG2847 IG2848 IG2849
Sampling Date 2010/12/17 2010/12/17 2010/12/17 2010/12/17

Units Z16019-03R \ 21776-02 Z16020-02R \ 21776-03 QC Batch Z16021-02R \ QC Batch Z16022-02R RDL QC Batch
21776-04 \ 21776-05

Inorganics
Total Organic Carbon mg/kg 180000 200000 2369370 250000 2369480 270000 500 2370174

RDL = Reportable Detection Limit
QC Batch = Quality Control Batch
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Maxxam Analytics
Maxxam  Job  #: B0I5433 Client Project #: B0C3450
Report Date: 2010/12/30

Package 1 6.3°C
Each temperature is the average of up to three cooler temperatures taken at receipt

GENERAL COMMENTS
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Maxxam Analytics
Maxxam  Job  #: B0I5433 Client Project #: B0C3450
Report Date: 2010/12/30

QUALITY ASSURANCE REPORT

Method Blank RPD QC Standard
QC Batch Parameter Date Value Units Value (%) QC Limits % Recovery QC Limits
2369370 Total Organic Carbon 2010/12/29 <500 mg/kg 0.4 35 97 N/A
2369480 Total Organic Carbon 2010/12/30 <500 mg/kg 0.2 35 99 N/A
2370174 Total Organic Carbon 2010/12/30 <500 mg/kg 21.7 35 92 N/A

N/A = Not Applicable
RPD = Relative Percent Difference
Duplicate:  Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.
QC Standard:  A blank matrix to which a known amount of the analyte has been added. Used to evaluate analyte recovery.
Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.
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Validation Signature Page

Maxxam  Job  #: B0I5433

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

EWA PRANJIC, M.Sc., C.Chem, Scientific Specialist                             

====================================================================
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of
ISO/IEC 17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.
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Your Project #: 09-1436-5008/5000              
Your C.O.C. #: 0086, G040858, G037375, G037377

Attention: Adrian de Bruyn
GOLDER ASSOCIATES LTD
4260 STILL CREEK DRIVE
Suite 500
BURNABY, BC
Canada          V5C 6C6

Report Date: 2011/03/11

CERTIFICATE OF ANALYSIS

MAXXAM JOB #: B0C2492
Received: 2011/02/23, 14:05

Sample Matrix: Sea Water
# Samples Received: 13

Date Date
Analyses Quantity Extracted Analyzed Laboratory Method Analytical Method
Hardness (calculated as CaCO3) 7 N/A 2010/12/31                     
Na, K, Ca, Mg, S by CRC ICPMS (diss.) 6 N/A 2011/03/02 BBY7SOP-00002 Based on EPA 200.8  
Na, K, Ca, Mg, S by CRC ICPMS (diss.) 7 N/A 2010/12/31 BBY7SOP-00002 Based on EPA 200.8  
Elements by ICPMS (dissolved) - Seawater 6 N/A 2011/03/02 BBY7SOP-00002 Based on EPA 200.8  
Elements by CRC ICPMS (dissolved) 7 N/A 2010/12/31 BBY7SOP-00002 Based on EPA 200.8  
Ammonia-N (Total) ( 1 ) 7 N/A 2010/12/24 AB SOP-00007 EPA 350.1            
Ammonia-N (Total) ( 1 ) 6 N/A 2011/02/28 AB SOP-00007 EPA 350.1            
Filter and HNO3 Preserve for Metals 7 N/A 2010/12/23 BBY6WI-00001 Based on EPA 200.2  
Filter and HNO3 Preserve for Metals 6 N/A 2011/02/24 BBY6WI-00001 Based on EPA 200.2  
Sulphide 7 N/A 2010/12/29 BBY6SOP-00006 Based on SM-4500 S2D
Sulphide 6 N/A 2011/02/25 BBY6SOP-00006 Based on SM-4500 S2D
Total Suspended Solids 6 N/A 2011/03/01 BBY6SOP-00034 Based on SM - 2540 D
Total Suspended Solids-LowLevel 7 N/A 2010/12/22 BBY6SOP-00034 Based on SM-2540 D  

Sample Matrix: Sediment
# Samples Received: 6

Date Date
Analyses Quantity Extracted Analyzed Laboratory Method Analytical Method
Ecotox Report Attachment 1 2011/01/07 2011/03/11                     
Ecotox Report Attachment 5 2011/03/11 2011/03/11                     

Sample Matrix: Soil
# Samples Received: 6

Date Date
Analyses Quantity Extracted Analyzed Laboratory Method Analytical Method
BTEX/MTBE Soil  LH, VH, F1 SIM/MS 6 2010/12/22 2010/12/24 BBY8-SOP-00010 EPA SW846 8260C      
Volatile F1-BTEX 6 N/A 2010/12/24                     
CCME Hydrocarbons (F2-F4 in soil) 6 2010/12/22 2010/12/24 BBY8SOP-00030 CCME Soil Tier 1    
Elements by ICPMS (total) 6 2010/12/23 2010/12/23 BBY7SOP-00004 Based on EPA 200.8  
Simultaneously Extractable Metals-ICPMS 6 2011/01/04 2011/01/04 BBY7SOP-00001 Based on EPA 200.8  
Moisture 6 N/A 2010/12/23 BBY8SOP-00017 Ont MOE -E 3139     
PAH in Soil by GC/MS Lowlevel (Extended) 6 2010/12/22 2011/01/06 BRN SOP-00332 R5.0 Based on EPA 8270D  
Total LMW, HMW, Total PAH Calc 6 N/A 2011/01/06 P A H T O T - S            
pH (2:1 DI Water Extract) 6 2010/12/23 2010/12/23 BBY6SOP-00028 Carter, SSMA 16.2   
Particle Size Distribution - Standard ( 2 ) 6 2010/12/29 2010/12/29                     
Sulfide (AVS) (soil) - Calc for umole/g 6 2010/12/22 2011/01/05 BRN SOP-00229 R2.0 Based EPA821-R91-100
Sulfide (AVS) (soil) 6 2011/01/04 2011/01/04 BBY6SOP-00007 Based EPA821-R91-100
Texture Class ( 2 ) 6 N/A 2011/01/10                     
TOC Soil Subcontract ( 3 ) 6 2011/01/06 2011/01/06                     
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

RESULTS OF CHEMICAL ANALYSES OF SEA WATER

Maxxam ID AA3434 AA3478 AA3479 AA3480 AA3481
Sampling Date 2011/02/22 2011/02/22 2011/02/22 2011/02/23 2011/02/23

Units 0086-02 RDL 0086-04 RDL 0086-06 RDL 0086-02 0086-04 RDL QC Batch
POREWATER POREWATER POREWATER (SULF. (SULF.

AMENDED) AMENDED)
CONVENTIONALS
Total Ammonia (N) mg/L 11(1) 0.5 10(1) 0.5 9.1(1) 0.3 8.9(1) 7.8(1) 0.3 4665414
Calculated Parameters
Filter and HNO3 Preservation N/A LAB N/A LAB N/A LAB N/A LAB LAB N/A 4657426
MISCELLANEOUS
Sulphide mg/L 12.2 0.3 34 1 27 1 0.022 0.028 0.005 4661454
Physical Properties
Total Suspended Solids mg/L 53 4 88 4 100 4 83 87 4 4668576

Maxxam ID AA3482 Z18207 Z18208 Z18209
Sampling Date 2011/02/23

Units 0086-06 RDL QC Batch 0086-01 RDL 0086-02 RDL 0086-03 RDL QC Batch
(SULF. POREWATER POREWATER POREWATER

AMENDED)
CONVENTIONALS
Total Ammonia (N) mg/L 6.6(1) 0.3 4665414 3.0(1) 0.3 2.7(1) 0.3 2.4(1) 0.3 4531369
Calculated Parameters
Filter and HNO3 Preservation N/A LAB N/A 4657426 LAB N/A LAB N/A LAB N/A 4533846
MISCELLANEOUS
Sulphide mg/L 0.026 0.005 4661454 2.90(2) 0.05 3.5(2) 0.2 0.015 0.005 4534611
Physical Properties
Total Suspended Solids mg/L 66 4 4668576 86 1 110 1 120 1 4523747

N/A = Not Applicable
RDL = Reportable Detection Limit
(1) - Detection limits raised due to dilution to bring analyte within the calibrated range.
(2) - Sample received at less than recommended preservation pH 9.
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

RESULTS OF CHEMICAL ANALYSES OF SEA WATER

Maxxam ID Z18210 Z18211 Z18212 Z18213
Units 0086-04 RDL 0086-05 RDL 0086-06 RDL SW RDL QC Batch

POREWATER POREWATER POREWATER CONTROL
CONVENTIONALS
Total Ammonia (N) mg/L 4.4(1) 0.3 2.8(1) 0.3 5.4(1) 0.3 0.33 0.05 4531369
Calculated Parameters
Filter and HNO3 Preservation N/A LAB N/A LAB N/A LAB N/A LAB N/A 4533846
MISCELLANEOUS
Sulphide mg/L 19.4 0.5 1.11 0.03 22.2 0.5 <0.005 0.005 4534611
Physical Properties
Total Suspended Solids mg/L 77 1 92 1 76 1 5 1 4523747

N/A = Not Applicable
RDL = Reportable Detection Limit
(1) - Detection limits raised due to dilution to bring analyte within the calibrated range.
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

ELEMENTS BY ATOMIC SPECTROSCOPY (SEA WATER)

Maxxam ID AA3434 AA3478 AA3479 AA3480 AA3481 AA3482
Sampling Date 2011/02/22 2011/02/22 2011/02/22 2011/02/23 2011/02/23 2011/02/23

Units 0086-02 0086-04 0086-06 0086-02 0086-04 0086-06 RDL QC Batch
POREWATER POREWATER POREWATER (SULF. (SULF. (SULF.

AMENDED) AMENDED) AMENDED)
Dissolved Metals by ICPMS
Dissolved Aluminum (Al) ug/L 32 55 50 28 37 34 10 4658036
Dissolved Antimony (Sb) ug/L 1.2 0.5 1.0 1.3 1.9 1.4 0.5 4658036
Dissolved Arsenic (As) ug/L 40.5 81.3 69.9 42.9 85.1 71.5 0.5 4658036
Dissolved Barium (Ba) ug/L 32 57 48 31 56 47 1 4658036
Dissolved Beryllium (Be) ug/L <1 <1 <1 <1 <1 <1 1 4658036
Dissolved Bismuth (Bi) ug/L <1 <1 <1 <1 <1 <1 1 4658036
Dissolved Boron (B) ug/L 3920 4770 5250 4660 4840 5230 50 4658036
Dissolved Cadmium (Cd) ug/L 0.10 0.13 0.14 0.14 0.18 0.14 0.05 4658036
Dissolved Chromium (Cr) ug/L 1.2 1.2 2.9 1.7 2.0 2.3 0.5 4658036
Dissolved Cobalt (Co) ug/L <0.1 0.1 0.2 <0.1 0.1 0.1 0.1 4658036
Dissolved Copper (Cu) ug/L 1.7 1.6 1.7 2.0 2.6 2.0 0.5 4658036
Dissolved Iron (Fe) ug/L 81 53 80 75 64 68 2 4658036
Dissolved Lead (Pb) ug/L 1.2 0.7 0.8 1.2 1.4 1.2 0.1 4658036
Dissolved Lithium (Li) ug/L 155 167 173 170 163 165 20 4658036
Dissolved Manganese (Mn) ug/L 12.4 2.0 3.6 12.2 2.2 3.3 0.5 4658036
Dissolved Molybdenum (Mo) ug/L 8 5 8 8 6 9 1 4658036
Dissolved Nickel (Ni) ug/L 0.6 1.0 1.0 0.6 0.6 0.9 0.2 4658036
Dissolved Phosphorus (P) ug/L 2790 3050 2720 2980 2950 2670 50 4658036
Dissolved Selenium (Se) ug/L <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.5 4658036
Dissolved Silicon (Si) ug/L 18600 22700 23800 21000 22800 22800 100 4658036
Dissolved Silver (Ag) ug/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.05 4658036
Dissolved Strontium (Sr) ug/L 7430 7510 7440 7410 7210 7290 10 4658036
Dissolved Thallium (Tl) ug/L <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 4658036
Dissolved Tin (Sn) ug/L <1 <1 <1 <1 <1 <1 1 4658036
Dissolved Titanium (Ti) ug/L <10 <10 <10 <10 <10 <10 10 4658036
Dissolved Uranium (U) ug/L 5.80 3.25 3.74 5.59 3.49 4.07 0.05 4658036
Dissolved Vanadium (V) ug/L <10 <10 <10 <10 <10 <10 10 4658036
Dissolved Zinc (Zn) ug/L 2 2 3 3 3 2 1 4658036
Dissolved Calcium (Ca) mg/L 389 383 388 396 373 373 1 4654876
Dissolved Magnesium (Mg) mg/L 1080 1110 1120 1070 1080 1060 1 4654876
Dissolved Potassium (K) mg/L 329 346 349 331 336 329 1 4654876
Dissolved Sodium (Na) mg/L 9550 9690 9730 9250 9350 9130 1 4654876
Dissolved Sulphur (S) mg/L 798 847 866 832 815 821 20 4654876

RDL = Reportable Detection Limit
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

RESULTS OF CHEMICAL ANALYSES OF SEDIMENT

Maxxam ID Z09675 Z09676 Z09677 Z09678 Z09679 Z09680
Sampling Date 2010/12/15 2010/12/15 2010/12/15 2010/12/15 2010/12/15 2010/12/15

Units 0086-01 0086-02 0086-03 0086-04 0086-05 0086-06 RDL QC Batch
Calculated Parameters
No Parameter N/A ATTACHED ATTACHED ATTACHED ATTACHED ATTACHED ATTACHED N/A 4700622

RESULTS OF CHEMICAL ANALYSES OF SOIL

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
Units 0086-01 0086-02 RDL 0086-03 RDL 0086-04 RDL 0086-05 0086-06 RDL QC Batch

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
Parameter
Subcontract Parameter N/A ATTACHED ATTACHED N/A ATTACHED N/A ATTACHED N/A ATTACHED ATTACHED N/A 4547422
Calculated Parameters
Sulphide umole/g 11.6 14.7 0.6 2.04 0.06 7.2 0.3 9.3 12.6 0.6 4524145
MISCELLANEOUS
Sulphide ug/g 372 471 20 65 2 229 10 299 404 20 4541759
Physical Properties
Texture N/A SILT LOAM LOAM N/A SAND N/A SILT LOAM N/A SILT LOAM LOAM N/A 4524099

N/A = Not Applicable
RDL = Reportable Detection Limit
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

PETROLEUM HYDROCARBONS (CCME)

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
Units 0086-01 0086-02 0086-03 0086-04 0086-05 0086-06 RDL QC Batch

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
Ext. Pet. Hydrocarbon
F2 (C10-C16 Hydrocarbons) mg/kg 68(1) 61(1) 23 100(1) 130(1) 150(1) 10 4527562
F3 (C16-C34 Hydrocarbons) mg/kg 500(1) 470(1) 170 550(1) 700(1) 610(1) 10 4527562
F4 (C34-C50 Hydrocarbons) mg/kg 140(1) 150(1) 110 140(1) 240(1) 160(1) 10 4527562
Reached Baseline at C50 mg/kg YES YES YES YES YES YES N/A 4527562
Surrogate Recovery (%)
O-TERPHENYL (sur.) % 94 92 92 89 96 95 4527562

PARTICLE SIZE DISTRIBUTION ANALYSIS (SOIL)

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
Units 0086-01 0086-02 0086-03 0086-04 0086-05 0086-06 RDL QC Batch

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
Percent Passing
<0.002mm Pipette % 8.96 10.57 1.60 22.32 24.52 17.19 0.01 4551597
<0.053mm Pipette % 38.31 32.73 8.02 69.75 76.21 52.99 0.01 4551597
<0.125mm, Sieve #120 % 36.81 39.81 20.91 82.76 83.81 64.88 0.01 4551597
<0.250mm, Sieve #60 % 40.56 50.85 46.54 88.43 89.19 71.58 0.01 4551597
<2.00mm, Sieve #10 % 58.40 64.48 82.73 92.78 95.41 83.03 0.01 4551597
Percent of Entire Sample
<0.002mm % 8.96 10.57 1.60 22.32 24.52 17.19 0.01 4551597
<0.053mm & >0.002mm % 29.35 22.16 6.42 47.43 51.69 35.79 0.01 4551597
<2.00mm & >0.053mm % 20.08 31.75 74.72 23.03 19.20 30.05 0.01 4551597
>2.00mm % 41.61 35.52 17.27 7.22 4.60 16.97 0.01 4551597
% of the <2mm Fraction
% Clay <0.002mm % 15.35 16.39 1.93 24.06 25.70 20.71 0.01 4551597
% Sand <2.00mm & >0.053mm % 34.39 49.25 90.31 24.82 20.12 36.19 0.01 4551597
% Silt <0.053mm & >0.002mm % 50.26 34.37 7.76 51.12 54.18 43.11 0.01 4551597

N/A = Not Applicable
RDL = Reportable Detection Limit
(1) - Sample contained > 50% moisture.

Page 7 of 26



GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

PHYSICAL TESTING (SOIL)

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
Units 0086-01 0086-02 0086-03 0086-04 0086-05 0086-06 RDL QC Batch

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
Physical Properties
Moisture % 74 71 27 72 73 69 0.3 4526373

ELEMENTS BY ATOMIC SPECTROSCOPY (SOIL)

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
Units 0086-01 0086-02 0086-03 0086-04 0086-05 0086-06 RDL QC Batch

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
SEM Metals by ICPMS
SEM Cadmium (Cd) umole/g 0.0023 0.0016 0.0018 0.0027 0.0035 0.0026 0.0002 4542344
SEM Copper (Cu) umole/g 0.040 0.033 0.255 0.043 0.062 0.048 0.004 4542344
SEM Lead (Pb) umole/g 0.0074 0.0070 0.0840 0.0075 0.0105 0.0077 0.0002 4542344
SEM Mercury (Hg) umole/g <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 0.0003 4542344
SEM Nickel (Ni) umole/g 0.014 0.013 0.125 0.021 0.023 0.022 0.004 4542344
SEM Zinc (Zn) umole/g 0.195 0.173 0.694 0.178 0.301 0.176 0.008 4542344

RDL = Reportable Detection Limit
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

CCME BTEX/F1 BY HS IN SOIL (SOIL)

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
Units 0086-01 RDL 0086-02 RDL 0086-03 RDL 0086-04 RDL 0086-05 RDL 0086-06 RDL QC Batch

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
Calculated Parameters
F1 (C6-C10) - BTEX mg/kg <60 60 <50 50 <10 10 <50 50 <60 60 <50 50 4524143
Volatiles
Methyl-tert-butylether (MTBE) mg/kg <0.1 0.1 <0.1 0.1 <0.1 0.1 <0.1 0.1 <0.1 0.1 <0.1 0.1 4527833
Benzene mg/kg 0.04(1) 0.03 <0.03(1) 0.03 <0.005 0.005 <0.03(1) 0.03 <0.03(1) 0.03 <0.02(1) 0.02 4527833
Toluene mg/kg 0.09(1) 0.03 0.19(1) 0.03 <0.02 0.02 0.05(1) 0.03 0.07(1) 0.03 0.08(1) 0.02 4527833
Ethylbenzene mg/kg <0.03(1) 0.03 <0.03(1) 0.03 <0.01 0.01 <0.03(1) 0.03 <0.03(1) 0.03 0.02(1) 0.02 4527833
m & p-Xylene mg/kg <0.04 0.04 <0.04 0.04 <0.04 0.04 <0.04 0.04 0.04 0.04 <0.04 0.04 4527833
o-Xylene mg/kg <0.04 0.04 <0.04 0.04 <0.04 0.04 <0.04 0.04 <0.04 0.04 <0.04 0.04 4527833
Styrene mg/kg <0.03 0.03 <0.03 0.03 <0.03 0.03 <0.03 0.03 <0.03 0.03 <0.03 0.03 4527833
Xylenes (Total) mg/kg <0.04 0.04 <0.04 0.04 <0.04 0.04 <0.04 0.04 0.04 0.04 <0.04 0.04 4527833
(C6-C10) mg/kg <60(1) 60 <50(1) 50 <10 10 <50(1) 50 <60(1) 60 <50(1) 50 4527833
Surrogate Recovery (%)
4-BROMOFLUOROBENZENE (sur.) % 84 83 84 84 83 85 4527833
D10-ETHYLBENZENE (sur.) % 82 83 86 82 83 84 4527833
D4-1,2-DICHLOROETHANE (sur.) % 101 105 96 99 97 96 4527833
D8-TOLUENE (sur.) % 94 92 96 95 94 94 4527833

RDL = Reportable Detection Limit
(1) - RDL raised due to high sample moisture content.
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

CSR/CCME METALS IN SOIL (SOIL)

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
Units 0086-01 0086-02 0086-03 0086-04 0086-05 0086-06 RDL QC Batch

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
Physical Properties
Soluble (2:1) pH pH Units 7.64 7.39 7.83 7.33 7.33 7.62 0.01 4529385
Total Metals by ICPMS
Total Aluminum (Al) mg/kg 6520 8800 9590 11300 10400 10400 100 4528403
Total Antimony (Sb) mg/kg 0.3 0.4 0.4 0.5 0.5 0.5 0.1 4528403
Total Arsenic (As) mg/kg 9.4 10.9 4.0 12.2 12.9 11.2 0.2 4528403
Total Barium (Ba) mg/kg 26.2 30.9 33.0 47.5 42.2 51.2 0.1 4528403
Total Beryllium (Be) mg/kg 0.2 0.1 0.1 0.3 0.2 0.3 0.1 4528403
Total Bismuth (Bi) mg/kg 0.1 0.2 <0.1 0.2 0.2 0.2 0.1 4528403
Total Cadmium (Cd) mg/kg 2.76 2.62 0.34 3.70 3.72 3.25 0.05 4528403
Total Calcium (Ca) mg/kg 60500 13100 5920 6590 6930 9140 100 4528403
Total Chromium (Cr) mg/kg 19 21 15 27 26 27 1 4528403
Total Cobalt (Co) mg/kg 3.3 4.3 4.8 5.1 4.7 5.1 0.3 4528403
Total Copper (Cu) mg/kg 65.3 105 43.5 72.9 79.1 73.6 0.5 4528403
Total Iron (Fe) mg/kg 13600 16700 13800 17500 16500 16300 100 4528403
Total Lead (Pb) mg/kg 22.5 25.5 24.7 20.1 23.2 21.5 0.1 4528403
Total Magnesium (Mg) mg/kg 6990 7320 4700 7780 7580 6970 100 4528403
Total Manganese (Mn) mg/kg 108 140 152 154 137 142 0.2 4528403
Total Mercury (Hg) mg/kg 0.51 0.23 0.08 0.26 0.25 0.29 0.05 4528403
Total Molybdenum (Mo) mg/kg 12.3 10.8 1.4 9.9 13.1 8.9 0.1 4528403
Total Nickel (Ni) mg/kg 15.2 16.1 12.2 21.5 19.9 21.2 0.8 4528403
Total Phosphorus (P) mg/kg 625 701 423 730 714 671 10 4528403
Total Potassium (K) mg/kg 1800 1790 824 2050 2010 1930 100 4528403
Total Selenium (Se) mg/kg 1.2 1.6 <0.5 1.8 2.4 1.8 0.5 4528403
Total Silver (Ag) mg/kg 0.18 0.26 0.09 0.29 0.26 0.26 0.05 4528403
Total Sodium (Na) mg/kg 24100 22400 3130 20600 20900 18100 100 4528403
Total Strontium (Sr) mg/kg 216 83.2 44.4 63.8 64.8 74.2 0.1 4528403
Total Thallium (Tl) mg/kg 0.28 0.32 0.20 0.36 0.39 0.30 0.05 4528403
Total Tin (Sn) mg/kg 3.0 2.4 1.6 1.7 1.9 1.5 0.1 4528403
Total Titanium (Ti) mg/kg 263 533 885 525 436 394 1 4528403
Total Vanadium (V) mg/kg 34 40 35 45 44 42 2 4528403
Total Zinc (Zn) mg/kg 171 168 63 132 163 124 1 4528403
Total Zirconium (Zr) mg/kg 1.4 3.7 2.1 2.2 2.0 1.7 0.5 4528403

RDL = Reportable Detection Limit
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

CSR DISSOLVED METALS IN WATER (SEA WATER)

Maxxam ID Z18207 Z18208 Z18209 Z18210 Z18211 Z18212 Z18213
Units 0086-01 0086-02 0086-03 0086-04 0086-05 0086-06 SW RDL QC Batch

POREWATER POREWATER POREWATER POREWATER POREWATER POREWATER CONTROL
Misc. Inorganics
Dissolved Hardness (CaCO3) mg/L 5670 5540 5130 5520 5560 5330 5690 0.5 4523678
Dissolved Metals by ICPMS
Dissolved Aluminum (Al) mg/L 0.06 0.61 0.04 0.85 0.04 0.05 0.03 0.03 4529525
Dissolved Antimony (Sb) mg/L <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.005 4529525
Dissolved Arsenic (As) mg/L 0.010 0.007 0.013 0.033 0.015 0.061 0.002 0.001 4529525
Dissolved Barium (Ba) mg/L 0.03 0.03 0.02 0.06 0.03 0.05 0.01 0.01 4529525
Dissolved Beryllium (Be) mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 4529525
Dissolved Bismuth (Bi) mg/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 4529525
Dissolved Boron (B) mg/L 4.9 5.0 5.2 5.1 4.9 5.2 4.9 0.5 4529525
Dissolved Cadmium (Cd) mg/L 0.0002 <0.0001 0.0001 0.0002 0.0002 <0.0001 0.0002 0.0001 4529525
Dissolved Chromium (Cr) mg/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 4529525
Dissolved Cobalt (Co) mg/L <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.005 4529525
Dissolved Copper (Cu) mg/L <0.002 <0.002 <0.002 <0.002 0.148 <0.002 <0.002 0.002 4529525
Dissolved Iron (Fe) mg/L 0.10 0.14 0.08 0.11 0.10 0.06 <0.05 0.05 4529525
Dissolved Lead (Pb) mg/L <0.002 <0.002 <0.002 <0.002 0.005 <0.002 <0.002 0.002 4529525
Dissolved Lithium (Li) mg/L 0.16 0.15 0.15 0.16 0.15 0.16 0.17 0.05 4529525
Dissolved Manganese (Mn) mg/L 0.02 0.01 0.09 <0.01 <0.01 <0.01 <0.01 0.01 4529525
Dissolved Mercury (Hg) mg/L <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0002 4529525
Dissolved Molybdenum (Mo) mg/L 0.04 0.02 0.06 <0.01 0.01 <0.01 <0.01 0.01 4529525
Dissolved Nickel (Ni) mg/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 4529525
Dissolved Selenium (Se) mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 0.001 4529525
Dissolved Silicon (Si) mg/L 14 15 6 19 13 18 2 1 4529525
Dissolved Silver (Ag) mg/L <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0002 4529525
Dissolved Strontium (Sr) mg/L 6.79 6.57 6.19 6.63 6.38 6.44 6.56 0.01 4529525
Dissolved Thallium (Tl) mg/L <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.0005 4529525
Dissolved Tin (Sn) mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.05 4529525
Dissolved Titanium (Ti) mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.05 4529525
Dissolved Uranium (U) mg/L 0.003 0.003 0.007 0.003 0.004 0.004 0.003 0.001 4529525
Dissolved Vanadium (V) mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.05 4529525
Dissolved Zinc (Zn) mg/L <0.05 <0.05 <0.05 <0.05 0.09 <0.05 <0.05 0.05 4529525
Dissolved Zirconium (Zr) mg/L <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.005 4529525
Dissolved Calcium (Ca) mg/L 388 388 366 392 386 370 384 0.5 4523679
Dissolved Magnesium (Mg) mg/L 1140 1110 1030 1100 1120 1070 1150 0.5 4523679
Dissolved Potassium (K) mg/L 358 351 347 351 361 351 355 0.5 4523679
Dissolved Sodium (Na) mg/L 9350 9310 8610 9140 9260 8990 9430 0.5 4523679
Dissolved Sulphur (S) mg/L 964 953 853 946 898 891 985 30 4523679

RDL = Reportable Detection Limit
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

DO NOT USE, DH4 110207 (SOIL)

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
Units 0086-01 RDL 0086-02 RDL 0086-03 RDL 0086-04 RDL 0086-05 RDL 0086-06 RDL QC Batch

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
Polycyclic Aromatics
Naphthalene mg/kg 0.25(1) 0.005 0.31(1) 0.005 0.14(1) 0.005 0.48(1) 0.005 0.65(2) 0.005 1.1(1) 0.005 4542849
2-Methylnaphthalene mg/kg 0.55(1) 0.005 0.64(1) 0.005 0.29(1) 0.005 1.1(1) 0.005 1.4(2) 0.005 2.6(1) 0.005 4542849
Acenaphthylene mg/kg <0.08(3) 0.08 <0.07(3) 0.07 <0.04(3) 0.04 <0.08(3) 0.08 <0.1(3) 0.1 <0.2(3) 0.2 4542849
Acenaphthene mg/kg 0.10(1) 0.005 0.10(1) 0.005 0.027(1) 0.005 0.18(1) 0.005 0.29(2) 0.005 0.34(1) 0.005 4542849
Fluorene mg/kg 0.17(1) 0.005 0.16(1) 0.005 0.050(1) 0.005 0.26(1) 0.005 0.43(2) 0.005 0.56(1) 0.005 4542849
Phenanthrene mg/kg 0.86(1) 0.005 0.72(1) 0.005 0.31(1) 0.005 1.2(1) 0.005 1.5(2) 0.005 2.4(1) 0.005 4542849
Anthracene mg/kg 0.30(1) 0.005 0.31(1) 0.005 0.068(1) 0.005 0.33(1) 0.005 0.58(2) 0.005 0.49(1) 0.005 4542849
Fluoranthene mg/kg 1.1(1) 0.005 0.94(1) 0.005 0.41(1) 0.005 1.1(1) 0.005 1.6(2) 0.005 1.6(1) 0.005 4542849
Pyrene mg/kg 1.3(1) 0.005 1.2(1) 0.005 0.40(1) 0.005 0.94(1) 0.005 2.0(2) 0.005 1.3(1) 0.005 4542849
Benzo(a)anthracene mg/kg 0.30(1) 0.005 0.35(1) 0.005 0.14(1) 0.005 0.34(1) 0.005 0.66(2) 0.005 0.54(1) 0.005 4542849
Chrysene mg/kg 0.46(1) 0.005 0.43(1) 0.005 0.19(1) 0.005 0.42(1) 0.005 0.74(2) 0.005 0.66(1) 0.005 4542849
Benzo(b&j)fluoranthene mg/kg 0.36(1) 0.005 0.38(1) 0.005 0.16(1) 0.005 0.30(1) 0.005 0.58(2) 0.005 0.39(1) 0.005 4542849
Benzo(k)fluoranthene mg/kg 0.24(1) 0.005 0.27(1) 0.005 0.11(1) 0.005 0.20(1) 0.005 0.42(2) 0.005 0.28(1) 0.005 4542849
Benzo(a)pyrene mg/kg 0.21(1) 0.005 0.23(1) 0.005 0.15(1) 0.005 0.21(1) 0.005 0.39(2) 0.005 0.32(1) 0.005 4542849
Indeno(1,2,3-cd)pyrene mg/kg 0.11(1) 0.01 0.12(1) 0.01 0.10(1) 0.01 0.10(1) 0.01 0.18(1) 0.01 0.13(1) 0.01 4542849
Dibenz(a,h)anthracene mg/kg 0.04(1) 0.01 0.04(1) 0.01 0.03(1) 0.01 0.05(1) 0.01 0.07(1) 0.01 0.07(1) 0.01 4542849
Benzo(g,h,i)perylene mg/kg 0.15(1) 0.01 0.17(1) 0.01 0.15(1) 0.01 0.17(1) 0.01 0.26(2) 0.01 0.26(1) 0.01 4542849
Low Molecular Weight PAH`s mg/kg 2.2 0.08 2.2 0.07 0.88 0.04 3.6 0.08 4.8 0.1 7.5 0.2 4524144
High Molecular Weight PAH`s mg/kg 4.2 0.01 4.1 0.01 1.8 0.01 3.9 0.01 6.9 0.01 5.5 0.01 4524144
Total PAH mg/kg 6.4 0.08 6.4 0.07 2.7 0.04 7.4 0.08 12 0.1 13 0.2 4524144
Surrogate Recovery (%)
D10-ANTHRACENE (sur.) % 100 100 100 95 95 100 4542849
D12-BENZO(A)PYRENE (sur.) % 90 100 90 90 85 95 4542849
D8-ACENAPHTHYLENE (sur.) % 60 60 90 60 55 60 4542849
D8-NAPHTHALENE (sur.) % 95 95 90 90 95 95 4542849
TERPHENYL-D14 (sur.) % 95 100 100 95 90 100 4542849

RDL = Reportable Detection Limit
(1) - RDL raised due to sample dilution.
(2) - RDL raised due to sample dilution. Matrix spike recovery outside control limit - High target compounds - No impact, spike Invalid.
(3) - RDL raised due to sample matrix interference.
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

General Comments

Sample     Z18215-01:  ** SEM/AVS = 0.02 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 

Sample     Z18216-01:  ** SEM/AVS = 0.02 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 

Sample     Z18217-01:  ** SEM/AVS = 0.57 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 

Sample     Z18218-01:  ** SEM/AVS = 0.04 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 

Sample     Z18219-01:  ** SEM/AVS = 0.04 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 

Sample     Z18220-01:  ** SEM/AVS = 0.02 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 

CSR DISSOLVED METALS IN WATER (SEA WATER) Comments

Sample     Z18207-02 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference.

Sample     Z18208-02 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference.

Sample     Z18209-02 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference.

Sample     Z18210-02 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference.

Sample     Z18211-02 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference.

Sample     Z18212-02 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference.

Sample     Z18213-02 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference.
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

QUALITY ASSURANCE REPORT

Matrix Spike Spiked Blank Method Blank RPD QC Standard
QC Batch Parameter Date % Recovery QC Limits % Recovery QC Limits Value Units Value (%) QC Limits % Recovery QC Limits
4523747 Total Suspended Solids 2010/12/22 100 80 - 120 <1 mg/L
4526373 Moisture 2010/12/23 <0.3 % 0 20
4527562 O-TERPHENYL (sur.) 2010/12/24 85 50 - 130 99 50 - 130 97 %
4527562 F2 (C10-C16 Hydrocarbons) 2010/12/24 102 50 - 130 99 80 - 120 <10 mg/kg 0.6(1) 40
4527562 F3 (C16-C34 Hydrocarbons) 2010/12/24 113 50 - 130 107 80 - 120 <10 mg/kg 4.2(1) 40
4527562 F4 (C34-C50 Hydrocarbons) 2010/12/24 111 50 - 130 107 80 - 120 <10 mg/kg 19.6(1) 40
4527562 Reached Baseline at C50 2010/12/24 NC 50
4527833 4-BROMOFLUOROBENZENE (sur.) 2010/12/23 86 70 - 130 86 70 - 130 83 % 88 70 - 130
4527833 D10-ETHYLBENZENE (sur.) 2010/12/23 88 50 - 130 74 50 - 130 82 % 73 50 - 130
4527833 D4-1,2-DICHLOROETHANE (sur.) 2010/12/23 98 70 - 130 97 70 - 130 94 % 94 70 - 130
4527833 D8-TOLUENE (sur.) 2010/12/23 94 70 - 130 94 70 - 130 96 % 98 70 - 130
4527833 Benzene 2010/12/24 103 60 - 140 99 60 - 140 <0.005 mg/kg 18.9 40
4527833 Toluene 2010/12/24 89 60 - 140 85 60 - 140 <0.02 mg/kg NC 40
4527833 Ethylbenzene 2010/12/24 101 60 - 140 96 60 - 140 <0.01 mg/kg NC 40
4527833 m & p-Xylene 2010/12/24 98 60 - 140 93 60 - 140 <0.04 mg/kg NC 40
4527833 o-Xylene 2010/12/24 94 60 - 140 90 60 - 140 <0.04 mg/kg NC 40
4527833 (C6-C10) 2010/12/23 <10 mg/kg 108 60 - 140
4527833 Methyl-tert-butylether (MTBE) 2010/12/24 <0.1 mg/kg NC 40
4527833 Styrene 2010/12/24 <0.03 mg/kg NC 40
4527833 Xylenes (Total) 2010/12/24 <0.04 mg/kg NC 40
4528403 Total Arsenic (As) 2010/12/23 99 75 - 125 95 75 - 125 <0.2 mg/kg 12.2 30 100 70 - 130
4528403 Total Beryllium (Be) 2010/12/23 104 75 - 125 101 75 - 125 <0.1 mg/kg NC 30
4528403 Total Cadmium (Cd) 2010/12/23 103 75 - 125 95 75 - 125 <0.05 mg/kg NC 30 104 70 - 130
4528403 Total Chromium (Cr) 2010/12/23 100 75 - 125 93 75 - 125 <1 mg/kg 4.0 30 102 70 - 130
4528403 Total Cobalt (Co) 2010/12/23 95 75 - 125 92 75 - 125 <0.3 mg/kg 4.3 30 96 70 - 130
4528403 Total Copper (Cu) 2010/12/23 99 75 - 125 95 75 - 125 <0.5 mg/kg 4.6 30 95 70 - 130
4528403 Total Lead (Pb) 2010/12/23 104 75 - 125 99 75 - 125 <0.1 mg/kg 1.2 35 106 70 - 130
4528403 Total Mercury (Hg) 2010/12/23 102 75 - 125 100 75 - 125 <0.05 mg/kg NC 35
4528403 Total Nickel (Ni) 2010/12/23 97 75 - 125 93 75 - 125 <0.8 mg/kg 3.0 30 97 70 - 130
4528403 Total Selenium (Se) 2010/12/23 97 75 - 125 96 75 - 125 <0.5 mg/kg NC 30
4528403 Total Vanadium (V) 2010/12/23 NC 75 - 125 94 75 - 125 <2 mg/kg 3.4 30 104 70 - 130
4528403 Total Zinc (Zn) 2010/12/23 NC 75 - 125 94 75 - 125 <1 mg/kg 6.3 30 92 70 - 130
4528403 Total Aluminum (Al) 2010/12/23 <100 mg/kg 4.8 35 105 70 - 130
4528403 Total Antimony (Sb) 2010/12/23 <0.1 mg/kg NC 30 101 70 - 130
4528403 Total Barium (Ba) 2010/12/23 <0.1 mg/kg 5.4 35 105 70 - 130
4528403 Total Calcium (Ca) 2010/12/23 <100 mg/kg 4.1 30 101 70 - 130
4528403 Total Iron (Fe) 2010/12/23 <100 mg/kg 3.3 30 99 70 - 130
4528403 Total Magnesium (Mg) 2010/12/23 <100 mg/kg 2.3 30 101 70 - 130
4528403 Total Manganese (Mn) 2010/12/23 <0.2 mg/kg 3.3 30 101 70 - 130
4528403 Total Molybdenum (Mo) 2010/12/23 <0.1 mg/kg 8.6 35 95 70 - 130
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

QUALITY ASSURANCE REPORT

Matrix Spike Spiked Blank Method Blank RPD QC Standard
QC Batch Parameter Date % Recovery QC Limits % Recovery QC Limits Value Units Value (%) QC Limits % Recovery QC Limits
4528403 Total Phosphorus (P) 2010/12/23 <10 mg/kg 7.9 30 103 70 - 130
4528403 Total Strontium (Sr) 2010/12/23 <0.1 mg/kg 1.8 35 96 70 - 130
4528403 Total Thallium (Tl) 2010/12/23 <0.05 mg/kg NC 30 94 70 - 130
4528403 Total Titanium (Ti) 2010/12/23 <1 mg/kg 17.6 35 108 70 - 130
4528403 Total Bismuth (Bi) 2010/12/23 <0.1 mg/kg NC 30
4528403 Total Potassium (K) 2010/12/23 <100 mg/kg 2.8 35
4528403 Total Silver (Ag) 2010/12/23 <0.05 mg/kg NC 35
4528403 Total Sodium (Na) 2010/12/23 <100 mg/kg NC 35
4528403 Total Tin (Sn) 2010/12/23 <0.1 mg/kg NC 35
4528403 Total Zirconium (Zr) 2010/12/23 <0.5 mg/kg NC 30
4529385 Soluble (2:1) pH 2010/12/23 102 96 - 104 0.3 20
4529525 Dissolved Arsenic (As) 2010/12/31 99 80 - 120 98 80 - 120 <0.0001 mg/L 3.9 20
4529525 Dissolved Beryllium (Be) 2010/12/31 93 80 - 120 103 80 - 120 <0.0001 mg/L NC 20
4529525 Dissolved Cadmium (Cd) 2010/12/31 95 80 - 120 99 80 - 120 <0.00001 mg/L 15.3 20
4529525 Dissolved Chromium (Cr) 2010/12/31 106 80 - 120 102 80 - 120 <0.001 mg/L NC 20
4529525 Dissolved Cobalt (Co) 2010/12/31 103 80 - 120 103 80 - 120 <0.0005 mg/L 1.1 20
4529525 Dissolved Copper (Cu) 2010/12/31 100 80 - 120 103 80 - 120 <0.0002 mg/L NC 20
4529525 Dissolved Lead (Pb) 2010/12/31 91 80 - 120 105 80 - 120 <0.0002 mg/L NC 20
4529525 Dissolved Lithium (Li) 2010/12/31 97 80 - 120 105 80 - 120 <0.005 mg/L NC 20
4529525 Dissolved Nickel (Ni) 2010/12/31 NC 80 - 120 102 80 - 120 <0.001 mg/L 1.0 20
4529525 Dissolved Selenium (Se) 2010/12/31 98 80 - 120 104 80 - 120 <0.0001 mg/L 0.05 20
4529525 Dissolved Uranium (U) 2010/12/31 100 80 - 120 107 80 - 120 <0.0001 mg/L NC 20
4529525 Dissolved Vanadium (V) 2010/12/31 108 80 - 120 101 80 - 120 <0.005 mg/L NC 20
4529525 Dissolved Zinc (Zn) 2010/12/31 94 80 - 120 99 80 - 120 <0.005 mg/L NC 20
4529525 Dissolved Aluminum (Al) 2010/12/31 <0.003 mg/L NC 20
4529525 Dissolved Antimony (Sb) 2010/12/31 <0.0005 mg/L NC 20
4529525 Dissolved Barium (Ba) 2010/12/31 <0.001 mg/L 0.6 20
4529525 Dissolved Bismuth (Bi) 2010/12/31 <0.001 mg/L NC 20
4529525 Dissolved Boron (B) 2010/12/31 <0.05 mg/L 2.4 20
4529525 Dissolved Iron (Fe) 2010/12/31 <0.005 mg/L NC 20
4529525 Dissolved Manganese (Mn) 2010/12/31 <0.001 mg/L 1.1 20
4529525 Dissolved Mercury (Hg) 2010/12/31 <0.00002 mg/L NC 20
4529525 Dissolved Molybdenum (Mo) 2010/12/31 <0.001 mg/L NC 20
4529525 Dissolved Silicon (Si) 2010/12/31 <0.1 mg/L 2.7 20
4529525 Dissolved Silver (Ag) 2010/12/31 <0.00002 mg/L NC 20
4529525 Dissolved Strontium (Sr) 2010/12/31 <0.001 mg/L 2.4 20
4529525 Dissolved Thallium (Tl) 2010/12/31 <0.00005 mg/L NC 20
4529525 Dissolved Tin (Sn) 2010/12/31 <0.005 mg/L NC 20
4529525 Dissolved Titanium (Ti) 2010/12/31 <0.005 mg/L NC 20
4529525 Dissolved Zirconium (Zr) 2010/12/31 <0.0005 mg/L NC 20
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

QUALITY ASSURANCE REPORT

Matrix Spike Spiked Blank Method Blank RPD QC Standard
QC Batch Parameter Date % Recovery QC Limits % Recovery QC Limits Value Units Value (%) QC Limits % Recovery QC Limits
4531369 Total Ammonia (N) 2010/12/24 93 80 - 120 102 90 - 110 <0.05 mg/L NC 20
4534611 Sulphide 2010/12/29 93 80 - 120 96 80 - 120 <0.005 mg/L 2.6 20
4541759 Sulphide 2011/01/04 NC 75 - 125 105 75 - 125 <0.2 ug/g 16.0(2) 30
4542344 SEM Cadmium (Cd) 2011/01/04 <0.0002 umole/g
4542344 SEM Copper (Cu) 2011/01/04 <0.004 umole/g
4542344 SEM Lead (Pb) 2011/01/04 <0.0002 umole/g
4542344 SEM Mercury (Hg) 2011/01/04 <0.0003 umole/g
4542344 SEM Nickel (Ni) 2011/01/04 <0.004 umole/g
4542344 SEM Zinc (Zn) 2011/01/04 <0.008 umole/g
4542849 D10-ANTHRACENE (sur.) 2011/01/06 100 60 - 130 93 60 - 130 101 %
4542849 D12-BENZO(A)PYRENE (sur.) 2011/01/06 90 60 - 130 91 60 - 130 92 %
4542849 D8-ACENAPHTHYLENE (sur.) 2011/01/06 70 50 - 130 85 50 - 130 97 %
4542849 D8-NAPHTHALENE (sur.) 2011/01/06 95 50 - 130 85 50 - 130 100 %
4542849 TERPHENYL-D14 (sur.) 2011/01/06 100 60 - 130 96 60 - 130 107 %
4542849 Naphthalene 2011/01/06 NC 40 - 130 95 40 - 130 0.001, RDL=0.001 mg/kg 10.8(3) 50
4542849 2-Methylnaphthalene 2011/01/06 NC 40 - 130 86 40 - 130 <0.001 mg/kg 12.6(3) 50
4542849 Acenaphthylene 2011/01/06 74 40 - 130 91 40 - 130 <0.001 mg/kg NC (4) 50
4542849 Acenaphthene 2011/01/06 NC 40 - 130 97 40 - 130 <0.001 mg/kg 2.0(3) 50
4542849 Fluorene 2011/01/06 NC 40 - 130 94 40 - 130 <0.001 mg/kg 3.5(3) 50
4542849 Phenanthrene 2011/01/06 NC 40 - 130 95 40 - 130 <0.001 mg/kg 7.0(3) 50
4542849 Anthracene 2011/01/06 NC 40 - 130 94 40 - 130 <0.001 mg/kg 0.6(3) 50
4542849 Fluoranthene 2011/01/06 NC 40 - 130 92 40 - 130 <0.001 mg/kg 2.3(3) 50
4542849 Pyrene 2011/01/06 NC 40 - 130 99 40 - 130 <0.001 mg/kg 2.4(3) 50
4542849 Benzo(a)anthracene 2011/01/06 NC 40 - 130 85 40 - 130 <0.001 mg/kg 7.1(3) 50
4542849 Chrysene 2011/01/06 NC 40 - 130 85 40 - 130 <0.001 mg/kg 6.3(3) 50
4542849 Benzo(b&j)fluoranthene 2011/01/06 NC 40 - 130 96 40 - 130 <0.001 mg/kg 4.4(3) 50
4542849 Benzo(k)fluoranthene 2011/01/06 NC 40 - 130 89 40 - 130 <0.001 mg/kg 4.4(3) 50
4542849 Benzo(a)pyrene 2011/01/06 NC 40 - 130 91 40 - 130 <0.001 mg/kg 3.8(3) 50
4542849 Indeno(1,2,3-cd)pyrene 2011/01/06 93 40 - 130 82 40 - 130 <0.002 mg/kg 0.2(3) 50
4542849 Dibenz(a,h)anthracene 2011/01/06 89 40 - 130 77 40 - 130 <0.002 mg/kg 0.5(3) 50
4542849 Benzo(g,h,i)perylene 2011/01/06 NC 40 - 130 81 40 - 130 <0.002 mg/kg 10.7(3) 50
4658036 Dissolved Arsenic (As) 2011/03/02 104 75 - 125 98 75 - 125 <0.5 ug/L NC 25
4658036 Dissolved Barium (Ba) 2011/03/02 99 75 - 125 97 75 - 125 <1 ug/L 1.2 25
4658036 Dissolved Beryllium (Be) 2011/03/02 92 75 - 125 91 75 - 125 <1 ug/L NC 25
4658036 Dissolved Cadmium (Cd) 2011/03/02 92 75 - 125 97 75 - 125 <0.05 ug/L
4658036 Dissolved Chromium (Cr) 2011/03/02 97 75 - 125 96 75 - 125 <0.5 ug/L NC 25
4658036 Dissolved Cobalt (Co) 2011/03/02 95 75 - 125 98 75 - 125 <0.1 ug/L NC 25
4658036 Dissolved Copper (Cu) 2011/03/02 90 75 - 125 97 75 - 125 <0.5 ug/L
4658036 Dissolved Lead (Pb) 2011/03/02 93 75 - 125 98 75 - 125 <0.1 ug/L
4658036 Dissolved Lithium (Li) 2011/03/02 93 75 - 125 90 75 - 125 <20 ug/L NC 25
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

QUALITY ASSURANCE REPORT

Matrix Spike Spiked Blank Method Blank RPD QC Standard
QC Batch Parameter Date % Recovery QC Limits % Recovery QC Limits Value Units Value (%) QC Limits % Recovery QC Limits
4658036 Dissolved Manganese (Mn) 2011/03/02 94 75 - 125 97 75 - 125 <0.5 ug/L 3.2 25
4658036 Dissolved Nickel (Ni) 2011/03/02 90 75 - 125 98 75 - 125 <0.2 ug/L
4658036 Dissolved Selenium (Se) 2011/03/02 105 75 - 125 103 75 - 125 <0.5 ug/L NC 25
4658036 Dissolved Strontium (Sr) 2011/03/02 NC 75 - 125 97 75 - 125 <10 ug/L 0.9 25
4658036 Dissolved Titanium (Ti) 2011/03/02 90 75 - 125 95 75 - 125 <10 ug/L
4658036 Dissolved Uranium (U) 2011/03/02 105 75 - 125 98 75 - 125 <0.05 ug/L 1.2 25
4658036 Dissolved Vanadium (V) 2011/03/02 100 75 - 125 93 75 - 125 <10 ug/L NC 25
4658036 Dissolved Zinc (Zn) 2011/03/02 91 75 - 125 103 75 - 125 <1 ug/L
4658036 Dissolved Aluminum (Al) 2011/03/02 <10 ug/L NC 25
4658036 Dissolved Antimony (Sb) 2011/03/02 <0.5 ug/L NC 25
4658036 Dissolved Bismuth (Bi) 2011/03/02 <1 ug/L NC 25
4658036 Dissolved Boron (B) 2011/03/02 <50 ug/L 3.2 25
4658036 Dissolved Iron (Fe) 2011/03/02 <2 ug/L
4658036 Dissolved Molybdenum (Mo) 2011/03/02 <1 ug/L NC 25
4658036 Dissolved Phosphorus (P) 2011/03/02 <50 ug/L
4658036 Dissolved Silicon (Si) 2011/03/02 <100 ug/L
4658036 Dissolved Silver (Ag) 2011/03/02 <0.05 ug/L NC 25
4658036 Dissolved Thallium (Tl) 2011/03/02 <0.1 ug/L NC 25
4658036 Dissolved Tin (Sn) 2011/03/02 <1 ug/L NC 25
4661454 Sulphide 2011/02/25 72 (5) 80 - 120 103 80 - 120 0.006, RDL=0.005 mg/L NC (2) 20
4665414 Total Ammonia (N) 2011/02/28 NC 80 - 120 101 90 - 110 <0.05 mg/L 2.3 20
4668576 Total Suspended Solids 2011/03/01 106 80 - 120 98 80 - 120 <4 mg/L NC 20

N/A = Not Applicable
RDL = Reportable Detection Limit
RPD = Relative Percent Difference
Duplicate:  Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.
Matrix Spike:  A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.
QC Standard:  A blank matrix to which a known amount of the analyte has been added. Used to evaluate analyte recovery.
Spiked Blank:  A blank matrix to which a known amount of the analyte has been added. Used to evaluate analyte recovery.
Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.
Surrogate:  A pure or isotopically labeled compound whose behavior mirrors the analytes of interest. Used to evaluate extraction efficiency.
NC (Matrix Spike): The recovery in the matrix spike was not calculated. The relative difference between the concentration in the parent sample and the spiked amount was not sufficiently significant to permit a reliable recovery
calculation.
NC (RPD): The RPD was not calculated. The level of analyte detected in the parent sample and its duplicate was not sufficiently significant to permit a reliable calculation.
(1) - Sample contained > 50% moisture.
(2) - Matrix spike exceeds acceptance limits due to matrix interference.  Re-analysis yields similar results.
(3) - RDL raised due to sample dilution.
(4) - RDL raised due to sample matrix interference.
(5) - Recovery or RPD for this parameter is outside control limits. The overall quality control for this analysis meets acceptability criteria.
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GOLDER ASSOCIATES LTD
Report Date: 2011/03/11 Client Project #: 09-1436-5008/5000
Maxxam  Job  #: B0C2492
Maxxam Sample: Z18215 Client ID: 0086-01 SEDIMENT

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/03/11 Client Project #: 09-1436-5008/5000
Maxxam  Job  #: B0C2492
Maxxam Sample: Z18216 Client ID: 0086-02 SEDIMENT

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/03/11 Client Project #: 09-1436-5008/5000
Maxxam  Job  #: B0C2492
Maxxam Sample: Z18217 Client ID: 0086-03 SEDIMENT

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/03/11 Client Project #: 09-1436-5008/5000
Maxxam  Job  #: B0C2492
Maxxam Sample: Z18218 Client ID: 0086-04 SEDIMENT

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/03/11 Client Project #: 09-1436-5008/5000
Maxxam  Job  #: B0C2492
Maxxam Sample: Z18218 Lab-Dup Client ID: 0086-04 SEDIMENT

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/03/11 Client Project #: 09-1436-5008/5000
Maxxam  Job  #: B0C2492
Maxxam Sample: Z18219 Client ID: 0086-05 SEDIMENT

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/03/11 Client Project #: 09-1436-5008/5000
Maxxam  Job  #: B0C2492
Maxxam Sample: Z18220 Client ID: 0086-06 SEDIMENT

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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EXECUTIVE SUMMARY 

A total of 6 sediment samples were collected from Ladysmith Harbour, British Columbia, 
December  15,  2010.  The  samples were  received  at Maxxam  on December  17,  2010, 
where they were stored in the dark at 4 ± 2°C, prior to testing.  

The fertilization success of gametes of the echinoderm, Strongylocentrotus purpuratus, 
was  measured  according  to  the  Environment  Canada’s  Biological  Test  Method: 
Fertilization Assay Using Echinoids Test  (EPS 1/RM/27).   The Echinoid Fertilization  test 
was  performed  on  December  21,  2010.    Gametes  were  exposed  to  centrifuged 
porewater from each of the selected sediments. 

The test results are summarized as follows: 

Five of the six sediment porewater samples were found to have significantly lower mean 
echinoderm fertilization compared to the negative control: 0086‐01, 0086‐02, 0086‐04, 
0086‐05 and 0086‐06.   

The echinoderm fertilization tests were considered valid as fertilization in the laboratory 
control met the requirements outlined in the test protocol.  
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SECTION 

1 SEDIMENT DESCRIPTION 

1.1 Sample Information 

A  total of 6 sediment samples were collected  from Ladysmith Harbour, BC, December 
15, 2010. The  samples were  received at Maxxam  in good  condition on December 17, 
2010.  Sample receipt information, along with the Chain‐of‐Custody Form, is available in 
Appendix A. 

All  samples arrived at Maxxam  in  satisfactory  condition, and  there were no apparent 
events  du2ring  shipping  and  handling  which  might  compromise  the  quality  of  the 
samples. The  samples varied  in  colour,  texture, grain  size and  content. Upon opening 
the  sample  pails,  a  description  of  the  sample  was  noted  (“Sediment  Sample 
Descriptions”  in  Appendix  A).  The  sediments  from  each  sample  were  thoroughly 
homogenised before their distribution  into the test vessels as per the Maxxam SOP for 
the “Sediment Mixing Procedures for Toxicity Tests” (DCN 80‐E‐010). Any headspace  in 
the pails was replaced with nitrogen gas prior  to re‐sealing  the pail. When not  in use, 
the sediments were stored without light at 4 ± 2°C. 

1.2 Porewater and Sediment Characterisation 

Prior to toxicity testing, porewater aliquots were collected from the sediment samples 
for  ammonia,  sulphide  and  total  suspended  solids  (TSS).  Table  1‐1  summarizes  the 
results of these analyses. A copy of the chemistry reports containing the results of the 
ammonia, sulphide, TSS, hardness and metals analyses are in Appendix C. 

Table 1‐1:  Results for Porewater Total Ammonia, Unionized Ammonia, Sulphides, and TSS 

Sample ID 
Total Ammonia 

(mg/L) 
Unionized Ammonia 

(mg/L) 
Sulphide  
(mg/L) 

TSS  
(mg/L) 

0086‐01  3.0  0.0140  2.90*  86 
0086‐02  2.7  0.0098  3.5*  110 
0086‐03  2.4  0.0113  0.015  120 
0086‐04  4.4  0.0184  19.4  77 
0086‐05  2.8  0.0107  1.11  92 
0086‐06  5.4  0.0248  22.2  76 

* ‐ Sample received at less than recommended preservation pH 9 
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Porewater  un‐ionized  ammonia  was  determined  using  the  Un‐ionized  Ammonia 
Calculator  (Seawater)  Spreadsheet  (Colt  2002),  adjusting  for  salinity,  pH,  and 
temperature.  The  spreadsheet  used  for  unionized  ammonia  calculation  is  located  in 
Appendix C. 

Homogenized  sub‐samples  of  all  sediments  were  analyzed  for metals,  AVS/SEM, 
petroleum  hydrocarbons,  PAHs,  grain  size,  Total Organic  Carbon  (TOC)  and moisture 
content. A copy of the chemistry reports containing the results of the above mentioned 
analyses are in Appendix C.  

1.3 Laboratory Control Water 

The  laboratory  control  water  was  uncontaminated  seawater  obtained  from  the 
Vancouver Aquarium. The seawater was pumped from Burrard Inlet from a depth of 40‐
45 feet and filtered through a gravity sand filter, with sand mesh size 22. After filtration, 
the  seawater was held  in a concrete  reservoir  (retention  time approximately 4 hours) 
before passing through a UV sterilizer.  

At Maxxam, the seawater was stored at 4 ± 2°C. Before its use in tests, the seawater was 
passed through a UV sterilizer equipped with an inline 5 µm filter. Volumes required for 
testing were  gradually  brought  to  the  appropriate  test  temperature  overnight while 
vigorously aerating.  
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SECTION  

2 STRONGLYOCENTROTUS PURPURATUS FERTILIZATION TEST  

2.1 Test Methods and Conditions 

The  successful  fertilization  of  echinoderm  eggs  was  assessed  according  to  the 
Environment Canada Biological Test Method “Fertilization Assay Using Echinoids  (Sand 
Dollars  or  Sea  Urchins)”  EPS  1/RM/27  and  the Maxxam  SOP  “Test Method  for  the 
Echinoid 20 Minute  Fertilization  Test”  (DCN 80‐C‐029).    Echinoderm  fertilization  tests 
were initiated on the centrifuged porewater of 6 test sediments, on December 21, 2010.  
See Table 2‐1 for details regarding the specific methods and conditions employed in this 
test.  

Table 2-1: Summary of Test Methods and Conditions for the Echinoderm Fertilization Test 

Parameter  Conditions and Methods 

Test Type and Duration  20 minute fertilization; 10 minutes sperm exposure only, followed 
by another 10 minutes exposure with both sperm and eggs. 

Temperature  15 ± 1° C 

Salinity  30 ± 2 ‰  

Lighting  Broad spectrum fluorescent lighting 

Aeration  None during test. No pre‐aeration required. 

Test Chamber  20 ml borosilicate glass tubes 

Test solution volume  5 ml 

Control Water  Vancouver Aquarium seawater, from Burrard Inlet, 40‐45’ deep 
inlet, gravity sand filtered with sand mesh size 22.  Seawater was 
additionally filtered, UV sterilized and aerated before use.  

Renewal Water  None 

Replicates   5 replicates/sample 

Test Species  Strongylocentrotus purpuratus – Purple Sea Urchin 

Age of Test Organisms  Recently spawned eggs and sperm 
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Parameter  Conditions and Methods 

Organisms/ replicate  970 eggs and 36375 sperm were added to each test vessel.  The 
sperm:egg ratio was 37.5:1.  See Calculation of Gamete Density 
sheet in Appendix B 

Organism Source and 
size 

Marine Research and Educational Products, Carlsbad, CA. Sea 
Urchins were between 3‐9 cm in diameter and gravid. 

Feeding  None 

Water Quality  DO, pH, salinity and temperature in the 100% porewater before 
test initiation  

Endpoints  Fertilization rate 

Test Validity Criteria  ≥50% and <100% fertilization in the control. 

Data Analysis  Data were assessed for normality using Shapiro‐Wilks Test, and 
homogeneity of variance by Bartlett’s Test.  

Analyses of mean fertilization rate, comparing the samples to the 
negative control were completed using parametric two sample t‐ 
tests (equal variance).  

Statistical Software  CETIS™ version 1.7.0revO. Tidepool Scientific Software (Copyright 
2000‐2009).  

2.2 Quality Assurance/Quality Control 

2.2.1 Reference Toxicant Results 

A water‐only  reference  toxicant  test, using  copper  sulphate  (CuSO4), was  initiated on 
December 21, 2010. The reference toxicant test is used to assess the performance of the 
test organism and the precision of the results. The LC50 and 95% confidence  intervals 
were calculated then entered into a control chart. The results were then compared with 
those  of  previous  tests  with  this  test  organism,  which  are  included  in  Appendix  B. 
Methods  used  in  preparing  the  control  chart  were  taken  from  the  Maxxam  SOP 
“Standard Operating Procedure  for  the Control Charting of Reference Toxicant Tests” 
(DCN 80‐E‐008) and from Environment Canada (1990). 

The IC50 value for the current reference toxicant test, with 95% Confidence Limits, was 
31.3  (29.5,  33.0)  μg/L  Cu2+.  The  previous mean  for  this  species, with  2  SD, was  31.4 
(13.8, 71.8) μg/L Cu2+.  
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2.2.2 Test Validity Criteria 

Survival data in the negative control was considered be acceptable as the mean percent 
fertilization  in  the  negative  control was  greater  than  or  equal  to  50%,  and  less  than 
100%. The mean percent fertilization in the negative control was 97%. 

2.2.3 Organism Holding Information 

The  Stronglyocentrotus  purpuratus  were  field‐collected  by  Steve  Lepage  of  Marine 
Research and Educational Products,  located  in Carlsbad, CA. The organisms were held 
for  at  least 24 hours prior  to  shipment  to Maxxam.  The  sea urchins were  shipped  in 
Styrofoam  coolers,  with  ice  packs,  and  arrived  at  Maxxam  in  good  condition  on 
December 21, 2010. 

Upon arrival, the sea urchins were transferred to glass aquaria filled with gently aerating 
sea water  and  held  there  prior  to  test  initiation.  Bench‐sheets with  recorded water 
quality,  acclimation  activities,  and  spawning  records  during  the  holding  period  are 
presented in Appendix B.  

2.3 Results 

Total and percent fertilization, in each replicate, and mean ± SD in the control and test 
sediment porewater samples, are presented in Appendix B.  The mean fertilization rate 
± SD for the control and test samples are summarized in Table 2‐2. 

For water quality measurements, see the bench‐sheets in Appendix B. 

Table 2‐2:  Results for Mean Fertilization Comparisons for the Echinoderm Fertilization Test 

Maxxam  
Sample ID 

Maxxam  
Login ID 

Mean Fertilization  
± SD (%) 

Control  ‐  97 ± 2 

0086‐01  Z09675‐01  16 ± 4* 

0086‐02  Z09676‐01  10 ± 5* 

0086‐03  Z09677‐01  97 ± 1 

0086‐04  Z09678‐01  1 ± 1* 

0086‐05  Z09679‐01  36 ± 5* 

0086‐06  Z09680‐01  1 ± 1* 

Note: Asterisks  indicate  that  there  is  a  statistically  significant  decrease  in  the  sample mean  as  compared  to  the 
negative control (*). 
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2.4 Discussion 

The  test met validity  criteria as  the mean percent  fertilization  in  the negative  control 
was  97%.  The  total mean  percent  fertilization  in  the  test  ranged  from  1%  to  97%. 
Significant reductions in mean fertilization when compared to the negative control were 
found in samples all samples except 0086‐03.  
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SECTION  
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Maxxam Analytics  
Sediment Porewater Characterisation

Summary of Pore Water Measurements (December 21, 2010)

Un-ionized Ammonia Calculator

Pore Water
Subsample 

Date  Sample ID Temp 
(°C)

Measured 
pH (NBS)

Total Ammonia 
Nitrogen (mg/L) Salinity (‰) Working 

pH

Ionic 
Strength 

(M)

pKa 
(infinite 
dilution)

pKa (SW) Mole 
Fraction

Un-ionized 
Ammonia-N 

(mg/L)

Un-ionized 
Ammonia-N 

(µg/L)
0086-01 14.4 7.5 3.0 30 7.35 0.616 9.584 9.68 0.0047 0.0140 14.0
0086-02 14.0 7.4 2.7 29 7.25 0.595 9.597 9.69 0.0036 0.0098 9.8
0086-03 14.3 7.5 2.4 28 7.35 0.574 9.587 9.67 0.0047 0.0113 11.3
0086-04 16.0 7.4 4.4 30 7.25 0.616 9.531 9.62 0.0042 0.0184 18.4
0086-05 14.8 7.4 2.8 30 7.25 0.616 9.571 9.66 0.0038 0.0107 10.7
0086-06 14.2 7.5 5.4 30 7.35 0.616 9.591 9.68 0.0046 0.0248 24.8

References
Spreadsheet
http://www.fisheries.org/html/publications/epubs/fhm2e/ammonia_swc.xls
pKa for Ammonia in Freshwater

pKa for Ammonia in Seawater

Ionic Strength of Seawater

Measure of pH in Seawater
I. Hansson, A new set of pH scales and standard buffers for sea water, Deep-Sea Research, 20:479-491, 1973.
Interelationship of Hansson's pH scale with the NBS scale
F.J. Millero, The pH of estuarine waters, Limnology and Oceanography, 31:839-847, 1986.

K.H. Khoo, C.H. Culberson, and R.G. Bates, Thermodynamics of the dissociation of ammonium ion in seawater from % to 40 C, Journal of Solution Chemistry, 6:281-290, 1977.

M. Whitfield, The hydrolysis of ammonia ions in sea water - a theoretical study, Journal of Marine Biological Association of the United Kingdoms, 54:565-580, 1974.

This spreadsheet computes concentration of un-ionized ammonia in seawater as a function of total ammonia, pH, temperature, and salinity.  pH can be measured on the "NBS" scale or Hansson 
scales.  If this this confuses you, you are probably using the "NBS" scale and your measured pH values should be entered in Column C.

User information is only needed in cells oultined with double lines. This spreadsheet assumes that total ammonia is reported as nitrogen; computed un-ionized ammonia will also be reported as 
nitrogen.

21-Dec-10

K. Emerson, R.C. Russo, R.C. Lund, & R.V. Thurson, Aqueous ammonia equilibrium calculations: effects of pH and temperature, J. Fish. Res. Board of Canada, 32:2379-2383, 1975

Z:\Divisions\Environmental Quality\Ecotoxicology\Private\Ecotox\2-11\2-11-1071 Golder Sediment TIE\Echinoderm Data\porewater ammonia calculations(December 
2010) Page 1 of 1
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CERTIFICATE OF ANALYSIS

MAXXAM JOB #: B0C2492
Received: 2010/12/17, 09:15

Sample Matrix: Sea Water
# Samples Received: 7

Date Date
Analyses Quantity Extracted Analyzed Laboratory Method Analytical Method
Hardness (calculated as CaCO3) 7 N/A 2010/12/31                     
Na, K, Ca, Mg, S by CRC ICPMS (diss.) 7 N/A 2010/12/31 BBY7SOP-00002 Based on EPA 200.8  
Elements by CRC ICPMS (dissolved) 7 N/A 2010/12/31 BBY7SOP-00002 Based on EPA 200.8  
Ammonia-N (Total) ( 1 ) 7 N/A 2010/12/24 AB SOP-00007 EPA 350.1            
Filter and HNO3 Preserve for Metals 7 N/A 2010/12/23 BRN WI-00006 R1.0 Based on EPA 200.2  
Sulphide 7 N/A 2010/12/29 BBY6SOP-00006 SM - 4500 S2 D      
Total Suspended Solids-LowLevel 7 N/A 2010/12/22 BBY6SOP-00034 Based on SM-2540 D  

* Results relate only to the items tested.

(1) This test was performed by Maxxam Edmonton Environmental

Encryption Key
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Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section
5.10.2 of ISO/IEC 17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2010/12/31

RESULTS OF CHEMICAL ANALYSES OF SEA WATER

Maxxam ID Z18207 Z18208 Z18209
Units 0086-01 RDL 0086-02 RDL 0086-03 RDL QC Batch

POREWATER POREWATER POREWATER
CONVENTIONALS
Total Ammonia (N) mg/L 3.0(1) 0.3 2.7(1) 0.3 2.4(1) 0.3 4531369
Calculated Parameters
Filter and HNO3 Preservation N/A LAB N/A LAB N/A LAB N/A 4533846
MISCELLANEOUS
Sulphide mg/L 2.90(2) 0.05 3.5(2) 0.2 0.015 0.005 4534611
Physical Properties
Total Suspended Solids mg/L 86 1 110 1 120 1 4523747

Maxxam ID Z18210 Z18211 Z18212 Z18213
Units 0086-04 RDL 0086-05 RDL 0086-06 RDL SW RDL QC Batch

POREWATER POREWATER POREWATER CONTROL
CONVENTIONALS
Total Ammonia (N) mg/L 4.4(1) 0.3 2.8(1) 0.3 5.4(1) 0.3 0.33 0.05 4531369
Calculated Parameters
Filter and HNO3 Preservation N/A LAB N/A LAB N/A LAB N/A LAB N/A 4533846
MISCELLANEOUS
Sulphide mg/L 19.4 0.5 1.11 0.03 22.2 0.5 <0.005 0.005 4534611
Physical Properties
Total Suspended Solids mg/L 77 1 92 1 76 1 5 1 4523747

N/A = Not Applicable
RDL = Reportable Detection Limit
(1) - Detection limits raised due to dilution to bring analyte within the calibrated range.
(2) - Sample received at less than recommended preservation pH 9.
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2010/12/31

CSR DISSOLVED METALS IN WATER (SEA WATER)

Maxxam ID Z18207 Z18208 Z18209 Z18210 Z18211 Z18212 Z18213
Units 0086-01 0086-02 0086-03 0086-04 0086-05 0086-06 SW RDL QC Batch

POREWATER POREWATER POREWATER POREWATER POREWATER POREWATER CONTROL
Misc. Inorganics
Dissolved Hardness (CaCO3) mg/L 5670 5540 5130 5520 5560 5330 5690 0.5 4523678
Dissolved Metals by ICPMS
Dissolved Aluminum (Al) mg/L 0.06 0.61 0.04 0.85 0.04 0.05 0.03 0.03 4529525
Dissolved Antimony (Sb) mg/L <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.005 4529525
Dissolved Arsenic (As) mg/L 0.010 0.007 0.013 0.033 0.015 0.061 0.002 0.001 4529525
Dissolved Barium (Ba) mg/L 0.03 0.03 0.02 0.06 0.03 0.05 0.01 0.01 4529525
Dissolved Beryllium (Be) mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 4529525
Dissolved Bismuth (Bi) mg/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 4529525
Dissolved Boron (B) mg/L 4.9 5.0 5.2 5.1 4.9 5.2 4.9 0.5 4529525
Dissolved Cadmium (Cd) mg/L 0.0002 <0.0001 0.0001 0.0002 0.0002 <0.0001 0.0002 0.0001 4529525
Dissolved Chromium (Cr) mg/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 4529525
Dissolved Cobalt (Co) mg/L <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.005 4529525
Dissolved Copper (Cu) mg/L <0.002 <0.002 <0.002 <0.002 0.148 <0.002 <0.002 0.002 4529525
Dissolved Iron (Fe) mg/L 0.10 0.14 0.08 0.11 0.10 0.06 <0.05 0.05 4529525
Dissolved Lead (Pb) mg/L <0.002 <0.002 <0.002 <0.002 0.005 <0.002 <0.002 0.002 4529525
Dissolved Lithium (Li) mg/L 0.16 0.15 0.15 0.16 0.15 0.16 0.17 0.05 4529525
Dissolved Manganese (Mn) mg/L 0.02 0.01 0.09 <0.01 <0.01 <0.01 <0.01 0.01 4529525
Dissolved Mercury (Hg) mg/L <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0002 4529525
Dissolved Molybdenum (Mo) mg/L 0.04 0.02 0.06 <0.01 0.01 <0.01 <0.01 0.01 4529525
Dissolved Nickel (Ni) mg/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 4529525
Dissolved Selenium (Se) mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 0.001 4529525
Dissolved Silicon (Si) mg/L 14 15 6 19 13 18 2 1 4529525
Dissolved Silver (Ag) mg/L <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0002 4529525
Dissolved Strontium (Sr) mg/L 6.79 6.57 6.19 6.63 6.38 6.44 6.56 0.01 4529525
Dissolved Thallium (Tl) mg/L <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.0005 4529525
Dissolved Tin (Sn) mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.05 4529525
Dissolved Titanium (Ti) mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.05 4529525
Dissolved Uranium (U) mg/L 0.003 0.003 0.007 0.003 0.004 0.004 0.003 0.001 4529525
Dissolved Vanadium (V) mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.05 4529525
Dissolved Zinc (Zn) mg/L <0.05 <0.05 <0.05 <0.05 0.09 <0.05 <0.05 0.05 4529525
Dissolved Zirconium (Zr) mg/L <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.005 4529525
Dissolved Calcium (Ca) mg/L 388 388 366 392 386 370 384 0.5 4523679
Dissolved Magnesium (Mg) mg/L 1140 1110 1030 1100 1120 1070 1150 0.5 4523679
Dissolved Potassium (K) mg/L 358 351 347 351 361 351 355 0.5 4523679
Dissolved Sodium (Na) mg/L 9350 9310 8610 9140 9260 8990 9430 0.5 4523679
Dissolved Sulphur (S) mg/L 964 953 853 946 898 891 985 30 4523679

RDL = Reportable Detection Limit
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2010/12/31

CSR DISSOLVED METALS IN WATER (SEA WATER) Comments

Sample     Z18207-02 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference.

Sample     Z18208-02 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference.

Sample     Z18209-02 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference.

Sample     Z18210-02 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference.

Sample     Z18211-02 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference.

Sample     Z18212-02 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference.

Sample     Z18213-02 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference.
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2010/12/31

QUALITY ASSURANCE REPORT

Matrix Spike Spiked Blank Method Blank RPD
QC Batch Parameter Date % Recovery QC Limits % Recovery QC Limits Value Units Value (%) QC Limits
4523747 Total Suspended Solids 2010/12/22 100 80 - 120 <1 mg/L
4529525 Dissolved Arsenic (As) 2010/12/31 99 80 - 120 98 80 - 120 <0.0001 mg/L 3.9 20
4529525 Dissolved Beryllium (Be) 2010/12/31 93 80 - 120 103 80 - 120 <0.0001 mg/L NC 20
4529525 Dissolved Cadmium (Cd) 2010/12/31 95 80 - 120 99 80 - 120 <0.00001 mg/L 15.3 20
4529525 Dissolved Chromium (Cr) 2010/12/31 106 80 - 120 102 80 - 120 <0.001 mg/L NC 20
4529525 Dissolved Cobalt (Co) 2010/12/31 103 80 - 120 103 80 - 120 <0.0005 mg/L 1.1 20
4529525 Dissolved Copper (Cu) 2010/12/31 100 80 - 120 103 80 - 120 <0.0002 mg/L NC 20
4529525 Dissolved Lead (Pb) 2010/12/31 91 80 - 120 105 80 - 120 <0.0002 mg/L NC 20
4529525 Dissolved Lithium (Li) 2010/12/31 97 80 - 120 105 80 - 120 <0.005 mg/L NC 20
4529525 Dissolved Nickel (Ni) 2010/12/31 NC 80 - 120 102 80 - 120 <0.001 mg/L 1.0 20
4529525 Dissolved Selenium (Se) 2010/12/31 98 80 - 120 104 80 - 120 <0.0001 mg/L 0.05 20
4529525 Dissolved Uranium (U) 2010/12/31 100 80 - 120 107 80 - 120 <0.0001 mg/L NC 20
4529525 Dissolved Vanadium (V) 2010/12/31 108 80 - 120 101 80 - 120 <0.005 mg/L NC 20
4529525 Dissolved Zinc (Zn) 2010/12/31 94 80 - 120 99 80 - 120 <0.005 mg/L NC 20
4529525 Dissolved Aluminum (Al) 2010/12/31 <0.003 mg/L NC 20
4529525 Dissolved Antimony (Sb) 2010/12/31 <0.0005 mg/L NC 20
4529525 Dissolved Barium (Ba) 2010/12/31 <0.001 mg/L 0.6 20
4529525 Dissolved Bismuth (Bi) 2010/12/31 <0.001 mg/L NC 20
4529525 Dissolved Boron (B) 2010/12/31 <0.05 mg/L 2.4 20
4529525 Dissolved Iron (Fe) 2010/12/31 <0.005 mg/L NC 20
4529525 Dissolved Manganese (Mn) 2010/12/31 <0.001 mg/L 1.1 20
4529525 Dissolved Mercury (Hg) 2010/12/31 <0.00002 mg/L NC 20
4529525 Dissolved Molybdenum (Mo) 2010/12/31 <0.001 mg/L NC 20
4529525 Dissolved Silicon (Si) 2010/12/31 <0.1 mg/L 2.7 20
4529525 Dissolved Silver (Ag) 2010/12/31 <0.00002 mg/L NC 20
4529525 Dissolved Strontium (Sr) 2010/12/31 <0.001 mg/L 2.4 20
4529525 Dissolved Thallium (Tl) 2010/12/31 <0.00005 mg/L NC 20
4529525 Dissolved Tin (Sn) 2010/12/31 <0.005 mg/L NC 20
4529525 Dissolved Titanium (Ti) 2010/12/31 <0.005 mg/L NC 20
4529525 Dissolved Zirconium (Zr) 2010/12/31 <0.0005 mg/L NC 20
4531369 Total Ammonia (N) 2010/12/24 93 80 - 120 102 90 - 110 <0.05 mg/L NC 20
4534611 Sulphide 2010/12/29 93 80 - 120 96 80 - 120 <0.005 mg/L 2.6 20

N/A = Not Applicable
RPD = Relative Percent Difference
Duplicate:  Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.
Matrix Spike:  A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.
Spiked Blank:  A blank matrix to which a known amount of the analyte has been added. Used to evaluate analyte recovery.
Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.
NC (Matrix Spike): The recovery in the matrix spike was not calculated. The relative difference between the concentration in the parent sample and the spiked amount was not sufficiently significant to permit a reliable recovery
calculation.
NC (RPD): The RPD was not calculated. The level of analyte detected in the parent sample and its duplicate was not sufficiently significant to permit a reliable calculation.
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Your P.O. #: A70321               
Your Project #: B0C2492                        
Your C.O.C. #: G037377

Attention: Leslie-Anne Stavroff
Maxxam Analytics (TOX Internal)
Burnaby-Ecotoxicology Division
4606 Canada Way
Burnaby, BC
CANADA          V5G 1K5

Report Date: 2011/01/10

CERTIFICATE OF ANALYSIS

MAXXAM JOB #: B0C3725
Received: 2010/12/21, 17:35

Sample Matrix: Soil
# Samples Received: 6

Date Date
Analyses Quantity Extracted Analyzed Laboratory Method Analytical Method
BTEX/MTBE Soil  LH, VH, F1 SIM/MS 6 2010/12/22 2010/12/24 BBY8-SOP-00010 EPA SW846 8260C      
Volatile F1-BTEX 6 N/A 2010/12/24                     
CCME Hydrocarbons (F2-F4 in soil) 6 2010/12/22 2010/12/24 BBY8SOP-00030 CCME Soil Tier 1    
Elements by ICPMS (total) 6 2010/12/23 2010/12/23 BBY7SOP-00004 Based on EPA 200.8  
Simultaneously Extractable Metals-ICPMS 6 2011/01/04 2011/01/04 BBY7SOP-00001 Based on EPA 200.8  
Moisture 6 N/A 2010/12/23 BBY8SOP-00017 Ont MOE -E 3139     
PAH in Soil by GC/MS Lowlevel (Extended) 6 2010/12/22 2011/01/06 BRN SOP-00332 R5.0 Based on EPA 8270D  
Total LMW, HMW, Total PAH Calc 6 N/A 2011/01/06 P A H T O T - S            
pH (2:1 DI Water Extract) 6 2010/12/23 2010/12/23 BBY6SOP-00028 Carter, SSMA 16.2   
Particle Size Distribution - Standard ( 1 ) 6 2010/12/29 2010/12/29                     
Sulfide (AVS) (soil) - Calc for umole/g 6 2010/12/22 2011/01/05 BRN SOP-00229 R2.0 Based EPA821-R91-100
Sulfide (AVS) (soil) 6 2011/01/04 2011/01/04 BBY6SOP-00007 Based EPA821-R91-100
Texture Class ( 1 ) 6 N/A 2011/01/10                     
TOC Soil Subcontract ( 2 ) 6 2011/01/06 2011/01/06                     

* Results relate only to the items tested.

(1) This test was performed by Maxxam Winnipeg
(2) This test was performed by Maxxam Ontario (From Burnaby)

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.

ARSHDEEP KHALSA, Burnaby Customer Service
Email:  AKhalsa@maxxam.ca
Phone# (604) 639-8432

====================================================================
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section
5.10.2 of ISO/IEC 17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.

Total cover pages: 1

Maxxam Analytics International Corporation o/a Maxxam Analytics  Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386
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Maxxam Analytics (TOX Internal)
Maxxam  Job  #: B0C3725 Client Project #: B0C2492
Report Date: 2011/01/10

Your P.O. #: A70321

RESULTS OF CHEMICAL ANALYSES OF SOIL

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
COC# G037377 G037377 G037377 G037377 G037377 G037377

Units 0086-01 RDL 0086-02 RDL 0086-03 RDL 0086-04 RDL 0086-05 RDL 0086-06 RDL
SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT

Parameter
Subcontract Parameter N/A ATTACHED N/A ATTACHED N/A ATTACHED N/A ATTACHED N/A ATTACHED N/A ATTACHED N/A
Calculated Parameters
F1 (C6-C10) - BTEX mg/kg <60 60 <50 50 <10 10 <50 50 <60 60 <50 50
Sulphide umole/g 11.6 0.6 14.7 0.6 2.04 0.06 7.2 0.3 9.3 0.6 12.6 0.6
MISCELLANEOUS
Sulphide ug/g 372 20 471 20 65 2 229 10 299 20 404 20
Physical Properties
Soluble (2:1) pH pH Units 7.64 0.01 7.39 0.01 7.83 0.01 7.33 0.01 7.33 0.01 7.62 0.01
Physical Properties
Texture N/A SILT LOAM N/A LOAM N/A SAND N/A SILT LOAM N/A SILT LOAM N/A LOAM N/A

PETROLEUM HYDROCARBONS (CCME)

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
COC# G037377 G037377 G037377 G037377 G037377 G037377

Units 0086-01 SEDIMENT 0086-02 SEDIMENT 0086-03 SEDIMENT 0086-04 0086-05 0086-06 RDL
SEDIMENT SEDIMENT SEDIMENT

Ext. Pet. Hydrocarbon
F2 (C10-C16 Hydrocarbons) mg/kg 68(1) 61(1) 23 100(1) 130(1) 150(1) 10
F3 (C16-C34 Hydrocarbons) mg/kg 500(1) 470(1) 170 550(1) 700(1) 610(1) 10
F4 (C34-C50 Hydrocarbons) mg/kg 140(1) 150(1) 110 140(1) 240(1) 160(1) 10
Reached Baseline at C50 mg/kg YES YES YES YES YES YES N/A
Surrogate Recovery (%)
O-TERPHENYL (sur.) % 94 92 92 89 96 95

N/A = Not Applicable
RDL = Reportable Detection Limit
(1) - Sample contained > 50% moisture.
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Maxxam Analytics (TOX Internal)
Maxxam  Job  #: B0C3725 Client Project #: B0C2492
Report Date: 2011/01/10

Your P.O. #: A70321

PARTICLE SIZE DISTRIBUTION ANALYSIS (SOIL)

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
COC# G037377 G037377 G037377 G037377 G037377 G037377

Units 0086-01 SEDIMENT 0086-02 0086-03 0086-04 0086-05 0086-06 RDL
SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT

Percent Passing
<0.002mm Pipette % 8.96 10.57 1.60 22.32 24.52 17.19 0.01
<0.053mm Pipette % 38.31 32.73 8.02 69.75 76.21 52.99 0.01
<0.125mm, Sieve #120 % 36.81 39.81 20.91 82.76 83.81 64.88 0.01
<0.250mm, Sieve #60 % 40.56 50.85 46.54 88.43 89.19 71.58 0.01
<2.00mm, Sieve #10 % 58.40 64.48 82.73 92.78 95.41 83.03 0.01
Percent of Entire Sample
<0.002mm % 8.96 10.57 1.60 22.32 24.52 17.19 0.01
<0.053mm & >0.002mm % 29.35 22.16 6.42 47.43 51.69 35.79 0.01
<2.00mm & >0.053mm % 20.08 31.75 74.72 23.03 19.20 30.05 0.01
>2.00mm % 41.61 35.52 17.27 7.22 4.60 16.97 0.01
% of the <2mm Fraction
% Clay <0.002mm % 15.35 16.39 1.93 24.06 25.70 20.71 0.01
% Sand <2.00mm & >0.053mm % 34.39 49.25 90.31 24.82 20.12 36.19 0.01
% Silt <0.053mm & >0.002mm % 50.26 34.37 7.76 51.12 54.18 43.11 0.01

PHYSICAL TESTING (SOIL)

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
COC# G037377 G037377 G037377 G037377 G037377 G037377

Units 0086-01 SEDIMENT 0086-02 0086-03 0086-04 0086-05 0086-06 RDL
SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT

Physical Properties
Moisture % 74 71 27 72 73 69 0.3

RDL = Reportable Detection Limit
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Maxxam Analytics (TOX Internal)
Maxxam  Job  #: B0C3725 Client Project #: B0C2492
Report Date: 2011/01/10

Your P.O. #: A70321

SEMIVOLATILE ORGANICS BY GC-MS (SOIL)

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
COC# G037377 G037377 G037377 G037377 G037377 G037377

Units 0086-01 RDL 0086-02 RDL 0086-03 RDL 0086-04 RDL 0086-05 RDL 0086-06 RDL
SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT

Polycyclic Aromatics
Naphthalene mg/kg 0.25(1) 0.005 0.31(1) 0.005 0.14(1) 0.005 0.48(1) 0.005 0.65(2) 0.005 1.1(1) 0.005
2-Methylnaphthalene mg/kg 0.55(1) 0.005 0.64(1) 0.005 0.29(1) 0.005 1.1(1) 0.005 1.4(2) 0.005 2.6(1) 0.005
Acenaphthylene mg/kg <0.08(3) 0.08 <0.07(3) 0.07 <0.04(3) 0.04 <0.08(3) 0.08 <0.1(3) 0.1 <0.2(3) 0.2
Acenaphthene mg/kg 0.10(1) 0.005 0.10(1) 0.005 0.027(1) 0.005 0.18(1) 0.005 0.29(2) 0.005 0.34(1) 0.005
Fluorene mg/kg 0.17(1) 0.005 0.16(1) 0.005 0.050(1) 0.005 0.26(1) 0.005 0.43(2) 0.005 0.56(1) 0.005
Phenanthrene mg/kg 0.86(1) 0.005 0.72(1) 0.005 0.31(1) 0.005 1.2(1) 0.005 1.5(2) 0.005 2.4(1) 0.005
Anthracene mg/kg 0.30(1) 0.005 0.31(1) 0.005 0.068(1) 0.005 0.33(1) 0.005 0.58(2) 0.005 0.49(1) 0.005
Fluoranthene mg/kg 1.1(1) 0.005 0.94(1) 0.005 0.41(1) 0.005 1.1(1) 0.005 1.6(2) 0.005 1.6(1) 0.005
Pyrene mg/kg 1.3(1) 0.005 1.2(1) 0.005 0.40(1) 0.005 0.94(1) 0.005 2.0(2) 0.005 1.3(1) 0.005
Benzo(a)anthracene mg/kg 0.30(1) 0.005 0.35(1) 0.005 0.14(1) 0.005 0.34(1) 0.005 0.66(2) 0.005 0.54(1) 0.005
Chrysene mg/kg 0.46(1) 0.005 0.43(1) 0.005 0.19(1) 0.005 0.42(1) 0.005 0.74(2) 0.005 0.66(1) 0.005
Benzo(b&j)fluoranthene mg/kg 0.36(1) 0.005 0.38(1) 0.005 0.16(1) 0.005 0.30(1) 0.005 0.58(2) 0.005 0.39(1) 0.005
Benzo(k)fluoranthene mg/kg 0.24(1) 0.005 0.27(1) 0.005 0.11(1) 0.005 0.20(1) 0.005 0.42(2) 0.005 0.28(1) 0.005
Benzo(a)pyrene mg/kg 0.21(1) 0.005 0.23(1) 0.005 0.15(1) 0.005 0.21(1) 0.005 0.39(2) 0.005 0.32(1) 0.005
Indeno(1,2,3-cd)pyrene mg/kg 0.11(1) 0.01 0.12(1) 0.01 0.10(1) 0.01 0.10(1) 0.01 0.18(1) 0.01 0.13(1) 0.01
Dibenz(a,h)anthracene mg/kg 0.04(1) 0.01 0.04(1) 0.01 0.03(1) 0.01 0.05(1) 0.01 0.07(1) 0.01 0.07(1) 0.01
Benzo(g,h,i)perylene mg/kg 0.15(1) 0.01 0.17(1) 0.01 0.15(1) 0.01 0.17(1) 0.01 0.26(2) 0.01 0.26(1) 0.01
Low Molecular Weight PAH`s mg/kg 2.2 0.08 2.2 0.07 0.88 0.04 3.6 0.08 4.8 0.1 7.5 0.2
High Molecular Weight PAH`s mg/kg 4.2 0.01 4.1 0.01 1.8 0.01 3.9 0.01 6.9 0.01 5.5 0.01
Total PAH mg/kg 6.4 0.08 6.4 0.07 2.7 0.04 7.4 0.08 12 0.1 13 0.2
Surrogate Recovery (%)
D10-ANTHRACENE (sur.) % 100 100 100 95 95 100
D12-BENZO(A)PYRENE (sur.) % 90 100 90 90 85 95
D8-ACENAPHTHYLENE (sur.) % 60 60 90 60 55 60
D8-NAPHTHALENE (sur.) % 95 95 90 90 95 95
TERPHENYL-D14 (sur.) % 95 100 100 95 90 100

RDL = Reportable Detection Limit
(1) - RDL raised due to sample dilution.
(2) - RDL raised due to sample dilution. Matrix spike recovery outside control limit - High target compounds - No impact, spike Invalid.
(3) - RDL raised due to sample matrix interference.

Page 4 of 17



Maxxam Analytics (TOX Internal)
Maxxam  Job  #: B0C3725 Client Project #: B0C2492
Report Date: 2011/01/10

Your P.O. #: A70321

ELEMENTS BY ATOMIC SPECTROSCOPY (SOIL)

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
COC# G037377 G037377 G037377 G037377 G037377 G037377

Units 0086-01 SEDIMENT 0086-02 0086-03 0086-04 0086-05 0086-06 RDL
SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT

SEM Metals by ICPMS
SEM Cadmium (Cd) umole/g 0.0023 0.0016 0.0018 0.0027 0.0035 0.0026 0.0002
SEM Copper (Cu) umole/g 0.040 0.033 0.255 0.043 0.062 0.048 0.004
SEM Lead (Pb) umole/g 0.0074 0.0070 0.0840 0.0075 0.0105 0.0077 0.0002
SEM Mercury (Hg) umole/g <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 0.0003
SEM Nickel (Ni) umole/g 0.014 0.013 0.125 0.021 0.023 0.022 0.004
SEM Zinc (Zn) umole/g 0.195 0.173 0.694 0.178 0.301 0.176 0.008

RDL = Reportable Detection Limit
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Maxxam Analytics (TOX Internal)
Maxxam  Job  #: B0C3725 Client Project #: B0C2492
Report Date: 2011/01/10

Your P.O. #: A70321

ELEMENTS BY ATOMIC SPECTROSCOPY (SOIL)

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
COC# G037377 G037377 G037377 G037377 G037377 G037377

Units 0086-01 SEDIMENT 0086-02 0086-03 0086-04 0086-05 0086-06 RDL
SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT

Total Metals by ICPMS
Total Aluminum (Al) mg/kg 6520 8800 9590 11300 10400 10400 100
Total Antimony (Sb) mg/kg 0.3 0.4 0.4 0.5 0.5 0.5 0.1
Total Arsenic (As) mg/kg 9.4 10.9 4.0 12.2 12.9 11.2 0.2
Total Barium (Ba) mg/kg 26.2 30.9 33.0 47.5 42.2 51.2 0.1
Total Beryllium (Be) mg/kg 0.2 0.1 0.1 0.3 0.2 0.3 0.1
Total Bismuth (Bi) mg/kg 0.1 0.2 <0.1 0.2 0.2 0.2 0.1
Total Cadmium (Cd) mg/kg 2.76 2.62 0.34 3.70 3.72 3.25 0.05
Total Calcium (Ca) mg/kg 60500 13100 5920 6590 6930 9140 100
Total Chromium (Cr) mg/kg 19 21 15 27 26 27 1
Total Cobalt (Co) mg/kg 3.3 4.3 4.8 5.1 4.7 5.1 0.3
Total Copper (Cu) mg/kg 65.3 105 43.5 72.9 79.1 73.6 0.5
Total Iron (Fe) mg/kg 13600 16700 13800 17500 16500 16300 100
Total Lead (Pb) mg/kg 22.5 25.5 24.7 20.1 23.2 21.5 0.1
Total Magnesium (Mg) mg/kg 6990 7320 4700 7780 7580 6970 100
Total Manganese (Mn) mg/kg 108 140 152 154 137 142 0.2
Total Mercury (Hg) mg/kg 0.51 0.23 0.08 0.26 0.25 0.29 0.05
Total Molybdenum (Mo) mg/kg 12.3 10.8 1.4 9.9 13.1 8.9 0.1
Total Nickel (Ni) mg/kg 15.2 16.1 12.2 21.5 19.9 21.2 0.8
Total Phosphorus (P) mg/kg 625 701 423 730 714 671 10
Total Potassium (K) mg/kg 1800 1790 824 2050 2010 1930 100
Total Selenium (Se) mg/kg 1.2 1.6 <0.5 1.8 2.4 1.8 0.5
Total Silver (Ag) mg/kg 0.18 0.26 0.09 0.29 0.26 0.26 0.05
Total Sodium (Na) mg/kg 24100 22400 3130 20600 20900 18100 100
Total Strontium (Sr) mg/kg 216 83.2 44.4 63.8 64.8 74.2 0.1
Total Thallium (Tl) mg/kg 0.28 0.32 0.20 0.36 0.39 0.30 0.05
Total Tin (Sn) mg/kg 3.0 2.4 1.6 1.7 1.9 1.5 0.1
Total Titanium (Ti) mg/kg 263 533 885 525 436 394 1
Total Vanadium (V) mg/kg 34 40 35 45 44 42 2
Total Zinc (Zn) mg/kg 171 168 63 132 163 124 1
Total Zirconium (Zr) mg/kg 1.4 3.7 2.1 2.2 2.0 1.7 0.5

RDL = Reportable Detection Limit
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Maxxam Analytics (TOX Internal)
Maxxam  Job  #: B0C3725 Client Project #: B0C2492
Report Date: 2011/01/10

Your P.O. #: A70321

BTEX BY GC-MS (SOIL)

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
COC# G037377 G037377 G037377 G037377 G037377 G037377

Units 0086-01 RDL 0086-02 RDL 0086-03 RDL 0086-04 RDL 0086-05 RDL 0086-06 RDL
SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT

Volatiles
Methyl-tert-butylether (MTBE) mg/kg <0.1 0.1 <0.1 0.1 <0.1 0.1 <0.1 0.1 <0.1 0.1 <0.1 0.1
Benzene mg/kg 0.04(1) 0.03 <0.03(1) 0.03 <0.005 0.005 <0.03(1) 0.03 <0.03(1) 0.03 <0.02(1) 0.02
Toluene mg/kg 0.09(1) 0.03 0.19(1) 0.03 <0.02 0.02 0.05(1) 0.03 0.07(1) 0.03 0.08(1) 0.02
Ethylbenzene mg/kg <0.03(1) 0.03 <0.03(1) 0.03 <0.01 0.01 <0.03(1) 0.03 <0.03(1) 0.03 0.02(1) 0.02
m & p-Xylene mg/kg <0.04 0.04 <0.04 0.04 <0.04 0.04 <0.04 0.04 0.04 0.04 <0.04 0.04
o-Xylene mg/kg <0.04 0.04 <0.04 0.04 <0.04 0.04 <0.04 0.04 <0.04 0.04 <0.04 0.04
Styrene mg/kg <0.03 0.03 <0.03 0.03 <0.03 0.03 <0.03 0.03 <0.03 0.03 <0.03 0.03
Xylenes (Total) mg/kg <0.04 0.04 <0.04 0.04 <0.04 0.04 <0.04 0.04 0.04 0.04 <0.04 0.04
(C6-C10) mg/kg <60(1) 60 <50(1) 50 <10 10 <50(1) 50 <60(1) 60 <50(1) 50
Surrogate Recovery (%)
4-BROMOFLUOROBENZENE (sur.) % 84 83 84 84 83 85
D10-ETHYLBENZENE (sur.) % 82 83 86 82 83 84
D4-1,2-DICHLOROETHANE (sur.) % 101 105 96 99 97 96
D8-TOLUENE (sur.) % 94 92 96 95 94 94

RDL = Reportable Detection Limit
(1) - RDL raised due to high sample moisture content.

Page 7 of 17



Maxxam Analytics (TOX Internal)
Maxxam  Job  #: B0C3725 Client Project #: B0C2492
Report Date: 2011/01/10

Your P.O. #: A70321

General Comments

Sample     Z18215-01:  ** SEM/AVS = 0.02 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 

Sample     Z18216-01:  ** SEM/AVS = 0.02 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 

Sample     Z18217-01:  ** SEM/AVS = 0.57 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 

Sample     Z18218-01:  ** SEM/AVS = 0.04 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 

Sample     Z18219-01:  ** SEM/AVS = 0.04 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 

Sample     Z18220-01:  ** SEM/AVS = 0.02 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 
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Validation Signature Page

Maxxam  Job  #: B0C3725

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

ERIN SANTOS, Dip. Chemical and Biosciences, Laboratory Coordinator                            

TOM SHUM, BBY Scientific Specialist                          

====================================================================
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of
ISO/IEC 17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.
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Maxxam Analytics (TOX Internal)
Report Date: 2011/01/10 Client Project #: B0C2492
Maxxam  Job  #: B0C3725
Maxxam Sample: Z18215 Client ID: 0086-01 SEDIMENT

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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Maxxam Analytics (TOX Internal)
Report Date: 2011/01/10 Client Project #: B0C2492
Maxxam  Job  #: B0C3725
Maxxam Sample: Z18216 Client ID: 0086-02 SEDIMENT

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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Maxxam Analytics (TOX Internal)
Report Date: 2011/01/10 Client Project #: B0C2492
Maxxam  Job  #: B0C3725
Maxxam Sample: Z18217 Client ID: 0086-03 SEDIMENT

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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Maxxam Analytics (TOX Internal)
Report Date: 2011/01/10 Client Project #: B0C2492
Maxxam  Job  #: B0C3725
Maxxam Sample: Z18218 Client ID: 0086-04 SEDIMENT

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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Maxxam Analytics (TOX Internal)
Report Date: 2011/01/10 Client Project #: B0C2492
Maxxam  Job  #: B0C3725
Maxxam Sample: Z18218 Lab-Dup Client ID: 0086-04 SEDIMENT

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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Maxxam Analytics (TOX Internal)
Report Date: 2011/01/10 Client Project #: B0C2492
Maxxam  Job  #: B0C3725
Maxxam Sample: Z18219 Client ID: 0086-05 SEDIMENT

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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Maxxam Analytics (TOX Internal)
Report Date: 2011/01/10 Client Project #: B0C2492
Maxxam  Job  #: B0C3725
Maxxam Sample: Z18220 Client ID: 0086-06 SEDIMENT

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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Your Project #: B0C3725                        
Your C.O.C. #: SUB

Attention: Arshdeep Khalsa
Maxxam Analytics
4606 Canada Way
Burnaby, BC
V5G 1K5

Report Date: 2011/01/06

CERTIFICATE OF ANALYSIS

MAXXAM JOB #: B0I5491
Received: 2010/12/23, 12:35

Sample Matrix: Soil
# Samples Received: 6

Date Date Method
Analyses Quantity Extracted Analyzed Laboratory Method Reference
Total Organic Carbon in Soil 6 N/A 2011/01/05 CAM SOP-00468 LECO Combustion      

* RPDs calculated using raw data.  The rounding of final results may result in the apparent difference.
* Results relate only to the items tested.

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.

ENVIRONMENTAL CUSTOMER SERVICE, Environmental Customer Service
Email:  ecs@maxxam.ca
Phone# (905) 817-5700

====================================================================
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section
5.10.2 of ISO/IEC 17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.

Total cover pages: 1
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Maxxam Analytics
Maxxam  Job  #: B0I5491 Client Project #: B0C3725
Report Date: 2011/01/06

RESULTS OF ANALYSES OF SOIL

Maxxam ID IG3172 IG3173 IG3174 IG3174 IG3175 IG3176 IG3177
Units Z18215-06R Z18216-06R Z18217-06R Z18217-06R Z18218-06R Z18219-06R Z18220-06R RDL QC Batch

\ 0086-01 \ 0086-02 \ 0086-03 \ 0086-03 \ 0086-04 \ 0086-05 \ 0086-06
SEDIME SEDIME SEDIME SEDIME SEDIME SEDIME SEDIME

Lab-Dup
Inorganics
Total Organic Carbon mg/kg 150000 100000 19000 18000 130000 160000 190000 500 2372396

RDL = Reportable Detection Limit
QC Batch = Quality Control Batch
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Maxxam Analytics
Maxxam  Job  #: B0I5491 Client Project #: B0C3725
Report Date: 2011/01/06

Package 1 6.3°C
Each temperature is the average of up to three cooler temperatures taken at receipt

GENERAL COMMENTS
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Maxxam Analytics
Maxxam  Job  #: B0I5491 Client Project #: B0C3725
Report Date: 2011/01/06

QUALITY ASSURANCE REPORT

Method Blank RPD QC Standard
QC Batch Parameter Date Value Units Value (%) QC Limits % Recovery QC Limits
2372396 Total Organic Carbon 2011/01/05 <500 mg/kg 6.8 35 99 80 - 120

N/A = Not Applicable
RPD = Relative Percent Difference
Duplicate:  Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.
QC Standard:  A blank matrix to which a known amount of the analyte has been added. Used to evaluate analyte recovery.
Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.
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Maxxam  Job  #: B0I5491

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

BRAD NEWMAN, Scientific Specialist                             

====================================================================
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of
ISO/IEC 17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.
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EXECUTIVE SUMMARY 

A  total  of  6  sediment  samples  were  collected  from  Ladysmith  Harbour,  British  Columbia, 
December 15, 2010. The samples were received at Maxxam on December 17, 2010, where they 
were stored in the dark at 4 ± 2°C. The initial echinoderm fertilisation tests were conducted on 
December 21, 2010.  

Toxicity observed  in  the original  tests was  thought  to be  caused by one of  two  likely agents, 
sulphides  or metals.  As  a  result,  further  testing  was  conducted  on  three  of  the  sediments 
porewater  (0086‐02, 0086‐04 and 0086‐06).  In order  to  remove  the  suspected  toxicants,  two 
manipulations of the sample were conducted. A range of EDTA concentrations was added to the 
porewater  samples  to  determine  if  cationic metals  present  in  the  porewater would  complex 
with EDTA resulting in a reduction of the observed toxicity. 

The  second manipulation  involved  removing  sulphides with  as  little  impact on  the  sample  as 
possible. The samples were allowed to sit  in open containers  in a fume hood overnight so that 
the sulphides could be removed as naturally as possible. 

The  fertilization  success  of  gametes  of  the  echinoderm,  Strongylocentrotus  purpuratus, was 
measured  according  to  the  Environment  Canada’s Biological  Test Method:  Fertilization Assay 
Using  Echinoids  Test  (EPS  1/RM/27).    The  Echinoid  Fertilization  tests  were  performed  on 
February  22,  2011.    Gametes  were  exposed  to  centrifuged  porewater  (unadjusted  and 
amended) from each of the selected sediments. 

The test results are summarized as follows: 

Sample  0086‐02  did  not  show  significant  toxicity  in  the  unadjusted  sample,  therefore  the 
sulphide and EDTA amendments could not produce a visible reduction in toxicity. 

Samples  0086‐04  and  0086‐06  showed  a  significant  reduction  in  toxicity  using  the  sulphide‐
removal manipulation. EDTA  showed  smaller  toxicity  reductions, but  it  is unclear  if  this  is  the 
action of the EDTA or of loss of sulphides during pH adjustment of the samples. 

The  echinoderm  fertilization  tests  were  considered  valid  as  fertilization  in  the  laboratory 
controls met the requirements outlined in the test protocol.  
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SECTION 

1 SEDIMENT DESCRIPTION 

1.1 Sample Information 

A total of 6 sediment samples were collected from Ladysmith Harbour, BC, December 15, 2010. 
The samples were received at Maxxam in good condition on December 17, 2010.  The samples 
were stored with no headspace (purged with nitrogen) after the initial testing and stored in the 
dark at 4 ± 2°C. The original sample receipt information, along with the Chain‐of‐Custody Form, 
is available in Appendix A. 

After  the  initial  echinoderm  fertilisation  tests  on  the  sample  porewater were  conducted  on 
December 21, 2010  three of  the  samples were  selected  for  further  testing  (0086‐02, 0086‐04 
and  0086‐06).  Two  sample  manipulations,  EDTA  chelation  and  sulphide  removal,  were 
performed. 

Upon  re‐opening  the  sample pails, a description of  the  sample was noted  (“Sediment Sample 
Descriptions”  in Appendix A). The sediments  from each sample were thoroughly homogenised 
before  preparation  of  the  porewater  as  per  the  Maxxam  SOP  for  the  “Sediment  Mixing 
Procedures  for Toxicity Tests”  (DCN 80‐E‐010). Again any headspace  in  the pails was  replaced 
with  nitrogen  gas  prior  to  re‐sealing  the  pail. When  not  in  use,  the  sediments were  stored 
without light at 4 ± 2°C. 

1.2 Porewater and Sulphide Amended Sample Chemistry 

Prior  to  toxicity  testing,  porewater  aliquots  were  collected  from  the  sediment  samples  for 
ammonia, sulphide and total suspended solids (TSS). Aliquots were also taken from the sulphide 
amended samples for the same analyses. Table 1‐1 summarizes the results of these analyses. A 
copy of the chemistry reports containing the results of the ammonia, sulphide and TSS analyses 
are in Appendix C. 
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Table 1‐1:  Results for Porewater Total Ammonia, Unionized Ammonia, Sulphides, and TSS 

Sample ID 
Total Ammonia 

(mg/L) 
Unionized Ammonia 

(mg/L) 
Sulphide  
(mg/L) 

TSS  
(mg/L) 

0086‐02  11*  0.0506  12.2  53 

0086‐02  
Sulfide Amended 

8.9*  0.0648  0.022  83 

0086‐04  10*  0.0579  34  88 

0086‐ 04  
Sulfide Amended 

7.8*  0.0904  0.028  87 

0086‐06  9.1*  0.0473  27  100 

0086‐06  
Sulfide Amended 

6.6*  0.0681  0.026  66 

* ‐ Detection limits raised due to dilution to bring analyte within calibration range 

Porewater  un‐ionized  ammonia  was  determined  using  the  Un‐ionized  Ammonia  Calculator 
(Seawater)  Spreadsheet  (Colt  2002),  adjusting  for  salinity,  pH,  and  temperature.  The 
spreadsheet used for unionized ammonia calculation is located in Appendix C. 

1.3 Laboratory Control Water 

The  laboratory  control  water  was  uncontaminated  seawater  obtained  from  the  Vancouver 
Aquarium. The seawater was pumped from Burrard Inlet from a depth of 40‐45 feet and filtered 
through a gravity sand filter, with sand mesh size 22. After filtration, the seawater was held  in 
a concrete  reservoir  (retention  time  approximately  4  hours)  before  passing  through  a  UV 
sterilizer.  

At Maxxam, the seawater was stored at 4 ± 2°C. Before its use in tests, the seawater was passed 
through a UV sterilizer equipped with an  inline 5 µm  filter. Volumes required  for testing were 
gradually brought to the appropriate test temperature overnight while vigorously aerating.  
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SECTION  

2 STRONGLYOCENTROTUS PURPURATUS FERTILIZATION TEST  

2.1 General Test Methods and Conditions 

The  successful  fertilization  of  echinoderm  eggs was  assessed  according  to  the  Environment 
Canada  Biological  Test  Method  “Fertilization  Assay  Using  Echinoids  (Sand  Dollars  or  Sea 
Urchins)”  EPS  1/RM/27  and  the  Maxxam  SOP  “Test  Method  for  the  Echinoid  20  Minute 
Fertilization  Test”  (DCN  80‐C‐029).    Echinoderm  fertilization  tests  were  initiated  on  the 
centrifuged porewater  and  sample manipulations of 3  test  sediments, on  February 24, 2011.  
See Table 2‐1 for details regarding the specific methods and conditions employed in this test.  

Table 2‐1: Summary of Test Methods and Conditions for the Echinoderm Fertilization Test 

Parameter  Conditions and Methods 

Test Type and Duration  20 minute fertilization; 10 minutes sperm exposure only, followed 
by another 10 minutes exposure with both sperm and eggs. 

Temperature  15 ± 1° C 

Salinity  30 ± 2 ‰  

Lighting  Broad spectrum fluorescent lighting 

Aeration  None during test. No pre‐aeration required. 

Test Chamber  20 ml borosilicate glass tubes 

Test solution volume  5 ml 

Control Water  Vancouver Aquarium seawater, from Burrard Inlet, 40‐45’ deep 
inlet, gravity sand filtered with sand mesh size 22.  Seawater was 
additionally filtered, UV sterilized and aerated before use.  

Renewal Water  None 

Replicates   5 replicates/sample 

Test Species  Strongylocentrotus purpuratus – Purple Sea Urchin 

Age of Test Organisms  Recently spawned eggs and sperm 
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Parameter  Conditions and Methods 

Organisms/ replicate  990 eggs and 37120 sperm were added to each test vessel.  The 
sperm:egg ratio was 37.5:1.  See Calculation of Gamete Density 
sheet in Appendix B 

Organism Source and 
size 

Marine Research and Educational Products, Carlsbad, CA. Sea 
Urchins were between 3‐9 cm in diameter and gravid. 

Feeding  None 

Water Quality  DO, pH, salinity and temperature in the 100% porewater before 
test initiation  

Endpoints  Fertilization rate 

Test Validity Criteria  ≥50% and <100% fertilization in the control. 

Data Analysis  Data were assessed for normality using Shapiro‐Wilks Test, and 
homogeneity of variance by Bartlett’s Test.  

Analyses of mean fertilization rate, comparing the adjusted 
samples to the unadjusted samples were completed using 
parametric two sample t‐ tests (equal variance).  

Statistical Software  CETIS™ version 1.7.0revO. Tidepool Scientific Software (Copyright 
2000‐2009).  

2.2 Sample Manipulation – EDTA Chelation Test 

This  test  is  commonly used  to examine  the potential  toxicity  for cationic metals  such as  zinc, 
aluminum, cadmium, and others to cause toxicity. Some cationic metals present  in the sample 
will  complex with EDTA and  this will  result  in a  reduction  in  the observed  toxicity  caused by 
EDTA added to the treated samples. The correct amount of EDTA to add for each treatment was 
estimated  by  finding  the  EC50  value  of  EDTA  to  echinoderm  fertilisation  in  preliminary  tests 
according  to  “Methods  for  Aquatic  Toxicity  Identification  Evaluations,  Phase  I  Toxicity 
Characterization Procedures” (US EPA, 1991). 

2.3 EDTA Chelation Test 

Each test treatment was prepared in 0.04 L of 100% sediment porewater. Test treatments were 
prepared as indicated in Table 2‐2. 
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Table 2‐2:  EDTA Chelation Test 

Sample Treatment 
(g EDTA/L) 

Total Volume 
(L) 

Amount of EDTA To Be Added
(g) 

0  0.04  0 

0.8  0.04  0.0320 

1.6  0.04  0.0640 

2.4  0.04  0.0960 

3.2  0.04  0.1280 

The appropriate amount of EDTA was added  to a  total of 0.04 L of sample, which was sealed 
inside a ~42 mL vial. The vial had a small stir bar added, which allowed for constant mixing. The 
solutions were mixed overnight to solubilise all of the EDTA. The EDTA test treatments were pH 
adjusted  to pH 7.5,  if necessary, prior  to  testing. Before  the  tests were  initiated,  initial water 
quality was conducted. 

2.4 Sample Manipulation – Sulphide Removal 

Another  potential  cause  for  the  toxicity  initially  observed was  sulphides.  In  order  to  remove 
sulphides  with  as  little  impact  on  the  sample  as  possible,  aeration  was  not  used  in  the 
manipulation.  

2.5 Sulphide Amendment Test 

An aliquot (~ 550 mL) of each sample was poured into a 600 mL glass beaker and allowed to sit 
open in a fume hood for ~20hrs. An aliquot of each sulphide amended sample was analysed for 
sulphides (see Table 1‐1). 

2.6 Quality Assurance/Quality Control 

2.6.1 Reference Toxicant Results 

A water‐only reference toxicant test, using copper sulphate  (CuSO4), was  initiated on February 
24, 2011. The reference toxicant test is used to assess the performance of the test organism and 
the  precision  of  the  results.  The  LC50  and  95%  confidence  intervals  were  calculated,  then 
compared with those of previous tests with this test organism. Methods used  in preparing the 
control chart were taken from the Maxxam SOP “Standard Operating Procedure for the Control 
Charting of Reference Toxicant Tests” (DCN 80‐E‐008) and from Environment Canada (1990). 

The EC50 value  for  the  reference  toxicant  test, with 95% confidence  limits, was 6.6  (5.1, 8.0) 
µg/L Cu2+, outside of the previous mean for this species of 29.5 (14.2, 61.5) µg/L Cu2+. This result 
does not invalidate the tests, as the test validity criteria were all passed. 
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2.6.2 Test Validity Criteria 

Survival  data  in  the  negative  control  was  considered  be  acceptable  as  the  mean  percent 
fertilization  in the negative control was greater than or equal to 50%, and  less than 100%. The 
mean percent fertilization in the negative control ranged from 66 ‐  96%. 

2.6.3 Organism Holding Information 

The Stronglyocentrotus purpuratus were field‐collected by Steve Lepage of Marine Research and 
Educational Products,  located  in Carlsbad, CA. The organisms were held  for at  least 24 hours 
prior  to  shipment  to Maxxam.  The  sea  urchins were  shipped  in  Styrofoam  coolers, with  ice 
packs, and arrived at Maxxam in good condition on February 22, 2011. 

Upon arrival,  the  sea urchins were  transferred  to glass aquaria  filled with gently aerating  sea 
water and held there prior to test initiation.  

2.7 Results 

Total  and  percent  fertilization,  in  each  replicate,  and  mean  ±  SD  in  the  seawater  control, 
unadjusted samples, sulphide amended and EDTA amended porewater samples, are presented 
in Appendix B.  The mean fertilization rate ± SD for the test samples are summarized in Tables 2‐
3 to 2‐5. 

For water quality measurements, see the bench‐sheets in Appendix B. 

Table 2‐3:  Sample 0086‐02: Mean Fertilization Comparisons for the Echinoderm Fertilization Test 

Maxxam  
Sample ID 

Mean Fertilization  
± SD (%) 

Seawater Control  66 ± 2 

0086‐02 Unadjusted  93 ± 4 

0086‐02 Sulfide Amended  95 ± 2 

0086‐02 EDTA 0.8 g/L  93 ± 3 

0086‐02 EDTA 1.6 g/L  4 ± 2* 

0086‐02 EDTA 2.4 g/L  0 ± 0* 

Note:  Asterisks  indicate  that  there  is  a  statistically  significant  effect  in  the  sample mean  as  compared  to  the 
Unadjusted sample (*). 

 



Echinoderm Fertilization Tests Conducted on Ladysmith Harbour Marine Sediments (December 2010) 
 Project: 09‐1436‐5008/5000 

Maxxam Analytics 

7 
 

Table 2‐4:  Sample 0086‐04: Mean Fertilization Comparisons for the Echinoderm Fertilization Test 

Maxxam  
Sample ID 

Mean Fertilization  
± SD (%) 

Seawater Control  90 ± 4 

0086‐04 Unadjusted  2 ± 2 

0086‐04 Sulfide Amended  97 ± 3 

0086‐04 EDTA 0.8 g/L  10 ± 2 

0086‐04 EDTA 1.6 g/L  1 ± 1* 

0086‐04 EDTA 2.4 g/L  0 ± 0* 

0086‐04 EDTA 3.2 g/L  0 ± 0* 

Note: Asterisks  indicate  that  there  is  a  statistically  significant  effect  in  the  sample  mean  as  compared  to  the 
Unadjusted sample (*). 

 

Table 2‐5:  Sample 0086‐06: Mean Fertilization Comparisons for the Echinoderm Fertilization Test 

Maxxam  
Sample ID 

Mean Fertilization  
± SD (%) 

Seawater Control  96 ± 2 

0086‐06 Unadjusted  0 ± 1 

0086‐06 Sulfide Amended  98 ± 1* 

0086‐06 EDTA 0.8 g/L  17 ± 2* 

0086‐06 EDTA 1.6 g/L  4 ± 1* 

0086‐06 EDTA 2.4 g/L  0 ± 0 

Note:  Asterisks  indicate  that  there  is  a  statistically  significant  effect  in  the  sample mean  as  compared  to  the 
Unadjusted sample (*). 

2.8 Discussion 

The  test met validity  criteria as  the mean percent  fertilization  in  the negative  control  ranged 
from  66  ‐  96%.  The  total  mean  percent  fertilization  in  the  test  ranged  from  0%  to  98%. 
Significant  differences  in mean  fertilization when  compared  to  the  unadjusted  sample were 
found for all three samples.  

Sample  0086‐02  did  not  show  significant  toxicity  in  the  unadjusted  sample.  The  increased 
toxicity seen  in the higher concentrations of EDTA  is  likely solely due to the addition of EDTA, 
which becomes more toxic at higher concentrations. While the fertilisation  in the controls was 
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lower  than  for  the other  two  samples,  the  controls are  still considered valid, as  they  showed 
greater than 50% fertilisation. In addition, the unadjusted sample showed very high fertilisation 
(93%), which indicates that the organisms were healthy and performing properly. 

Sample 0086‐04 and 0086‐06 were greatly affected by the sulphide amendment. Both samples 
showed  an  increase  in  fertilisation  of  ≥95%.  The  EDTA manipulations  provided  only  a  slight 
increase in fertilisation in the 0.8 and 1.6 g/L treatments of each sample. A 17% increase in the 
0086‐06 EDTA 0.8 g/L was the most noticeable. It is difficult to tell with certainty if this apparent 
reduction  in toxicity was due to the chelation of metals present, or  if the short times that the 
samples were open for pH adjustment allowed sufficient sulphides to escape, thereby reducing 
the toxicity. No samples were taken from the EDTA adjusted samples for sulphide analysis. 
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Your Project #: 09-1436-5008/5000              
Your C.O.C. #: 0086, G040858, G037375, G037377

Attention: Adrian de Bruyn
GOLDER ASSOCIATES LTD
4260 STILL CREEK DRIVE
Suite 500
BURNABY, BC
Canada          V5C 6C6

Report Date: 2011/03/11

CERTIFICATE OF ANALYSIS

MAXXAM JOB #: B0C2492
Received: 2011/02/23, 14:05

Sample Matrix: Sea Water
# Samples Received: 13

Date Date
Analyses Quantity Extracted Analyzed Laboratory Method Analytical Method
Hardness (calculated as CaCO3) 7 N/A 2010/12/31                     
Na, K, Ca, Mg, S by CRC ICPMS (diss.) 6 N/A 2011/03/02 BBY7SOP-00002 Based on EPA 200.8  
Na, K, Ca, Mg, S by CRC ICPMS (diss.) 7 N/A 2010/12/31 BBY7SOP-00002 Based on EPA 200.8  
Elements by ICPMS (dissolved) - Seawater 6 N/A 2011/03/02 BBY7SOP-00002 Based on EPA 200.8  
Elements by CRC ICPMS (dissolved) 7 N/A 2010/12/31 BBY7SOP-00002 Based on EPA 200.8  
Ammonia-N (Total) ( 1 ) 7 N/A 2010/12/24 AB SOP-00007 EPA 350.1            
Ammonia-N (Total) ( 1 ) 6 N/A 2011/02/28 AB SOP-00007 EPA 350.1            
Filter and HNO3 Preserve for Metals 7 N/A 2010/12/23 BBY6WI-00001 Based on EPA 200.2  
Filter and HNO3 Preserve for Metals 6 N/A 2011/02/24 BBY6WI-00001 Based on EPA 200.2  
Sulphide 7 N/A 2010/12/29 BBY6SOP-00006 Based on SM-4500 S2D
Sulphide 6 N/A 2011/02/25 BBY6SOP-00006 Based on SM-4500 S2D
Total Suspended Solids 6 N/A 2011/03/01 BBY6SOP-00034 Based on SM - 2540 D
Total Suspended Solids-LowLevel 7 N/A 2010/12/22 BBY6SOP-00034 Based on SM-2540 D  

Sample Matrix: Sediment
# Samples Received: 6

Date Date
Analyses Quantity Extracted Analyzed Laboratory Method Analytical Method
Ecotox Report Attachment 1 2011/01/07 2011/03/11                     
Ecotox Report Attachment 5 2011/03/11 2011/03/11                     

Sample Matrix: Soil
# Samples Received: 6

Date Date
Analyses Quantity Extracted Analyzed Laboratory Method Analytical Method
BTEX/MTBE Soil  LH, VH, F1 SIM/MS 6 2010/12/22 2010/12/24 BBY8-SOP-00010 EPA SW846 8260C      
Volatile F1-BTEX 6 N/A 2010/12/24                     
CCME Hydrocarbons (F2-F4 in soil) 6 2010/12/22 2010/12/24 BBY8SOP-00030 CCME Soil Tier 1    
Elements by ICPMS (total) 6 2010/12/23 2010/12/23 BBY7SOP-00004 Based on EPA 200.8  
Simultaneously Extractable Metals-ICPMS 6 2011/01/04 2011/01/04 BBY7SOP-00001 Based on EPA 200.8  
Moisture 6 N/A 2010/12/23 BBY8SOP-00017 Ont MOE -E 3139     
PAH in Soil by GC/MS Lowlevel (Extended) 6 2010/12/22 2011/01/06 BRN SOP-00332 R5.0 Based on EPA 8270D  
Total LMW, HMW, Total PAH Calc 6 N/A 2011/01/06 P A H T O T - S            
pH (2:1 DI Water Extract) 6 2010/12/23 2010/12/23 BBY6SOP-00028 Carter, SSMA 16.2   
Particle Size Distribution - Standard ( 2 ) 6 2010/12/29 2010/12/29                     
Sulfide (AVS) (soil) - Calc for umole/g 6 2010/12/22 2011/01/05 BRN SOP-00229 R2.0 Based EPA821-R91-100
Sulfide (AVS) (soil) 6 2011/01/04 2011/01/04 BBY6SOP-00007 Based EPA821-R91-100
Texture Class ( 2 ) 6 N/A 2011/01/10                     
TOC Soil Subcontract ( 3 ) 6 2011/01/06 2011/01/06                     
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

RESULTS OF CHEMICAL ANALYSES OF SEA WATER

Maxxam ID AA3434 AA3478 AA3479 AA3480 AA3481
Sampling Date 2011/02/22 2011/02/22 2011/02/22 2011/02/23 2011/02/23

Units 0086-02 RDL 0086-04 RDL 0086-06 RDL 0086-02 0086-04 RDL QC Batch
POREWATER POREWATER POREWATER (SULF. (SULF.

AMENDED) AMENDED)
CONVENTIONALS
Total Ammonia (N) mg/L 11(1) 0.5 10(1) 0.5 9.1(1) 0.3 8.9(1) 7.8(1) 0.3 4665414
Calculated Parameters
Filter and HNO3 Preservation N/A LAB N/A LAB N/A LAB N/A LAB LAB N/A 4657426
MISCELLANEOUS
Sulphide mg/L 12.2 0.3 34 1 27 1 0.022 0.028 0.005 4661454
Physical Properties
Total Suspended Solids mg/L 53 4 88 4 100 4 83 87 4 4668576

Maxxam ID AA3482 Z18207 Z18208 Z18209
Sampling Date 2011/02/23

Units 0086-06 RDL QC Batch 0086-01 RDL 0086-02 RDL 0086-03 RDL QC Batch
(SULF. POREWATER POREWATER POREWATER

AMENDED)
CONVENTIONALS
Total Ammonia (N) mg/L 6.6(1) 0.3 4665414 3.0(1) 0.3 2.7(1) 0.3 2.4(1) 0.3 4531369
Calculated Parameters
Filter and HNO3 Preservation N/A LAB N/A 4657426 LAB N/A LAB N/A LAB N/A 4533846
MISCELLANEOUS
Sulphide mg/L 0.026 0.005 4661454 2.90(2) 0.05 3.5(2) 0.2 0.015 0.005 4534611
Physical Properties
Total Suspended Solids mg/L 66 4 4668576 86 1 110 1 120 1 4523747

N/A = Not Applicable
RDL = Reportable Detection Limit
(1) - Detection limits raised due to dilution to bring analyte within the calibrated range.
(2) - Sample received at less than recommended preservation pH 9.
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Report Date: 2011/03/11

RESULTS OF CHEMICAL ANALYSES OF SEA WATER

Maxxam ID Z18210 Z18211 Z18212 Z18213
Units 0086-04 RDL 0086-05 RDL 0086-06 RDL SW RDL QC Batch

POREWATER POREWATER POREWATER CONTROL
CONVENTIONALS
Total Ammonia (N) mg/L 4.4(1) 0.3 2.8(1) 0.3 5.4(1) 0.3 0.33 0.05 4531369
Calculated Parameters
Filter and HNO3 Preservation N/A LAB N/A LAB N/A LAB N/A LAB N/A 4533846
MISCELLANEOUS
Sulphide mg/L 19.4 0.5 1.11 0.03 22.2 0.5 <0.005 0.005 4534611
Physical Properties
Total Suspended Solids mg/L 77 1 92 1 76 1 5 1 4523747

N/A = Not Applicable
RDL = Reportable Detection Limit
(1) - Detection limits raised due to dilution to bring analyte within the calibrated range.

Page 4 of 26



GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

ELEMENTS BY ATOMIC SPECTROSCOPY (SEA WATER)

Maxxam ID AA3434 AA3478 AA3479 AA3480 AA3481 AA3482
Sampling Date 2011/02/22 2011/02/22 2011/02/22 2011/02/23 2011/02/23 2011/02/23

Units 0086-02 0086-04 0086-06 0086-02 0086-04 0086-06 RDL QC Batch
POREWATER POREWATER POREWATER (SULF. (SULF. (SULF.

AMENDED) AMENDED) AMENDED)
Dissolved Metals by ICPMS
Dissolved Aluminum (Al) ug/L 32 55 50 28 37 34 10 4658036
Dissolved Antimony (Sb) ug/L 1.2 0.5 1.0 1.3 1.9 1.4 0.5 4658036
Dissolved Arsenic (As) ug/L 40.5 81.3 69.9 42.9 85.1 71.5 0.5 4658036
Dissolved Barium (Ba) ug/L 32 57 48 31 56 47 1 4658036
Dissolved Beryllium (Be) ug/L <1 <1 <1 <1 <1 <1 1 4658036
Dissolved Bismuth (Bi) ug/L <1 <1 <1 <1 <1 <1 1 4658036
Dissolved Boron (B) ug/L 3920 4770 5250 4660 4840 5230 50 4658036
Dissolved Cadmium (Cd) ug/L 0.10 0.13 0.14 0.14 0.18 0.14 0.05 4658036
Dissolved Chromium (Cr) ug/L 1.2 1.2 2.9 1.7 2.0 2.3 0.5 4658036
Dissolved Cobalt (Co) ug/L <0.1 0.1 0.2 <0.1 0.1 0.1 0.1 4658036
Dissolved Copper (Cu) ug/L 1.7 1.6 1.7 2.0 2.6 2.0 0.5 4658036
Dissolved Iron (Fe) ug/L 81 53 80 75 64 68 2 4658036
Dissolved Lead (Pb) ug/L 1.2 0.7 0.8 1.2 1.4 1.2 0.1 4658036
Dissolved Lithium (Li) ug/L 155 167 173 170 163 165 20 4658036
Dissolved Manganese (Mn) ug/L 12.4 2.0 3.6 12.2 2.2 3.3 0.5 4658036
Dissolved Molybdenum (Mo) ug/L 8 5 8 8 6 9 1 4658036
Dissolved Nickel (Ni) ug/L 0.6 1.0 1.0 0.6 0.6 0.9 0.2 4658036
Dissolved Phosphorus (P) ug/L 2790 3050 2720 2980 2950 2670 50 4658036
Dissolved Selenium (Se) ug/L <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.5 4658036
Dissolved Silicon (Si) ug/L 18600 22700 23800 21000 22800 22800 100 4658036
Dissolved Silver (Ag) ug/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.05 4658036
Dissolved Strontium (Sr) ug/L 7430 7510 7440 7410 7210 7290 10 4658036
Dissolved Thallium (Tl) ug/L <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 4658036
Dissolved Tin (Sn) ug/L <1 <1 <1 <1 <1 <1 1 4658036
Dissolved Titanium (Ti) ug/L <10 <10 <10 <10 <10 <10 10 4658036
Dissolved Uranium (U) ug/L 5.80 3.25 3.74 5.59 3.49 4.07 0.05 4658036
Dissolved Vanadium (V) ug/L <10 <10 <10 <10 <10 <10 10 4658036
Dissolved Zinc (Zn) ug/L 2 2 3 3 3 2 1 4658036
Dissolved Calcium (Ca) mg/L 389 383 388 396 373 373 1 4654876
Dissolved Magnesium (Mg) mg/L 1080 1110 1120 1070 1080 1060 1 4654876
Dissolved Potassium (K) mg/L 329 346 349 331 336 329 1 4654876
Dissolved Sodium (Na) mg/L 9550 9690 9730 9250 9350 9130 1 4654876
Dissolved Sulphur (S) mg/L 798 847 866 832 815 821 20 4654876

RDL = Reportable Detection Limit
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

RESULTS OF CHEMICAL ANALYSES OF SEDIMENT

Maxxam ID Z09675 Z09676 Z09677 Z09678 Z09679 Z09680
Sampling Date 2010/12/15 2010/12/15 2010/12/15 2010/12/15 2010/12/15 2010/12/15

Units 0086-01 0086-02 0086-03 0086-04 0086-05 0086-06 RDL QC Batch
Calculated Parameters
No Parameter N/A ATTACHED ATTACHED ATTACHED ATTACHED ATTACHED ATTACHED N/A 4700622

RESULTS OF CHEMICAL ANALYSES OF SOIL

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
Units 0086-01 0086-02 RDL 0086-03 RDL 0086-04 RDL 0086-05 0086-06 RDL QC Batch

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
Parameter
Subcontract Parameter N/A ATTACHED ATTACHED N/A ATTACHED N/A ATTACHED N/A ATTACHED ATTACHED N/A 4547422
Calculated Parameters
Sulphide umole/g 11.6 14.7 0.6 2.04 0.06 7.2 0.3 9.3 12.6 0.6 4524145
MISCELLANEOUS
Sulphide ug/g 372 471 20 65 2 229 10 299 404 20 4541759
Physical Properties
Texture N/A SILT LOAM LOAM N/A SAND N/A SILT LOAM N/A SILT LOAM LOAM N/A 4524099

N/A = Not Applicable
RDL = Reportable Detection Limit
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

PETROLEUM HYDROCARBONS (CCME)

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
Units 0086-01 0086-02 0086-03 0086-04 0086-05 0086-06 RDL QC Batch

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
Ext. Pet. Hydrocarbon
F2 (C10-C16 Hydrocarbons) mg/kg 68(1) 61(1) 23 100(1) 130(1) 150(1) 10 4527562
F3 (C16-C34 Hydrocarbons) mg/kg 500(1) 470(1) 170 550(1) 700(1) 610(1) 10 4527562
F4 (C34-C50 Hydrocarbons) mg/kg 140(1) 150(1) 110 140(1) 240(1) 160(1) 10 4527562
Reached Baseline at C50 mg/kg YES YES YES YES YES YES N/A 4527562
Surrogate Recovery (%)
O-TERPHENYL (sur.) % 94 92 92 89 96 95 4527562

PARTICLE SIZE DISTRIBUTION ANALYSIS (SOIL)

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
Units 0086-01 0086-02 0086-03 0086-04 0086-05 0086-06 RDL QC Batch

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
Percent Passing
<0.002mm Pipette % 8.96 10.57 1.60 22.32 24.52 17.19 0.01 4551597
<0.053mm Pipette % 38.31 32.73 8.02 69.75 76.21 52.99 0.01 4551597
<0.125mm, Sieve #120 % 36.81 39.81 20.91 82.76 83.81 64.88 0.01 4551597
<0.250mm, Sieve #60 % 40.56 50.85 46.54 88.43 89.19 71.58 0.01 4551597
<2.00mm, Sieve #10 % 58.40 64.48 82.73 92.78 95.41 83.03 0.01 4551597
Percent of Entire Sample
<0.002mm % 8.96 10.57 1.60 22.32 24.52 17.19 0.01 4551597
<0.053mm & >0.002mm % 29.35 22.16 6.42 47.43 51.69 35.79 0.01 4551597
<2.00mm & >0.053mm % 20.08 31.75 74.72 23.03 19.20 30.05 0.01 4551597
>2.00mm % 41.61 35.52 17.27 7.22 4.60 16.97 0.01 4551597
% of the <2mm Fraction
% Clay <0.002mm % 15.35 16.39 1.93 24.06 25.70 20.71 0.01 4551597
% Sand <2.00mm & >0.053mm % 34.39 49.25 90.31 24.82 20.12 36.19 0.01 4551597
% Silt <0.053mm & >0.002mm % 50.26 34.37 7.76 51.12 54.18 43.11 0.01 4551597

N/A = Not Applicable
RDL = Reportable Detection Limit
(1) - Sample contained > 50% moisture.
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

PHYSICAL TESTING (SOIL)

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
Units 0086-01 0086-02 0086-03 0086-04 0086-05 0086-06 RDL QC Batch

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
Physical Properties
Moisture % 74 71 27 72 73 69 0.3 4526373

ELEMENTS BY ATOMIC SPECTROSCOPY (SOIL)

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
Units 0086-01 0086-02 0086-03 0086-04 0086-05 0086-06 RDL QC Batch

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
SEM Metals by ICPMS
SEM Cadmium (Cd) umole/g 0.0023 0.0016 0.0018 0.0027 0.0035 0.0026 0.0002 4542344
SEM Copper (Cu) umole/g 0.040 0.033 0.255 0.043 0.062 0.048 0.004 4542344
SEM Lead (Pb) umole/g 0.0074 0.0070 0.0840 0.0075 0.0105 0.0077 0.0002 4542344
SEM Mercury (Hg) umole/g <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 0.0003 4542344
SEM Nickel (Ni) umole/g 0.014 0.013 0.125 0.021 0.023 0.022 0.004 4542344
SEM Zinc (Zn) umole/g 0.195 0.173 0.694 0.178 0.301 0.176 0.008 4542344

RDL = Reportable Detection Limit
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

CCME BTEX/F1 BY HS IN SOIL (SOIL)

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
Units 0086-01 RDL 0086-02 RDL 0086-03 RDL 0086-04 RDL 0086-05 RDL 0086-06 RDL QC Batch

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
Calculated Parameters
F1 (C6-C10) - BTEX mg/kg <60 60 <50 50 <10 10 <50 50 <60 60 <50 50 4524143
Volatiles
Methyl-tert-butylether (MTBE) mg/kg <0.1 0.1 <0.1 0.1 <0.1 0.1 <0.1 0.1 <0.1 0.1 <0.1 0.1 4527833
Benzene mg/kg 0.04(1) 0.03 <0.03(1) 0.03 <0.005 0.005 <0.03(1) 0.03 <0.03(1) 0.03 <0.02(1) 0.02 4527833
Toluene mg/kg 0.09(1) 0.03 0.19(1) 0.03 <0.02 0.02 0.05(1) 0.03 0.07(1) 0.03 0.08(1) 0.02 4527833
Ethylbenzene mg/kg <0.03(1) 0.03 <0.03(1) 0.03 <0.01 0.01 <0.03(1) 0.03 <0.03(1) 0.03 0.02(1) 0.02 4527833
m & p-Xylene mg/kg <0.04 0.04 <0.04 0.04 <0.04 0.04 <0.04 0.04 0.04 0.04 <0.04 0.04 4527833
o-Xylene mg/kg <0.04 0.04 <0.04 0.04 <0.04 0.04 <0.04 0.04 <0.04 0.04 <0.04 0.04 4527833
Styrene mg/kg <0.03 0.03 <0.03 0.03 <0.03 0.03 <0.03 0.03 <0.03 0.03 <0.03 0.03 4527833
Xylenes (Total) mg/kg <0.04 0.04 <0.04 0.04 <0.04 0.04 <0.04 0.04 0.04 0.04 <0.04 0.04 4527833
(C6-C10) mg/kg <60(1) 60 <50(1) 50 <10 10 <50(1) 50 <60(1) 60 <50(1) 50 4527833
Surrogate Recovery (%)
4-BROMOFLUOROBENZENE (sur.) % 84 83 84 84 83 85 4527833
D10-ETHYLBENZENE (sur.) % 82 83 86 82 83 84 4527833
D4-1,2-DICHLOROETHANE (sur.) % 101 105 96 99 97 96 4527833
D8-TOLUENE (sur.) % 94 92 96 95 94 94 4527833

RDL = Reportable Detection Limit
(1) - RDL raised due to high sample moisture content.
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

CSR/CCME METALS IN SOIL (SOIL)

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
Units 0086-01 0086-02 0086-03 0086-04 0086-05 0086-06 RDL QC Batch

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
Physical Properties
Soluble (2:1) pH pH Units 7.64 7.39 7.83 7.33 7.33 7.62 0.01 4529385
Total Metals by ICPMS
Total Aluminum (Al) mg/kg 6520 8800 9590 11300 10400 10400 100 4528403
Total Antimony (Sb) mg/kg 0.3 0.4 0.4 0.5 0.5 0.5 0.1 4528403
Total Arsenic (As) mg/kg 9.4 10.9 4.0 12.2 12.9 11.2 0.2 4528403
Total Barium (Ba) mg/kg 26.2 30.9 33.0 47.5 42.2 51.2 0.1 4528403
Total Beryllium (Be) mg/kg 0.2 0.1 0.1 0.3 0.2 0.3 0.1 4528403
Total Bismuth (Bi) mg/kg 0.1 0.2 <0.1 0.2 0.2 0.2 0.1 4528403
Total Cadmium (Cd) mg/kg 2.76 2.62 0.34 3.70 3.72 3.25 0.05 4528403
Total Calcium (Ca) mg/kg 60500 13100 5920 6590 6930 9140 100 4528403
Total Chromium (Cr) mg/kg 19 21 15 27 26 27 1 4528403
Total Cobalt (Co) mg/kg 3.3 4.3 4.8 5.1 4.7 5.1 0.3 4528403
Total Copper (Cu) mg/kg 65.3 105 43.5 72.9 79.1 73.6 0.5 4528403
Total Iron (Fe) mg/kg 13600 16700 13800 17500 16500 16300 100 4528403
Total Lead (Pb) mg/kg 22.5 25.5 24.7 20.1 23.2 21.5 0.1 4528403
Total Magnesium (Mg) mg/kg 6990 7320 4700 7780 7580 6970 100 4528403
Total Manganese (Mn) mg/kg 108 140 152 154 137 142 0.2 4528403
Total Mercury (Hg) mg/kg 0.51 0.23 0.08 0.26 0.25 0.29 0.05 4528403
Total Molybdenum (Mo) mg/kg 12.3 10.8 1.4 9.9 13.1 8.9 0.1 4528403
Total Nickel (Ni) mg/kg 15.2 16.1 12.2 21.5 19.9 21.2 0.8 4528403
Total Phosphorus (P) mg/kg 625 701 423 730 714 671 10 4528403
Total Potassium (K) mg/kg 1800 1790 824 2050 2010 1930 100 4528403
Total Selenium (Se) mg/kg 1.2 1.6 <0.5 1.8 2.4 1.8 0.5 4528403
Total Silver (Ag) mg/kg 0.18 0.26 0.09 0.29 0.26 0.26 0.05 4528403
Total Sodium (Na) mg/kg 24100 22400 3130 20600 20900 18100 100 4528403
Total Strontium (Sr) mg/kg 216 83.2 44.4 63.8 64.8 74.2 0.1 4528403
Total Thallium (Tl) mg/kg 0.28 0.32 0.20 0.36 0.39 0.30 0.05 4528403
Total Tin (Sn) mg/kg 3.0 2.4 1.6 1.7 1.9 1.5 0.1 4528403
Total Titanium (Ti) mg/kg 263 533 885 525 436 394 1 4528403
Total Vanadium (V) mg/kg 34 40 35 45 44 42 2 4528403
Total Zinc (Zn) mg/kg 171 168 63 132 163 124 1 4528403
Total Zirconium (Zr) mg/kg 1.4 3.7 2.1 2.2 2.0 1.7 0.5 4528403

RDL = Reportable Detection Limit

Page 10 of 26



GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

CSR DISSOLVED METALS IN WATER (SEA WATER)

Maxxam ID Z18207 Z18208 Z18209 Z18210 Z18211 Z18212 Z18213
Units 0086-01 0086-02 0086-03 0086-04 0086-05 0086-06 SW RDL QC Batch

POREWATER POREWATER POREWATER POREWATER POREWATER POREWATER CONTROL
Misc. Inorganics
Dissolved Hardness (CaCO3) mg/L 5670 5540 5130 5520 5560 5330 5690 0.5 4523678
Dissolved Metals by ICPMS
Dissolved Aluminum (Al) mg/L 0.06 0.61 0.04 0.85 0.04 0.05 0.03 0.03 4529525
Dissolved Antimony (Sb) mg/L <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.005 4529525
Dissolved Arsenic (As) mg/L 0.010 0.007 0.013 0.033 0.015 0.061 0.002 0.001 4529525
Dissolved Barium (Ba) mg/L 0.03 0.03 0.02 0.06 0.03 0.05 0.01 0.01 4529525
Dissolved Beryllium (Be) mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 4529525
Dissolved Bismuth (Bi) mg/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 4529525
Dissolved Boron (B) mg/L 4.9 5.0 5.2 5.1 4.9 5.2 4.9 0.5 4529525
Dissolved Cadmium (Cd) mg/L 0.0002 <0.0001 0.0001 0.0002 0.0002 <0.0001 0.0002 0.0001 4529525
Dissolved Chromium (Cr) mg/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 4529525
Dissolved Cobalt (Co) mg/L <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.005 4529525
Dissolved Copper (Cu) mg/L <0.002 <0.002 <0.002 <0.002 0.148 <0.002 <0.002 0.002 4529525
Dissolved Iron (Fe) mg/L 0.10 0.14 0.08 0.11 0.10 0.06 <0.05 0.05 4529525
Dissolved Lead (Pb) mg/L <0.002 <0.002 <0.002 <0.002 0.005 <0.002 <0.002 0.002 4529525
Dissolved Lithium (Li) mg/L 0.16 0.15 0.15 0.16 0.15 0.16 0.17 0.05 4529525
Dissolved Manganese (Mn) mg/L 0.02 0.01 0.09 <0.01 <0.01 <0.01 <0.01 0.01 4529525
Dissolved Mercury (Hg) mg/L <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0002 4529525
Dissolved Molybdenum (Mo) mg/L 0.04 0.02 0.06 <0.01 0.01 <0.01 <0.01 0.01 4529525
Dissolved Nickel (Ni) mg/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 4529525
Dissolved Selenium (Se) mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 0.001 4529525
Dissolved Silicon (Si) mg/L 14 15 6 19 13 18 2 1 4529525
Dissolved Silver (Ag) mg/L <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0002 4529525
Dissolved Strontium (Sr) mg/L 6.79 6.57 6.19 6.63 6.38 6.44 6.56 0.01 4529525
Dissolved Thallium (Tl) mg/L <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.0005 4529525
Dissolved Tin (Sn) mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.05 4529525
Dissolved Titanium (Ti) mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.05 4529525
Dissolved Uranium (U) mg/L 0.003 0.003 0.007 0.003 0.004 0.004 0.003 0.001 4529525
Dissolved Vanadium (V) mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.05 4529525
Dissolved Zinc (Zn) mg/L <0.05 <0.05 <0.05 <0.05 0.09 <0.05 <0.05 0.05 4529525
Dissolved Zirconium (Zr) mg/L <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.005 4529525
Dissolved Calcium (Ca) mg/L 388 388 366 392 386 370 384 0.5 4523679
Dissolved Magnesium (Mg) mg/L 1140 1110 1030 1100 1120 1070 1150 0.5 4523679
Dissolved Potassium (K) mg/L 358 351 347 351 361 351 355 0.5 4523679
Dissolved Sodium (Na) mg/L 9350 9310 8610 9140 9260 8990 9430 0.5 4523679
Dissolved Sulphur (S) mg/L 964 953 853 946 898 891 985 30 4523679

RDL = Reportable Detection Limit
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

DO NOT USE, DH4 110207 (SOIL)

Maxxam ID Z18215 Z18216 Z18217 Z18218 Z18219 Z18220
Units 0086-01 RDL 0086-02 RDL 0086-03 RDL 0086-04 RDL 0086-05 RDL 0086-06 RDL QC Batch

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
Polycyclic Aromatics
Naphthalene mg/kg 0.25(1) 0.005 0.31(1) 0.005 0.14(1) 0.005 0.48(1) 0.005 0.65(2) 0.005 1.1(1) 0.005 4542849
2-Methylnaphthalene mg/kg 0.55(1) 0.005 0.64(1) 0.005 0.29(1) 0.005 1.1(1) 0.005 1.4(2) 0.005 2.6(1) 0.005 4542849
Acenaphthylene mg/kg <0.08(3) 0.08 <0.07(3) 0.07 <0.04(3) 0.04 <0.08(3) 0.08 <0.1(3) 0.1 <0.2(3) 0.2 4542849
Acenaphthene mg/kg 0.10(1) 0.005 0.10(1) 0.005 0.027(1) 0.005 0.18(1) 0.005 0.29(2) 0.005 0.34(1) 0.005 4542849
Fluorene mg/kg 0.17(1) 0.005 0.16(1) 0.005 0.050(1) 0.005 0.26(1) 0.005 0.43(2) 0.005 0.56(1) 0.005 4542849
Phenanthrene mg/kg 0.86(1) 0.005 0.72(1) 0.005 0.31(1) 0.005 1.2(1) 0.005 1.5(2) 0.005 2.4(1) 0.005 4542849
Anthracene mg/kg 0.30(1) 0.005 0.31(1) 0.005 0.068(1) 0.005 0.33(1) 0.005 0.58(2) 0.005 0.49(1) 0.005 4542849
Fluoranthene mg/kg 1.1(1) 0.005 0.94(1) 0.005 0.41(1) 0.005 1.1(1) 0.005 1.6(2) 0.005 1.6(1) 0.005 4542849
Pyrene mg/kg 1.3(1) 0.005 1.2(1) 0.005 0.40(1) 0.005 0.94(1) 0.005 2.0(2) 0.005 1.3(1) 0.005 4542849
Benzo(a)anthracene mg/kg 0.30(1) 0.005 0.35(1) 0.005 0.14(1) 0.005 0.34(1) 0.005 0.66(2) 0.005 0.54(1) 0.005 4542849
Chrysene mg/kg 0.46(1) 0.005 0.43(1) 0.005 0.19(1) 0.005 0.42(1) 0.005 0.74(2) 0.005 0.66(1) 0.005 4542849
Benzo(b&j)fluoranthene mg/kg 0.36(1) 0.005 0.38(1) 0.005 0.16(1) 0.005 0.30(1) 0.005 0.58(2) 0.005 0.39(1) 0.005 4542849
Benzo(k)fluoranthene mg/kg 0.24(1) 0.005 0.27(1) 0.005 0.11(1) 0.005 0.20(1) 0.005 0.42(2) 0.005 0.28(1) 0.005 4542849
Benzo(a)pyrene mg/kg 0.21(1) 0.005 0.23(1) 0.005 0.15(1) 0.005 0.21(1) 0.005 0.39(2) 0.005 0.32(1) 0.005 4542849
Indeno(1,2,3-cd)pyrene mg/kg 0.11(1) 0.01 0.12(1) 0.01 0.10(1) 0.01 0.10(1) 0.01 0.18(1) 0.01 0.13(1) 0.01 4542849
Dibenz(a,h)anthracene mg/kg 0.04(1) 0.01 0.04(1) 0.01 0.03(1) 0.01 0.05(1) 0.01 0.07(1) 0.01 0.07(1) 0.01 4542849
Benzo(g,h,i)perylene mg/kg 0.15(1) 0.01 0.17(1) 0.01 0.15(1) 0.01 0.17(1) 0.01 0.26(2) 0.01 0.26(1) 0.01 4542849
Low Molecular Weight PAH`s mg/kg 2.2 0.08 2.2 0.07 0.88 0.04 3.6 0.08 4.8 0.1 7.5 0.2 4524144
High Molecular Weight PAH`s mg/kg 4.2 0.01 4.1 0.01 1.8 0.01 3.9 0.01 6.9 0.01 5.5 0.01 4524144
Total PAH mg/kg 6.4 0.08 6.4 0.07 2.7 0.04 7.4 0.08 12 0.1 13 0.2 4524144
Surrogate Recovery (%)
D10-ANTHRACENE (sur.) % 100 100 100 95 95 100 4542849
D12-BENZO(A)PYRENE (sur.) % 90 100 90 90 85 95 4542849
D8-ACENAPHTHYLENE (sur.) % 60 60 90 60 55 60 4542849
D8-NAPHTHALENE (sur.) % 95 95 90 90 95 95 4542849
TERPHENYL-D14 (sur.) % 95 100 100 95 90 100 4542849

RDL = Reportable Detection Limit
(1) - RDL raised due to sample dilution.
(2) - RDL raised due to sample dilution. Matrix spike recovery outside control limit - High target compounds - No impact, spike Invalid.
(3) - RDL raised due to sample matrix interference.
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

General Comments

Sample     Z18215-01:  ** SEM/AVS = 0.02 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 

Sample     Z18216-01:  ** SEM/AVS = 0.02 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 

Sample     Z18217-01:  ** SEM/AVS = 0.57 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 

Sample     Z18218-01:  ** SEM/AVS = 0.04 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 

Sample     Z18219-01:  ** SEM/AVS = 0.04 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 

Sample     Z18220-01:  ** SEM/AVS = 0.02 [SEM IS THE SUM OF  CD CU HG NI PB AND ZN] ** 

CSR DISSOLVED METALS IN WATER (SEA WATER) Comments

Sample     Z18207-02 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference.

Sample     Z18208-02 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference.

Sample     Z18209-02 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference.

Sample     Z18210-02 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference.

Sample     Z18211-02 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference.

Sample     Z18212-02 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference.

Sample     Z18213-02 Elements by CRC ICPMS (dissolved): RDL raised due to sample matrix interference.

Page 13 of 26



GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

QUALITY ASSURANCE REPORT

Matrix Spike Spiked Blank Method Blank RPD QC Standard
QC Batch Parameter Date % Recovery QC Limits % Recovery QC Limits Value Units Value (%) QC Limits % Recovery QC Limits
4523747 Total Suspended Solids 2010/12/22 100 80 - 120 <1 mg/L
4526373 Moisture 2010/12/23 <0.3 % 0 20
4527562 O-TERPHENYL (sur.) 2010/12/24 85 50 - 130 99 50 - 130 97 %
4527562 F2 (C10-C16 Hydrocarbons) 2010/12/24 102 50 - 130 99 80 - 120 <10 mg/kg 0.6(1) 40
4527562 F3 (C16-C34 Hydrocarbons) 2010/12/24 113 50 - 130 107 80 - 120 <10 mg/kg 4.2(1) 40
4527562 F4 (C34-C50 Hydrocarbons) 2010/12/24 111 50 - 130 107 80 - 120 <10 mg/kg 19.6(1) 40
4527562 Reached Baseline at C50 2010/12/24 NC 50
4527833 4-BROMOFLUOROBENZENE (sur.) 2010/12/23 86 70 - 130 86 70 - 130 83 % 88 70 - 130
4527833 D10-ETHYLBENZENE (sur.) 2010/12/23 88 50 - 130 74 50 - 130 82 % 73 50 - 130
4527833 D4-1,2-DICHLOROETHANE (sur.) 2010/12/23 98 70 - 130 97 70 - 130 94 % 94 70 - 130
4527833 D8-TOLUENE (sur.) 2010/12/23 94 70 - 130 94 70 - 130 96 % 98 70 - 130
4527833 Benzene 2010/12/24 103 60 - 140 99 60 - 140 <0.005 mg/kg 18.9 40
4527833 Toluene 2010/12/24 89 60 - 140 85 60 - 140 <0.02 mg/kg NC 40
4527833 Ethylbenzene 2010/12/24 101 60 - 140 96 60 - 140 <0.01 mg/kg NC 40
4527833 m & p-Xylene 2010/12/24 98 60 - 140 93 60 - 140 <0.04 mg/kg NC 40
4527833 o-Xylene 2010/12/24 94 60 - 140 90 60 - 140 <0.04 mg/kg NC 40
4527833 (C6-C10) 2010/12/23 <10 mg/kg 108 60 - 140
4527833 Methyl-tert-butylether (MTBE) 2010/12/24 <0.1 mg/kg NC 40
4527833 Styrene 2010/12/24 <0.03 mg/kg NC 40
4527833 Xylenes (Total) 2010/12/24 <0.04 mg/kg NC 40
4528403 Total Arsenic (As) 2010/12/23 99 75 - 125 95 75 - 125 <0.2 mg/kg 12.2 30 100 70 - 130
4528403 Total Beryllium (Be) 2010/12/23 104 75 - 125 101 75 - 125 <0.1 mg/kg NC 30
4528403 Total Cadmium (Cd) 2010/12/23 103 75 - 125 95 75 - 125 <0.05 mg/kg NC 30 104 70 - 130
4528403 Total Chromium (Cr) 2010/12/23 100 75 - 125 93 75 - 125 <1 mg/kg 4.0 30 102 70 - 130
4528403 Total Cobalt (Co) 2010/12/23 95 75 - 125 92 75 - 125 <0.3 mg/kg 4.3 30 96 70 - 130
4528403 Total Copper (Cu) 2010/12/23 99 75 - 125 95 75 - 125 <0.5 mg/kg 4.6 30 95 70 - 130
4528403 Total Lead (Pb) 2010/12/23 104 75 - 125 99 75 - 125 <0.1 mg/kg 1.2 35 106 70 - 130
4528403 Total Mercury (Hg) 2010/12/23 102 75 - 125 100 75 - 125 <0.05 mg/kg NC 35
4528403 Total Nickel (Ni) 2010/12/23 97 75 - 125 93 75 - 125 <0.8 mg/kg 3.0 30 97 70 - 130
4528403 Total Selenium (Se) 2010/12/23 97 75 - 125 96 75 - 125 <0.5 mg/kg NC 30
4528403 Total Vanadium (V) 2010/12/23 NC 75 - 125 94 75 - 125 <2 mg/kg 3.4 30 104 70 - 130
4528403 Total Zinc (Zn) 2010/12/23 NC 75 - 125 94 75 - 125 <1 mg/kg 6.3 30 92 70 - 130
4528403 Total Aluminum (Al) 2010/12/23 <100 mg/kg 4.8 35 105 70 - 130
4528403 Total Antimony (Sb) 2010/12/23 <0.1 mg/kg NC 30 101 70 - 130
4528403 Total Barium (Ba) 2010/12/23 <0.1 mg/kg 5.4 35 105 70 - 130
4528403 Total Calcium (Ca) 2010/12/23 <100 mg/kg 4.1 30 101 70 - 130
4528403 Total Iron (Fe) 2010/12/23 <100 mg/kg 3.3 30 99 70 - 130
4528403 Total Magnesium (Mg) 2010/12/23 <100 mg/kg 2.3 30 101 70 - 130
4528403 Total Manganese (Mn) 2010/12/23 <0.2 mg/kg 3.3 30 101 70 - 130
4528403 Total Molybdenum (Mo) 2010/12/23 <0.1 mg/kg 8.6 35 95 70 - 130
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

QUALITY ASSURANCE REPORT

Matrix Spike Spiked Blank Method Blank RPD QC Standard
QC Batch Parameter Date % Recovery QC Limits % Recovery QC Limits Value Units Value (%) QC Limits % Recovery QC Limits
4528403 Total Phosphorus (P) 2010/12/23 <10 mg/kg 7.9 30 103 70 - 130
4528403 Total Strontium (Sr) 2010/12/23 <0.1 mg/kg 1.8 35 96 70 - 130
4528403 Total Thallium (Tl) 2010/12/23 <0.05 mg/kg NC 30 94 70 - 130
4528403 Total Titanium (Ti) 2010/12/23 <1 mg/kg 17.6 35 108 70 - 130
4528403 Total Bismuth (Bi) 2010/12/23 <0.1 mg/kg NC 30
4528403 Total Potassium (K) 2010/12/23 <100 mg/kg 2.8 35
4528403 Total Silver (Ag) 2010/12/23 <0.05 mg/kg NC 35
4528403 Total Sodium (Na) 2010/12/23 <100 mg/kg NC 35
4528403 Total Tin (Sn) 2010/12/23 <0.1 mg/kg NC 35
4528403 Total Zirconium (Zr) 2010/12/23 <0.5 mg/kg NC 30
4529385 Soluble (2:1) pH 2010/12/23 102 96 - 104 0.3 20
4529525 Dissolved Arsenic (As) 2010/12/31 99 80 - 120 98 80 - 120 <0.0001 mg/L 3.9 20
4529525 Dissolved Beryllium (Be) 2010/12/31 93 80 - 120 103 80 - 120 <0.0001 mg/L NC 20
4529525 Dissolved Cadmium (Cd) 2010/12/31 95 80 - 120 99 80 - 120 <0.00001 mg/L 15.3 20
4529525 Dissolved Chromium (Cr) 2010/12/31 106 80 - 120 102 80 - 120 <0.001 mg/L NC 20
4529525 Dissolved Cobalt (Co) 2010/12/31 103 80 - 120 103 80 - 120 <0.0005 mg/L 1.1 20
4529525 Dissolved Copper (Cu) 2010/12/31 100 80 - 120 103 80 - 120 <0.0002 mg/L NC 20
4529525 Dissolved Lead (Pb) 2010/12/31 91 80 - 120 105 80 - 120 <0.0002 mg/L NC 20
4529525 Dissolved Lithium (Li) 2010/12/31 97 80 - 120 105 80 - 120 <0.005 mg/L NC 20
4529525 Dissolved Nickel (Ni) 2010/12/31 NC 80 - 120 102 80 - 120 <0.001 mg/L 1.0 20
4529525 Dissolved Selenium (Se) 2010/12/31 98 80 - 120 104 80 - 120 <0.0001 mg/L 0.05 20
4529525 Dissolved Uranium (U) 2010/12/31 100 80 - 120 107 80 - 120 <0.0001 mg/L NC 20
4529525 Dissolved Vanadium (V) 2010/12/31 108 80 - 120 101 80 - 120 <0.005 mg/L NC 20
4529525 Dissolved Zinc (Zn) 2010/12/31 94 80 - 120 99 80 - 120 <0.005 mg/L NC 20
4529525 Dissolved Aluminum (Al) 2010/12/31 <0.003 mg/L NC 20
4529525 Dissolved Antimony (Sb) 2010/12/31 <0.0005 mg/L NC 20
4529525 Dissolved Barium (Ba) 2010/12/31 <0.001 mg/L 0.6 20
4529525 Dissolved Bismuth (Bi) 2010/12/31 <0.001 mg/L NC 20
4529525 Dissolved Boron (B) 2010/12/31 <0.05 mg/L 2.4 20
4529525 Dissolved Iron (Fe) 2010/12/31 <0.005 mg/L NC 20
4529525 Dissolved Manganese (Mn) 2010/12/31 <0.001 mg/L 1.1 20
4529525 Dissolved Mercury (Hg) 2010/12/31 <0.00002 mg/L NC 20
4529525 Dissolved Molybdenum (Mo) 2010/12/31 <0.001 mg/L NC 20
4529525 Dissolved Silicon (Si) 2010/12/31 <0.1 mg/L 2.7 20
4529525 Dissolved Silver (Ag) 2010/12/31 <0.00002 mg/L NC 20
4529525 Dissolved Strontium (Sr) 2010/12/31 <0.001 mg/L 2.4 20
4529525 Dissolved Thallium (Tl) 2010/12/31 <0.00005 mg/L NC 20
4529525 Dissolved Tin (Sn) 2010/12/31 <0.005 mg/L NC 20
4529525 Dissolved Titanium (Ti) 2010/12/31 <0.005 mg/L NC 20
4529525 Dissolved Zirconium (Zr) 2010/12/31 <0.0005 mg/L NC 20
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

QUALITY ASSURANCE REPORT

Matrix Spike Spiked Blank Method Blank RPD QC Standard
QC Batch Parameter Date % Recovery QC Limits % Recovery QC Limits Value Units Value (%) QC Limits % Recovery QC Limits
4531369 Total Ammonia (N) 2010/12/24 93 80 - 120 102 90 - 110 <0.05 mg/L NC 20
4534611 Sulphide 2010/12/29 93 80 - 120 96 80 - 120 <0.005 mg/L 2.6 20
4541759 Sulphide 2011/01/04 NC 75 - 125 105 75 - 125 <0.2 ug/g 16.0(2) 30
4542344 SEM Cadmium (Cd) 2011/01/04 <0.0002 umole/g
4542344 SEM Copper (Cu) 2011/01/04 <0.004 umole/g
4542344 SEM Lead (Pb) 2011/01/04 <0.0002 umole/g
4542344 SEM Mercury (Hg) 2011/01/04 <0.0003 umole/g
4542344 SEM Nickel (Ni) 2011/01/04 <0.004 umole/g
4542344 SEM Zinc (Zn) 2011/01/04 <0.008 umole/g
4542849 D10-ANTHRACENE (sur.) 2011/01/06 100 60 - 130 93 60 - 130 101 %
4542849 D12-BENZO(A)PYRENE (sur.) 2011/01/06 90 60 - 130 91 60 - 130 92 %
4542849 D8-ACENAPHTHYLENE (sur.) 2011/01/06 70 50 - 130 85 50 - 130 97 %
4542849 D8-NAPHTHALENE (sur.) 2011/01/06 95 50 - 130 85 50 - 130 100 %
4542849 TERPHENYL-D14 (sur.) 2011/01/06 100 60 - 130 96 60 - 130 107 %
4542849 Naphthalene 2011/01/06 NC 40 - 130 95 40 - 130 0.001, RDL=0.001 mg/kg 10.8(3) 50
4542849 2-Methylnaphthalene 2011/01/06 NC 40 - 130 86 40 - 130 <0.001 mg/kg 12.6(3) 50
4542849 Acenaphthylene 2011/01/06 74 40 - 130 91 40 - 130 <0.001 mg/kg NC (4) 50
4542849 Acenaphthene 2011/01/06 NC 40 - 130 97 40 - 130 <0.001 mg/kg 2.0(3) 50
4542849 Fluorene 2011/01/06 NC 40 - 130 94 40 - 130 <0.001 mg/kg 3.5(3) 50
4542849 Phenanthrene 2011/01/06 NC 40 - 130 95 40 - 130 <0.001 mg/kg 7.0(3) 50
4542849 Anthracene 2011/01/06 NC 40 - 130 94 40 - 130 <0.001 mg/kg 0.6(3) 50
4542849 Fluoranthene 2011/01/06 NC 40 - 130 92 40 - 130 <0.001 mg/kg 2.3(3) 50
4542849 Pyrene 2011/01/06 NC 40 - 130 99 40 - 130 <0.001 mg/kg 2.4(3) 50
4542849 Benzo(a)anthracene 2011/01/06 NC 40 - 130 85 40 - 130 <0.001 mg/kg 7.1(3) 50
4542849 Chrysene 2011/01/06 NC 40 - 130 85 40 - 130 <0.001 mg/kg 6.3(3) 50
4542849 Benzo(b&j)fluoranthene 2011/01/06 NC 40 - 130 96 40 - 130 <0.001 mg/kg 4.4(3) 50
4542849 Benzo(k)fluoranthene 2011/01/06 NC 40 - 130 89 40 - 130 <0.001 mg/kg 4.4(3) 50
4542849 Benzo(a)pyrene 2011/01/06 NC 40 - 130 91 40 - 130 <0.001 mg/kg 3.8(3) 50
4542849 Indeno(1,2,3-cd)pyrene 2011/01/06 93 40 - 130 82 40 - 130 <0.002 mg/kg 0.2(3) 50
4542849 Dibenz(a,h)anthracene 2011/01/06 89 40 - 130 77 40 - 130 <0.002 mg/kg 0.5(3) 50
4542849 Benzo(g,h,i)perylene 2011/01/06 NC 40 - 130 81 40 - 130 <0.002 mg/kg 10.7(3) 50
4658036 Dissolved Arsenic (As) 2011/03/02 104 75 - 125 98 75 - 125 <0.5 ug/L NC 25
4658036 Dissolved Barium (Ba) 2011/03/02 99 75 - 125 97 75 - 125 <1 ug/L 1.2 25
4658036 Dissolved Beryllium (Be) 2011/03/02 92 75 - 125 91 75 - 125 <1 ug/L NC 25
4658036 Dissolved Cadmium (Cd) 2011/03/02 92 75 - 125 97 75 - 125 <0.05 ug/L
4658036 Dissolved Chromium (Cr) 2011/03/02 97 75 - 125 96 75 - 125 <0.5 ug/L NC 25
4658036 Dissolved Cobalt (Co) 2011/03/02 95 75 - 125 98 75 - 125 <0.1 ug/L NC 25
4658036 Dissolved Copper (Cu) 2011/03/02 90 75 - 125 97 75 - 125 <0.5 ug/L
4658036 Dissolved Lead (Pb) 2011/03/02 93 75 - 125 98 75 - 125 <0.1 ug/L
4658036 Dissolved Lithium (Li) 2011/03/02 93 75 - 125 90 75 - 125 <20 ug/L NC 25
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GOLDER ASSOCIATES LTD
Maxxam  Job  #: B0C2492 Client Project #: 09-1436-5008/5000
Report Date: 2011/03/11

QUALITY ASSURANCE REPORT

Matrix Spike Spiked Blank Method Blank RPD QC Standard
QC Batch Parameter Date % Recovery QC Limits % Recovery QC Limits Value Units Value (%) QC Limits % Recovery QC Limits
4658036 Dissolved Manganese (Mn) 2011/03/02 94 75 - 125 97 75 - 125 <0.5 ug/L 3.2 25
4658036 Dissolved Nickel (Ni) 2011/03/02 90 75 - 125 98 75 - 125 <0.2 ug/L
4658036 Dissolved Selenium (Se) 2011/03/02 105 75 - 125 103 75 - 125 <0.5 ug/L NC 25
4658036 Dissolved Strontium (Sr) 2011/03/02 NC 75 - 125 97 75 - 125 <10 ug/L 0.9 25
4658036 Dissolved Titanium (Ti) 2011/03/02 90 75 - 125 95 75 - 125 <10 ug/L
4658036 Dissolved Uranium (U) 2011/03/02 105 75 - 125 98 75 - 125 <0.05 ug/L 1.2 25
4658036 Dissolved Vanadium (V) 2011/03/02 100 75 - 125 93 75 - 125 <10 ug/L NC 25
4658036 Dissolved Zinc (Zn) 2011/03/02 91 75 - 125 103 75 - 125 <1 ug/L
4658036 Dissolved Aluminum (Al) 2011/03/02 <10 ug/L NC 25
4658036 Dissolved Antimony (Sb) 2011/03/02 <0.5 ug/L NC 25
4658036 Dissolved Bismuth (Bi) 2011/03/02 <1 ug/L NC 25
4658036 Dissolved Boron (B) 2011/03/02 <50 ug/L 3.2 25
4658036 Dissolved Iron (Fe) 2011/03/02 <2 ug/L
4658036 Dissolved Molybdenum (Mo) 2011/03/02 <1 ug/L NC 25
4658036 Dissolved Phosphorus (P) 2011/03/02 <50 ug/L
4658036 Dissolved Silicon (Si) 2011/03/02 <100 ug/L
4658036 Dissolved Silver (Ag) 2011/03/02 <0.05 ug/L NC 25
4658036 Dissolved Thallium (Tl) 2011/03/02 <0.1 ug/L NC 25
4658036 Dissolved Tin (Sn) 2011/03/02 <1 ug/L NC 25
4661454 Sulphide 2011/02/25 72 (5) 80 - 120 103 80 - 120 0.006, RDL=0.005 mg/L NC (2) 20
4665414 Total Ammonia (N) 2011/02/28 NC 80 - 120 101 90 - 110 <0.05 mg/L 2.3 20
4668576 Total Suspended Solids 2011/03/01 106 80 - 120 98 80 - 120 <4 mg/L NC 20

N/A = Not Applicable
RDL = Reportable Detection Limit
RPD = Relative Percent Difference
Duplicate:  Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.
Matrix Spike:  A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.
QC Standard:  A blank matrix to which a known amount of the analyte has been added. Used to evaluate analyte recovery.
Spiked Blank:  A blank matrix to which a known amount of the analyte has been added. Used to evaluate analyte recovery.
Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.
Surrogate:  A pure or isotopically labeled compound whose behavior mirrors the analytes of interest. Used to evaluate extraction efficiency.
NC (Matrix Spike): The recovery in the matrix spike was not calculated. The relative difference between the concentration in the parent sample and the spiked amount was not sufficiently significant to permit a reliable recovery
calculation.
NC (RPD): The RPD was not calculated. The level of analyte detected in the parent sample and its duplicate was not sufficiently significant to permit a reliable calculation.
(1) - Sample contained > 50% moisture.
(2) - Matrix spike exceeds acceptance limits due to matrix interference.  Re-analysis yields similar results.
(3) - RDL raised due to sample dilution.
(4) - RDL raised due to sample matrix interference.
(5) - Recovery or RPD for this parameter is outside control limits. The overall quality control for this analysis meets acceptability criteria.
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GOLDER ASSOCIATES LTD
Report Date: 2011/03/11 Client Project #: 09-1436-5008/5000
Maxxam  Job  #: B0C2492
Maxxam Sample: Z18215 Client ID: 0086-01 SEDIMENT

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/03/11 Client Project #: 09-1436-5008/5000
Maxxam  Job  #: B0C2492
Maxxam Sample: Z18216 Client ID: 0086-02 SEDIMENT

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.

Page 21 of 26



GOLDER ASSOCIATES LTD
Report Date: 2011/03/11 Client Project #: 09-1436-5008/5000
Maxxam  Job  #: B0C2492
Maxxam Sample: Z18217 Client ID: 0086-03 SEDIMENT

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/03/11 Client Project #: 09-1436-5008/5000
Maxxam  Job  #: B0C2492
Maxxam Sample: Z18218 Client ID: 0086-04 SEDIMENT

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/03/11 Client Project #: 09-1436-5008/5000
Maxxam  Job  #: B0C2492
Maxxam Sample: Z18218 Lab-Dup Client ID: 0086-04 SEDIMENT

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/03/11 Client Project #: 09-1436-5008/5000
Maxxam  Job  #: B0C2492
Maxxam Sample: Z18219 Client ID: 0086-05 SEDIMENT

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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GOLDER ASSOCIATES LTD
Report Date: 2011/03/11 Client Project #: 09-1436-5008/5000
Maxxam  Job  #: B0C2492
Maxxam Sample: Z18220 Client ID: 0086-06 SEDIMENT

CCME Hydrocarbons (F2-F4 in soil) Chromatogram

Note: This information is provided for reference purposes only. Should detailed chemist interpretation
or fingerprinting be required, please contact the laboratory.
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October 2009 – Examples of Typical Sediment Conditions Observed in Grab Samples  

 
Photograph 1:  Site 31A – Dark grey/black silt, slight odour and presence of coal material noted in field log. 

 

 
Photograph 2:  Site 23A – Dark grey/black silt, slight odour, shell fragments and a presence of coal waste noted in field log. 
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Photograph 3:  Site 1A – Dark grey with fine sand and silt with a slight odour, shell fragments and a slight sheen noted in 
field log. 

 

 
Photograph 4:  Site 4A – Dark grey with fine sand and silt with a slight odour, shell fragments and woody debris noted in 
field log. 
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December 2010 – Examples of Typical Sediment Conditions Observed in 
Sediment Core Samples 

 

Photograph 5:  Core sample taken from 2010-07, near Slack Point.  Coal material noted in sample. 

 

Photograph 6:  Core sample taken from 2010-13, inner harbour and furthest site from Slack Point.  
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APPENDIX IV  
Sediment Sampling Logs 
 



APPENDIX IV
Table 1:   Sediment Characteristics for samples collected in Ladysmith Harbour 2009 and 2010

 12/21/2011 09-1436-5008/5000

Latitude (D.M) Longitude (D.M)

1A 48 59.84308 N 123 48.98396 W 20-Oct-09 Grab Dark Grey, fine sand and silt, 
slight odor (sulphur like) Shell 2.5 Slight sheen on sample

2A 48 59.87454 N 123 48.91482 W 20-Oct-09 Grab Dark Grey, Silt w/ course sand 
and gravel. Trace cobbles. No Wood, Shell 5.0 -

3A 48 59.87928 N 123 48.82637 W 19-Oct-09 Grab
Dark Grey, fine to course sand w/ 
some silt. Trace cobble and 
gravel.

Shell 6.3 Slight sheen on sample

4A 48 59.78897 N 123 48.90981 W 20-Oct-09 Grab Dark Grey, fine sand and silt, 
slight odor (sulphur like) Wood, Shell 5.5 -

5A 48 59.82791 N 123 48.87373 W 20-Oct-09 Grab Dark Grey, fine sand and silt, odor 
(sulphur like) Shell 6.0 Slight sheen on sample

6A 48 59.85561 N 123 48.77600 W 19-Oct-09 Grab Black/brown, slight odor (sulphur 
like) Wood, Shell 5.2 -

7A 48 59.87825 N 123 48.73148 W 21-Oct-09 Grab Dark grey, fine sand/silts, no 
distinct odor Wood, Shell 8.0 Slight sheen on sample

8A 48 59.74687 N 123 48.87123 W 19-Oct-09 Grab Black silt, odor (sulphur like) Wood, Shell 5.0 -

9A 48 59.77708 N 123 48.82194 W 20-Oct-09 Grab Black/brown silt, odor (sulphur 
like) Wood, Shell 5.6 -

10A 48 59.80546 N 123 48.77384 W 19-Oct-09 Grab Black/dark green silt, odor 
(sulphur like) Wood 6.5 -

11A 48 59.83151 N 123 48.70753 W 20-Oct-09 Grab Dark Grey, fine sand and silt, odor 
(sulphur like) Wood 10.0 -

12A 48 59.74913 N 123 48.77934 W 19-Oct-09 Grab Black/brown silt, odor (sulphur 
like) Wood, Shell 5.0 -

13A 48 59.78390 N 123 48.72807 W 21-Oct-09 Grab Dark Grey, fine sand and silt, odor 
(sulphur like) Wood, Shell 8.5 -

14A 48 59.77492 N 123 48.66783 W 21-Oct-09 Grab Dark Grey, fine sand and silt, odor 
(sulphur like) Wood 9.8 -

15A 48 59.79842 N 123 48.67462 W 19-Oct-09 Grab Black silt, odor (sulphur like) Wood 10.3 Slight sheen on sample

16A 48 59.82700 N 123 48.64900 W 21-Oct-09 Grab Dark Grey, fine sand and silt, 
strong odor (sulphur like) 10.8 -

17A 48 59.79600 N 123 48.58300 W 21-Oct-09 Grab Dark Grey, fine sand and silt, 
slight odor (sulphur like) Wood 11.7 -

18A 48 59.71600 N 123 48.78600 W 21-Oct-09 Grab Dark Grey, fine sand and silt, 
slight odor (sulphur like) Wood 5.0 -

19A 48 59.69000 N 123 48.73100 W 21-Oct-09 Grab Black/dark grey sand and silt, 
slight odor (sulphur like) Wood, Shell 6.3 -

20A 48 59.73511 N 123 48.72653 W 21-Oct-09 Grab Dark Grey, fine sand and silt, 
slight odor (sulphur like) Wood 6.0 -

21A 48 59.73494 N 123 48.64687 W 20-Oct-09 Grab Black silt , no distinct odor Wood, Glass 9.3 Slight sheen on sample

22A 48 59.75600 N 123 48.58300 W 20-Oct-09 Grab Dark grey/green, sand/silts, odor 
(sulphur like) Wood 11.0 -

23A 48 59.69100 N 123 48.65800 W 20-Oct-09 Grab Black/Dark grey silts, odor 
(sulphur like) Shell 2.0 Possible coal material

24A 48 59.71370 N 123 48.57133 W 20-Oct-09 Grab Black/Dark grey silts and fine sand 
(trace gravel), no distinct odor Wood 5.0 Possible coal material

25A 48 59.75100 N 123 48.51800 W 21-Oct-09 Grab Dark Grey, fine sand and silt, 
slight odor (sulphur like) Wood, Shell 40705.0 -

26A 48 59.90343 N 123 48.73658 W 19-Oct-09 Grab Dark grey, sand/silts, no distinct 
odor Shell 7.1 Slight sheen on sample

27A 48 59.88000 N 123 48.63800 W 22-Oct-09 Grab Dark grey silt and fine sand, no 
distinct odor - 12.1 -

28A 48 59.84200 N 123 48.56200 W 21-Oct-09 Grab Dark grey silt and fine sand, no 
distinct odor Wood 12.7 -

29A 48 59.80300 N 123 48.48900 W 22-Oct-09 Grab Dark grey silt and fine sand, odor 
(sulphur like) Wood 12.5 -

30A 48 59.76600 N 123 48.41300 W 19-Oct-09 Grab Black/dark grey silts, odor (sulphur 
like) Wood 11.5 -

31A 48 59.72012 N 123 48.40628 W 22-Oct-09 Grab Black/Dark grey silt and sand, 
slight odor (sulphur like) Shell 7.0 Possible coal material

32A 48 59.66127 N 123 48.35958 W 22-Oct-09 Grab Black/Dark grey silt and sand, 
trace gravel, no distinct odor Wood, Shell 10.0 Possible coal material

33A 48 59.62320 N 123 48.39210 W 20-Oct-09 Grab Black silt and fine sand, no distinct 
odor Wood 6.3 -

34A 48 59.59126 N 123 48.36072 W 22-Oct-09 Grab Dark Grey, fine sand and silt, trace 
gravel,  slight odor (sulphur like) Shell 10.0 Possible coal material

35A 48 59.55128 N 123 48.40484 W 20-Oct-09 Grab Black/Dark grey silts and fine 
sand, no distinct odor Wood 7.5 -

36R 48 59.59510 N 123 47.48037 W 21-Oct-09 Grab Dark grey trace silts and fine sand, 
no distinct odor - 6.5 -

37R 49 00.73891 N 123 49.79793 W 21-Oct-09 Grab Dark grey silt and fine sand, trace 
clay,  odor (sulphur like) Wood, Shell 7.4 -

38R 48 59.64208 N 123 47.62652 W 21-Oct-09 Grab Dark silts and fine sand, trace 
clay, slight odor (sulphur like) Shell 10.5 -

39R 49 00.58353 N 123 49.58432 W 21-Oct-09 Grab Dark grey silt and fine sand, trace 
clay,  odor (sulphur like) - 8.0 -

40R 49 00.45167 N 123 49.24846 W 21-Oct-09 Grab Grey silts and sand, no distinct 
odor Wood 9.7 -

2010-10 48° 59.761 N 123° 48.770 W 15-Dec-10 Grab Black/Dark grey silt and fine sand, 
odor (sulphur like) Wood, Shell 4.6 Slight sheen on sample

2010-11 48° 59.814 N 123° 48.840 W 15-Dec-10 Grab Black/Dark grey silt and fine sand, 
odor (sulphur like) Wood, Shell ~20cm -

17-Dec-10 Core Black/Dark grey silt and sand, no 
odor recorded Wood, Shell 3.5 -

15-Dec-10 Grab Black/Dark grey silt and fine sand, 
slight odor (sulphur like) Wood, Shell 3.7 -

16-Dec-10 Core Dark brown silt throughout core, 
odor (sulphur like) Wood 8.4 -

15-Dec-10 Grab Black/Dark grey silt and fine sand, 
odor (sulphur like) Wood, Shell 9.5 -

17-Dec-10 Core Dark brown silt throughout core, 
odor (sulphur like) Wood 7.5 -

15-Dec-10 Grab Black/Dark grey silt and fine sand, 
odor (sulphur like) Wood, Shell 7.7 -

16-Dec-10 Core

Black/Dark grey silt and sand first 
6cm of core with slight odor 
(sulphur like). Black silt/sand 
beyond 6cm.

Wood, Shell 9.5 Possible coal material (sand 
size)

15-Dec-10 Grab Black/Dark grey silt and sand, 
odor (sulphur like) Wood 9.7 -

2010-06 48° 59.725 N 123° 48.828 W 17-Dec-10 Core

Dark brown, fine sand and silt 
between 0 - 77cm, dark 
brown/black silt for 77cm- 125cm , 
odor (sulphur like)

Wood, Shell 2.9 -

2010-04 48° 59.719 N 123° 48.877 W 17-Dec-10 Core Dark reddish brown, trace sand, 
no odor recorded Wood 2.5 -

2010-03 48° 59.728 N 123° 48.840 W 17-Dec-10 Core
Dark brown silt and fine sand 
becoming dark grey fine sand and 
gravel, odor (sulphur like)

Wood, Metal 2.4 -

2010-12 48° 59.851 N 123° 48.802 W 16-Dec-10 Core Dark brown, odor (sulphur like) Wood, Shell 2.5 -

Station
Coordinates (UTM 10)

Sample Type Sediment Descriptions Observed Debris in 
Sample Water Depth (m) NotesDate

2010-07 48° 59.749 N 123° 48.555 W

2010-08 48° 59.761 N 123° 48.681W

2010-09 48° 59.805 N 123° 48.667 W

2010-13 48° 59.846 N 123° 48.962 W
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APPENDIX V
Table V-1: Summary of Ladysmith Harbour Surface Sediment Bulk Chemistry Data 

2009-2010

 12/21/2011 09-1436-5008

Sample ID 16743-09 16743-11 16739-05 16743-12 16743-10 16739-04 16746-10 16739-01 16746-02 16739-03 16746-01 16739-02 16746-12 16749-06 16739-07 16739-08 16746-11 16749-05 16749-02 16749-03 16749-01 16743-06 16743-07 16743-03 16743-04
CANTEST/Maxxam ID 910300475 910300480 910300426 910300482 910300477 910300423 910300501 910300417 910300489 910300422 910300487 910300421 910300503 910300509 910300431 910300435 910300502 910300508 910300505 910300506 910300504 910300455 910300461 910300442 910300446

Sample Location 1A 2A 3A 4A 5A 6A 7A 8A 9A 10A 11A 12A 13A 14A 15A 15A 16A 17A 18A 19A 20A 21A 21A 22A 22A
Date Sampled 10/20/2009 10/20/2009 10/19/2009 10/20/2009 10/20/2009 10/19/2009 10/21/2009 10/19/2009 10/20/2009 10/19/2009 10/20/2009 10/19/2009 10/21/2009 10/21/2009 10/19/2009 10/19/2009 10/21/2009 10/21/2009 10/21/2009 10/21/2009 10/21/2009 10/20/2009 10/20/2009 10/20/2009 10/20/2009

QAQC FDA FD FDA FD FDA FD
Parameter
General Parameters
Sand  >0.053 mm % 83.82 93.83 96.24 74.47 94.08 61.22 54.47 35.37 27.11 26.62 29.89 42.73 27.05 23 26.08 28.65 25.02 53.33 16.46 58.97 31.3 30.13 29.4 32.75 33.09
Silt <0.053 mm & >0.002 mm % 11.72 3.98 1.96 16.81 3.27 30.42 39.31 50.82 61.82 47.72 53.24 34.52 61.4 49.09 48.5 48.95 49.39 30.51 67.96 27.04 45.53 61.62 61.6 50.59 52.75
Clay <0.002 mm % 4.46 2.2 1.81 8.72 2.64 8.37 6.21 13.81 11.07 25.66 16.87 22.75 11.54 27.91 25.42 22.4 25.59 16.16 15.58 13.99 23.17 8.25 9 16.65 14.16
Moisture % 29 17.1 15.4 49.9 24.5 60.4 52.6 73.1 71.5 66.6 71.5 74 65 69.6 70.1 67.4 69.6 60.9 74.6 61.6 74.3 57.6 71.5 66.3 66.7
Total Organic Carbon % dry wt. 1.68 1.31 1.14 8.14 1.24 8.3 11.7 9.33 15.8 11.3 15.7 7.72 9.74 5.83 11.2 11 8.82 9.71 20.6 25 25.6 43.3 12.5 28.6 10.7
pH pH units 6.9 8.1 7.7 7 7 7.2 6.8 6.8 7.3 6.9 6.6 6.9 7.1 6.7 6.7 6.8 6.4 7 6.8 6.9 6.7 7.3 7.3 7 6.8
Acid Volatile Sulphide (AVS) umoles/gram 0.20 0.60 0.20 1.40 0.30 1.30 6.30 12.60 17.50 1.40 4.50 0.80 6.70 5.80 3.30 3.30 4.50 12.70 4.80 3.60 8.30 29.30 29.30 3.90 3.90
Simultaneously Extractable Metals (SEM) umoles/gram 0.11 0.07 0.07 0.10 0.10 2.17 0.15 0.39 0.81 0.31 0.31 0.25 0.32 0.26 0.24 0.24 0.22 0.16 0.35 0.17 0.38 0.46 0.46 0.30 0.30
SEM:AVS e umoles/gram 0.56 0.11 0.37 0.07 0.34 1.67 0.02 0.03 0.05 0.22 0.07 0.32 0.05 0.04 0.07 0.07 0.05 0.01 0.07 0.05 0.05 0.02 0.02 0.08 0.08
AVS-SEM e umoles/gram 0.09 0.53 0.13 1.30 0.20 -0.87 6.15 12.21 16.69 1.09 4.19 0.55 6.38 5.54 1.60 3.06 4.28 12.54 4.45 3.43 7.92 2.96 28.84 3.65 3.60
Metals
Aluminum ug/g 6140 6500 6060 5790 4020 6500 6640 6840 6750 8200 7870 4350 7550 7700 8300 8250 8780 7500 7210 4400 6630 7920 7810 8350 8710
Antimony ug/g < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 0.6 0.6 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 0.7 < 0.1 < 0.1 < 0.1
Arsenic ug/g 7.24 41.6 50 3.3 3.2 2.3 8.4 2.9 9 11.5 12.9 10.6 15.9 10.9 9.1 13.5 13.8 9.4 9.2 12.9 12.2 13.5 7.9 13.6 14.3 13.7 12 12.2
Barium ug/g 25 16 13 18 17 18 28 16 33 24 24 12 27 30 25 24 34 33 22 20 21 28 31 37 37
Beryllium ug/g < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
Boron ug/g 15 8 9 63 19 94 80 141 99 115 101 188 109 76 98 92 63 62 97 109 128 90 86 72 68
Cadmium ug/g 0.7 4.2 5 0.6 0.4 < 0.2 < 0.2 1.5 0.4 1.9 2.1 2.7 3.4 3.9 3.2 2 3.4 3.7 3.3 3.1 3.7 2.8 3.4 1.1 3 3.7 3.4 4.2 3.4
Calcium ug/g 3010 4970 5710 9230 3430 6580 14400 7950 56700 5580 8220 7310 17800 4950 5370 5500 4660 6060 6820 4940 6420 11200 14500 6310 6100
Chromium ug/g 52.3 160 190 12 12 12 15 9 18 31 22 21 25 23 14 23 25 24 24 26 22 24 15 24 24 24 25 26
Cobalt ug/g 4 4 4 3 3 4 5 4 4 5 4 3 4 5 4 4 5 5 4 3 4 5 5 5 5
Copper ug/g 18.7 108 130 34 19 42 61 24 51 300 84 132 80 64 53 71 73 67 70 71 61 85 57 80 77 81 76 77
Iron ug/g 10200 10200 9550 12800 7160 13000 21200 15100 13500 16700 14600 10700 15300 15900 14600 14700 15200 16300 16200 9950 16300 17800 17500 14300 14200
Lead ug/g 30.2 112 130 52.3 3.3 3.5 39.4 6 15.6 20.9 37.6 29.8 24 17.4 18.8 18.9 19.3 18.2 17.2 17.5 12.8 32.4 25.2 20.8 21.6 21.6 17.8 18.1
Magnesium ug/g 3740 4100 3820 5420 2990 5970 5800 7410 6740 7570 6670 6930 7020 6920 7060 6880 6600 6150 7900 5760 7420 6680 6530 6340 6210
Manganese ug/g 120 140 125 121 90 117 181 114 110 135 129 74 125 136 133 134 137 139 124 72  136 134 132 131
Mercury ug/g 0.13 0.7 0.84 0.75 0.1 0.06 0.03 0.28 0.07 0.17 0.38 0.28 0.21 0.24 0.24 0.18 0.23 0.25 0.25 0.24 0.24 0.21 0.24 0.23 0.23 0.26 0.33 0.26 0.27
Molybdenum ug/g 1.5 0.8 0.3 5.7 1.8 11.8 16.9 18.2 14.7 15.1 13.3 18.2 13.5 10.8 15.4 14.7 9.5 7.8 15.7 11.6 15.1 13.8 12.9 9.7 9.7
Nickel ug/g 10 11 10 12 7 14 25 17 17 20 19 12 18 20 20 20 21 18 19 14 19 21 21 21 21
Phosphorus ug/g 370 550 419 562 313 698 591 724 753 792 710 604 740 736 669 662 729 679 766 488 746 806 792 673 688
Potassium ug/g 679 556 492 1170 551 1290 1330 1720 1690 1900 1730 1560 1790 1780 1760 1750 1730 1460 1980 1290 1790 1740 1700 1640 1600
Selenium ug/g 0.3 0.3 0.3 1 0.4 1.4 1.3 1.8 1.8 2.1 1.7 1.3 1.8 1.8 1.9 1.6 1.7 1.4 1.6 1.1 1.8 2 1.9 1.8 1.8
Silver ug/g < 0.1 < 0.1 < 0.1 0.5 < 0.1 0.2 0.2 0.5 0.3 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.2 0.3 0.2 0.3 0.3 0.3 0.3 0.3
Sodium ug/g 4200 2460 2180 14700 5110 15900 14400 23400 22600 24100 20800 25200 23000 20300 21100 21700 18900 15100 28100 17300 25000 19000 19400 17000 16500
Strontium ug/g 24 24 25 69 25 68 89 92 218 69 72 87 104 60 63 63 59 57 90 87 84 92 107 66 69
Thallium ug/g 0.1 0.3 < 0.1 0.2 0.2 0.2 0.3 0.3 0.3 0.4 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.4 < 0.1 0.3 0.3 0.3 0.3 0.3
Tin ug/g < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5
Titanium ug/g 499 472 540 418 403 390 358 357 297 376 383 230 332 379 359 350 361 398 333 203 330 328 324 361 343
Vanadium ug/g 23 22 24 26 17 33 33 37 34 40 38 34 38 37 38 38 36 32 35 29 36 39 38 35 35
Zinc ug/g 124 271 330 56 28 26 106 32 117 131 193 183 177 120 145 169 145 130 129 123 90 199 83 159 167 170 162 140
Zirconium ug/g 2 1 1 3 2 4 4 4 4 5 5 3 5 5 5 5 5 4 4 4 4 5 5 5 5
Hydrocarbons
F1-BTEX
F2-Napth (C10-C16) ug/g < 70 < 70 < 70 < 70 < 70 < 70 < 70 < 70 110 83 < 70 < 70 < 70 < 70 84 82 < 70 < 70 < 70 < 70 < 70 150 170 100 180
F2 (C10-C16) uncorrected ug/g < 70 < 70 < 70 < 70 < 70 < 70 < 70 < 70 110 83 < 70 < 70 < 70 < 70 84 82 < 70 < 70 < 70 < 70 < 70 150 170 100 180
F3-PAH (C16-C34) ug/g 250 < 100 < 100 450 180 240 370 960 690 800 < 100 790 440 400 780 700 400 270 240 270 490 870 1100 630 1100
F3 (C16-C34) uncorrected ug/g 250 < 100 < 100 450 180 240 370 960 690 800 < 100 790 440 400 780 700 400 270 240 270 490 870 1100 630 1100
F4 (C34-C50) ug/g < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500
Polycyclic Aromatic Hydrocarbons
Acenaphthene ug/g 0.00671 0.0889 0.11 0.31 < 0.005 0.008 0.025 0.27 0.049 0.089 0.053 0.033 0.097 0.042 0.19 0.037 0.046 0.087 0.11 0.028 0.042 0.029 0.27 0.084 0.2 0.17 0.18 0.11
Acenaphthylene ug/g 0.00587 0.128 0.15 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 0.028 < 0.005 0.04 < 0.005 < 0.005 < 0.005 0.082 < 0.005 < 0.005 0.042 0.047 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 0.077 0.05
Anthracene ug/g 0.0469 0.245 0.29 0.62 < 0.01 0.02 0.08 0.2 0.12 0.18 0.16 0.1 0.24 0.13 0.53 0.1 0.09 0.12 0.17 0.05 0.06 0.06 0.4 0.13 0.33 0.23 0.24 0.15
Benzo(a)anthracene ug/g 0.0748 0.693 0.83 0.67 0.03 0.04 0.15 0.42 0.11 0.18 0.18 0.1 0.26 0.16 0.87 0.1 0.08 0.1 0.11 0.06 0.06 0.03 0.38 0.07 0.34 0.27 0.2 0.17
Benzo(a)pyrene ug/g 0.0888 0.763 0.92 0.45 < 0.01 0.02 0.09 0.14 0.08 0.18 0.13 0.05 0.16 0.08 0.3 0.06 0.04 0.08 0.08 0.03 0.03 0.02 0.19 0.06 0.22 0.13 0.1 0.14
Benzo(b)fluoranthene ug/g 0.47 0.02 0.04 0.15 0.3 0.16 0.22 0.28 0.12 0.35 0.16 0.64 0.17 0.08 0.15 0.12 0.06 0.09 0.05 0.36 0.1 0.28 0.22 0.22 0.28
Benzo(g,h,i)perylene ug/g 0.13 < 0.01 < 0.01 0.03 0.03 0.03 0.09 0.08 0.01 0.08 0.02 0.14 0.03 0.03 0.05 0.05 0.02 0.03 < 0.01 0.1 0.03 0.08 0.04 0.06 0.07
Benzo(k)fluoranthene ug/g 0.17 < 0.01 0.01 0.06 0.1 0.05 0.09 0.1 0.04 0.11 0.06 0.19 0.06 0.03 0.06 0.06 0.02 0.03 0.01 0.08 0.03 0.1 0.07 0.09 0.09
Chrysene ug/g 0.108 0.846 1 0.74 0.03 0.07 0.26 0.49 0.2 0.36 0.26 0.17 0.42 0.29 0.4 0.21 0.12 0.12 0.12 0.08 0.09 0.05 0.64 0.19 0.36 0.34 0.26 0.28
Dibenz(a,h)anthracene ug/g 0.00622 0.135 0.16 0.046 < 0.005 < 0.005 0.007 0.009 0.008 0.045 0.024 < 0.005 0.019 0.005 0.034 0.007 0.008 0.01 0.011 < 0.005 0.006 < 0.005 < 0.005 0.006 0.017 0.011 0.017 0.016
Fluoranthene ug/g 0.113 1.494 1.8 1 0.06 0.15 0.38 2 0.41 0.67 0.5 0.33 0.85 0.85 2.1 0.64 0.25 0.42 0.4 0.16 0.22 0.22 2.6 0.38 0.68 0.82 0.7 0.49
Fluorene ug/g 0.0212 0.144 0.17 0.46 < 0.01 0.02 0.04 0.21 0.08 0.13 0.1 0.05 0.15 0.08 0.28 0.06 0.07 0.14 0.16 0.05 0.07 0.04 0.46 0.12 0.24 0.22 0.29 0.18
Indeno(1,2,3-cd)pyrene ug/g 0.12 < 0.01 < 0.01 0.02 0.03 0.04 0.13 0.09 0.01 0.09 0.02 0.13 0.03 0.03 0.05 0.04 0.02 0.02 < 0.01 0.06 0.02 0.07 0.04 0.07 0.08
Methylnaphthalene (2-) ug/g 0.0202 0.201 0.64 0.03 0.07 0.17 0.18 0.27 0.49 0.34 0.1 0.49 0.23 0.61 0.2 0.29 0.58 0.67 0.23 0.3 0.2 2.6 0.22 0.52 0.54 1.3 0.64
Naphthalene ug/g 0.0346 0.391 0.47 0.67 0.02 0.02 0.1 0.15 0.13 0.27 0.17 0.07 0.22 0.13 0.39 0.12 0.16 0.33 0.39 0.13 0.15 0.13 1.2 0.15 0.8 0.58 0.69 0.35
Phenanthrene ug/g 0.0867 0.544 0.65 2 0.03 0.1 0.22 0.6 0.32 0.62 0.42 0.23 0.65 0.56 0.91 0.3 0.3 0.54 0.64 0.2 0.3 0.19 4.5 0.41 0.99 0.77 1.2 0.73
Pyrene ug/g 0.153 1.398 1.7 1.3 0.04 0.1 0.34 1.2 0.44 0.71 0.69 0.45 0.89 0.62 1.8 0.63 0.21 0.36 0.39 0.13 0.18 0.19 1.6 0.39 0.85 0.88 0.61 0.42
Total HMW-PAH's ug/g 5.09 0.17 0.42 1.48 4.71 1.53 2.67 2.33 1.29 3.22 2.27 6.6 1.94 0.88 1.41 1.38 0.58 0.76 0.58 6 1.28 2.99 2.82 2.33 2.03
Total LMW-PAH's ug/g 4.7 0.08 0.23 0.64 1.63 0.98 1.78 1.27 0.59 1.85 1.17 2.99 0.81 0.96 1.84 2.19 0.69 0.93 0.65 9.43 1.12 3.08 2.51 3.98 2.21
Total PAH's ug/g 20 2.5 9.79 0.25 0.66 2.12 6.34 2.52 4.45 3.6 1.88 5.08 3.44 9.59 2.76 1.83 3.25 3.57 1.27 1.69 1.23 15.4 2.4 6.06 5.33 6.31 4.24

Notes:

Units
CCME Marine 

Sediment 
Guideline ISQG a

CCME Marine 
Sediment 

Guideline PEL b

BC CSR 
Marine 

Sediment 
Criteria c

Ocean 
Disposal 

Lower Action 
Limits d

a - Canadian Council of Ministers of the Environment (CCME) Interim Maine Sediment Quality Guidelines (ISQG); CCME 2001
b - Canadian Council of Ministers of the Environment (CCME) Probable Effect Levels; CCME 2001
c - British Columbia Contaminated Sites Regulations (BC CSR) Typical Marine Sediment Criteria (BC CSR 2011)
d - Environment Canada Disposal at Sea Program; Lower Action Limits, Environment Canada 2011
e - the relationship between AVS and SEM is expressed both as a ratio (value exceeding 1 indicates excess of metals) and as a 
difference (value exceeding 0 indicates an excess of metals). 

Bold and blue highlighted values are equal to or exceed the Ocean Disposal Limit
italics values indicate detections limits grater than guideline.

FDA: Field duplicate available, FD: Field duplicate

Bold and underlined values are equal to or exceed the CCME Marine Sediment Guideline ISQG
Bold  and outlined values are equal to or exceed the CCME Marine Sediment Guideline PEL
Bold, yellow highlighted and outlined values are equal to or exceed the BC CSR Marine Sediment Criteria
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APPENDIX V
Table V-1: Summary of Ladysmith Harbour Surface Sediment Bulk Chemistry Data 

2009-2010

 12/21/2011 09-1436-5008

Sample ID
CANTEST/Maxxam ID 

Sample Location
Date Sampled

QAQC
Parameter
General Parameters
Sand  >0.053 mm %
Silt <0.053 mm & >0.002 mm %
Clay <0.002 mm %
Moisture %
Total Organic Carbon % dry wt.
pH pH units
Acid Volatile Sulphide (AVS) umoles/gram
Simultaneously Extractable Metals (SEM) umoles/gram
SEM:AVS e umoles/gram
AVS-SEM e umoles/gram
Metals
Aluminum ug/g
Antimony ug/g
Arsenic ug/g 7.24 41.6 50
Barium ug/g
Beryllium ug/g
Boron ug/g
Cadmium ug/g 0.7 4.2 5 0.6
Calcium ug/g
Chromium ug/g 52.3 160 190
Cobalt ug/g
Copper ug/g 18.7 108 130
Iron ug/g
Lead ug/g 30.2 112 130
Magnesium ug/g
Manganese ug/g
Mercury ug/g 0.13 0.7 0.84 0.75
Molybdenum ug/g
Nickel ug/g
Phosphorus ug/g
Potassium ug/g
Selenium ug/g
Silver ug/g
Sodium ug/g
Strontium ug/g
Thallium ug/g
Tin ug/g
Titanium ug/g
Vanadium ug/g
Zinc ug/g 124 271 330
Zirconium ug/g
Hydrocarbons
F1-BTEX
F2-Napth (C10-C16) ug/g
F2 (C10-C16) uncorrected ug/g
F3-PAH (C16-C34) ug/g
F3 (C16-C34) uncorrected ug/g
F4 (C34-C50) ug/g
Polycyclic Aromatic Hydrocarbons
Acenaphthene ug/g 0.00671 0.0889 0.11
Acenaphthylene ug/g 0.00587 0.128 0.15
Anthracene ug/g 0.0469 0.245 0.29
Benzo(a)anthracene ug/g 0.0748 0.693 0.83
Benzo(a)pyrene ug/g 0.0888 0.763 0.92
Benzo(b)fluoranthene ug/g
Benzo(g,h,i)perylene ug/g
Benzo(k)fluoranthene ug/g
Chrysene ug/g 0.108 0.846 1
Dibenz(a,h)anthracene ug/g 0.00622 0.135 0.16
Fluoranthene ug/g 0.113 1.494 1.8
Fluorene ug/g 0.0212 0.144 0.17
Indeno(1,2,3-cd)pyrene ug/g
Methylnaphthalene (2-) ug/g 0.0202 0.201
Naphthalene ug/g 0.0346 0.391 0.47
Phenanthrene ug/g 0.0867 0.544 0.65
Pyrene ug/g 0.153 1.398 1.7
Total HMW-PAH's ug/g
Total LMW-PAH's ug/g
Total PAH's ug/g 20 2.5

Notes:

Units
CCME Marine 

Sediment 
Guideline ISQG a

CCME Marine 
Sediment 

Guideline PEL b

BC CSR 
Marine 

Sediment 
Criteria c

Ocean 
Disposal 

Lower Action 
Limits d

a - Canadian Council of Ministers of the Environment (CCME) Interim Maine Sediment Quality Guidelines (ISQG); CCME 2001
b - Canadian Council of Ministers of the Environment (CCME) Probable Effect Levels; CCME 2001
c - British Columbia Contaminated Sites Regulations (BC CSR) Typical Marine Sediment Criteria (BC CSR 2011)
d - Environment Canada Disposal at Sea Program; Lower Action Limits, Environment Canada 2011
e - the relationship between AVS and SEM is expressed both as a ratio (value exceeding 1 indicates excess of metals) and as a 
difference (value exceeding 0 indicates an excess of metals). 

Bold and blue highlighted values are equal to or exceed the Ocean Disposal Limit
italics values indicate detections limits grater than guideline.

FDA: Field duplicate available, FD: Field duplicate

Bold and underlined values are equal to or exceed the CCME Marine Sediment Guideline ISQG
Bold  and outlined values are equal to or exceed the CCME Marine Sediment Guideline PEL
Bold, yellow highlighted and outlined values are equal to or exceed the BC CSR Marine Sediment Criteria

16743-05 16743-08 16749-04 16739-06 16749-11 16746-06 16749-10 16739-09 16749-07 16749-08 16743-02 16749-09 16743-01 16746-05 16746-07 16746-03 16746-04 16746-08 16746-09
0086-01 

SEDIMENT
0086-02 

SEDIMENT
0086-03 

SEDIMENT
0086-04 

SEDIMENT
0086-05 

SEDIMENT
0086-06 

SEDIMENT
910300451 910300470 910300507 910300429 910300519 910300497 910300518 910300436 910300512 910300513 910300440 910300517 910300438 910300496 910300498 910300493 910300494 910300499 910300500 Z18215 Z18216 Z18217 Z18218 Z18219 Z18220

23A 24A 25A 26A 27A 28A 29A 30A 31A 32A 33A 34A 35A 36R 37R 38R 38R 39R 40R 2010-10 2010-11 2010-13 2010-09 2010-08 2010-07
10/20/2009 10/20/2009 10/21/2009 10/19/2009 10/22/2009 10/21/2009 10/22/2009 10/19/2009 10/22/2009 10/22/2009 10/20/2009 10/22/2009 10/20/2009 10/21/2009 10/21/2009 10/21/2009 10/21/2009 10/21/2009 10/21/2009 12/15/2010 12/15/2010 12/15/2010 12/15/2010 12/15/2010 12/15/2010

FDA FD

78.94 85.03 50.6 95.09 90.99 85.15 92.32 85.63 84.11 86.47 89.18 57.18 81.37 95.13 49.81 81.48 80.65 25.7 67.36 61.69 67.27 91.99 30.25 23.8 47.02
15.14 10.91 31.12 2.7 5.63 8.63 4.45 8.86 10.02 9.29 7.39 29.27 13.99 3.22 36.05 13.38 13.34 50.71 20.84 29.35 22.16 6.42 47.43 51.69 35.79
5.92 4.06 18.28 2.21 3.38 6.22 3.23 5.51 5.87 4.24 3.43 13.54 4.64 1.65 14.14 5.15 6.01 23.58 11.79 8.96 10.57 1.6 22.32 24.52 17.19
16.7 20.8 59 16.3 24.4 39.5 22.7 32.9 27.4 22.5 20.3 59 27 14.8 50 31.1 27.5 60.7 46.7 74 71 27 72 73 69
6.03 6.03 8.91 1.23 2.35 2.96 3.17 1.65 9.8 9.42 3.43 9.52 10.1 1.12 3.43 1.76 1.88 3.91 4.31 15 10 1.85 13 16 19
7.8 8.3 6.9 7.6 7.4 7.1 7.6 7.3 7.2 7.2 8.3 6.7 7.7 7.3 7.2 6.7 7 6.8 7.2 7.64 7.39 7.83 7.33 7.33 7.62

16.30 0.20 2.80 1.00 0.20 1.90 1.10 0.70 0.60 0.40 0.20 2.20 1.00 1.60 3.20 0.20 0.20 3.20 1.8 11.60 14.70 2.04 7.20 9.30 12.60
0.06 0.15 0.17 0.08 0.06 0.07 0.06 0.05 0.07 0.09 0.18 0.18 0.10 0.05 0.23 0.06 0.06 0.21 0.092 0.26 0.23 1.16 0.25 0.40 0.26
0.00 0.74 0.06 0.08 0.28 0.04 0.06 0.08 0.11 0.22 0.90 0.08 0.10 0.03 0.07 0.32 0.32 0.07 0.051 0.02 0.02 0.57 0.04 0.04 0.02

16.24 0.05 2.63 0.92 0.14 1.83 1.04 0.65 0.53 0.31 0.02 2.02 0.90 1.55 2.97 0.43 0.14 2.99 1.71 11.34 14.47 0.88 6.95 8.90 12.34

3030 5850 6950 6780 5660 5820 5460 6480 5570 5950 5180 6320 5800 5920 7440 5400 4730 8280 6090 6520 8800 9590 11300 10400 10400
< 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 0.3 0.4 0.4 0.5 0.5 0.5
2.5 2.7 9.5 4.3 5.2 10.3 4.6 5.2 3 3.6 2.1 9.3 4.3 4.3 7 5.6 4.8 10.1 7.8 9.4 10.9 4 12.2 12.9 11.2
36 91 42 26 21 24 20 22 56 53 63 28 67 14 27 17 19 31 24 26.2 30.9 33 47.5 42.2 51.2
< 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 0.2 0.1 0.1 0.3 0.2 0.3
46 20 57 8 14 57 12 27 27 20 19 81 27 6 29 17 15 38 39

< 0.2 < 0.2 2.3 0.3 0.9 1.7 0.9 1.4 0.2 0.3 < 0.2 1.9 0.3 0.9 3.2 3.7 3.5 3.7 3 2.76 2.62 0.34 3.7 3.72 3.25
7890 18300 5280 4550 3440 5040 3410 4580 7820 7260 6960 3890 9660 3790 5830 3980 3640 4230 4580 60500 13100 5920 6590 6930 9140

14 24 26 14 12 16 13 14 24 22 25 19 21 10 18 12 11 23 15 19 21 15 27 26 27
3 4 5 5 4 4 4 4 4 4 4 4 4 4 4 3 3 4 3 3.3 4.3 4.8 5.1 4.7 5.1

38 46 67 29 20 30 18 24 39 43 47 61 44 17 38 20 19 56 35 65.3 105 43.5 72.9 79.1 73.6
3280 7680 11600 11700 9800 11600 9140 9320 7010 7550 6070 9820 7440 8950 11800 8060 7450 13900 11000 13600 16700 13800 17500 16500 16300
8.9 8.4 18.4 3.1 3.3 7.7 2.9 5 9.3 7.9 8.3 11.4 10.7 1.6 9.5 3.7 3.4 13.3 7.6 22.5 25.5 24.7 20.1 23.2 21.5

2430 3550 5430 4180 3850 5050 3660 4170 3580 3520 3140 5150 3410 3470 4760 3220 3040 5970 4380 6990 7320 4700 7780 7580 6970
44 169 117 145 121 111 113 112 103 97 92 98 97 121 119 91 87 133 110 108 140 152 154 137 142

0.22 0.3 0.33 0.05 0.07 0.12 0.06 0.09 0.25 0.2 0.24 0.26 0.17 0.04 0.15 0.08 0.07 0.22 0.15 0.51 0.23 0.08 0.26 0.25 0.29
1 0.5 7.5 0.9 2.6 4.7 2 2.4 1.5 1.1 0.4 16.1 1 1.1 4.5 3 2.6 6.6 7.5 12.3 10.8 1.4 9.9 13.1 8.9

15 26 23 11 11 13 11 12 25 24 25 18 21 9 14 9 9 18 13 15.2 16.1 12.2 21.5 19.9 21.2
351 191 528 415 374 647 376 447 255 238 180 442 283 442 648 863 725 673 769 625 701 423 730 714 671
671 945 1360 547 620 984 610 848 984 1050 841 1250 1140 484 1140 717 701 1490 1020 1800 1790 824 2050 2010 1930
0.6 0.6 1.3 0.3 0.4 1.2 0.4 0.5 0.9 0.6 0.8 1.4 0.6 0.4 1 0.8 0.7 1.4 1.2 1.2 1.6 <0.5 1.8 2.4 1.8

< 0.1 < 0.1 0.2 < 0.1 < 0.1 0.1 < 0.1 < 0.1 < 0.1 0.1 0.1 0.2 < 0.1 < 0.1 0.2 < 0.1 < 0.1 0.3 0.2 0.18 0.26 0.09 0.29 0.26 0.26
5100 2930 11300 2050 3530 9170 3540 7470 3340 3330 2330 12400 4440 2140 10100 5690 5980 14400 10100 24100 22400 3130 20600 20900 18100
159 102 70 19 22 44 21 35 83 68 82 50 86 18 44 27 25 43 37 216 83.2 44.4 63.8 64.8 74.2

< 0.1 < 0.1 0.2 0.3 0.5 0.4 0.5 0.4 < 0.1 < 0.1 < 0.1 0.1 < 0.1 0.6 0.4 0.6 0.6 0.3 0.5 0.28 0.32 0.2 0.36 0.39 0.3
< 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 3 2.4 1.6 1.7 1.9 1.5
180 73 280 517 504 477 455 454 131 83 103 194 144 587 410 330 305 361 416 263 533 885 525 436 394
22 23 33 25 22 29 21 22 25 23 22 32 26 21 25 18 16 29 25 34 40 35 45 44 42
26 53 106 36 31 48 28 37 40 46 35 77 42 23 70 40 39 94 62 171 168 63 132 163 124
5 6 6 2 2 3 2 2 8 6 6 6 7 < 1 2 1 1 3 2 1.4 3.7 2.1 2.2 2 1.7

<60 <50 <10 <50 <60 <50
230 210 95 < 70 < 70 < 70 < 70 < 70 180 180 220 90 220 < 70 < 70 < 70 < 70 < 70 < 70
230 210 95 < 70 < 70 < 70 < 70 < 70 180 180 220 90 220 < 70 < 70 < 70 < 70 < 70 < 70 68 61 23 100 130 150
830 560 330 < 100 130 120 < 100 210 400 510 520 380 540 < 100 140 < 100 110 160 230
830 560 330 < 100 130 120 < 100 210 400 510 520 380 540 < 100 140 < 100 110 160 230 500 470 170 550 700 610

< 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 140 150 110 140 240 160

0.25 < 0.005 0.08 0.074 0.02 0.017 < 0.005 0.015 0.16 < 0.005 0.082 < 0.005 0.093 < 0.005 0.012 < 0.005 < 0.005 0.026 0.017 0.1 0.1 0.027 0.18 0.29 0.34
< 0.005 < 0.005 < 0.005 0.039 < 0.005 < 0.005 < 0.005 0.012 < 0.005 < 0.005 0.11 < 0.005 0.13 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 <0.08 <0.07 <0.04 <0.08 <0.1 <0.2

0.51 0.33 0.18 0.13 0.04 0.03 < 0.01 0.03 0.34 0.37 0.24 0.13 0.37 < 0.01 0.01 < 0.01 < 0.01 0.03 0.03 0.3 0.31 0.068 0.33 0.58 0.49
0.5 0.39 0.22 0.14 0.04 0.03 < 0.01 0.03 0.31 0.32 0.27 0.15 0.49 < 0.01 0.01 0.02 < 0.01 0.02 0.07 0.3 0.35 0.14 0.34 0.66 0.54

0.23 0.19 0.12 0.06 0.02 0.01 < 0.01 0.01 0.12 < 0.01 0.11 0.07 0.27 < 0.01 < 0.01 < 0.01 < 0.01 0.01 0.05 0.21 0.23 0.15 0.21 0.39 0.32
0.3 0.21 0.22 0.16 0.04 0.03 < 0.01 0.03 0.17 0.21 0.14 0.11 0.38 0.01 < 0.01 < 0.01 < 0.01 0.03 0.07 0.36 0.38 0.16 0.3 0.58 0.39

0.16 0.1 0.06 0.03 0.02 < 0.01 < 0.01 0.01 0.07 0.12 0.09 0.05 0.18 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.02 0.15 0.17 0.15 0.17 0.26 0.26
0.05 0.04 0.07 0.06 0.01 < 0.01 < 0.01 0.01 0.14 0.07 0.03 0.02 0.11 < 0.01 < 0.01 < 0.01 < 0.01 0.02 0.03 0.24 0.27 0.11 0.2 0.42 0.28
0.62 0.46 0.3 0.41 0.05 0.05 < 0.01 0.04 0.37 0.42 0.27 0.17 0.53 0.01 0.01 0.01 < 0.01 0.03 0.09 0.46 0.43 0.19 0.42 0.74 0.66

< 0.005 0.023 0.017 0.007 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 0.024 0.013 0.048 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 0.007 0.04 0.04 0.03 0.05 0.07 0.07
0.81 0.38 0.42 1.3 0.09 0.11 0.02 0.08 0.48 0.46 0.17 0.22 0.91 0.05 0.05 0.03 0.02 0.1 0.12 1.1 0.94 0.41 1.1 1.6 1.6
0.53 < 0.01 0.16 0.1 < 0.01 0.03 < 0.01 0.03 0.37 < 0.01 0.23 < 0.01 0.23 < 0.01 0.02 < 0.01 < 0.01 0.03 0.03 0.17 0.16 0.05 0.26 0.43 0.56

< 0.01 0.04 0.07 0.04 0.01 < 0.01 < 0.01 < 0.01 0.03 < 0.01 0.04 0.03 0.14 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.03 0.11 0.12 0.1 0.1 0.18 0.13
5 3.7 1.3 0.1 0.24 0.16 0.02 0.15 3.9 3.9 2.1 1.5 2.2 < 0.02 0.05 0.04 0.03 0.09 0.1 0.55 0.64 0.29 1.1 1.4 2.6

1.9 1.4 0.66 0.07 0.11 0.07 < 0.01 0.07 1.4 1.5 0.87 0.67 0.96 < 0.01 0.03 0.02 0.02 0.06 0.05 0.25 0.31 0.14 0.48 0.65 1.1
3.2 2.6 1 0.8 0.21 0.15 0.02 0.16 2.8 2.8 2.1 0.98 2.4 < 0.01 0.06 0.04 0.03 0.12 0.09 0.86 0.72 0.31 1.2 1.5 2.4

0.79 0.47 0.4 0.76 0.09 0.09 0.04 0.07 0.53 0.51 0.25 0.24 0.81 0.04 0.04 0.03 0.02 0.08 0.09 1.3 1.2 0.4 0.94 2 1.3
3.46 2.3 1.89 2.96 0.37 0.32 0.06 0.28 2.23 2.11 1.39 1.08 3.88 0.12 0.11 0.09 0.04 0.35 0.57 2.2 2.2 0.88 3.6 4.8 7.5
11.4 8.03 3.38 1.31 0.38 0.45 0.04 0.46 8.97 8.57 5.74 3.27 6.39 - 0.19 0.1 0.08 0.35 0.31 4.2 4.1 1.8 3.9 6.9 5.5
14.9 10.3 5.28 4.27 0.75 0.77 0.1 0.74 11.2 10.7 7.13 4.36 10.3 0.12 0.3 0.19 0.13 0.64 0.88 6.4 6.4 2.7 7.4 12 13
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APPENDIX V
Table V-2:  Summary of  Ladysmith Harbour Sediment Core Bulk Chemistry Data  

2010 - 2011

 12/21/2011 09-1436-5008

Sample Location 2010-09 2010-09 2010-09 2010-07 2010-07 2010-07 2010-13 2010-13
Depth (mbgs) 0 - 0.3 0.4 - 0.6 0.7 - 0.775 0 - 0.06 0.45 - 0.55 0.95 - 1.05 0 - 0.1 0.45 - 0.55

Sample ID 21774-01 21774-02 21774-03 21774-06 21774-07 21774-08 21774-12 21775-01
Maxxam Sample ID Z15990 Z15991 Z15992 Z15995 Z15996 Z15997 Z16001 Z16002

Date Sampled 12/16/2010 12/16/2010 12/16/2010 12/16/2010 12/16/2010 12/16/2010 12/17/2010 12/17/2010
       Parameter                                             QAQC

General Parameters
% sand by hydrometer % - 28 31 - 59 60 - 44
% silt by hydrometer % - 38 21 - 16 <2 - 2
Clay Content % - 20 14 - 6 3 - 3
Gravel % - 15 34 - 19 36 - 51
Moisture % 76 73 75 56 36 27 24 12
Total Organic Carbon % dry wt. 19 17 21 19 16 9.7 1.5 0.88
pH pH units 7.08 7.64 7.38 7.63 7.97 8.22 8.13 8.64
Acid Volatile Sulphide (AVS) umole/g 28.50 51.00 1.18
Simultaneously Extractable Metals (SEM) umole/g 2.36 66.68 1.25
SEM:AVS e umole/g 0.08 1.32 1.06
AVS-SEM e umole/g 26.14 -15.68 -0.07
Total Metals
Aluminum ug/g 11400 8260 8140 8890 5830 6890 9970 10200
Antimony ug/g 0.4 0.3 0.3 0.9 0.7 1.2 0.3 0.2
Arsenic ug/g 7.24 41.6 50 7.3 5.2 4.2 16.2 9.6 11.5 3.1 3.6
Barium ug/g 48.0 37.0 38.2 52.2 69.7 48.0 27.8 17.9
Beryllium ug/g 0.1 0.1 0.1 0.3 0.2 0.3 0.1 0.1
Boron ug/g 0.2 0.1 0.1 0.1 <0.1 <0.1 <0.1 <0.1
Cadmium ug/g 0.7 4.2 5 0.6 3.08 2.21 1.86 3.53 1.35 0.82 0.30 0.27
Calcium ug/g 9290 13300 17400 9850 10800 74800 5570 11900
Chromium ug/g 52.3 160 190 27 19 18 34 25 39 16 15
Cobalt ug/g 5.4 3.9 3.5 5.8 5.1 7.1 5.1 5.2
Copper ug/g 18.7 108 130 77.9 52.3 49.7 82.3 55.7 82.2 31.4 26.0
Iron ug/g 16900 13600 11300 32500 23900 42700 13700 13900
Lead ug/g 30.2 112 130 25.7 15.6 17.1 23.2 14.0 12.9 20.0 5.4
Magnesium ug/g 9020 6100 6970 7040 4030 4950 4800 5240
Manganese ug/g 164 118 108 144 93.5 160 169 173
Mercury ug/g 0.13 0.7 0.84 0.75 0.28 0.27 0.26 0.26 0.31 0.24 0.20 0.11
Molybdenum ug/g 24.5 12.4 18.1 11.4 5.8 5.5 1.4 1.0
Nickel ug/g 22.0 15.3 14.1 26.7 20.9 36.6 12.5 12.8
Phosphorus ug/g 663 503 466 679 482 450 368 380
Potassium ug/g 2340 1610 1740 1660 975 1340 695 786
Selenium ug/g 1.7 1.1 1.0 1.3 0.9 0.6 <0.5 <0.5
Silver ug/g 0.28 0.15 0.21 0.21 0.08 0.09 0.06 <0.05
Sodium ug/g 29000 17300 21300 13200 5480 4440 2560 2040
Strontium ug/g 84.0 74.7 87.4 102 128 518 31.1 51.6
Thallium ug/g 0.34 0.23 0.23 0.24 0.11 0.14 0.19 0.24
Tin ug/g 2.0 1.5 1.6 3.2 2.5 4.6 1.6 0.6
Titanium ug/g 467 409 439 326 133 56 992 1010
Vanadium ug/g 51 36 38 46 34 28 39 37
Zinc ug/g 124 271 330 176 119 125 4920 2970 2880 61 33
Zirconium ug/g 2.9 2.9 2.3 2.2 0.9 1.0 2.2 2.4

Units
CCME Marine 

Sediment 
Guideline ISQG a

CCME Marine 
Sediment 

Guideline PEL b

BC CSR 
Marine 

Sediment 
Criteria c

Ocean 
Disposal 

Lower Action 
Limits d
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APPENDIX V
Table V-2:  Summary of  Ladysmith Harbour Sediment Core Bulk Chemistry Data  

2010 - 2011

 12/21/2011 09-1436-5008

Sample Location 2010-09 2010-09 2010-09 2010-07 2010-07 2010-07 2010-13 2010-13
Depth (mbgs) 0 - 0.3 0.4 - 0.6 0.7 - 0.775 0 - 0.06 0.45 - 0.55 0.95 - 1.05 0 - 0.1 0.45 - 0.55

Sample ID 21774-01 21774-02 21774-03 21774-06 21774-07 21774-08 21774-12 21775-01
Maxxam Sample ID Z15990 Z15991 Z15992 Z15995 Z15996 Z15997 Z16001 Z16002

Date Sampled 12/16/2010 12/16/2010 12/16/2010 12/16/2010 12/16/2010 12/16/2010 12/17/2010 12/17/2010
       Parameter                                             QAQC

Units
CCME Marine 

Sediment 
Guideline ISQG a

CCME Marine 
Sediment 

Guideline PEL b

BC CSR 
Marine 

Sediment 
Criteria c

Ocean 
Disposal 

Lower Action 
Limits d

Monoaromatic Hydrocarbons
Benzene ug/g 2.5 f <0.03 <0.03 <0.03 <0.02 <0.005 <0.02 <0.005 <0.005
Ethylbenzene ug/g 7 000 f <0.03 <0.03 <0.03 0.03 0.02 0.05 <0.01 <0.01
Methyl-tert-butylether (MTBE) ug/g 320 g <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Styrene ug/g <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03
Toluene ug/g 350 f 0.11 0.07 0.10 0.09 0.06 0.10 <0.02 <0.02
m & p-Xylene ug/g <0.04 <0.04 <0.04 0.09 0.08 0.22 <0.04 <0.04
o-Xylene ug/g <0.04 <0.04 <0.04 0.05 0.05 0.13 <0.04 <0.04
Xylenes (Total) ug/g <0.04 <0.04 <0.04 0.14 0.12 0.35 <0.04 <0.04
VH6-10 ug/g <60 <60 <60 <30 <10 16 <10 <10

Volatile F1-BTEX and CCME Hydrocarbons 
F1 (C6-C10) - BTEX ug/g 320 h <60 <60 <60 <30 <10 16 <10 <10
F2 (C10-C16 Hydrocarbons) ug/g 260 h 120 100 77 160 270 170 19 <10
F3 (C16-C34 Hydrocarbons) ug/g 1700 h 680 510 450 580 810 310 140 15
F4 (C34-C50 Hydrocarbons) ug/g 3300 h 170 180 120 200 180 62 110 <10

Polycyclic Aromatic Hydrocarbons
Acenaphthene ug/g 0.00671 0.0889 0.11 0.16 0.15 0.07 0.31 0.57 0.2 0.015 0.008
Acenaphthylene ug/g 0.00587 0.128 0.15 <0.1 <0.08 <0.06 <0.2 <0.5 <0.2 <0.04 <0.02
Anthracene ug/g 0.0469 0.245 0.29 0.27 0.25 0.13 0.52 1.1 0.35 0.052 0.029
Benzo(a)anthracene ug/g 0.0748 0.693 0.83 0.34 0.31 0.18 0.62 1.1 0.44 0.10 0.066
Benzo(a)pyrene ug/g 0.0888 0.763 0.92 <0.2 <0.2 <0.1 <0.4 <0.5 <0.2 0.10 0.079
Benzo(b&j)fluoranthene 0.35 0.31 0.19 0.50 0.71 0.28 0.14 0.093
Benzo(g,h,i)perylene ug/g 0.19 0.16 0.11 0.30 0.49 0.18 0.079 0.064
Benzo(k)fluoranthene ug/g 0.08 0.068 0.05 0.15 0.21 0.052 0.045 0.020
Chrysene ug/g 0.108 0.846 1 0.40 0.23 0.15 0.54 1.2 0.42 0.11 0.081
Dibenz(a,h)anthracene ug/g 0.00622 0.135 0.16 <0.03 <0.03 <0.03 <0.06 <0.2 <0.04 0.015 0.008
Fluoranthene ug/g 0.113 1.494 1.8 0.91 0.84 0.48 1.3 1.7 0.63 0.25 0.17
Fluorene ug/g 0.0212 0.144 0.17 0.28 0.26 0.14 0.71 1.5 <0.5 0.037 0.017
Indeno(1,2,3-cd)pyrene ug/g 0.13 0.09 0.07 0.16 0.24 0.07 0.080 0.058
2-Methylnaphthalene ug/g 0.0202 0.201 1.2 1.1 0.63 3.8 9.6 4.4 0.23 0.063
Naphthalene ug/g 0.0346 0.391 0.47 0.57 0.54 0.29 1.8 4.6 2.0 0.087 0.040

10/7/2011 ug/g 0.0867 0.544 0.65 1.1 1 0.61 3.1 7.1 2.8 0.22 0.16
Pyrene ug/g 0.153 1.398 1.7 0.73 0.68 0.41 1.1 1.7 0.60 0.23 0.20
Total HMW-PAH's ug/g 3.1 2.7 1.6 4.7 7.4 2.7 1.2 0.84
Total LMW-PAH's ug/g 3.6 3.4 1.9 10 24 9.7 0.64 0.32
Total PAH's ug/g 20 2.5 6.7 6.1 3.5 15 32 12 1.8 1.2

Notes:

f- CSR - Contaminated Sites Regurlation, Schedule 5 (Soil Standards). Ministry of the Environment British Columbia 
g - CSR - Contaminated Sites Regurlation, Schedule 10 (Soil Standards). Agricultural, Urban Park, Residential Soil Standard. Ministry of the Environment British Columbia
h - CCME - Canadian Wide Standards for Petroleum Hydrocarbons (PHC) in soil. Tier I guideline (lowest guideline ) for industrial use in coarse-grained soil was used
FDA: Field duplicate available, FD: Field duplicate

Bold and underlined values are equal to or exceed the CCME Marine Sediment Guideline ISQG
Bold  and outlined values are equal to or exceed the CCME Marine Sediment Guideline PEL
Bold, yellow highlighted and outlined values are equal to or exceed the BC CSR Marine Sediment Criteria
Bold and blue highlighted values are equal to or exceed the Ocean Disposal Limit
italics values indicate detections limits grater than guideline.

e - the relationship between AVS and SEM is expressed both as a ratio (value exceeding 1 indicates excess of metals) and as a difference 
(value exceeding 0 indicates an excess of metals). 

a - Canadian Council of Ministers of the Environment (CCME) Interim Maine Sediment Quality Guidelines (ISQG); CCME 2001
b - Canadian Council of Ministers of the Environment (CCME) Probable Effect Levels; CCME 2001
c - British Columbia Contaminated Sites Regulations (BC CSR) Typical Marine Sediment Criteria (BC CSR 2011)
d - Environment Canada Disposal at Sea Program; Lower Action Limits, Environment Canada 2011
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APPENDIX V
Table V-2:  Summary of  Ladysmith Harbour Sediment Core Bulk Chemistry Data  

2010 - 2011

 12/21/2011 09-1436-5008

Sample Location
Depth (mbgs)

Sample ID
Maxxam Sample ID

Date Sampled
       Parameter                                             QAQC

General Parameters
% sand by hydrometer
% silt by hydrometer
Clay Content
Gravel
Moisture
Total Organic Carbon 
pH
Acid Volatile Sulphide (AVS)
Simultaneously Extractable Metals (SEM)
SEM:AVS e

AVS-SEM e

Total Metals
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphorus 
Potassium 
Selenium 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Titanium 
Vanadium 
Zinc 
Zirconium 

2010-13 2010-13 2010-13 2010-12 2010-12 2010-12 2010-12 2010-12 2010-8 2010-8 2010-8 2010-8
0.95 - 1.05 0.95 - 1.05 1.45 - 1.55 0 - 0.15 0.45 - 0.55 0.95 - 1.05 0.95 - 1.05 1.2 - 1.3 0 - 0.1 0.45 - 0.55 0.95 - 1.05 1.45 - 1.56
21775-02 21775-03 21775-04 21775-09 21775-10 21775-11 21775-12 21776-01 21776-02 21776-03 21776-04 21776-05
Z16003 Z16004 Z16005 Z16010 Z16011 Z16012 Z16013 Z16018 Z16019 Z16020 Z16021 Z16022

12/17/2010 12/17/2010 12/17/2010 12/16/2010 12/16/2010 12/16/2010 12/17/2010 12/16/2010 12/17/2010 12/17/2010 12/17/2010 12/17/2010
FDA FD FDA FD

81 80 81 - 80 75 79 51 - 65 34 45
12 13 13 - 7 3 3 2 - 22 39 28
4 4 4 - 4 <2 <2 <2 - 8 14 10
3 4 3 - 9 21 16 46 - 5 14 16

18 17 16 63 31 14 14 13 74 72 75 69
0.16 0.18 0.38 8.1 3.6 0.41 0.32 0.13 18 20 25 27
8.66 8.66 8.32 7.39 8.03 8.6 8 8.89 7.41 7.33 7.02 7.09

11.40 28.00
1.39 2.69
0.12 0.10

10.01 25.31

9950 9750 10700 8690 8950 9340 8500 9100 9870 9620 7270 7520
<0.1 <0.1 <0.1 0.3 0.1 0.1 0.2 0.1 0.4 0.6 0.3 0.2
3.0 2.9 3.1 7.0 2.1 2.3 2.0 2.4 11.2 10.3 4.1 2.8

14.1 14.6 16.4 29.1 29.7 21.4 12.6 15.1 44.2 43.3 30.8 39.9
<0.1 <0.1 0.1 0.1 <0.1 <0.1 0.1 0.1 0.2 0.3 0.1 <0.1
<0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 0.2 0.2 0.2 0.2
0.26 0.25 0.14 1.45 0.75 0.49 0.33 0.06 3.63 3.19 1.96 1.55

13000 12300 7840 7910 10500 5540 4890 11400 12000 5190 4400 5420
14 14 15 19 14 16 15 16 25 25 17 16
4.9 4.9 5.5 4.4 4.3 5.1 5.0 5.1 5.0 4.8 3.5 3.9

16.2 15.7 17.1 45.7 28.4 18.1 15.9 16.2 79.9 67.9 50.2 49.3
14300 14000 15300 12800 10700 12500 11000 12800 15600 16100 10400 9540

1.1 1.0 1.2 13.1 6.5 1.0 0.9 1.1 24.7 22.8 19.8 14.8
4690 4650 5030 5900 4580 5210 4740 4960 7870 7110 6920 6490
169 164 178 133 141 197 163 184 139 137 99.6 103
0.07 0.08 0.07 0.16 0.19 0.07 <0.05 <0.05 0.29 0.23 0.19 0.28
1.8 1.9 1.6 6.7 3.0 0.5 0.4 0.3 13.6 20.0 17.4 13.2

11.3 10.9 11.4 14.5 11.6 12.6 11.5 12.2 20.2 20.0 13.8 15.3
434 426 305 536 442 365 346 374 702 634 457 426
663 601 624 1150 704 614 554 706 2120 1870 1740 1540
<0.5 <0.5 <0.5 0.8 <0.5 <0.5 0.5 <0.5 1.8 1.1 1.0 1.0

<0.05 <0.05 <0.05 0.15 0.06 <0.05 <0.05 <0.05 0.23 0.22 0.19 0.21
2290 2100 2160 12000 3740 1750 2110 1680 25300 19900 26100 20000
55.5 48.5 34.9 57.1 43.9 22.8 21.3 71.5 85.1 65.8 61.9 76.9
0.21 0.21 0.12 0.26 0.25 0.26 0.27 0.07 0.37 0.33 0.25 0.18
0.2 0.2 0.2 1.6 0.9 0.2 0.1 0.2 2.1 2.1 1.7 1.8

1080 1060 1150 707 972 1020 1030 978 370 408 280 265
40 38 45 37 35 36 35 37 45 48 39 40
23 23 23 98 47 26 24 26 170 151 163 109
2.3 2.3 2.8 2.6 2.6 2.3 2.1 2.2 2.4 2.7 2.5 2.8
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APPENDIX V
Table V-2:  Summary of  Ladysmith Harbour Sediment Core Bulk Chemistry Data  

2010 - 2011

 12/21/2011 09-1436-5008

Sample Location
Depth (mbgs)

Sample ID
Maxxam Sample ID

Date Sampled
       Parameter                                             QAQC

Monoaromatic Hydrocarbons
Benzene
Ethylbenzene
Methyl-tert-butylether (MTBE)
Styrene
Toluene
m & p-Xylene
o-Xylene
Xylenes (Total)
VH6-10

Volatile F1-BTEX and CCME Hydrocarbons 
F1 (C6-C10) - BTEX
F2 (C10-C16 Hydrocarbons)
F3 (C16-C34 Hydrocarbons)
F4 (C34-C50 Hydrocarbons)

Polycyclic Aromatic Hydrocarbons
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b&j)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
Dibenz(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
2-Methylnaphthalene
Naphthalene

10/7/2011
Pyrene
Total HMW-PAH's
Total LMW-PAH's
Total PAH's

Notes:

f- CSR - Contaminated Sites Regurlation, Schedule 5
g - CSR - Contaminated Sites Regurlation, Schedule
h - CCME - Canadian Wide Standards for Petroleum
FDA: Field duplicate available, FD: Field duplicate

Bold and underlined values are equal to or excee
Bold  and outlined values are equal to or exceed 
Bold, yellow highlighted and outlined values are 
Bold and blue highlighted values are equal to or 
italics values indicate detections limits grater than gu

e - the relationship between AVS and SEM is expres
(value exceeding 0 indicates an excess of metals). 

a - Canadian Council of Ministers of the Environmen
b - Canadian Council of Ministers of the Environmen
c - British Columbia Contaminated Sites Regulations
d - Environment Canada Disposal at Sea Program; L

2010-13 2010-13 2010-13 2010-12 2010-12 2010-12 2010-12 2010-12 2010-8 2010-8 2010-8 2010-8
0.95 - 1.05 0.95 - 1.05 1.45 - 1.55 0 - 0.15 0.45 - 0.55 0.95 - 1.05 0.95 - 1.05 1.2 - 1.3 0 - 0.1 0.45 - 0.55 0.95 - 1.05 1.45 - 1.56
21775-02 21775-03 21775-04 21775-09 21775-10 21775-11 21775-12 21776-01 21776-02 21776-03 21776-04 21776-05
Z16003 Z16004 Z16005 Z16010 Z16011 Z16012 Z16013 Z16018 Z16019 Z16020 Z16021 Z16022

12/17/2010 12/17/2010 12/17/2010 12/16/2010 12/16/2010 12/16/2010 12/17/2010 12/16/2010 12/17/2010 12/17/2010 12/17/2010 12/17/2010
FDA FD FDA FD

<0.005 <0.005 <0.005 <0.02 <0.005 <0.005 <0.005 <0.005 <0.03 <0.03 <0.03 <0.02
<0.01 <0.01 <0.01 <0.02 <0.01 <0.01 <0.01 <0.01 <0.03 <0.03 <0.03 <0.02
<0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

<0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03
<0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.08 0.07 0.07 0.08
<0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 0.05 0.05
<0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 0.06
<0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 0.05 0.10
<10 <10 <10 <40 <10 <10 <10 <10 <60 <50 <60 <50

<10 <10 <10 <40 <10 <10 <10 <10 <60 <50 <60 <50
<10 <10 <10 56 35 <10 <10 <10 130 120 170 170
<10 40 <10 330 170 20 <10 <10 650 710 870 790
<10 <10 <10 120 51 <10 <10 <10 150 180 210 230

<0.001 <0.001 <0.001 0.11 0.038 0.008 0.003 <0.001 0.28 0.38 0.19 0.33
<0.001 <0.001 <0.001 <0.06 <0.02 <0.004 <0.002 <0.001 <0.1 <0.1 <0.09 <0.1
<0.001 <0.001 <0.001 0.28 0.060 0.011 0.004 <0.001 0.54 0.75 0.5 0.65
<0.001 <0.001 <0.001 0.28 0.052 0.011 0.004 0.001 0.49 0.62 0.32 0.40
<0.001 <0.001 <0.001 0.18 0.038 0.008 0.003 <0.001 0.31 0.36 0.20 0.24
<0.001 <0.001 <0.001 0.25 0.040 0.007 0.003 0.001 0.38 0.49 0.24 0.27
<0.002 <0.002 <0.002 0.12 0.036 0.009 0.004 <0.002 0.20 0.22 0.16 0.17
<0.001 <0.001 <0.001 0.18 0.027 0.005 0.002 <0.001 0.32 0.39 0.19 0.16
<0.001 <0.001 <0.001 0.38 0.081 0.016 0.006 0.002 0.57 0.73 0.39 0.53
<0.002 <0.002 <0.002 0.04 0.008 <0.002 <0.002 <0.002 0.05 0.06 0.04 0.04
<0.001 <0.001 <0.001 0.70 0.11 0.017 0.006 0.001 1.4 1.9 1.3 1.2
<0.001 <0.001 <0.001 0.16 0.067 0.015 0.005 <0.001 0.45 0.63 0.37 0.54
<0.002 <0.002 <0.002 0.08 0.017 0.003 <0.002 <0.002 0.13 0.13 0.09 0.08
<0.001 <0.001 <0.001 1 0.33 0.084 0.029 0.005 1.7 2.1 1.2 2.4
<0.001 <0.001 <0.001 0.49 0.12 0.035 0.012 0.003 0.78 0.96 0.54 1.1
<0.001 <0.001 <0.001 0.73 0.28 0.068 0.024 <0.005 1.6 2.1 1.3 2.2
<0.001 <0.001 <0.001 0.90 0.10 0.017 0.006 0.002 1.6 2.6 0.89 0.93
<0.002 <0.002 <0.002 3.1 0.51 0.094 0.034 0.007 5.5 7.5 3.8 4.1
<0.001 <0.001 <0.001 2.8 0.89 0.22 0.076 0.008 5.3 6.9 4.1 7.1
<0.002 <0.002 <0.002 5.9 1.4 0.32 0.11 0.014 11 14 7.9 11
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APPENDIX V
Table V-3: Ladysmith Harbour - Summary Porewater Chemistry Data for Tier I and Tier II TIE Testing

 12/21/2011 09-1436-5008

2010-11 2010-11 2010-09 2010-09 2010-07 2010-07 2010-10 2010-11 2010-13 2010-09 2010-08 2010-07
MAXXAM ID AA3434 AA3480 AA3478 AA3481 AA3479 AA3482 Z18207 Z18208 Z18209 Z18210 Z18211 Z18212

Sample ID
0086-02

0086-02 
(Sulphide 
Amended)

0086-04
0086-04 

(Sulphide 
Amended)

0086-06
0086-06 

(Sulphide 
Amended)

0086-01 0086-02 0086-03 0086-04 0086-05 0086-06

Sample Type POREWATER POREWATER POREWATER POREWATER POREWATER POREWATER POREWATER POREWATER POREWATER POREWATER POREWATER POREWATER
Extraction Date 22-Feb-11 22-Feb-11 22-Feb-11 22-Feb-11 22-Feb-11 22-Feb-11 21-Dec-10 21-Dec-10 21-Dec-10 21-Dec-10 21-Dec-10 21-Dec-10

Parameter
Physical Tests
Hardness (CaCO3) mg/L - - - - - 5670 5540 5130 5520 5560 5330

pH not applicable - - - - - 7.8 7.8 7.8 7.8 7.8 7.8

Total Suspended Solids mg/L 53 83 88 87 100 66 86 110 120 77 92 76

Inorganics
Total Ammonia (N) mg/L 11 8.9 10 7.8 9.1 6.6 3 2.7 2.4 4.4 2.8 5.4

Sulphide mg/L 12.2 0.022 34 0.028 27 0.026 2.9 3.5 0.015 19.4 1.11 22.2

Dissolved Metals
Aluminum  (Al) mg/L 0.032 0.028 0.055 0.037 0.05 0.034 0.06 0.61 0.04 0.85 0.04 0.05
Antimony  (Sb) mg/L 0.0012 0.0013 0.0005 0.0019 0.001 0.0014 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Arsenic (As) mg/L 0.0405 0.0429 0.0813 0.0851 0.0699 0.0715 0.01 0.007 0.013 0.033 0.015 0.061
Barium  (Ba) mg/L 0.032 0.031 0.057 0.056 0.048 0.047 0.03 0.03 0.02 0.06 0.03 0.05
Beryllium (Be) mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Bismuth (Bi) mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Boron  (B) mg/L 3.92 4.66 4.77 4.84 5.25 5.23 4.9 5 5.2 5.1 4.9 5.2
Cadmium (Cd) mg/L 0.0001 0.00014 0.00013 0.00018 0.00014 0.00014 0.0002 <0.0001 0.0001 0.0002 0.0002 <0.0001

Calcium (Ca) mg/L 389 396 383 373 388 373 388 388 366 392 386 370

Chromium (Cr) mg/L 0.0012 0.0017 0.0012 0.002 0.0029 0.0023 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Cobalt  (Co) mg/L <0.0001 <0.0001 0.0001 0.0001 0.0002 0.0001 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Copper (Cu) mg/L 0.0017 0.002 0.0016 0.0026 0.0017 0.002 <0.002 <0.002 <0.002 <0.002 0.148 <0.002

Iron  (Fe) mg/L 0.081 0.075 0.053 0.064 0.08 0.068 0.1 0.14 0.08 0.11 0.1 0.06

Lead  (Pb) mg/L 0.0012 0.0012 0.0007 0.0014 0.0008 0.0012 <0.002 <0.002 <0.002 <0.002 0.005 <0.002

Lithium (Li) mg/L 0.155 0.17 0.167 0.163 0.173 0.165 0.16 0.15 0.15 0.16 0.15 0.16
Manganese  (Mn) mg/L 0.0124 0.0122 0.002 0.0022 0.0036 0.0033 0.02 0.01 0.09 <0.01 <0.01 <0.01

Magnesium (Mg) mg/L 1080 1070 1110 1080 1120 1060 1140 1110 1030 1100 1120 1070

Mercury (Hg) mg/L - - - - - - <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

Molybdenum (Mo) mg/L 0.008 0.008 0.005 0.006 0.008 0.009 0.04 0.02 0.06 <0.01 0.01 <0.01

Nickel (Ni) mg/L 0.0006 0.0006 0.001 0.0006 0.001 0.0009 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Phosphorus (P) mg/L 2.79 2.98 3.05 2.95 2.72 2.67 - - - - - -

Potassium (K) mg/L 329 331 346 336 349 329 358 351 347 351 361 351

Selenium  (Se) mg/L <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Silicon (Si) mg/L 18.6 21 22.7 22.8 23.8 22.8 14 15 6 19 13 18

Silver  (Ag) mg/L <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

Sodium (Na) mg/L 9550 9250 9690 9350 9730 9130 9350 9310 8610 9140 9260 8990

Strontium (Sr) mg/L 7.43 7.41 7.51 7.21 7.44 7.29 6.79 6.57 6.19 6.63 6.38 6.44

Sulphur (S) mg/L 798 832 847 815 866 821 964 953 853 946 898 891

Thallium  (Tl) mg/L <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005

Tin (Sn) mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Titanium (Ti) mg/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Uranium (U) mg/L 0.0058 0.00559 0.00325 0.00349 0.00374 0.00407 0.003 0.003 0.007 0.003 0.004 0.004

Vanadium (V) mg/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Zinc  (Zn) mg/L 0.002 0.003 0.002 0.003 0.003 0.002 <0.05 <0.05 <0.05 <0.05 0.09 <0.05

Zirconium (Zr) mg/L - - - - - - <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

STATION

Units

Tier II Tier 1
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APPENDIX V
Table V-4: Summary of Ladysmith Harbour PAH Passive Sampler Results - 2009

 12/21/2011 09-1436-5008

Sample ID 1 2 3 4 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Station 1A 2A 3A 4A 6A 7A 8A 9A 10A 11A 12A 13A 14A 15A 16A 17A 18A 19A 20A 21A 22A 23A

Pacific Rim Laboratory ID PR91796 PR91797 PR91798 PR91799 PR91800 PR91801 PR91802 PR91803 PR91804 PR91805 PR91806 PR91807 PR91808 PR91809 PR91810 PR91811 PR91812 PR91813 PR91814 PR91815 PR91816 PR91817
Extract Date 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09

Extract Wt. (g): 1.55 1.47 1.6 1.23 1.79 1.74 1.4 1.59 1.61 1.53 1.05 1.59 1.62 1.76 1.69 1.37 1.44 1.38 1.54 1.36 1.45 1.44
Parameter
Naphthalene ng/sample1 0.1 0.43 0.55 0.47 0.32 0.52 0.48 0.49 0.22 0.29 0.17 0.29 0.43 0.35 0.46 0.65 0.27 0.37 0.33 0.37 2.6 0.51 0.48
Acenaphthylene ng/sample 0.1 0.13 0.18 0.15 0.11 0.1 ND 0.12 0.13 ND ND ND ND ND ND 0.19 0.13 ND ND 0.11 0.14 ND ND
Acenaphthene ng/sample 0.2 ND 0.35 0.95 0.32 0.34 ND 0.22 0.22 0.26 0.2 0.68 0.21 0.21 0.23 0.33 ND 0.33 0.31 0.32 2.5 ND ND
Fluorene ng/sample 0.1 0.41 0.3 1.1 0.16 0.23 0.34 0.12 0.16 0.21 0.19 0.55 0.12 0.18 0.12 0.38 0.1 0.21 0.15 ND 1.2 0.14 0.16
Phenanthrene ng/sample 0.1 0.82 1.9 7.9 1.6 2.5 1.1 0.97 1.7 1.3 0.77 3.2 0.97 0.71 0.99 1.9 0.78 0.82 0.74 0.76 6.9 0.95 1
Anthracene ng/sample 0.1 0.24 0.56 1.5 0.79 1.4 0.65 0.83 1.4 0.9 0.47 2.1 0.62 0.55 0.43 0.77 0.39 0.56 0.23 0.77 2.8 0.27 0.2
Fluoranthene ng/sample 0.1 2.7 9.1 23 9.4 10 4.1 7.3 6.5 8.9 4.3 14 23 1.9 3.3 4.6 4.4 6.3 3.6 5.9 8.3 2.6 2.3
Pyrene ng/sample 0.1 1.7 5.5 13 10 14 6.9 14 23 13 4.6 11 22 2.9 3.5 4.1 3.3 7.6 1.9 11 16 1.6 1.1
Benz(a)anthracene ng/sample 0.1 0.46 1.4 3.2 1.6 2.3 1.2 1.7 2.3 1.8 0.8 2.4 2.8 0.87 0.78 1 1.1 1.7 0.86 2 2.2 0.63 0.69
Chrysene ng/sample 0.1 0.38 1.9 3.4 1.1 1.3 0.6 0.75 0.76 1.1 0.44 1.5 2.6 0.77 0.54 0.73 0.81 0.83 0.93 1.1 1.3 0.95 0.79
Benzo(b+j)fluoranthene ng/sample 0.2 0.7 1.3 2.2 2 2.2 1.6 2.7 4.6 2 0.91 1.3 2.3 0.64 0.78 1.2 0.68 1.7 0.73 1.6 1.9 0.56 0.46
Benzo(k)fluoranthene ng/sample 0.1 0.38 1.1 1.9 1.5 1.7 1.6 2.7 4.2 1.6 0.63 1.3 1.7 0.54 0.56 0.63 0.63 1.4 0.19 1.3 1.8 0.36 0.28
Benzo(a)pyrene ng/sample 0.5 ND 0.59 1 0.62 1.1 0.79 1.1 1.8 0.55 ND 0.66 0.9 ND ND 0.68 ND 0.6 ND 1 0.71 ND ND
Indeno(1,2,3-cd)pyrene ng/sample 1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Dibenz(a,h)anthracene ng/sample 1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Benzo(ghi)perylene ng/sample 1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Total PAH ng/sample 8.352 24.73 59.77 29.52 37.69 19.363 33 46.99 31.91 13.48 38.98 57.65 9.62 11.69 17.16 12.59 22.42 9.97 26.23 48.35 8.57 7.46
Total PAH mg/g EVA 8.35 8.24 19.92 9.84 12.56 9.68 11.00 15.66 10.64 4.49 12.99 19.22 3.21 3.90 5.72 4.20 7.47 3.32 8.74 16.12 2.86 2.49

Sample ID 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 NC PC B
Station

24A 25A 26A 27A 28A 29A 30A 31A 32A 33A 34A 35A 36R 37R 38R 39R 40R
Activated 
Carbon Spike Blank

Pacific Rim Laboratory ID PR91818 PR91819 PR91820 PR91821 PR91822 PR91823 PR91824 PR91825 PR91826 PR91827 PR91828 PR91829 PR91830 PR91831 PR91832 PR91833 PR91834 PR91835 PR91836 PR91837
Extract Date 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09 27-Nov-09

Extract Wt. (g): 1.59 1.49 1.61 1.27 1.35 1.58 1.68 1.55 1.3 1.59 1.24 1.42 1.43 0.99 1.31 0.17 1.7 1.75 1.28 1.64
Parameter
Naphthalene ng/sample1 0.1 0.71 0.36 0.69 0.72 0.27 0.67 0.3 0.28 0.53 0.67 0.19 0.48 0.26 0.21 0.3 ND 0.63 0.31 693 0.47
Acenaphthylene ng/sample 0.1 0.12 0.11 0.24 ND 0.16 0.13 0.12 0.1 0.18 ND 0.13 ND ND ND ND ND 0.14 0.11 611 0.13
Acenaphthene ng/sample 0.2 0.28 ND 2.5 0.32 0.27 ND ND ND ND ND ND ND ND ND ND ND ND ND 919 ND
Fluorene ng/sample 0.1 0.48 0.23 3.4 0.24 0.16 0.24 0.35 ND 0.24 0.3 0.13 0.16 0.2 0.21 0.17 ND 0.28 0.26 482 0.12
Phenanthrene ng/sample 0.1 2.2 0.8 21 1.7 1.2 0.98 1.7 0.94 1.8 1.4 0.81 0.45 0.56 1.2 0.54 0.12 1.5 0.95 258 0.51
Anthracene ng/sample 0.1 0.46 0.3 13 0.59 0.47 0.39 0.74 ND 0.44 0.18 0.17 0.17 0.13 0.36 0.15 ND 0.32 ND 245 ND
Fluoranthene ng/sample 0.1 1.1 2.3 163 5.1 5.5 4.3 4.1 1.1 1.5 0.59 1.2 0.65 1.7 1.8 1.9 0.38 2.9 0.8 234 0.16
Pyrene ng/sample 0.1 0.71 1.8 113 4.4 3.2 2.9 3.3 0.82 1.5 0.57 0.54 0.89 0.94 1.4 1.5 0.44 2.4 0.88 193 0.16
Benz(a)anthracene ng/sample 0.1 0.42 0.75 23 1.2 1.1 0.56 2.1 0.36 0.45 0.23 0.37 0.35 0.57 0.47 0.61 0.38 0.75 0.46 94 0.36
Chrysene ng/sample 0.1 0.39 0.64 16 0.92 0.88 0.43 1.2 0.63 0.61 0.51 0.5 0.29 0.6 0.52 0.51 0.34 0.87 0.21 82 0.2
Benzo(b+j)fluoranthene ng/sample 0.2 ND 0.51 12 0.74 0.99 0.4 1.3 0.21 ND ND ND 0.28 0.21 0.29 0.4 ND 0.6 ND 89 0.26
Benzo(k)fluoranthene ng/sample 0.1 ND ND 11 1 0.53 0.44 1 0.34 ND ND ND ND 0.51 ND 0.17 ND 0.48 0.12 76 0.45
Benzo(a)pyrene ng/sample 0.5 ND ND 6.7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 78 ND
Indeno(1,2,3-cd)pyrene ng/sample 1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 83 ND
Dibenz(a,h)anthracene ng/sample 1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 52 ND
Benzo(ghi)perylene ng/sample 1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 79 ND

Total PAH ng/sample 6.87 7.8 385.53 16.93 14.73 11.44 16.21 4.78 7.25 4.45 4.04 3.72 5.68 6.46 6.25 1.66 10.87 4.1 4268 2.82
Total PAH mg/g EVA 2.29 2.60 128.51 5.64 4.91 3.81 5.40 1.59 2.42 1.48 1.35 1.24 1.89 2.15 2.08 0.55 3.62 1.37 1422.67 0.94

Notes:
1 - Each "sample" consists of the extract from 3 vials which each contained 1 mL (equivalent to 1 mg) of EVA. The total mass of EVA per extract was 3 mg. 
2 - 1 vial (1 mg of EVA) was extracted for this sample. 
3 - 2 vials (2 mg of EVA) were extracted for this sample. 

Detection 
LimitUnits

Units Detection 
Limit
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 12/21/2011 APPENDIX V
Table V-5: Summary of Coal Analysis of Ladysmith Harbour Sediments - 2009

 09-1436-5008

Sample ID 16745-09 16745-11 16741-05 16745-12 16745-10 16741-04 16748-10 16741-01 16748-02 16741-03 16748-01 16741-02 16748-12 16751-06 16741-07 16741-08 16748-11 16751-05 16751-02 16751-03 16751-01 16745-06
Sample Location 1A 2A 3A 4A 5A 6A 7A 8A 9A 10A 11A 12A 13A 14A 15A 15A Dup 16A 17A 18A 19A 20A 21A

Date Sampled 10/20/2009 10/19/2009 10/19/2009 10/20/2009 10/20/2009 10/20/2009 10/21/2009 10/21/2009 10/20/2009 10/19/2009 10/20/2009 10/20/2009 10/19/2009 10/21/2009 10/19/2009 10/20/2009 10/22/2009 10/20/2009 10/22/2009 10/20/2009 10/22/2009 10/21/2009
QAQC FDA FD FDA

Parameter

% Coal HVB rank (Up Cret) % 10.3 3 1.3 10.3 5 3.7 15 6.7 11 9 18.7 4.3 14 19.3 9.7 8.3 17 21.3 11.4 43.7 13 17.3
% Shaley coal (hvb) (Up Cret) % 0.7 0.3 1.3 0 1.3 3.3 2 3.7 0.7 3.7 1.7 1 2.3 0.7 2 1.7 2.3 5.3 1.3 5.3 3.7 2.3
Total % Coal % 11 3.3 2.6 10.3 6.3 7 17 10.4 11.7 12.7 20.4 5.3 16.3 20 11.7 10 19.3 26.6 12.7 49 16.7 19.6

Sample ID 16745-07 16745-03 16745-04 16745-05 16745-08 16751-04 16741-06 16751-11 16748-06 16751-10 16741-09 16751-07 16751-08 16745-02 16751-09 16745-01 16748-05 16748-03 16748-04 16748-08 16748-09
Sample Location 21A Dup 22A 22A Dup 23A 24A 25A 26A 27A 28A 29A 30A 31A 32A 33A 34A 35A 36R 38R 38R Dup 39R 40R

Date Sampled 10/20/2009 10/19/2009 10/21/2009 10/21/2009 10/19/2009 10/22/2009 10/21/2009 10/21/2009 10/21/2009 10/21/2009 10/21/2009 10/21/2009 10/21/2009 10/20/2009 10/21/2009 10/21/2009 10/21/2009 10/20/2009 10/19/2009 10/19/2009 10/22/2009
QAQC FD FDA FD FDA FD

Parameter

% Coal HVB rank (Up Cret) % 25.7 20 18.3 66.8 17 33.7 0.7 11.7 7 6.3 6.7 28.7 16.3 25 23.7 15 0 3.7 6.3 16.7 9
% Shaley coal (hvb) (Up Cret) % 4.6 1 3.3 11 29 13.7 1.3 2 1 1.3 2 26 25.7 19.7 9 9.7 0 0 1.3 4.7 1
Total % Coal % 30.3 21 21.6 77.8 46 47.4 2 13.7 8 7.6 8.7 54.7 42 44.7 32.7 24.7 0 3.7 7.6 21.4 10

Units

Units
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APPENDIX VI:   QA/QC Results of Field Duplicates for Sedimnet Samples Collected from Ladysmith Harbour (2009 -2010) 12/21/2011 09-1436-5008

Sample type
Sample ID 16739-07 16739-08 16743-06 16743-07 16743-03 16743-04 16746-03 16746-04 21775-02 21775-03 21775-11 21775-12

Sample Location 15A 15A 21A 21A 22A 22A 38R 38R 2010-13 2010-13 2010-12 2010-12
Date Sampled 10/19/2009 10/19/2009 10/20/2009 10/20/2009 10/20/2009 10/20/2009 10/21/2009 10/21/2009 12/17/2010 12/17/2010 12/16/2010 12/17/2010

CANTEST/Maxxam ID 910300431 910300435 910300455 910300461 910300442 910300446 910300493 910300494 Z16003 Z16004 Z16012 Z16013
QA/QC FDA FD FDA FD FDA FD FDA FD FDA FD FDA FD

General Parameters - - - - - -
Moisture 70.1 67.4 - - 57.6 71.5 - - 66.3 66.7 - - 31.1 27.5 - - 18 17 - 14 14 -
Total Organic Carbon (%) 11.2 11 - - 43.3 12.5 - - 28.6 10.7 - - 1.76 1.88 - - 0.0016 0.0018 - 0.0041 0.0032 -
pH 6.7 6.8 - - 7.3 7.3 - - 7 6.8 - - 6.7 7 - - 8.66 8.66 - 8.6 8 -
Metals
Aluminum 8300 8250 10 1 7920 7810 10 1 8350 8710 10 4 5400 4730 10 13 9950 9750 100 2 9340 8500 100 9
Antimony < 0.1 < 0.1 0.1 - 0.7 < 0.1 0.1 - < 0.1 < 0.1 0.1 - < 0.1 < 0.1 0.1 - <0.1 <0.1 0.1 - 0.1 0.2 0.1 67
Arsenic 9.4 9.2 0.1 2 14.3 13.7 0.1 4 12 12.2 0.1 2 5.6 4.8 0.1 15 3.0 2.9 0.2 3 2.3 2.0 0.2 14
Barium 25 24 1 4 28 31 1 10 37 37 1 0 17 19 1 11 14.1 14.6 0.1 3 21.4 12.6 0.1 52
Beryllium < 1 < 1 1 - < 1 < 1 1 - < 1 < 1 1 - < 1 < 1 1 - <0.1 <0.1 0.1 - <0.1 0.1 0.1 -
Boron 98 92 1 6 90 86 1 5 72 68 1 6 17 15 1 13 <0.1 <0.1 0.1 - <0.1 <0.1 0.1 -
Cadmium 3.3 3.1 0.2 6 3.7 3.4 0.2 8 4.2 3.4 0.2 21 3.7 3.5 0.2 6 0.26 0.25 0.05 4 0.49 0.33 0.05 39
Calcium 5370 5500 1 2 11200 14500 1 26 6310 6100 1 3 3980 3640 1 9 13000 12300 100 6 5540 4890 100 12
Chromium 24 24 2 0 24 24 2 0 25 26 2 4 12 11 2 9 14 14 1 0 16 15 1 6
Cobalt 4 4 1 0 5 5 1 0 5 5 1 0 3 3 1 0 4.9 4.9 0.3 0 5.1 5.0 0.3 2
Copper 67 70 1 4 77 81 1 5 76 77 1 1 20 19 1 5 16.2 15.7 0.5 3 18.1 15.9 0.5 13
Iron 14600 14700 2 1 17800 17500 2 2 14300 14200 2 1 8060 7450 2 8 14300 14000 100 2 12500 11000 100 13
Lead 18.2 17.2 0.2 6 21.6 21.6 0.2 0 17.8 18.1 0.2 2 3.7 3.4 0.2 8 1.1 1.0 0.1 10 1.0 0.9 0.1 11
Magnesium 7060 6880 1 3 6680 6530 1 2 6340 6210 1 2 3220 3040 1 6 4690 4650 100 1 5210 4740 100 9
Manganese 133 134 1 1 136 134 1 1 132 131 1 1 91 87 1 4 169 164 0.2 3 197 163 0.2 19
Mercury 0.25 0.24 0.01 4 0.26 0.33 0.01 24 0.26 0.27 0.01 4 0.08 0.07 0.01 13 0.07 0.08 0.05 13 0.07 <0.05 0.05 -
Molybdenum 15.4 14.7 0.1 5 13.8 12.9 0.1 7 9.7 9.7 0.1 0 3 2.6 0.1 14 1.8 1.9 0.1 5 0.5 0.4 0.1 22
Nickel 20 20 2 0 21 21 2 0 21 21 2 0 9 9 2 0 11.3 10.9 0.8 4 12.6 11.5 0.8 9
Phosphorus 669 662 20 1 806 792 20 2 673 688 20 2 863 725 20 17 434 426 10 2 365 346 10 5
Potassium 1760 1750 10 1 1740 1700 10 2 1640 1600 10 2 717 701 10 2 663 601 100 10 614 554 100 10
Selenium 1.9 1.6 0.2 17 2 1.9 0.2 5 1.8 1.8 0.2 0 0.8 0.7 0.2 13 <0.5 <0.5 0.5 - <0.5 0.5 0.5 -
Silver 0.3 0.3 0.1 0 0.3 0.3 0.1 0 0.3 0.3 0.1 0 < 0.1 < 0.1 0.1 - <0.05 <0.05 0.05 - <0.05 <0.05 0.05 -
Sodium 21100 21700 5 3 19000 19400 5 2 17000 16500 5 3 5690 5980 5 5 2290 2100 100 9 1750 2110 100 19
Strontium 63 63 1 0 92 107 1 15 66 69 1 4 27 25 1 8 55.5 48.5 0.1 13 22.8 21.3 0.1 7
Thallium 0.3 0.3 0.1 0 0.3 0.3 0.1 0 0.3 0.3 0.1 0 0.6 0.6 0.1 0 0.21 0.21 0.05 0 0.26 0.27 0.05 4
Tin < 5 < 5 5 - < 5 < 5 5 - < 5 < 5 5 - < 5 < 5 5 - 0.2 0.2 0.1 0 0.2 0.1 0.1 67
Titanium 359 350 1 3 328 324 1 1 361 343 1 5 330 305 1 8 1080 1060 1 2 1020 1030 1 1
Vanadium 38 38 1 0 39 38 1 3 35 35 1 0 18 16 1 12 40 38 2 5 36 35 2 3
Zinc 130 129 1 1 167 170 1 2 162 140 1 15 40 39 1 3 23 23 1 0 26 24 1 8
Zirconium 5 5 1 0 5 5 1 0 5 5 1 0 1 1 1 0 2.3 2.3 0.5 0 2.3 2.1 0.5 9
Hydrocarbons
F1-BTEX - - - - - - - - <10 <10 - <10 <10 -
F2-Napth (C10-C16) 84 82 - - 150 170 - - 100 180 - - < 70 < 70 - - <10 <10 - <10 <10 -
F2 (C10-C16) uncorrected 84 82 - - 150 170 - - 100 180 - - < 70 < 70 - - - - - - - -
F3-PAH (C16-C34) 780 700 - - 870 1100 - - 630 1100 - - < 100 110 - - <10 40 - 20 <10 -
F3 (C16-C34) uncorrected 780 700 - - 870 1100 - - 630 1100 - - < 100 110 - - - - - - - -
F4 (C34-C50) < 500 < 500 - - < 500 < 500 - - < 500 < 500 - - < 500 < 500 - - <10 <10 - <10 <10 -
Polycyclic Aromatic Hydrocarbons
Acenaphthene 0.087 0.11 0.005 23 0.2 0.17 0.005 16 0.18 0.11 0.005 48 < 0.005 < 0.005 0.005 - <0.001 <0.001 0.001 - 0.008 0.003 0.001 91
Acenaphthylene 0.042 0.047 0.005 11 < 0.005 < 0.005 0.005 - 0.077 0.05 0.005 43 < 0.005 < 0.005 0.005 - <0.001 <0.001 0.001 - <0.004 <0.002 0.004 -
Anthracene 0.12 0.17 0.01 34 0.33 0.23 0.01 36 0.24 0.15 0.01 46 < 0.01 < 0.01 0.01 - <0.001 <0.001 0.001 - 0.011 0.004 0.001 93
Benzo(a)anthracene 0.1 0.11 0.01 10 0.34 0.27 0.01 23 0.2 0.17 0.01 16 0.02 < 0.01 0.01 - <0.001 <0.001 0.001 - 0.011 0.004 0.001 93
Benzo(a)pyrene 0.08 0.08 0.01 0 0.22 0.13 0.01 51 0.1 0.14 0.01 33 < 0.01 < 0.01 0.01 - <0.001 <0.001 0.001 - 0.008 0.003 0.001 91
Benzo(b)fluoranthene 0.15 0.12 0.01 22 0.28 0.22 0.01 24 0.22 0.28 0.01 24 < 0.01 < 0.01 0.01 - <0.001 <0.001 0.001 - 0.007 0.003 0.001 80
Benzo(g,h,i)perylene 0.05 0.05 0.01 0 0.08 0.04 0.01 67 0.06 0.07 0.01 15 < 0.01 < 0.01 0.01 - <0.002 <0.002 0.002 - 0.009 0.004 0.002 77
Benzo(k)fluoranthene 0.06 0.06 0.01 0 0.1 0.07 0.01 35 0.09 0.09 0.01 0 < 0.01 < 0.01 0.01 - <0.001 <0.001 0.001 - 0.005 0.002 0.001 86
Chrysene 0.12 0.12 0.01 0 0.36 0.34 0.01 6 0.26 0.28 0.01 7 0.01 < 0.01 0.01 - <0.001 <0.001 0.001 - 0.016 0.006 0.001 91
Dibenz(a,h)anthracene 0.01 0.011 0.005 10 0.017 0.011 0.005 43 0.017 0.016 0.005 6 < 0.005 < 0.005 0.005 - <0.002 <0.002 0.002 - <0.002 <0.002 0.002 -
Fluoranthene 0.42 0.4 0.01 5 0.68 0.82 0.01 19 0.7 0.49 0.01 35 0.03 0.02 0.01 40 <0.001 <0.001 0.001 - 0.017 0.006 0.001 96
Fluorene 0.14 0.16 0.01 13 0.24 0.22 0.01 9 0.29 0.18 0.01 47 < 0.01 < 0.01 0.01 - <0.001 <0.001 0.001 - 0.015 0.005 0.001 100
Indeno(1,2,3-cd)pyrene 0.05 0.04 0.01 22 0.07 0.04 0.01 55 0.07 0.08 0.01 13 < 0.01 < 0.01 0.01 - <0.002 <0.002 0.002 - 0.003 <0.002 0.002 -
Methylnaphthalene (2-) 0.58 0.67 0.05 14 0.52 0.54 0.05 4 1.3 0.64 0.05 68 0.04 0.03 0.02 29 <0.001 <0.001 0.001 - 0.084 0.029 0.001 97
Naphthalene 0.33 0.39 0.01 17 0.8 0.58 0.01 32 0.69 0.35 0.01 65 0.02 0.02 0.01 0 <0.001 <0.001 0.001 - 0.035 0.012 0.001 98
Phenanthrene 0.54 0.64 0.01 17 0.99 0.77 0.01 25 1.2 0.73 0.01 49 0.04 0.03 0.01 29 <0.001 <0.001 0.001 - 0.068 0.024 0.001 96
Pyrene 0.36 0.39 0.01 8 0.85 0.88 0.01 3 0.61 0.42 0.01 37 0.03 0.02 0.01 40 <0.001 <0.001 0.001 - 0.017 0.006 0.001 96
Total HMW-PAH's 1.41 1.38 - 2 2.99 2.82 - - 2.33 2.03 - - 0.09 0.04 - - <0.002 <0.002 - - 0.094 0.034 - -
Total LMW-PAH's 1.84 2.19 - 17 3.08 2.51 - - 3.98 2.21 - - 0.1 0.08 - - <0.001 <0.001 - - 0.22 0.076 - -
Total PAH's 3.25 3.57 - 9 6.06 5.33 - - 6.31 4.24 - - 0.19 0.13 - - <0.002 <0.002 - - 0.32 0.11 - -
Notes:
Results are expressed as mg/L except where noted.
MDL = Method Detection Limit.
< Indicates value less than the detection limit indicated.
RPD = Relative Percent Difference = absolute value[100 x (sample - duplicate)/(sample + duplicate)/2].
If both values were < MDL, or if values were ≤5 times the MDL, RPD was not calculated ("-").

Value RPD > 35% where both values are > 5 times MDL

Sediment Cores (2010)

MDL RPD (%) MDL RPD (%) MDL RPD (%) MDL RPD (%)

Surface Sediment (2009)

MDL RPD (%) MDL RPD (%)
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