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EXECUTIVE SUMMARY 

The Reay Creek Technical Working Group and the Town of Sidney required a review and 
interpretation of sediment investigation results collected since 2010, with a view to examine the 
need for, and feasibility of, future remediation and/or restoration of Reay Creek Pond. 

This report provides the document review and data gap analysis portion of this work. Since the 
metals in sediments are the predominant contaminant and are likely the most toxic to aquatic 
organisms, the focus on the review has been related to these parameters. In addition, from a 
potential sediment disposal perspective, these parameters would likely dictate disposal options 
and costs. 

In general the analytical results for metals were relatively uniform throughout the sediments, and 
it was concluded that all samples were from one population and that the entire accumulated 
sediment mass is contaminated. 

SLR Consulting (Canada) Ltd. (SLR) understands the metals source (Victoria Airport Authority 
(VAA) industrial lands) has been somewhat controlled via the creek diversion and wetland 
development. Other sources (neighborhood roadways and runoff) will remain unchanged, 
although these are likely less significant sources of contaminants, especially metals. 

The remedial options for the Pond are somewhat limited given it is in a well-established 
residential neighbourhood, with much of adjoining land is private property. Also, anecdotal 
information indicates the general public wish to retain the pond environment (as opposed to 
reinstating it as a creek, with dam removal).  The disruption of the pond environment and 
riparian area as well as to local residents should also be considered. 

Based on our review of the existing data, SLR recommends additional investigation to fill data 
gaps and allow a full evaluation of remedial options as follows: 

Additional Sediment Analyses: 

• Chromium speciation (there are two main forms of chromium, Cr III and Cr VI, the latter 
being the more toxic); and 

• Metals SEM/AVS analyses to determine the bioavailability of the sediment metals to 
aquatic organisms. 

Additional Water Analyses: 

• Dissolved oxygen concentration near sediment surface; 

• Porewater - from sediments in the top 10 centimetres - metals analyses; 

• Dissolved and total metals content in pond waters; 

• Petroleum hydrocarbon analyses in pond waters; and 

• Chromium speciation (if significant chromium present in water). 
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Ecology: 

• Plant identification and distribution survey (aquatic species); 

• Zooplankton presence, relative abundance and identification; and 

• Benthic invertebrate population analysis - this will be important in determining how 
diverse or not the benthic invertebrate species are which in turn indicates the relative 
health of the system. 

Tissue Analyses: 

• Fish and/or invertebrates for metals content; and 

• Plants (aquatic species) tissue analysis for metals content. 
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1.0 INTRODUCTION 

1.1 Background 

The Reay Creek Technical Working Group and the Town of Sidney required a review and 
interpretation of sediment investigation results collected since 2010, with a view to examine the 
need for, and feasibility of, future remediation and/or restoration of Reay Creek Pond. 

This report provides the document review and data gap analysis portion of this work. 

1.2 Objectives 

The scope of work included two main tasks:  Document Review and Reporting. The tasks are 
detailed below: 

• Review all investigation reports available with Reay Creek Pond sediment analytical 
results in regards to: 
o Methods of sampling and information provided; 
o Laboratory analyses conducted; 
o Location of the samples collected and ongoing land uses/activities that have 

occurred that may affect results; and 
o Assess sediment quality with respect to the applicable BC sediment standards. 

• Review previously reported sediment data and evaluate in relation to: 
o Depth of samples and volume of sediment represented; 
o Reported water quality data, if any, associated with the sediment analytical data; 
o Land uses/activities, alteration works within the drainage area; and 
o Identify any data gaps that would assist in determining potential future remedial 

options. 

• Prepare a report presenting the information, data, evaluations, and recommendations for 
additional investigations. 

2.0 REGULATORY REQUIREMENTS AND REFERENCE VALUES 

The following sections provide a summary of BC Sediment Quality Criteria and national 
Sediment Quality Guidelines. 

2.1 Provincial Sediment Quality Criteria 

The Contaminated Sites Regulation (CSR), Schedule 9, Generic Numerical Sediment Criteria 
(SedQC) provides reference values for assessing sediment quality. Concentration criteria for 
substances of potential concern are provided for freshwater and marine sediments. These 
criteria are for aquatic life use and are intended to protect sediment-dwelling species from 
unacceptable effects that may be associated with exposure to contaminated sediments at 
typical and sensitive sites. The designated use of the aquatic, estuarine, or marine ecosystem 
portion of a site is used to classify the site as either typical or sensitive (i.e., for Freshwater, or 
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Marine and Estuarine:  Sensitive SedQCSS and Typical SedQCTS). “Sensitive sediment use” and 
“Typical sediment use” are defined in a Ministry of Environment (MOE) procedure document.1 

"Sensitive sediment use" means the use as habitat for sensitive components of freshwater, 
marine, or estuarine aquatic ecosystems of a site containing sediment, which sensitive 
components include, but are not limited to: 

(a) Phytoplankton, zooplankton, benthos, macrophytes, and fish; 
(b) Habitats used by endangered or threatened species or species of special concern under 

the Species at Risk Act (Canada); 
(c) Watercourses, wetlands, forested riparian areas, mudflats, and intertidal zones that are 

important to the preservation of fish or wildlife; 
(d) Reaches of aquatic habitats that are important to fish spawning or serve as important 

rearing habitat for fish; 
(e) Reaches of aquatic environments that encompass or border habitat compensation or 

restoration sites or other areas that are intended or designed to create, restore or enhance 
biological or habitat features; and 

(f) Areas and aquatic habitat included in wild life management areas designated under the 
Wildlife Act. 

"Typical sediment use" means the use of a site containing sediment for a use that is not a 
sensitive sediment use. 

As implied by the terms sensitive and typical, the sensitive criteria are more stringent (i.e., have 
lower concentration thresholds) and typical criteria are less stringent (i.e., have higher 
concentration thresholds). 

Criteria are provided in Schedule 9 for a number of substance/contaminant groups including: 

• Metals (7 substances); 
• Chlorinated hydrocarbons (3 substance groups, including:  polychlorinated 

biphenyls (PCB), polychlorinated dibenzodioxins (PCDD), and polychlorinated 
dibenzofurans (PCDF); 

• Phenolic substances (1 substance, pentachlorophenol); 
• Polycyclic aromatic hydrocarbons (PAH) (13 substances and total PAH); and 
• Pesticides (8 substances). 

Provision also is included in the CSR (Section 11[3]) for considering background concentration 
standards for sediments; however, requirements for determining background sediment quality 
have not been specified in an approved Protocol so using alternate numerical standards to 
those prescribed in Schedule 11 of the CSR is not currently possible. 

2.2 National Sediment Quality Guidelines 

Canadian Council of Ministers of the Environment (CCME) guidelines for sediment quality are 
derived from the available toxicological information according to the formal protocol established 

                                                
1 Definitions and Acronyms for Contaminated Sites. Procedure 8. January 14, 2014. Effective January 14, 

2014. BC Ministry of Environment. 
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by CCME. The lower value, referred to as the threshold effect level (TEL), represents the 
concentration below which adverse biological effects are expected to occur rarely. The upper 
value, referred to as the probable effect level (PEL), defines the level above which adverse 
effects are expected to occur frequently. The definition of the TEL is consistent with the 
definition of a Canadian sediment quality guideline and is also referred to as the Interim 
Sediment Quality Guideline (ISQG). The PEL is recommended as an additional sediment quality 
assessment tool that can be useful in identifying sediments in which adverse biological effects 
are more likely to occur. 

Guidelines (i.e., TEL and PEL) are provided by CCME for essentially the same substance/ 
contaminant groups as in the CSR for BC, namely: 

• Metals (7 substances); 
• Chlorinated hydrocarbons (3 substance groups, including:  PCB, PCDD, and PCDF; 
• Phenolic substances (1 substance, pentachlorophenol); 
• PAH (13 substances, and total PAH); and 
• Pesticides (8 substances). 

As implied by the explanations for the CCME guideline terms TEL/ISQG and PEL, the TEL/ 
ISQG guidelines are more stringent (i.e., have lower concentration thresholds) and PEL 
guidelines are less stringent (i.e., have higher concentration thresholds). 

2.3 Applicable Criteria/Guidelines 

Both the CSR criteria for BC and the CCME guidelines include substance concentrations for 
protection of marine and freshwater aquatic systems. Reay Creek Pond and Reay Creek in the 
area of the Reay Creek Pond is a freshwater system. The criteria and guideline concentrations 
for freshwater are considered applicable. Sediment chemistry data tables in this report therefore 
include only the concentrations for freshwater. 

From the definitions for “sensitive sediment use” in the CSR, some elements would apply. Other 
aspects of the definition for “sensitive” would clearly not apply. Sediment chemistry data tables 
at the end of the text of this report therefore include the concentrations for both “sensitive” and 
“typical”. 

From the explanation of the TEL and PEL threshold levels used in the CCME guidelines the 
objectives for use of, and reference to, both the TEL and PEL levels could apply. Sediment 
chemistry data tables at the end of the text of this report therefore include the concentrations for 
both TEL and PEL. 

2.4 Alternate Criteria - Risk-Based 

It should be noted that contaminated sites legislation and the CSR in BC define two general 
types of standards (in the case of sediment, standards are referred to as criteria): 

• Numerical standards are acceptable concentrations of substances in soil, surface water, 
groundwater, vapour, and sediments; and 

• Risk-based standards are acceptable risk levels from exposure to substances at sites. 



Town of Sidney, BC  SLR Project No.:  201.02016.00001 
Data Gap Analysis - Reay Creek Pond  May 2016 

SLR 4  

At sites under BC jurisdiction, either numerical concentration or risk-based standards or criteria 
may be applied when considering remediation requirements and options. One option for 
remediation is to remove contaminants so no sediments exceeding reference concentrations 
remain. An alternate is to conduct risk assessment to confirm that contaminants managed 
in-place would not pose unacceptable risks to human health or the environment, or if required, 
risk management/risk control measures could be implemented so risk would be reduced to 
acceptable levels. 

Despite the options for remediation, numerical concentration standards/criteria must be used to 
determine whether or not contamination is present at a site and if the site is classified as a 
contaminated site. The CSR Section 11 states: 

“(1) Subject to section 12 and subsections (2), (3) and (4) of this section, the 
following substances, standards and conditions are prescribed for the purposes 
of the definition of "contaminated site" in section 39 of the Act:  (a)…; (b)…; 
(c) the concentration of any substance in sediment at the site is greater than the 
applicable generic numerical sediment criterion; (d)…;”. 

3.0 SITE INFORMATION 

3.1 Location 

Reay Creek Pond is part of Reay Creek Park, to the southeast of Victoria International Airport 
(see Figure A), just east of Canora Road and between Northbrook and Westbrook Drive on the 
north and Bowcott Place on the south. Reay Creek Park is within the boundaries of the Town of 
Sidney in its southwest corner. The Patricia (Pat) Bay Hwy is located about 
0.5 kilometres (km) east of the south end of the pond and about 0.6 km in the downstream 
direction (i.e., southeast) of the south end of the Reay Creek Pond. 

The Victoria International Airport (YYJ) is located to the west and mainly northwest of Reay 
Creek Pond and is the headwaters of the creek. The length of the pond is about 200 metres (m) 
between Canora Road and the dam. 

Reay Creek originates on YYJ property just to the south of the industrial properties and control 
tower, flows across non-YYJ property within North Saanich, under Canora Road, through the 
Reay Creek Pond portion of Reay Creek Park (Town of Sidney), through Peter Grant Park 
(Town of Sidney), and then south, again into North Saanich, under the Pat Bay Hwy and thence 
east-southeast under Lochside Drive to its discharge location into Bazan Bay portion of Haro 
Strait. Figure A illustrates the location of Reay Creek, Reay Creek Park and Pond, as well as 
YYJ, the Pat Bay Hwy and Haro Strait. 

The airport was operated by Transport Canada until about 1997, when the Victoria Airport 
Authority took over the operations of the airport. 
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Figure A:  Reay Creek Pond Site Location 

3.2 Reay Creek Pond 

Historically, lands adjacent to Reay Creek in the area of the pond were owned by many different 
property owners. SLR Consulting (Canada) Ltd. (SLR) understands that a duck farm owner 
adjacent to the creek constructed an earthen/mud dam to control water flow and levels. A pond 
was created above the dam. 

The dam was reconstructed by the Town of Sidney in 1997 to prevent failure and better control 
the flow. This occurred after an overflow event in 1996. 

A number of stream restoration efforts have been undertaken to restore Reay Creek Pond and 
have involved many different stakeholders, volunteers, Association and Society members, the 
Airport, and several levels of government. 

3.3 Ministry of Environment Points of Diversion 

SLR searched the MOE’s iMapBC web site (http://maps.gov.bc.ca/ess/sv/imapbc/) for points of 
diversion (including drinking water) from Reay Creek.  The only point of diversion found was the 
dam at the site. There does not appear to be any registered drinking water uses/extraction from 
Reay Creek.  Information from the iMapBC web site is included in Appendix A. 

3.4 Upstream on Airport Property 

SLR contacted Mr. James Bogusz, Vice-President Operations & Development, and Mr. Stacey 
Lee at the VAA on March 21, 2016. They informed SLR the following: 

http://maps.gov.bc.ca/ess/sv/imapbc/
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• Historically, sediment contamination in the upper reaches of Reay Creek (i.e., on airport 
property) contained various contaminants of concern, mostly metals; 

• An individual source was not identified. Storm drains were checked and high metals 
concentrations were found in many locations; 

• Chromium in surface water in the system is sampled regularly by VAA (see Appendix B); 

• The entire VAA storm system was cleaned out (McRae’s Environmental Services); 

• The older clay pipe system has been removed from service and the area is acting as a 
wetland/settling system. This area will be cleaned out on an on-going (1 to 2 years) basis; 

• A new “by pass channel” was created for the main water flow to Reay Creek Pond; and 

• Most recent reported spill was of the contents of a chromium plating tank at Viking Air. 
The spill was contained and cleaned up at the source. 

Since 2012, remedial and restoration activities have been undertaken along the upper sections 
of Reay Creek to address historic contamination of the creek sediment and water presumed to 
be the result of industrial inputs to the creek via storm water outfalls (Appendix C). The upper 
section of Reay Creek (on VAA property) was diverted to a newly created channel while the 
historic alignment was retained as a side channel and water quality improvement linear 
wetland/retention pond. Diversion berms were constructed at the upstream and downstream 
ends of the side channel with culverts to allow water flow into and from the side channel to the 
main flow of the realigned Reay Creek channel. Spillway valves were also fitted to the culverts 
to allow for control of flows in the event of a spill from the adjacent industrial area and/or airport 
lands to allow for appropriate spill response activities. This was deemed desirable to reduce 
potential impacts to downstream areas of Reay Creek in the event of a spill, such that cleanup 
of unanticipated releases from adjacent activities could be performed in isolation of the main 
flow of Reay Creek. 

4.0 PREVIOUS INVESTIGATIONS 

4.1 Camosun College (2010) 

The Environmental Technology Program at Camosun College conducted studies and prepared 
a report for the Reay Creek Pond in June 2010 (Appendix D). 

A number of characteristics and aspects of the pond were investigated and reported on in the 
Camosun College report, including: 

• Water and sediment depth transects (11 transect locations); 

• Water quality sample analyses (3 samples, in-house analyses; ammonia-N; nitrite-N; 
nitrate-N; phosphate-P); 

• Water parameter measurements (Field measurements for dissolved oxygen, electrical 
conductivity, pH, temperature); 

• Sediments sample analyses (4 locations; surface grab samples): 
o Extracted pore water (4 samples, in-house analyses; ammonia-N; nitrite-N; 

nitrate-N; phosphate-P), 
o Sediment 5-day BOD tests ([BOD5] 5 samples; in-house analyses), and 
o Sediment metals (2 samples; Maxxam Analytics Inc. analyses); 
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• Invertebrates (2 locations, water and surface sediment); and 

• Fish observations (4 locations). 

From the information collected in the field and calculations carried out, the Camosun College 
report provided information regarding: 

• Pond water depths; 
• Sediment thicknesses; 
• Estimated total volumes of sediment; and 
• Observations and summaries pertaining to general water conditions, habitat suitability, 

water quality, flora, and fauna. 

The main information in this report is as follows: 

• Water depth is greatest in front of the dam (almost 2 m); 
• Sediment thickness is greatest in the central portion (about 1.5 m); 
• Two dominant aquatic plants observed:  Elodea Canadensis and Potamogeton robbinsii; 
• Only aquatic vertebrate found was three-spined stickleback (4 captured); 
• Water - ammonia and nitrite-N were highest at the inflow (culvert) end; 
• Water - nitrate-N and phosphate highest 20 m from dam; 
• In general middle sediments had slightly higher metals than sediments closer to the 

dam; 
• Total Organic Carbon (TOC) in one sample was reported as 62 g/kg; 
• Ammonia and nitrite testing was not reliable due to poor condition and age of the 

reagents used and condition of the colourimeter equipment; 
• BOD data was not reliable; and 
• Authors noted in general a lack of amphibious life in the pond. 

4.2 SLR Consulting (Canada) Ltd. (2015) 

SLR was retained by the Town of Sidney to conduct sediment sampling and determine if the 
sediments are considered contaminated when compared to the BC CSR and the CCME 
guidelines (Appendix E): 

• Sediment sampling was carried out using either petite ponar or wildco stainless steel 
corer; 

• Locations were selected to represent sediments over full length of the Pond; 

• Used lab-supplied sampling jars and cross-contamination prevention measures; 

• Some organics (twigs, decomposed leaves, etc.) limited sample collection to 
10 centimetres (cm) in some areas; 

• Ponar samples represented top 10 cm of sediment; 

• Core samples represented surface (0-8 cm or 0-10 cm); mid-core (8-30 cm); deeper 
(25-40 cm); 

• Samples were analyzed for PAH and metals content; 
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• Other parameters were not analyzed for (PCB, dioxins, etc.) because concentrations are 
typically very low (less than lab method detection), costs of analyses are high, and often 
no guidelines or standards have been developed); 

• Samples collected at 10 locations at multiple depths at each location. Total samples 
collected were 25; 

• Three of these were grab samples with the ponar (samples 1G, 5G, and 8G); 

• Remaining samples were collected from different depths at seven locations (2C-C,B, A; 
3C- C,B, A; 4C- C,B, A; 5C- C,B, A; 6C- C,B, A; 7C- C,B, A; 8C- C,B, A); 

• Arsenic, cadmium, chromium, lead, and zinc exceeded CSR SDfs in various core 
samples: 
o 0-8 cm or 0-10 cm depths - cadmium, chromium, lead, zinc, 
o 10-20 cm mid-range - cadmium, chromium, lead, zinc, and 
o 30-40 cm range - arsenic, cadmium, chromium; 

• Three samples were analyzed for PAH content - one collected at 10-20 cm contained 
benzo(a)anthracene, phenanthrene, and pyrene concentrations exceeding the CSR SDfs. 
The other two samples had PAH exceedances of CCME ISQG; and 

• Report confirmed that sediments are considered to be contaminated. 

4.3 R. Macdonald Presentation (2015) 

SLR was provided with the slides from a power point presentation by R. Macdonald from 2015 
(Appendix F). The following information was provided in the presentation: 

• An estimated 3,107 m3 of sediments are in the pond; 

• Sedimentation rate of the upper 24 cm uniform mud layer was estimated at 0.33 cm/yr, 
and has accumulated since about 1930s/1940s; 

• Sediments are underlain by a base layer of mud of mixed materials (course material, 
wood chips, etc.); 

• The author investigated contaminants such as PCB, pesticides, Perfluorooctane 
sulfonate (PFOS), Polybrominated diphenyl ethers (PBDE), and PAH; 

• Lead dating was used to calculate sedimentation rates; 

• Metals data from two sediment cores, at two depths (0-24 cm and 24-62 cm) 
were presented. Shallower sediments had higher concentrations of all metals except 
chromium (Cr), lead (Pb), and arsenic (As) where reverse was true; 

• Cadmium (Cd), Cr, copper (Cu), Pb, and zinc (Zn) exceeded one or more standard/ 
guideline; 

• PCB were measured in shallow (0-24 cm) and deeper (24-62 cm) depths. Total PCB 
in the shallow sample met both CSR SDfs and CSR SDft criteria. Total PCB in the 
deeper sediments met the CSR SDft but exceeded the CSRfs criteria of 0.17 micrograms 
per gram (µg/g) (0.213 µg/g measured is sediments from 24-62 cm); 

• PAH were also measured and were higher in top samples. Only total PAH were reported; 
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• Dichloro-diphenyl-trichloroethane (DDT) was measured in both shallow (0-24 cm) and 
deeper (24-62 cm) sediments. Total DDT in the shallow samples met the CSR SDfs and 
SDft criteria. Total DDT in the deeper sediments exceeded both the CSR SDfs and SDft 
criteria; 

• Traces of other pesticides noted, higher in bottom samples; and 

• PFOS higher in the top sediment samples. There are no current CSR or CCME criteria for 
PFOS. 

4.4 Macdonald and Bruce (2015) 

This report presents some history of the Reay Creek Pond, including dates of dam construction, 
and anecdotal information about fish kills and some information on the airport activities 
(Appendix G). The data presented is similar to that found in the above presentation: 

• Estimate of contaminated sediments was 2,144 tonnes dry wt; 

• Analyses of samples was conducted by Axys Analytical Ltd. of Sydney, BC; 

• Implied sedimentation rate of 0.125 g cm-2 yr-1; 

• Taking into account the water content of the sediment, average sediment velocity is 
0.32 cm/yr; 

• PCB reported in the nanogram/gram (ng/g) range, and the sum of PCB exceeds CCME 
ISGQ guidelines; 

• PBDE reported in pictogram/gram (pg/g), and were found at detectable concentrations in 
shallow sediments (0-24 cm); 

• PAH also reported in ng/g concentrations, and were greater in shallow sediments 
(0-24 cm), correlating to increased vehicle traffic, as well as other common sources of 
PAH; 

• Pesticides were also measured in ng/g concentrations, and were higher in deeper 
sediments (24-64 cm), correlating to their decreased use in recent times, as well as 
change in land use from farming to residential; 

• PFOS data were not provided, but was reported as being more prevalent in the top 
sediments; 

• Identified Cd, Cr, and Zn as of most concern due to highest toxicity and concentrations; 
and 

• Summarized previous reports. 

5.0 SEDIMENT RESULTS 

5.1 General Comments 

A log of all samples collected, sampling depths, and analyses conducted is provided in Table 1. 
Sediment analytical results from all three studies are compared to numerical criteria/guidelines. 
Sampling locations are shown on Drawing 1. Drawing 2 shows the thickness of the sediments in 
the Pond. Sediment contamination is shown on Drawing 3. Cross-sections of the Pond 
sediments at specific transects are shown provided in the Camosun report, attached as 
Appendix D of this report. 
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Sampling methods used include Eckman sampler (Camosun work), Ponar sampler and the 
Wildco Core sampler (SLR work), and a plastic corer (Macdonald and Bruce). The Eckman and 
Ponar samplers typically collect samples of the top 10 cm, and these types of samplers include 
collection of detritus, roots, and aquatic plants. Core samplers allow for sampling at greater 
depths, although they may become blocked, limiting the depth of the sample. All types of 
samplers used are appropriate for the collection of sediment samples. 

5.2 Laboratory Analytical Results 

The analytical data from all three previous studies have been summarized in Tables 2 through 4 
attached. Data have been compared to the CSR and CCME criteria and guidelines, 
respectively. 

5.2.1 Metals 

Table 2 presents metals analysis results in relation to both CSR criteria and CCME guidelines. 
In general, metals concentrations in sediments were about twice the CSR sensitive criteria and 
CCME PEL concentrations and over five times the CCME ISQG guidelines. 

Except for one sample at 30-40 cm depth, all samples analysed (15), including grab samples, 
exceeded one or more criterion/guideline for Cd and Zn. Nine of the 15 samples exceeded one 
or more criterion/guideline for Pb and 13 of the 15 samples for Zn. Eleven of the 15 samples 
exceed the CCME (but not CSR) guidelines for Cu. One sample (30-40 cm depth) contained As 
exceeding the CSR SDfs and three exceeded the CCME ISQG guideline but not the CSR SDft or 
SDfs criteria.  These data indicate that the accumulated sediments above the native material are 
all contaminated. 

5.2.2 Polycyclic Aromatic Hydrocarbons 

Table 3 presents PAH analysis results for the three samples collected. In summary, the results 
indicate: 

• Five or more PAH parameters exceed the CCME and/or CSR guidelines/criteria in each 
sample analysed. In each case where the sediment PAH exceeded the CSR SDfs criteria, 
it exceeded by a small amount of <20%. The only exception was pyrene which exceeded 
by the CSR SDfs by about 25%; and 

• Not enough samples were analyzed for PAH to allow observations regarding variability or 
trends in concentrations, if any.  However, the concentrations of PAHs were relatively low 
compared to the guidelines, and the high TOC value indicates a low toxicity for these 
compounds. 

5.2.3 Other Parameters 

One sample was analyzed for total organic carbon (62 g/kg), one sample for orthophosphate 
(Table 4), and one sample for grain size analysis. One sample was analyzed for each 
parameter to indicate conditions that are typical of the area. 

The grain size distribution results are included with the laboratory reports in the SLR 2015 
report. The sample has 95% “fines” less than 0.075 mm and would be classified as a “silt loam”. 



Town of Sidney, BC  SLR Project No.:  201.02016.00001 
Data Gap Analysis - Reay Creek Pond  May 2016 

SLR 11  

Since the previously-analysed samples for PCB, DDT, and other parameters (Macdonald and 
Bruce, 2015) are present in very low concentrations, the toxicity of the sediments is, for the 
most part, likely to come from the high metals contamination, there will be no further discussion 
of these other parameters, and the focus will be on the metals contamination. 

5.2.4 Statistics 

Sediment sampling has been carried out at a number of different depths in the pond. As can be 
seen from Table 5 the sediment is generally contaminated with metals at all depths and at 
similar concentrations. Only metals which contained concentrations exceeding the applicable 
criteria/guidelines were included (As, Cd, Cr, Cu, Pb, and Zn). For the purpose of the statistical 
analyses of the data, since analytical results for metals were relatively uniform throughout the 
sediments it was concluded that all samples were from one population and that the entire 
accumulated sediment mass is contaminated. 

The results of the statistical analyses are summarized below: 

• The sediment pH is consistent across the Pond; 

• The greatest variability is in the Zn concentrations; 

• The median and arithmetic mean concentrations for As and Cu are below the CSR 
freshwater sensitive criteria. The Pb median concentration exceeds the criteria and Pb 
arithmetic mean meets the criterion; and 

• The median and arithmetic mean concentrations for the other metals above exceed the 
CSR freshwater sensitive criteria. 

6.0 DISCUSSION 

As previously discussed, since the metals are the predominant and highest relative to standards 
contaminant and are likely to cause the greatest toxicity/effect to aquatic organisms, the focus 
on the remediation planning should be related to these parameters. In addition, from a potential 
sediment disposal perspective, it is likely these parameters would dictate sediment disposal 
options and costs. 

Since, to SLR’s knowledge, the pond has not been previously dredged, and since contamination 
is found throughout the depth of the accumulated sediments, it can be considered that the 
sediment contamination has been accumulating in the pond since the pond/dam was first 
constructed and since the Pat Bay Highway, the airport, and the associated industrial 
businesses were developed.  In addition, the accumulation of sediment has been estimated at 
0.33 cm per year and the average depth of sediment in approximately 88 cm above native 
material, while the pond is not as old as this rate of accumulation and average depth would 
indicate it is clear that the timeline extends beyond 1997. 

SLR understands the source (VAA industrial lands) has been somewhat controlled via the creek 
diversion, wetland operation and periodic cleaning of their system. Other sources (neighborhood 
roadways and runoff) will remain unchanged, although these are likely less significant sources 
of contaminants. 

The remedial options for the Pond are somewhat limited given it is in a well-established 
residential neighbourhood, with much of the upland access on private property. There also 
appears to be a relatively well established riparian zone around the pond. Anecdotal information 
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indicates the general public wish to keep the pond environment (as opposed to reinstating it as 
a creek, with dam removal). 

The additional work recommended in Section 7.0 will further determine whether toxicity/effect to 
aquatic organisms from the in-situ sediments are a factor to be considered in the evaluation of 
remedial options, and/or whether the water or other factors are having a significant influence on 
the pond environment. 

Remedial alternatives that SLR currently considers may be available are: 

• partial or complete removal of sediments; 
• capping sediments in place; and 
• risk assessment if the effects of existing contamination is low. 

A more complete evaluation of remedial options can be completed after the recommended work 
is completed and may include the above alternatives, other alternatives that become apparent 
or some combination of these alternatives.  Future assessment of alternatives would include a 
range of factors associated with acceptability, cost, regulatory and other factors. 

7.0 DATA GAPS IDENTIFIED 

Based on SLR’s review of the existing data, SLR recommends additional work as follows: 

Additional Sediment analyses: 
• Chromium speciation (there are two main forms of chromium, Cr III and Cr VI, the latter 

being the more toxic); and 
• Metals SEM/AVS analyses to determine the bioavailability of the sediment metals to 

aquatic organisms. 

Additional water analyses: 
• Dissolved oxygen concentration near sediment surface; 
• Porewater - from sediments in top 10 to 50 cm - metals analyses; 
• Surface water dissolved and total metals content; 
• Surface water petroleum hydrocarbon analyses; and 
• Chromium speciation (if significant chromium present in water). 

Ecology: 
• Plant identification and distribution survey (aquatic species); 
• Zooplankton presence, relative abundance and identification; and 
• Benthic invertebrate population analysis - this will be important in determining how 

diverse or not the benthic invertebrate species are which in turn indicates the relative 
health of the system. 

Tissue analyses: 
• Fish and/or invertebrates for metals content; and 
• Plants (aquatic species) tissue analysis for metals content. 
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8.0 PROFESSIONAL STATEMENT 

This data gap analysis report, prepared by SLR for the above-referenced site, was prepared by 
Ms. Jackie Smith, M.A.Sc., R.P.Bio., P.Ag. and Dr. James Malick, R.P.Bio., P.Ag. The authors 
of the report have over 65 years of combined experience in ecological investigations and the 
assessment and remediation of similar sites and are familiar with the work carried out for the 
subject site. 

9.0 STATEMENT OF LIMITATIONS 

This report has been prepared and the work referred to in this report has been undertaken by 
SLR for the Town of Sidney, hereafter referred to as the “Client”. It is intended for the sole and 
exclusive use of the Client. Other than by the Client and as set out herein, copying or 
distribution of this report or use of or reliance on the information contained herein, in whole or in 
part, is not permitted without the express written permission of SLR. 

This report has been prepared for specific application to this site and site conditions existing at 
the time work for the report was completed. Any conclusions or recommendations made in this 
report reflect SLR’s professional opinion based on limited investigations including:  visual 
observation of the site, surface and subsurface investigation at discrete locations and depths, 
and laboratory analysis of specific chemical parameters. The results cannot be extended to 
previous or future site conditions, portions of the site that were unavailable for direct 
investigation, subsurface locations which were not investigated directly, or chemical parameters 
and materials that were not addressed. Substances other than those addressed by the 
investigation may exist within the site; and substances addressed by the investigation may exist 
in areas of the site not investigated in concentrations that differ from those reported. SLR does 
not warranty information from third party sources used in the development of investigations and 
subsequent reporting. 

Nothing in this report is intended to constitute or provide a legal opinion. SLR expresses no 
warranty to the accuracy of laboratory methodologies and analytical results. SLR makes no 
representation as to the requirements of compliance with environmental laws, rules, regulations, 
or policies established by federal, provincial, or local government bodies. Revisions to the 
regulatory standards referred to in this report may be expected over time. As a result, 
modifications to the findings, conclusions, and recommendations in this report may be 
necessary. 
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Sample Sample Sample Metals PAH TOC Grain Size
Location ID ID Sampler Depth (cm) Analysis Analysis Analysis Analysis

Core 1 Core 1 Macdonald and Bruce 0-24 1 0 0 0
Core 2 Core 2 Macdonald and Bruce 24-62 1 0 0 0

Middle Sediment Middle Sediment Camosun 0-10* 1 0 0 0
Dam Sediment Dam Sediment Camosun 0-10* 1 0 0 0

1G 1G SLR 0-10 1 0 0 0
-C SLR 0-8 0 0 0 0
-B SLR 8-25 1 0 0 0
-A SLR 25-35 0 0 0 0
-C SLR 0-8 1 0 0 0
-B SLR 8-25 0 0 0 0
-A SLR 25-35 0 0 0 0
-D SLR 0-10 0 0 0 0
-C SLR 10-20 1 1 0 0
-B SLR 20-30 0 0 0 0
-A SLR 30-40 1 1 0 0

5G 5G SLR 0-10 0 0 0 0
-C SLR 0-10 1 0 0 0
-B SLR 10-20 0 0 0 0
-A SLR 20-32 0 0 0 0
-C SLR 0-10 1 0 0 0
-B SLR 10-20 1 1 1 1
-A SLR 20-30 0 0 0 0
-C SLR 0-10 1 0 0 0
-B SLR 10-20 0 0 0 0
-A SLR 20-30 1 0 0 0

8G 8G SLR 0-10 0 0 0 0
-C SLR 0-9 1 0 0 0
-B SLR 9-16 0 0 0 0
-A SLR 16-25 0 0 0 0

11 3 1 1
Notes:
G - Grab Sample (Petite Ponar)
C - Core Sample (Wildco Corer)
PAH - polycyclic aromatic hydrocarbons
TOC - total organic carbon
Sample Depth - From Top of Sediment
* - samples collected with Eckman Grabber, assumed depth of collection noted here

TABLE 1:  SEDIMENT SAMPLE LOG AND RECORD OF ANALYSIS

Totals

2C

3C

4C

5C

6C

7C

8C
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TABLE 2:  SEDIMENT CHEMISTRY RESULTS - METALS PARAMETERS (mg/kg)

Sample ID Middle 
Sediment

Dam 
Sediment

Core 1
0 to 24 cm

Core 1
24-62 cm 1G 2C-B 3C-C 4C-A 4C-C 5C-C 6C-B 6C-C 7C-A 7C-C 8C-C

Date (dd-mmm-yyyy) 09-Jun-2010 09-Jun-2010 19-Sep-2013 19-Sep-2013 15-Jan-2015 15-Jan-2015 15-Jan-2015 15-Jan-2015 15-Jan-2015 15-Jan-2015 15-Jan-2015 15-Jan-2015 15-Jan-2015 15-Jan-2015 15-Jan-2015

Sampler Camosun Camosun Macdonald 
and Bruce

Macdonald 
and Bruce SLR SLR SLR SLR SLR SLR SLR SLR SLR SLR SLR

Depth (cm) 0-10 0-10 0-24 24-62 0-10 8-25 0-8 30-40 10--20 0-10 10-20 0-10 20-30 0-10 0-9 n/a n/a n/a n/a.
pH 6.76 6.71 --- --- 6.44 6.53 7.07 7.16 6.76 6.47 6.63 6.49 7.21 6.17 6.41 ns ns ns ns
Aluminum 20600 23700 --- --- --- --- --- --- --- --- --- --- --- --- --- ns ns ns ns
Antimony 1.2 1.4 --- --- 1.19 0.29 0.47 0.40 0.58 1.30 0.61 1.21 0.39 0.76 1.25 ns ns ns ns
Arsenic 4.6 5.3 5.4 6.2 5.18 4.85 7.32 11.2 4.55 5.11 5.35 4.71 6.17 4.51 5.53 5.9 17 20 11
Barium 114 138 --- --- 105 105 59.7 79.4 86.6 123 126 118 105 119 133 ns ns ns ns
Beryllium 0.5 0.5 --- --- 0.45 0.33 0.29 0.33 0.33 0.49 0.50 0.56 0.38 0.52 0.51 ns ns ns ns
Bismuth 0.1 0.2 --- --- --- --- --- --- --- --- --- --- --- --- --- ns ns ns ns
Boron --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ns ns ns ns
Cadmium 21.5 18 27.9 34.2 22.1 19.8 26.0 0.448 17.3 24.7 42.1 21.4 14.1 35.3 19.7 0.6 3.5 4.2 2.2
Chromium (+3) --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ns ns ns ns
Chromium (+6) --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ns ns ns ns
Chromium (total) 115 107 148 190 146 90.6 144 31.2 130 134 153 119 141 153 111 37.3 90 110 56
Cobalt 15 15.5 --- --- 14.1 12.0 9.43 11.4 11.1 15.6 13.4 14.8 10.6 14.0 15.2 ns ns ns ns
Copper 88.8 103 98.2 43.7 75.9 31.3 22.5 30.5 37.3 99.8 64.1 93.9 34.7 74.6 88.4 35.7 197 240 120
Iron 29300 34400 --- --- --- --- --- --- --- --- --- --- --- --- --- ns ns ns ns
Lead 65.7 65 78.6 37 53.9 16.5 13.9 16.1 25.3 63.4 58.6 60.7 19.7 64.6 68.2 35 91.3 110 57
Lithium --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ns ns ns ns
Magnesium 7130 8180 --- --- --- --- --- --- --- --- --- --- --- --- --- ns ns ns ns
Manganese 474 783 --- --- --- --- --- --- --- --- --- --- --- --- --- ns ns ns ns
Mercury 0.09 0.12 0.06 0.066 0.100 < 0.05 < 0.05 < 0.05 0.056 0.128 0.098 0.129 0.055 0.112 0.124 0.17 0.486 0.58 0.3
Molybdenum 1.6 2.2 --- --- 1.78 1.16 0.40 0.57 0.91 2.05 1.49 1.98 0.70 1.30 1.94 ns ns ns ns
Nickel 34.5 38 --- --- 33.3 19.9 18.5 23.4 22.7 38.5 34.1 38.2 23.9 36.0 37.3 ns ns ns ns
Selenium <0.5 <0.5 --- --- 0.67 0.55 < 0.2 0.27 0.43 0.82 0.51 0.79 0.40 0.61 0.69 ns ns ns ns
Silver 0.16 0.18 0.4 0.2 0.25 < 0.1 0.11 0.13 0.10 0.34 0.25 0.32 < 0.1 0.33 0.35 ns ns ns ns
Strontium 51.4 52.5 --- --- --- --- --- --- --- --- --- --- --- --- --- ns ns ns ns
Thallium 0.08 0.1 --- --- 0.085 0.064 0.097 0.053 0.065 0.102 0.089 0.106 0.071 0.103 0.097 ns ns ns ns
Tin 1.4 1.5 1.8 1.1 2.2 < 2 < 2 < 2 < 2 < 2 2.2 < 2 < 2 3.0 7.3 ns ns ns ns
Titanium 788 685 --- --- --- --- --- --- --- --- --- --- --- --- --- ns ns ns ns
Uranium --- --- --- --- 1.09 0.822 0.534 0.648 0.810 1.17 1.02 1.12 0.972 0.961 1.34 ns ns ns ns
Vanadium 69 77 --- --- 76.4 56.0 50.1 65.9 55.2 77.7 81.8 78.5 62.2 76.3 80.3 ns ns ns ns
Zinc 701 741 741 234 519 181 90.7 97.5 218 700 347 639 146 480 603 123 315 380 200
Notes:
mg/kg - milligrams per dry kilogram
cm - centimetres
< - less than analytical detection limit indicated
'---' - sample not analyzed for parameter indicated
ns - no standard listed
n/a - not applicable

Exceeds CCME ISQG FW:  CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Interim Sediment Quality Guidelines (ISQG).
Exceeds CCME PEL FW:  CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Probable Effect Levels (PEL).
Exceeds CSR SDft:  BC Contaminated Sites Regulation, Schedule 9, Generic Numerical Sediment Criteria, Freshwater Typical.
Exceeds CSR SDfs:  BC Contaminated Sites Regulation, Schedule 9, Generic Numerical Sediment Criteria, Freshwater Sensitive.

National - CCME 
Sediment

Provincial - CSR 
Sediment

CCME
ISQG 
FW

CCME
PEL FW

CSR
SDft

CSR
SDfs
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Sample ID 4C-A 4C-C 6C-B
Date (dd-mmm-yyyy) 15-Jan-2015 15-Jan-2015 15-Jan-2015 CCME ISQG FW CCME PEL FW CSR SDft CSR SDfs

Depth (cm) 30-40 10-20 10-20 n/a n/a n/a n/a
Acenaphthene < 0.05 < 0.05 < 0.05 0.00671 0.0889 0.11 0.055
Acenaphthylene < 0.05 < 0.05 < 0.05 0.00587 0.128 0.15 0.08
Acridine --- --- --- ns ns ns ns
Anthracene < 0.05 < 0.05 < 0.05 0.0469 0.245 0.29 0.15
Benz(a)anthracene 0.051 < 0.05 0.252 0.0317 0.385 0.46 0.24
Benzo(a)pyrene 0.064 0.051 0.440 0.0319 0.782 0.94 0.48
Benzo(b)fluoranthene 0.117 0.106 0.832 ns ns ns ns
Benzo(g,h,i)perylene 0.051 < 0.05 0.355 ns ns ns ns
Benzo(k)fluoranthene < 0.05 < 0.05 0.264 ns ns ns ns
Chrysene 0.087 0.075 0.507 0.0571 0.862 1 0.53
Dibenz(a,h)anthracene < 0.05 < 0.05 0.056 0.00622 0.135 0.16 0.084
Fluoranthene 0.106 0.133 0.806 0.111 2.355 2.8 1.5
Fluorene < 0.05 < 0.05 < 0.05 0.0212 0.144 0.17 0.089
Indeno(1,2,3-c,d)pyrene 0.053 0.052 0.398 ns ns ns ns
1-Methylnaphthalene --- --- --- ns ns ns ns
2-Methylnaphthalene < 0.05 < 0.05 < 0.05 0.0202 0.201 0.24 0.12
Naphthalene < 0.05 < 0.05 < 0.05 0.0346 0.391 0.47 0.24
Phenanthrene 0.067 0.099 0.352 0.0419 0.515 0.62 0.32
Pyrene 0.101 0.116 0.728 0.053 0.875 1.1 0.54
PAHs, Total --- --- --- ns ns 20 10
Notes:
PAH - polycyclic aromatic hydrocarbons
mg/kg - milligrams per dry kilogram
cm - centimetres
< - less than analytical detection limit indicated
'---' - sample not analyzed for parameter indicated
ns - no standard/guideline listed
n/a - not applicable

Exceeds CCME ISQG FW:  CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, 
     Freshwater Interim Sediment Quality Guidelines (ISQG).
Exceeds CCME PEL FW:  CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic 
     Life, Freshwater Probable Effect Levels (PEL).
Exceeds CSR SDft:  BC Contaminated Sites Regulation, Schedule 9, Generic Numerical Sediment Criteria, Freshwater Typical.
Exceeds CSR SDfs:  BC Contaminated Sites Regulation, Schedule 9, Generic Numerical Sediment Criteria, Freshwater Sensitive.

TABLE 3:  SEDIMENT CHEMISTRY RESULTS - PAH PARAMETERS (mg/kg)

National - CCME Sediment Provincial - CSR Sediment
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Sample ID Middle Sediment 6C-B
Sampler Camosun SLR

Date (dd-mmm-yyyy) 09-Jun-2010 15-Jan-2015 CCME ISQG FW CCME PEL FW CSR SDft CSR SDfs
Depth (cm) 0-10 10-20 n/a n/a n/a n/a
Orthophosphate 60.5 --- ns ns ns ns
Organic Carbon, Total --- 5.33 ns ns ns ns
Notes:
mg/kg - milligrams per kilogram
'---' - sample not analyzed for parameter indicated
CCME - Canadian Council of Ministers of the Environment
CSR - Contaminated Sites Regulation
ISQG FW - Interim Sediment Quality Guidelines Freshwater
PEL FW - Freshwater Probable Effect Levels
CSR SDft - Contaminated Sites Regulation freshwater typical standards
CSR SDfs - Contaminated Sites Regulation freshwater sensitive standards
ns - no standard listed
n/a - not applicable

TABLE 4:  SEDIMENT CHEMISTRY RESULTS - OTHER PARAMETERS (mg/kg)

National - CCME Sediment Provincial - CSR Sediment
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Sample ID Core 1
0-24 cm

Core 1
24-62 cm

Middle 
Sediment

Dam 
Sediment 1G 2C-B 3C-C 4C-A 4C-C 5C-C 6C-B 6C-C 7C-A 7C-C 8C-C Minimum Maximum Median Arithmetic

Mean
90th

Percentile
Standard 
Deviation CSR SDfs

Depth (cm) 0-24 24-62 0-10 0-10 0-10 8-25 0-8 30-40 10--20 0-10 10-20 0-10 20-30 0-10 0-9 N/A N/A N/A N/A N/A N/A N/A
pH --- --- 6.76 6.71 6.44 6.53 7.07 7.16 6.76 6.47 6.63 6.49 7.21 6.17 6.41 6.17 7.21 6.63 6.678 7.142 0.313 N/A
Arsenic 5.4 6.2 4.6 5.3 5.18 4.85 7.32 11.2 4.55 5.11 5.35 4.71 6.17 4.51 5.53 4.51 11.2 5.3 5.732 6.872 1.690 11
Cadmium 27.9 34.2 21.5 18 22.1 19.8 26 0.448 17.3 24.7 42.1 21.4 14.1 35.3 19.7 0.448 42.1 21.5 22.970 34.86 9.818 2
Chromium (total) 148 190 115 107 146 90.6 144 31.2 130 134 153 119 141 153 111 31.2 153 134 127.520 153 35.885 56
Copper 98.2 43.7 88.8 103 75.9 31.3 22.5 30.5 37.3 99.8 64.1 93.9 34.7 74.6 88.4 22.5 103 74.6 65.780 99.16 29.496 120
Lead 78.6 37 65.7 65 53.9 16.5 13.9 16.1 25.3 63.4 58.6 60.7 19.7 64.6 68.2 13.9 68.2 58.6 47.147 67.2 22.939 57
Zinc 741 234 701 741 519 181 90.7 97.5 218 700 347 639 146 480 603 90.7 741 480 429.213 725 251.054 200
Notes:
mg/kg - milligrams per dry kilogram
cm - centimetres
< - less than analytical detection limit indicated
'---' - sample not analyzed for parameter indicated
ns - no standard listed
n/a - not applicable

Exceeds CCME ISQG FW:  CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Interim Sediment Quality Guidelines (ISQG).
Exceeds CCME PEL FW:  CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Probable Effect Levels (PEL).
Exceeds CSR SDft:  BC Contaminated Sites Regulation, Schedule 9, Generic Numerical Sediment Criteria, Freshwater Typical.
Exceeds CSR SDfs:  BC Contaminated Sites Regulation, Schedule 9, Generic Numerical Sediment Criteria, Freshwater Sensitive.

TABLE 5:  STATISTICAL ANALYSES - METALS PARAMETERS (mg/kg)
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Field Name   Field Value 

UNITS   MY 
STREAM_NAME  Reay Creek 
STATUS L 
REDIV_FLAG  N 
QUANTITY  3700.43994140625 
QTY_FLAG  T 
PURPOSE  CONSERVATION: CONSTRUCT W 
PROC_STATUS  N/A 
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FILE_NO  1000682 
FEATURE_CODE  
EXPIRY_DATE  
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stacey.lee
Callout
OUTFALL 1
23-Jan-13     0.290
18-Feb-13     0.434
8-Mar-13       0.359
15-Mar-13     <.100
11-Apr-13     <.100
26-Jun-13     0.177
10-Jul-13      0.108
21-Jul-13      1.980

stacey.lee
Callout
OUTFALL 2
23-Jan-13   <.100
18-Feb-13    0.156 
8-Mar-13      0.189  
15-Mar-13    0.124 
11-Apr-13    <.100
*30-Jul-13     <.100  
*17-Aug-13   <.100
28-Aug-13    0.825
4-Sep-13      0.382

stacey.lee
Callout
OUTFALL 3
23-Jan-13    0.935
18-Feb-13    0.386
8-Mar-13      0.293
15-Mar-13    0.390
11-Apr-13     0.217
11-Sep-13    <.100
24-Sep-13     0.449

stacey.lee
Callout
OUTFALL 4
23-Jan-13    <.100
18-Feb-13    0.105
8-Mar-13      <.100
15-Mar-13    <.100
11-Apr-13     <.100
8-Oct-13       <.100
15-Nov-13     0.162
6-Jan-14        <.100


stacey.lee
Line

stacey.lee
Line

stacey.lee
Line

stacey.lee
Callout
NEW CHANNEL
23-Jan-13    <.100
18-Feb-13    0.107
8-Mar-13      0.218
15-Mar-13    0.168
2-Apr-13       <.100
11-Apr-13     <.100
15-Apr-13     <.100
6-Jun-13       <.100
17-Jun-13     <.100
26-Jun-13     <.100
10-Jul-13      <.100
21-Jul-13      <.100
*30-Jul-13       0.207
*17-Aug-13     0.334
28-Aug-13      0.145
4-Sep-13       <.100
11-Sep-13     <.100
24-Sep-13     <.100
8-Oct-13        <.100
4-Nov-13       <.100
15-Nov-13      0.105
26-Nov-13      <.100
12-Dec-13      <.100
++23-Dec-13   0.505
6-Jan-14         <.100
17-Jan-14       <.100
24-Jan-14       <.100
13-Feb-14       <.100
20-Feb-14       <.100
3-Mar-14         <.100
20-Mar-14       <.100
6-Apr-14          <.100
17-Apr-14        <.100
6-May-14         <.100
12-May-14       <.100
23-May-14       1.84
4-Jun-14          <.100
23-Jun-14        <.100
19-Sep-14       <.100
3-Oct-14          <.100
16-Oct-14        <.100
30-Oct-14        <.100
12-Nov-14       <.100
21-Nov-14       <.100
5-Dec-14         <.100
5-Jan-15           <.100
23-Jan-15        <.100
6-Feb-15          0.235
19-Feb-15        <.100
26-Feb-15        <.100
27-Mar-15       <.100
21-Apr-15        <.100
30-Apr-15        <.100

stacey.lee
Pencil

stacey.lee
Pencil

stacey.lee
Text Box
.
GRAB SAMPLES - AFTER CREATION OF NEW CHANNEL
(Weekly composite samples of out falls starting 19 June to present)
*ASTERIX represents Low or No flow events*
++ represents high water turbidity ++


stacey.lee
Callout
OLD CHANNEL -MIDSTREAM
15-Mar-13    0.961
2-Apr-13       1.550
11-Apr-13     0.839
15-Apr-13     <.100
6-Jun-13       2.490
17-Jun-13     0.816
26-Jun-13     0.533
10-Jul-13      <.100
21-Jul-13      <.100
*30-Jul-13      0.610
*17-Aug-13    0.747
28-Aug-13     3.22
4-Sep-13       0.860
11-Sep-13     <.100
24-Sep-13      0.920
8-Oct-13         1.89
4-Nov-13        1.49
15-Nov-13       0.959
26-Nov-13       <.100
12-Dec-13       0.229
++23-Dec-13   3.50
6-Jan-14         1.55
17-Jan-14       1.42
24-Jan-14       0.428
13-Feb-14       1.04
20-Feb-14       1.48
3-Mar-14          0.924
20-Mar-14        0.458
6-Apr-14           0.180
17-Apr-14         0.138
6-May-14          0.521
12-May-14        <.100
23-May-14        0.922
4-Jun-14           0.976
23-Jun-14         0.566
19-Sep-14        1.89
3-Oct-14          <.100
16-Oct-14        0.513
30-Oct-14        <.100
12-Nov-14       0.305
21-Nov-14       0.218
5-Dec-14         0.520
5-Jan-15          0.110
23-Jan-15        0.150
6-Feb-15          0.565
19-Feb-15        <.100
26-Feb-15        0.799
27-Mar-15       <.100
21-Apr-15        <.100
30-Apr-15        <.100


stacey.lee
Callout
Out fall from Old Channel
6-Jun-13       <.100
17-Jun-13     0.682
26-Jun-13     0.281
10-Jul-13      <.100
21-Jul-13      <.100
*30-Jul-13      0.377
*17-Aug-13    <.100
28-Aug-13      0.168
4-Sep-13       <.100
11-Sep-13     <.100
24-Sep-13     <.100
8-Oct-13        <.100
4-Nov-13       0.140
15-Nov-13     0.434
26-Nov-13      <.100
12-Dec-13      <.100
++23-Dec-13    1.12
6-Jan-14         0.201
17-Jan-14       0.194
24-Jan-14       0.168
13-Feb-14       0.313
20-Feb-14       0.215
3-Mar-14         0.398
20-Mar-14       0.261
6-Apr-14          2.80
17-Apr-14        0.220
6-May-14         0.133
12-May-14       0.101
23-May-14       <.100
4-Jun-14          <.100
23-Jun-14        <.100
19-Sep-14       <.100
3-Oct-14          <.100
16-Oct-14        <.100
30-Oct-14        <.100
12-Nov-14       <.100
21-Nov-14       <.100
5-Dec-14          0.154
5-Jan-15           0.345
23-Jan-15        <.100
6-Feb-15          0.575
19-Feb-15        <.100
26-Feb-15        <.100
27-Mar-15       <.100
21-Apr-15        <.100
30-Apr-15        <.100
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 SLR Consulting (Canada) Ltd. 
 www.slrconsulting.com 

SLR Consulting (Canada) Ltd. 
6-40 Cadillac Avenue 
Victoria, BC V8Z 1T2 
 
Tel: (250) 475-9595 
Fax: (250) 475-9596 

Memorandum 

To: Michelle Bigg From: David McKeown 

Company: Fisheries and Oceans Canada  

cc: James Bogusz (VAA) Date: June 21, 2012 

Subject: REAY CREEK CHANNEL REHABILITATION – INFORMATION FOR FISHERIES  

 AND OCEANS CANADA PRELIMINARY REVIEW 

 

Dear Ms. Bigg,  

On behalf of the Victoria Airport Authority (VAA), the consulting team1 has included a brief 
overview of the proposed Reay Creek channel mitigation work.  Please find below a summary of 
the proposed work program and initial concept plan for review by Fisheries and Oceans Canada 
(FOC).  Several letters of support for the project are also included with this submission.  We are 
eager to work closely with FOC to facilitate this restoration project and would appreciate a 
response at your earliest convenience with respect to approval process requirements.  

Project Rationale: 

The Reay Creek Channel Rehabilitation project is being conducted to aid in mitigation of historic 
heavy metal contamination entering Reay Creek from stormwater drainage of adjacent airport 
lands.   

Objectives: 

The primary project objectives include the following: 

• Develop remediation measures to reduce heavy metal and other pollutant 
concentrations in stormwater runoff from the East Industrial Area (located north of 
the existing channel) and the eastern half of the airport property; 

                                                
1
 Consulting team consists of Kerr Wood Leidal Associates Ltd., SLR Consulting (Canada) Ltd., and 

Murdoch DeGreeff Inc. 
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• Construct 210 m of new channel to bypass the existing channel that receives 
potentially contaminated stormwater from the East Industrial Area; 

• Prevent fish access to the wetland treatment cell in the old channel but incorporate 
fish and riparian habitat features in the bypass channel for potential fish habitat; 

• Incorporate bio-remediation techniques into the old channel remediation design to 
provide water quality treatment while limiting bird and wildlife conflicts with airport 
operations; 

• Incorporate and/or plan for hydraulic control structures which could be used to limit 
the impact of spills or other emergent events;  

• Conduct and implement the project utilizing appropriate best management practices 
and mitigation measures to ensure protection of fish and fish habitat during 
construction activities; and  

• Develop an on-going monitoring plan to measure the effectiveness of the 
remediation project and consider an adaptive management plan to provide strategies 
to improve overall effectiveness of the remediation approach. 

Reay Creek Watershed: 

The Reay Creek watershed drains an area of approximately 119 ha.  The eastern half of the 
Victoria Airport property, including runways, aprons and the East Camp Industrial Area (see 
Figure 1).  A small tributary enters Reay Creek immediately upstream of the airport property 
boundary.  The tributary drains the northern slopes of Mount Newton and the south-eastern part 
of the VAA property.  Downstream of the VAA property, Reay Creek flows through several 
constructed ponds and a wetland before flowing into Bazan Bay.  The project area is located in 
the upper reach of the creek. 

Existing Habitat Condition: 

The existing upper section of Reay Creek consists of a very low gradient channel (0.7% 
gradient) approximately 2 to 3 m in width (at high water mark).  The area of focus is the open 
channel which runs parallel to the south of Goose Road from the stormwater sewer outfall at the 
upstream end to the service road crossing at the downstream end.  Flows within the creek are 
considerably variable depending on precipitation events (~2.0 m3/s for peak flow events) and 
may become dry during prolonged periods of drought.  The majority of flow is derived from 
runoff from the airport runway landscape and is delivered to the stream via 600 mm, 750 mm, 
and 1,350 mm diameter stormdrains.  This small stream also receives runoff from four smaller 
stormdrains that service the Eastern Industrial lands of the airport property.   

Several blockages to fish passage, such as culverts and dams as identified through the BC 
Conservation Data Centre mapping resource, exist downstream of the project area.  However, 
coho spawners have been observed to enter the upper sections of Reay Creek only once 
(2001). 

The existing channel is considered to be in poor ecological condition.  The stream habitat is 
classified as 100% glide habitat with no riffles or deep pools.  The channel is confined with little 
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or no flood plain.  Substrates consist of silt and mud sediments with varying organic 
components.  There is no spawning habitat and very limited rearing habitat present within this 
section of the creek.  Overstream cover is generally good but is comprised of a mix of native 
and invasive plant species.  Riparian habitat is limited to approximately 5 m wide zones 
adjacent to the stream and consists of a mix of Nootka Rose, Snowberry and invasive 
Himalayan Blackberry.  There is no large woody debris (LWD) within the channel nor is there 
the potential for recruitment from the existing riparian plan community.  One large mature oak 
tree exists south of the existing channel.  This tree will be retained as per the concept design. 

The most significant issue with this section of Reay Creek is that it has been impacted by heavy 
metal contamination as a result of stormwater discharges from the adjacent industrial lands.  In 
the past several years, the Victoria Airport Authority (VAA) has undertaken numerous studies 
and actions to identify and remove the source of the metals contamination, worked with 
industrial lease holders to implement source controls for contaminants, and cleaned the suspect 
stormdrains to remove contamination from within the pipe system.  However, elevated metals 
concentrations still exist within the existing creek sediments and occasional exceedances of 
various parameters, including dissolved metals, have been noted historically within Reay Creek.  
Sediment contamination in the channel varies, but metal concentrations, primarily cadmium, 
have been noted in excess of CCME Sediment Quality Guidelines for the Protection of Aquatic 
Life (CCME SQG AW).  The existing channel in its current state may be a continued source of 
metals contamination for downstream habitat and fish populations.  The VAA is proposing to 
build a new channel adjacent to the impacted existing channel.  Construction of the new 
channel will isolate the old contaminated channel from major stream flows and provide for 
treatment opportunities.  Considerations for including a diverter system will also be included in 
the design phase of the project in order to provide storage capacity within the existing channel 
in the event of a spill within the creek’s upper catchment area or the East Camp Industrial Area.  
The intent is to enhance the remnant channel and develop it into a bioremediation wetland.  The 
following table compares existing and proposed habitat values for the site.  Much of the riparian 
area surrounding the existing channel will remain in-tact as disturbance to these areas is not 
anticipated to be required.  New habitat will be created through construction of the diversion 
channel and additional seeding and planting.  Existing degraded habitat will continue to function 
as it will be retained and converted into a bioremediation wetland which will provide water 
quality improvement opportunities. 

Table 1:  Existing and proposed additional habitat areas for Reay Creek channel enhancement 
work.   

HABITAT TYPE EXISTING PROPOSED 

Open Channel Water 423 sq m 430 sq m 

Bioremediation Wetland 0 490 sq m 

Total Aquatic Area 423 sq m 920 sq m 

Riparian Area 1,471 sq m 1,766 sq m 

Trees 1 Garry Oak 1 Garry Oak (retained) 

 0 20 Red Alder 
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Concept Design: 

A concept design has been developed for the completion of the creek realignment project and is 
appended to this document (see Figure 2).  The new channel is constrained by the elevation of 
the existing stormdrain at the upstream end of the site and the 1,800 mm diameter culvert under 
a service road at the downstream end of the reach.  The channel gradient will remain the same 
at 0.7% gradient, incorporating two or three riffle structures to reduce potential channel erosion 
and perhaps provide support for future spawning beds.  New riparian plantings will provide both 
ecological (wildlife habitat, riparian cover, and shade) and bank stabilizing benefits.  The goal is 
to shade the new channel as quickly as possible after construction to help keep water 
temperatures cool for downstream fish populations.  Areas outside of the planted areas would 
be seeded with suitable meadow grass seed mix.  Most importantly, a potential source of 
pollution for the remainder of the watershed will be isolated for treatment in the bioremediation 
wetland. 

Opportunities for partnerships with local groups such as Peninsula Streams Society and local 
school programs will be sought to aid in providing additional plantings and educational 
opportunities. 

The design team will also work proactively to incorporate any modifications suggested by FOC 
to the extent possible in order to better accommodate potential habitat considerations or to 
decrease any potential for impact to existing habitat resources within the watershed. 

Methods, Equipment and Materials: 

The new channel will be constructed with the use of appropriate excavating machinery.  A test 
pitting program has been conducted within the general alignment of the new channel to 
determine soil conditions associated with construction of the diversion channel.  Construction of 
the new channel will be conducted in isolation of the existing creek flow until such time as it is 
ready to receive inputs from the main upstream stormwater outfall.   

The new channel will be designed to control flow velocities through addition of floodplain 
benches and riffle structures.  The new channel will also provide stormwater management 
capacity and will include erosion control measures such as biodegradable erosion control 
matting and riparian plantings to provide bank stability and riparian cover. 

All appropriate mitigation measures and best management practices associated with the 
construction of the new channel and the bioremediation wetland will be employed including 
those set forth in DFO’s Land Development Guidelines for the Protection of Aquatic Habitat.  
Prior to initiation of construction works, a Spill Contingency and Response Plan and a Sediment 
and Erosion Control Plan will be developed and implemented.   

Timing and Sequencing: 

The Reay Creek Realignment project has recently been initiated.  The consulting team is 
currently working towards preparing a preliminary design for the project, which is anticipated to 
be completed by late July. 
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Construction of the new channel is planned to commence on August 15 and all works are 
anticipated to be completed by September 15 within the reduced risk work window to capitalize 
on this lowered period of sensitivity to in-stream environmental resources.   

Monitoring: 

A Qualified Environmental Monitor will conduct monitoring of construction activities throughout 
the project.  A Sediment and Erosion Control Plan will be prepared prior to initiation of the 
construction works as well as a Spill Contingency and Control Plan.  All pertinent Best 
Management Practices and mitigation measures identified in applicable Operational Statements 
and the DFO Land Development Guidelines for the Protection of Aquatic Habitat will be 
implemented for this project.  The Environmental Monitor will conduct periodic site inspections 
to verify that these measures are properly placed and maintained. 

A follow-up monitoring plan will also be prepared as part of this project that will include 
assessments of water quality, vegetation establishment, and fisheries resources following 
construction of the newly created channel. 

 

Regards,  

 

David McKeown, R.P.Bio. 
SLR Consulting (Canada) Ltd. 
Project Manager 
 
Email: dmckeown@slrconsulting.com 
Office: 250.475.9595 Ext. 238 
Cell: 250.661.2220 
Fax: 250.475.9596 
#6 – 40 Cadillac Avenue 
Victoria, BC V8Z 1T2 
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Reay Creek Channel Mitigation 

Victoria International Airport 

North Saanich, BC 

SITE PHOTOGRAPHS  

 
Photograph 1: Existing Reay Creek channel immediately downstream of stormwater outfall at the 

eastern-most (upstream) end of the creek (June 13, 2012). 

 
Photograph 2: Minimal flow further downstream of stormwater outfall with grassy riparian vegetation 

(June 13, 2012). 

 



 

  

Reay Creek Channel Mitigation 

Victoria International Airport 

North Saanich, BC 

SITE PHOTOGRAPHS  

 

Photograph 3: Sparse shrub and grassy riparian vegetation along mid-section of proposed project 
area (June 13, 2012). 

 

Photograph 4: Riparian vegetation slightly more pronounced at downstream end of project area.  
Thick mats of in-stream vegetation present due to stagnant flow (June 13, 2012). 

 



 

  

Reay Creek Channel Mitigation 

Victoria International Airport 

North Saanich, BC 

SITE PHOTOGRAPHS  

 

Photograph 5: Typical substrates consisting of fine-grained silty sediments and organic debris 
(June 13, 2012). 

 

Photograph 6: View of Reay Creek channel looking west from downstream end of project area 
(April 27, 2012). 



 

  

Reay Creek Channel Mitigation 

Victoria International Airport 

North Saanich, BC 

SITE PHOTOGRAPHS  

 

Photograph 7: View of Reay Creek channel looking east from mid-section of project area (June 13, 
2012). Large trees in background are beyond project limits. 

 



 

 

27 November 2012 

James Bogusz, Director – Airside Operations, Technology and Environment 
Victoria Airport Authority 
201 – 1640 Electra Boulevard 
Sidney, BC   V8L 5V4 

SLR Project No.: 205.03609.00000 

Dear Mr. Bogusz, 

RE: SEDIMENT AND WATER SAMPLING RESULTS, REAY CREEK HYDRAULIC OIL 
SPILL 

SLR Consulting (Canada) Ltd. (SLR) was contracted by the Victoria Airport Authority (VAA) to 
conduct sediment and water sampling within the newly constructed section of Reay Creek, 
located at the Victoria International Airport, near Sidney, BC (the “site”) following a spill of 
hydraulic oil that entered the creek.   

BACKGROUND 

A spill of hydraulic oil occurred on approximately October 25, 2012 from a piece of machinery 
operated by Purolator along the east apron area of the VAA lands.  Spilled material entered 
storm drains adjacent to the spill site and was conveyed into Reay Creek.  The spill was 
detected the following morning and was subsequently reported to the Provincial Emergency 
Program (PEP) and cleanup activities followed.  It is estimated that approximately 80 L of 
hydraulic fluid was spilled from the equipment, most of which subsequently entered Reay Creek.  

Absorbent spill booms and padding were deployed at the site to contain the spilled material; 
however, some residual material was visible along the banks of the newly created Reay Creek 
diversion channel following the spill.  SLR conducted a site visit on November 2, 2012 and a 
subsequent sampling event on November 15, 2012 to assess whether residual hydrocarbon 
contamination was present in sediment and water as a result of the spill event. 

APPLICABLE GUIDELINES AND STANDARDS 

The site is crown-owned land, under the custodianship of Transport Canada and leased to the 
VAA, and therefore falls under federal regulatory jurisdiction.  The prime regulatory framework 
considered is that of the Canadian Council of Ministers of the Environment (CCME).  The 
current and envisioned future land uses are commercial; therefore, sediment and water 
analytical results are compared to CCME guidelines.   

CCME Sediment Quality Guidelines for the Protection of Freshwater Aquatic Life were used to 
screen sediments collected below the high water line.   
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CCME Water Quality Guidelines for the Protection of Freshwater Aquatic Life were used for 
comparison of water results.  Provincial water quality guidelines were also used for comparison 
purposes, given that water within Reay Creek ultimately leaves the site and is conveyed to 
areas downstream that are under provincial jurisdiction.  The following standards were applied 
to the analytical results: 

 CCME Sediment Quality Guidelines for the Protection of Freshwater Aquatic Life; 

 CCME Water Quality Guidelines for the Protection of Freshwater Aquatic Life; 

 BC Approved Water Quality Guidelines for the Protection of Freshwater Aquatic Life; and 

 BC Working Water Quality Guidelines for the Protection of Freshwater Aquatic Life. 

NOVEMBER 15, 2012 INVESTIGATION 

SLR collected sediment samples from the water – creek bank interface at four locations within 
the newly constructed Reay Creek channel (sampling stations 3609 S12-01 to S12-04).  At each 
sediment sampling location samples were collected from surface sediment layers (0 – 10 cm 
depth) using cleaned stainless steel spoons and bowls from immediately below, at, and above 
the existing water line along the margins of the creek.  All samples were collected from below 
the high water line.  Sediments were placed in a clean stainless steel bowl and mixed prior to 
being placed in laboratory prepared 125 mL glass jars, which were labelled and stored in an 
insulated, ice-chilled cooler until they were shipped to ALS Environmental Laboratories (ALS) 
for analysis.  Sampling equipment was washed with Alconox detergent between sampling 
stations to avoid cross contamination.  One blind field duplicate was collected for quality 
assurance/quality control purposes.   

One sediment sample (sampling station 3609 SED12-01) was also collected from the bottom of 
the creek channel to a maximum depth of 10 cm to assess whether elevated levels of 
hydrocarbons were present. 

In addition to the sediment samples, surface water samples were collected from one upstream 
(3609 SWS12-02) and one downstream (3609 SWS12-01) location.   

Sampling locations are provided in Drawing 1 attached. 

Sediments generally consisted of fine-grained silts with varying clay components.  Organic 
material was present in all sediment samples.  No odour or visual evidence of hydrocarbons 
was detected within the sediment samples during the field sampling program.   

QUALITY ASSURANCE / QUALITY CONTROL 

Field Procedures 

 Quality assurance (QA) and quality control (QC) procedures used during sediment and 
water sample collection, handling, identification and shipping procedures included the 
following: 

 Sediment sample containers used were supplied by the laboratory to minimize 
sample container contamination; 
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 Sediment samples collected were placed directly in the laboratory supplied containers 
in the field; 

 Sediment samples were stored in coolers in the field at approximately 4 oC until 
delivery to the laboratory; 

 All samples were submitted to and analyzed by the laboratory within hold times 
specified by the laboratory to obtain reliable results; 

 One blind field duplicate (BFD) was collected to verify analytical results; 

 Equipment and materials that contacted sediment (i.e., spoons, bowls) were 
decontaminated between sample collection to minimize the possibility for cross 
contamination; and  

 New nitrile gloves were used for each sample to minimize the potential for cross 
contamination. 

Laboratory QA/QC Program 

All samples were analysed by ALS, which is accredited by the Canadian Association for 
Laboratory Accreditation Inc. for the parameters analyzed during this project, and uses CCME 
and MOE recognized methods to conduct laboratory analyses.  As conveyed by the laboratory, 
method blanks, control standards samples, certified reference material standards, method 
spikes, replicates, duplicates, surrogates and instrument blanks are routinely analyzed as part 
of the QA/QC programs. 

ALS conducts routine internal laboratory QA/QC analyses to validate the reliability of the 
analytical results.  The internal laboratory analysis indicated the replicates were within the 
acceptable limits for samples analyzed at this site.  The results of laboratory internal QC 
replicates can be found within the attached laboratory analysis report.  

ANALYTICAL RESULTS 

Sediment 

During the sampling program, six samples were collected for analysis of hydrocarbon 
parameters in sediment, including one BDF.  All samples were submitted to ALS and were 
analyzed for the following parameters: 

 Three samples were analyzed for polycyclic aromatic hydrocarbons (PAH); 

 Six samples, including one BFD, were analyzed for Canada Wide Standards (CWS) 
petroleum hydrocarbon fractions F1 to F4; and 

 Six samples, including one BFD, were analyzed for benzene, ethylbenzene, toluene, 
xylene (BETX) and methyl tert-butyl ether (MTBE). 

Analytical results are included in attached Tables 1 through 3. 

A copy of the laboratory analytical report is attached following the tables. 
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PAH 

Analytical results for all samples analyzed for PAH were below the applicable CCME Interim 
Sediment Quality Guidelines (ISQG). 

CWS Hydrocarbon Fractions F1 – F4 

Hydrocarbon fractions F3 and F4 at Station 3609 S12-04 were detected at concentrations 
slightly above laboratory detection limits (97 and 93 mg/kg, respectively).  There are no CCME 
sediment quality guidelines for these parameters; however, the concentrations are considerably 
below CCME soil guidelines for ecological soil contact in commercial land uses (2,500 and 
6,600 mg/kg, respectively) and are unlikely to represent adverse conditions in creek sediments. 

All other parameters were below the laboratory detection limits for the samples analyzed.   

BETX and MTBE 

All the BETX and MTBE parameters were below the laboratory detection limits for the samples 
analyzed. 

Water 

Two water samples were collected during the sampling program and were analyzed for the 
following parameters: 

 PAH; 

 CWS petroleum hydrocarbon fractions F1 to F4; and 

 BETX) and MTBE. 

Benzo(g,h,i)perylene at station 3609 SWS12-02 was detected at a concentration slightly above 
the laboratory detection limit; however, no water quality guideline is available for this parameter. 
All other parameters were below laboratory detection limits.   

Analytical results for water samples are provided in Tables 4 through 6 attached. 

QA/QC 

One BFD sample was analyzed for CWS petroleum hydrocarbon fractions, BETX and MTBE.  
Relative percent difference calculations could not be performed since all parameters were less 
than the laboratory detection limit in both the original and BFD sample.   
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CONCLUSIONS 

Analytical results of sediment and water samples collected on November 15, 2012 from the 
Reay Creek channel were below laboratory detection limits and/or below applicable CCME 
guidelines for the protection of freshwater aquatic life. 

Yours sincerely, 
SLR Consulting (Canada) Ltd. 
 
 
DRAFT 
 
 
David McKeown, R.P.Bio. 
Project Manager 
 
Enc Table 1: Sediment Chemistry Results – PAH Parameters (mg/kg) 

Table 2: Sediment Chemistry Results – Petroleum Hydrocarbon Fractions (mg/kg) 
Table 3: Sediment Chemistry Results – Petroleum Hydrocarbon Constituents and MTBE 

(mg/kg) 
Table 4: Water Chemistry Results – PAH Parameters (ug/L) 
Table 5: Water Chemistry Results – Petroleum Hydrocarbon Fractions (mg/L) 
Table 6: Water Chemistry Results – Petroleum Hydrocarbon Constituents and MTBE 

(ug/L) 
Drawing 1:  Sediment and Water Sampling Locations 
ALS Certificate of Analysis L1238343  
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Victoria Airport Authority

Reay Creek Spill Environmental Sampling

SLR Project No.: 205.03609.00000

November 2012

Sample ID 3609 S12-01 3609 S12-04 3609 SED12-01

Date 15-Nov-2012 15-Nov-2012 15-Nov-2012

Depth (m) --- --- --- ns ns

Acenaphthene < 0.005 < 0.005 < 0.005 0.00671 0.0889

Acenaphthylene < 0.005 < 0.005 < 0.005 0.00587 0.128

Acridine --- --- --- ns ns

Anthracene < 0.004 0.0082 < 0.004 0.0469 0.245

Benzo(a)anthracene < 0.01 0.014 < 0.01 0.0317 0.385

Benzo(a)pyrene < 0.01 0.012 < 0.01 0.0319 0.782

Benzo(b)fluoranthene 0.012 0.022 0.010 ns ns

Benzo(g,h,i)perylene < 0.01 0.019 < 0.01 ns ns

Benzo(k)fluoranthene < 0.01 < 0.01 < 0.01 ns ns

Chrysene < 0.01 0.030 < 0.01 0.0571 0.862

Dibenzo(a,h)anthracene < 0.005 < 0.005 < 0.005 0.00622 0.135

Fluoranthene 0.013 0.020 0.012 0.111 2.355

Fluorene < 0.01 < 0.01 < 0.01 0.0212 0.144

Indeno(1,2,3-c,d)pyrene < 0.01 0.014 < 0.01 ns ns

1-Methylnaphthalene --- --- --- ns ns

2-Methylnaphthalene < 0.01 < 0.01 < 0.01 0.0202 0.201

Naphthalene < 0.01 < 0.01 < 0.01 0.0346 0.391

Phenanthrene < 0.01 0.013 < 0.01 0.0419 0.515

Pyrene 0.010 0.016 < 0.01 0.053 0.875

Quinoline --- --- --- ns ns

PAHs, Total --- --- --- ns ns

Benzo(a)pyrene Equivalency < 0.02 0.020 < 0.02 ns ns

Notes:

m - metres

PAH - polycyclic aromatic hydrocarbons

mg/kg - milligrams per dry kilogram

< - less than analytical detection limit indicated

'---' - sample not analyzed for parameter indicated

ns - no standard/guideline listed

TABLE 1: SEDIMENT CHEMISTRY RESULTS - PAH PARAMETERS (mg/kg)

Exceeds CCME ISQG FW: CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the 

Protection of Aquatic Life, Freshwater Interim Sediment Quality Guidelines (ISQG)

Exceeds CCME PEL FW: CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines 

for the Protection of Aquatic Life, Freshwater Probable Effect Levels (PEL)

CCME ISQG FW CCME PEL FW

SLR CONFIDENTIAL
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November 2012

Sample ID 3609 S12-01 3609 S12-02 3609 S12-03

3609 S12-A 

(Duplicate of 

3609 S12-03)

3609 S12-04 3609 SED12-01

Date 15-Nov-2012 15-Nov-2012 15-Nov-2012 15-Nov-2012 15-Nov-2012 15-Nov-2012

Depth --- --- --- --- --- --- ns ns

F1 (C6-10) < 10 < 10 < 10 < 10 < 10 < 10 ns ns

F2 (C10-16) < 30 < 30 < 30 < 30 < 30 < 30 ns ns

F3 (C16-34) < 50 < 50 < 50 < 50 97 < 50 ns ns

F4 (C34-50+) < 50 < 50 < 50 < 50 93 < 50 ns ns

Notes:

mg/kg - milligrams per dry kilogram

< - less than analytical detection limit indicated

'---' - sample not analyzed for parameter indicated

ns - no standard listed

TABLE 2: SEDIMENT CHEMISTRY RESULTS - PETROLEUM HYDROCARBON FRACTIONS (mg/kg)

Exceeds CCME ISQG FW: CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Interim Sediment 

Quality Guidelines (ISQG)

Exceeds CCME PEL FW: CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Probable 

Effect Levels (PEL)

CCME ISQG FW CCME PEL FW
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Victoria Airport Authority

Reay Creek Spill Environmental Sampling

SLR Project No.: 205.03609.00000

November 2012

Sample ID 3609 S12-01 3609 S12-02 3609 S12-03

3609 S12-A 

(Duplicate of 

3609 S12-03)

3609 S12-04 3609 SED12-01

Date 15-Nov-2012 15-Nov-2012 15-Nov-2012 15-Nov-2012 15-Nov-2012 15-Nov-2012

Depth (m) --- --- --- --- --- --- ns ns

HSVL (ppmv) --- --- --- --- --- --- ns ns

Benzene < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 ns ns

Ethylbenzene < 0.015 < 0.015 < 0.015 < 0.015 < 0.015 < 0.015 ns ns

Toluene < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 ns ns

Xylenes < 0.075 < 0.075 < 0.075 < 0.075 < 0.075 < 0.075 ns ns

MTBE < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 ns ns

VPHs --- --- --- --- --- --- ns ns

EPHs (C10-19) --- --- --- --- --- --- ns ns

EPHs (C19-32) --- --- --- --- --- --- ns ns

LEPHs --- --- --- --- --- --- ns ns

HEPHs --- --- --- --- --- --- ns ns

Notes:

m - metres

mg/kg - milligrams per kilogram

HSVL (ppmv) - headspace vapour level (parts per million by volume)

< - less than analytical detection limit indicated

'---' - sample not analyzed for parameter indicated

MTBE - methyl tert-butyl ether

VPHs - volatile petroleum hydrocarbons (C6-10), excluding benzene, ethylbenzene, toluene, xylenes  

EPHs - extractable petroleum hydrocarbons

LEPHs - light extractable petroleum hydrocarbons (C10-19), excluding specific polycyclic aromatic hydrocarbon parameters

HEPHs - heavy extractable petroleum hydrocarbons (C19-32), excluding specific polycyclic aromatic hydrocarbon parameters

ns - no standard listed

TABLE 3: SEDIMENT CHEMISTRY RESULTS - PETROLEUM HYDROCARBON CONSTITUENTS AND MTBE (mg/kg)

EPH(C10-19) standard is the CSR standard for LEPH. MOE advised (June 06, 10) that EPH(C10-19) and LEPH are equivalent for screening purposes but EPH cannot be used to 

demonstrate legal compliance with CSR standards

EPH(C19-32) standard is the CSR standard for HEPH. MOE advised (June 06, 10) that EPH(C19-32) and HEPH are equivalent for screening purposes but EPH cannot be used to 

demonstrate legal compliance with CSR standards

Exceeds CCME ISQG FW: CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Interim Sediment 

Quality Guidelines (ISQG)

Exceeds CCME PEL FW: CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Probable 

Effect Levels (PEL)

CCME ISQG FW CCME PEL FW

SLR CONFIDENTIAL



Victoria Airport Authority
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SLR Project No.: 205.03609.00000
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Sample ID 3609 SWS12-01 3609 SWS12-02

Date 15-Nov-2012 15-Nov-2012

Acenaphthene < 0.01 < 0.01 5.8 ns 6 ns

Acenaphthylene < 0.01 < 0.01 ns ns ns ns

Acridine < 0.01 < 0.01 4.4 ns 3 0.05

Anthracene < 0.01 < 0.01 0.012 ns 0.4 ns

Benzo(a)anthracene < 0.01 < 0.01 0.018 ns 0.1 ns

Benzo(a)pyrene < 0.01 < 0.01 0.015 ns 0.01 ns

Benzo(b)fluoranthene < 0.01 < 0.01 ns ns ns ns

Benzo(g,h,i)perylene < 0.01 0.035 ns ns ns ns

Benzo(k)fluoranthene < 0.01 < 0.01 ns ns ns ns

Chrysene < 0.01 < 0.01 ns ns ns ns

Dibenzo(a,h)anthracene < 0.01 < 0.01 ns ns ns ns

Fluoranthene < 0.01 < 0.01 0.04 ns 4 0.2

Fluorene < 0.01 < 0.01 3 ns 12 ns

Indeno(1,2,3-c,d)pyrene < 0.01 < 0.01 ns ns ns ns

1-Methylnaphthalene --- --- ns ns ns ns

2-Methylnaphthalene --- --- ns ns ns ns

Naphthalene < 0.05 < 0.05 1.1 ns 1 ns

Phenanthrene < 0.02 < 0.02 0.4 ns 0.3 ns

Pyrene < 0.01 < 0.01 0.025 ns 0.02 ns

Quinoline < 0.01 < 0.01 3.4 3.4 ns ns

Notes:

ug/L - micrograms per litre

PAH - polycyclic aromatic hydrocarbons

< - less than analytical detection limit indicated

'---' - sample not analyzed for parameter indicated

ns - no standard/guideline listed

Exceeds BCWWQfw: BC Working Water Quality Guidelines - Table 1: Working Guidelines for the Water Column - Freshwater Aquatic Life

Exceeds BCWQ AFWm: BC Approved Water Quality Guidelines - Aquatic Life Freshwater (maximum concentration)

Exceeds BCWQ AFW: BC Approved Water Quality Guidelines - Aquatic Life Freshwater (30-day averages)

TABLE 4: WATER CHEMISTRY RESULTS - PAH PARAMETERS (ug/L)

Exceeds CCME AFW: CCME Canadian Environmental Quality Guidelines, Canadian Water Quality Guidelines for the Protection of 

Aquatic Water, Freshwater Aquatic Life

CCME AFW BCWWQfw BCWQ AFWm BCWQ AFW
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Sample ID 3609 SWS12-01 3609 SWS12-02

Date 15-Nov-2012 15-Nov-2012

F1 (C6-10) < 0.1 < 0.1 ns ns ns ns

F2 (C10-16) < 0.3 < 0.3 ns ns ns ns

F3 (C16-34) < 0.3 < 0.3 ns ns ns ns

F4 (C34-50+) < 0.3 < 0.3 ns ns ns ns

Notes:

mg/L - milligrams per liters

< - less than analytical detection limit indicated

'---' - sample not analyzed for parameter indicated

ns - no standard listed

Exceeds BCWWQfw: BC Working Water Quality Guidelines - Table 1: Working Guidelines for the Water Column - Freshwater Aquatic Life

Exceeds BCWQ AFWm: BC Approved Water Quality Guidelines - Aquatic Life Freshwater (maximum concentration)

Exceeds BCWQ AFW: BC Approved Water Quality Guidelines - Aquatic Life Freshwater (30-day averages)

TABLE 5: WATER CHEMISTRY RESULTS - PETROLEUM HYDROCARBON FRACTIONS (mg/L)

Exceeds CCME AFW: CCME Canadian Environmental Quality Guidelines, Canadian Water Quality Guidelines for the Protection of 

Aquatic Water, Freshwater Aquatic Life

CCME AFW BCWWQfw BCWQ AFWm BCWQ AFW
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November 2012

Sample ID 3609 SWS12-01 3609 SWS12-02

Date 15-Nov-2012 15-Nov-2012

Benzene < 0.5 < 0.5 370 370 40 ns

Ethylbenzene < 0.5 < 0.5 90 ns 200 ns

Toluene < 0.5 < 0.5 2 ns 0.5 ns

Xylenes < 0.75 < 0.75 ns ns 30 ns

MTBE < 0.5 < 0.5 10000 ns 3400 ns

VPHw --- --- ns ns ns ns

VHw --- --- ns ns ns ns

EPHw (C10-19) --- --- ns ns ns ns

LEPHw --- --- ns ns ns ns

EPHw (C19-32) --- --- ns ns ns ns

HEPHw --- --- ns ns ns ns

Notes:

ug/L - micrograms per litre

< - less than analytical detection limit indicated

'---' - sample not analyzed for parameter indicated

MTBE - methyl tertiary-butyl ether

VPHw - volatile petroleum hydrocarbons (C6-10), excluding benzene, ethylbenzene, toluene and xylenes

VHw - volatile petroleum hydrocarbons (C6-10), including benzene, ethylbenzene, toluene and xylenes

EPHw - extractable petroleum hydrocarbons in water

LEPHw - light extractable petroleum hydrocarbons (C10 -19), excluding specific polycyclic aromatic hydrocarbon parameters

HEPHw - heavy extractable petroleum hydrocarbons (C19-32), excluding specific polycyclic aromatic hydrocarbon parameters

ns - no standard listed

Exceeds BCWWQfw: BC Working Water Quality Guidelines - Table 1: Working Guidelines for the Water Column - Freshwater Aquatic Life

Exceeds BCWQ AFWm: BC Approved Water Quality Guidelines - Aquatic Life Freshwater (maximum concentration)

Exceeds BCWQ AFW: BC Approved Water Quality Guidelines - Aquatic Life Freshwater (30-day averages)

TABLE 6: WATER CHEMISTRY RESULTS - PETROLEUM HYDROCARBON CONSTITUENTS AND MTBE (ug/L)

Exceeds CCME AFW: CCME Canadian Environmental Quality Guidelines, Canadian Water Quality Guidelines for the Protection of Aquatic Water, 

Freshwater Aquatic Life

CCME AFW BCWWQfw BCWQ AFWm BCWQ AFW

SLR CONFIDENTIAL
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SOIL

SED./SOIL SED./SOIL SED./SOIL SED./SOIL SED./SOIL
15-NOV-12 15-NOV-12 15-NOV-12 15-NOV-12 15-NOV-12

3609 S12-01 3609 S12-02 3609 S12-03 3609 S12-04 3609 S12-A

L1238343-1 L1238343-2 L1238343-3 L1238343-4 L1238343-5

Moisture (%)

pH (1:2 soil:water) (pH)

Benzene (mg/kg)

Ethylbenzene (mg/kg)

Methyl t-butyl ether (MTBE) (mg/kg)

Toluene (mg/kg)

ortho-Xylene (mg/kg)

meta- & para-Xylene (mg/kg)

Xylenes (mg/kg)

Surrogate: 4-Bromofluorobenzene (SS) (%)

Surrogate: 1,4-Difluorobenzene (SS) (%)

F1 (C6-C10) (mg/kg)

F1-BTEX (mg/kg)

F2 (C10-C16) (mg/kg)

F2-Naphth (mg/kg)

F3 (C16-C34) (mg/kg)

F3-PAH (mg/kg)

F4 (C34-C50) (mg/kg)

F4G-SG (mg/kg)

Chrom. to baseline at nC50

Surrogate: 3,4-Dichlorotoluene (SS) (%)

Acenaphthene (mg/kg)

Acenaphthylene (mg/kg)

Anthracene (mg/kg)

Benz(a)anthracene (mg/kg)

Benzo(a)pyrene (mg/kg)

Benzo(b)fluoranthene (mg/kg)

Benzo(b+j+k)fluoranthene (mg/kg)

Benzo(g,h,i)perylene (mg/kg)

Benzo(k)fluoranthene (mg/kg)

Chrysene (mg/kg)

Dibenz(a,h)anthracene (mg/kg)

Fluoranthene (mg/kg)

Fluorene (mg/kg)

Indeno(1,2,3-c,d)pyrene (mg/kg)

2-Methylnaphthalene (mg/kg)

28.2 35.2 28.0 32.1 32.1

6.96 6.52 6.40 7.66 6.43

<0.0050 <0.0050 <0.0050 <0.0050 <0.0050

<0.015 <0.015 <0.015 <0.015 <0.015

<0.20 <0.20 <0.20 <0.20 <0.20

<0.050 <0.050 <0.050 <0.050 <0.050

<0.050 <0.050 <0.050 <0.050 <0.050

<0.050 <0.050 <0.050 <0.050 <0.050

<0.075 <0.075 <0.075 <0.075 <0.075

81.1 83.8 78.5 79.9 75.3

83.4 85.2 82.5 83.8 79.9

<10 <10 <10 <10 <10

<10 <10 <10 <10 <10

<30 <30 <30 <30 <30

<30 <30

<50 <50 <50 97 <50

<50 97

<50 <50 <50 93 <50

<500

YES YES YES NO YES

111.5 95.3 120.6 111.6 101.0

<0.0050 <0.0050

<0.0050 <0.0050

<0.0040 0.0082

<0.010 0.014

<0.010 0.012

0.012 0.022

<0.015 0.022

<0.010 0.019

<0.010 <0.010

<0.010 0.030

<0.0050 <0.0050

0.013 0.020

<0.010 <0.010

<0.010 0.014

<0.010 <0.010

Physical Tests

Volatile Organic 
Compounds

Hydrocarbons

Polycyclic 
Aromatic 
Hydrocarbons
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* Please refer to the Reference Information section for an explanation of any qualifiers detected.
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SOIL

SED./SOIL
15-NOV-12

3609 SED12-01

L1238343-6

Moisture (%)

pH (1:2 soil:water) (pH)

Benzene (mg/kg)

Ethylbenzene (mg/kg)

Methyl t-butyl ether (MTBE) (mg/kg)

Toluene (mg/kg)

ortho-Xylene (mg/kg)

meta- & para-Xylene (mg/kg)

Xylenes (mg/kg)

Surrogate: 4-Bromofluorobenzene (SS) (%)

Surrogate: 1,4-Difluorobenzene (SS) (%)

F1 (C6-C10) (mg/kg)

F1-BTEX (mg/kg)

F2 (C10-C16) (mg/kg)

F2-Naphth (mg/kg)

F3 (C16-C34) (mg/kg)

F3-PAH (mg/kg)

F4 (C34-C50) (mg/kg)

F4G-SG (mg/kg)

Chrom. to baseline at nC50

Surrogate: 3,4-Dichlorotoluene (SS) (%)

Acenaphthene (mg/kg)

Acenaphthylene (mg/kg)

Anthracene (mg/kg)

Benz(a)anthracene (mg/kg)

Benzo(a)pyrene (mg/kg)

Benzo(b)fluoranthene (mg/kg)

Benzo(b+j+k)fluoranthene (mg/kg)

Benzo(g,h,i)perylene (mg/kg)

Benzo(k)fluoranthene (mg/kg)

Chrysene (mg/kg)

Dibenz(a,h)anthracene (mg/kg)

Fluoranthene (mg/kg)

Fluorene (mg/kg)

Indeno(1,2,3-c,d)pyrene (mg/kg)

2-Methylnaphthalene (mg/kg)

31.8

7.51

<0.0050

<0.015

<0.20

<0.050

<0.050

<0.050

<0.075

77.0

82.1

<10

<10

<30

<30

<50

<50

<50

YES

112.4

<0.0050

<0.0050

<0.0040

<0.010

<0.010

0.010

<0.015

<0.010

<0.010

<0.010

<0.0050

0.012

<0.010

<0.010

<0.010

Physical Tests

Volatile Organic 
Compounds

Hydrocarbons

Polycyclic 
Aromatic 
Hydrocarbons
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SOIL

SED./SOIL SED./SOIL SED./SOIL SED./SOIL SED./SOIL
15-NOV-12 15-NOV-12 15-NOV-12 15-NOV-12 15-NOV-12

3609 S12-01 3609 S12-02 3609 S12-03 3609 S12-04 3609 S12-A

L1238343-1 L1238343-2 L1238343-3 L1238343-4 L1238343-5

Naphthalene (mg/kg)

Phenanthrene (mg/kg)

Pyrene (mg/kg)

Surrogate: Acenaphthene d10 (%)

Surrogate: Chrysene d12 (%)

Surrogate: Naphthalene d8 (%)

Surrogate: Phenanthrene d10 (%)

B(a)P Total Potency Equivalent (mg/kg)

IACR (CCME) (mg/kg)

<0.010 <0.010

<0.010 0.013

0.010 0.016

84.3 86.9

102.3 102.1

84.3 83.0

93.3 95.2

<0.020 0.020

<0.15 0.28

Polycyclic 
Aromatic 
Hydrocarbons
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SOIL

SED./SOIL
15-NOV-12

3609 SED12-01

L1238343-6

Naphthalene (mg/kg)

Phenanthrene (mg/kg)

Pyrene (mg/kg)

Surrogate: Acenaphthene d10 (%)

Surrogate: Chrysene d12 (%)

Surrogate: Naphthalene d8 (%)

Surrogate: Phenanthrene d10 (%)

B(a)P Total Potency Equivalent (mg/kg)

IACR (CCME) (mg/kg)

<0.010

<0.010

<0.010

82.3

102.2

80.4

86.1

<0.020

<0.15

Polycyclic 
Aromatic 
Hydrocarbons
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WATER

WATER WATER
15-NOV-12 15-NOV-12

3609 SWS12-01 3609 SWS12-02

L1238343-7 L1238343-8

Benzene (mg/L)

Ethylbenzene (mg/L)

Methyl t-butyl ether (MTBE) (mg/L)

Toluene (mg/L)

ortho-Xylene (mg/L)

meta- & para-Xylene (mg/L)

Xylenes (mg/L)

F1 (C6-C10) (mg/L)

Surrogate: 4-Bromofluorobenzene (SS) (%)

Surrogate: 1,4-Difluorobenzene (SS) (%)

F1-BTEX (mg/L)

F2 (C10-C16) (mg/L)

F3 (C16-C34) (mg/L)

F4 (C34-C50) (mg/L)

Surrogate: 3,4-Dichlorotoluene (SS) (%)

Acenaphthene (mg/L)

Acenaphthylene (mg/L)

Acridine (mg/L)

Anthracene (mg/L)

Benz(a)anthracene (mg/L)

Benzo(a)pyrene (mg/L)

Benzo(b)fluoranthene (mg/L)

Benzo(g,h,i)perylene (mg/L)

Benzo(k)fluoranthene (mg/L)

Chrysene (mg/L)

Dibenz(a,h)anthracene (mg/L)

Fluoranthene (mg/L)

Fluorene (mg/L)

Indeno(1,2,3-c,d)pyrene (mg/L)

Naphthalene (mg/L)

Phenanthrene (mg/L)

Pyrene (mg/L)

Quinoline (mg/L)

Surrogate: Acenaphthene d10 (%)

Surrogate: Acridine d9 (%)

Surrogate: Chrysene d12 (%)

<0.00050 <0.00050

<0.00050 <0.00050

<0.00050 <0.00050

<0.00050 <0.00050

<0.00050 <0.00050

<0.00050 <0.00050

<0.00075 <0.00075

<0.10 <0.10

81.9 82.3

84.2 84.5

<0.10 <0.10

<0.30 <0.30

<0.30 <0.30

<0.30 <0.30

82.4 83.4

<0.000010 <0.000010

<0.000010 <0.000010

<0.000010 <0.000010

<0.000010 <0.000010

<0.000010 <0.000010

<0.000010 <0.000010

<0.000010 <0.000010

<0.000010 0.000035

<0.000010 <0.000010

<0.000010 <0.000010

<0.000010 <0.000010

<0.000010 <0.000010

<0.000010 <0.000010

<0.000010 <0.000010

<0.000050 <0.000050

<0.000020 <0.000020

<0.000010 <0.000010

<0.000010 <0.000010

80.1 80.7

108.0 110.8

92.7 95.4

Volatile Organic 
Compounds

Hydrocarbons

Polycyclic 
Aromatic 
Hydrocarbons
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WATER

WATER WATER
15-NOV-12 15-NOV-12

3609 SWS12-01 3609 SWS12-02

L1238343-7 L1238343-8

Surrogate: Naphthalene d8 (%)

Surrogate: Phenanthrene d10 (%)

78.3 79.1

93.1 96.0

Polycyclic 
Aromatic 
Hydrocarbons



Reference Information

DUP-H

LCS-ND

Duplicate results outside ALS DQO, due to sample heterogeneity.

Lab Control Sample recovery was slightly outside ALS DQO.  Reported non-detect results for associated samples were unaffected.

Qualifiers for Individual Parameters Listed:

Description Qualifier      

22-NOV-12 16:53 (MT)

L1238343 CONTD....
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F1-BTX-CALC-VA

F1-BTX-CALC-VA

F1-HSFID-VA

F1-HSFID-VA

F2-4-SF-FID-VA

F2F3-PAH-CALC-VA

F2F4-TUMB-H/A-FID-VA

F1-Total BTX

F1-Total BTX

CCME F1 By Headspace with GCFID

CCME F1 by headspace GCMS

Extractable Hydrocarbons in water GCFID

F2&F3-PAH

Petroleum Hydrocarbon by Tumbler GCFID

This analysis is based on the "Reference Method for the Canada-Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 Method, Canadian 
Council of Ministers of the Environment, December 2000."  For F1 (C6-C10), the sample undergoes a purge and trap extraction prior to analysis by 
GC/FID. The F1-BTEX result is calculated as follows: 

F1-BTEX: F1 (C6-C10) minus benzene, toluene, ethylbenzene and xylenes (BTEX).

This analysis is carried out in accordance with the "Reference Method for the Canada-Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 
Method, Canadian Council of Ministers of the Environment, December 2000."   For F1 (C6-C10) and F1-BTEX, a subsample of the sediment/soil is 
extracted with methanol and analysed by purge & trap GC/FID. The F1-BTEX result is then calculated as follows: 

F1-BTEX: F1 (C6-C10) minus benzene, toluene, ethylbenzene and xylenes (BTEX).

This analysis is based on the "Reference Method for the Canada-Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 Method, Canadian 
Council of Ministers of the Environment, December 2000."  For F1 (C6-C10), the sample undergoes a headspace purge prior to analysis by GC/FID. 

F1 (C6-C10): Sum of all hydrocarbons that elute between nC6 and nC10.

The soil methanol extract is added to water and reagents, then heated  in a sealed vial to equilibrium.  The headspace from the vial is transferred into a
gas chromatograph.  The F1 fraction concentration is measured using flame ionization detection.

Petroleum Hydrocarbons (F2-F4) in Water

This analysis is carried out using procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846, published by the United States 
Environmental Protection Agency (EPA) and the "Reference Method for the Canada-Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 
Method, Canadian Council of Ministers of the Environment, December 2000." The procedure involves a liquid-liquid extraction of the entire water 
sample using dichloromethane prior to capillary column gas chromatography with flame ionization detection (GC/FID).

A silica gel cleanup procedure is applied before GC analysis, which is intended to selectively remove most naturally occurring organics.

This analysis is carried out in accordance with the "Reference Method for the Canada-Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 
Method, Canadian Council of Ministers of the Environment, December 2000."  For F2 (C10-C16) and F3 (C16-C34), a subsample of the sediment/soil 
is extracted with 1:1 hexane:acetone using a rotary extractor.  The extract undergoes a silica-gel clean-up to remove polar compounds prior to analysis
by on-column GC/FID. The F2-Napth and F3-PAH results are then calculated as follows:

1. F2-Napth: F2 (C10-C16) minus naphthalene.
2. F3-PAH: F3 (C16-C34) minus selected PAHs (phenanthrene, benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, 
fluoranthene, dibenz(a,h)anthracene, indeno(1,2,3-c,d)pyrene and pyrene).

This analysis is carried out in accordance with the "Reference Method for the Canada-Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 
Method, Canadian Council of Ministers of the Environment, December 2000."  For C10 to C50 hydrocarbons (F2, F3, F4) and gravimetric heavy 
hydrocarbons (F4G-sg), a subsample of the sediment/soil is extracted with 1:1 hexane:acetone using a rotary extractor.  The extract undergoes a 
silica-gel clean-up to remove polar compounds.  F2, F3 & F4 are analyzed by on-column GC/FID, and F4G-sg is analyzed gravimetrically. 

Notes: 
1. F2 (C10-C16): Sum of all hydrocarbons that elute between nC10 and nC16.
2. F3 (C16-C34): Sum of all hydrocarbons that elute between nC16 and nC34.
3. F4 (C34-C50): Sum of all hydrocarbons that elute between nC34 and nC50.
4. F4G: Gravimetric Heavy Hydrocarbons
5. F4G-sg: Gravimetric Heavy Hydrocarbons (F4G) after silica gel treatment.

ALS Test Code Test Description

Water

Soil

Water

Soil

Water

Soil

Soil

CCME CWS PHC TIER 1 (2001)

CCME CWS PHC TIER 1 (2001)

CCME PHC TIER 1

EPA SW846, CCME CWS PHC TIER 1

CWS (CCME)

CCME CWS PHC TIER 1 (2001)

CCME PETROLEUM HYDROCARBONS

Method Reference** Matrix 

Test Method References:            

Version: FINAL   

Applies to Sample Number(s)Parameter Qualifier

L1238343-1, -2, -3, -4, -5, -6
L1238343-1, -2, -3, -4, -5, -6
L1238343-1, -2, -3, -4, -5, -6
L1238343-4, -5, -6

F2 (C10-C16)
F3 (C16-C34)
F4 (C34-C50)
F1 (C6-C10)

DUP-H
DUP-H
DUP-H
LCS-ND

QC Samples with Qualifiers & Comments:

Duplicate
Duplicate
Duplicate
Laboratory Control Sample

QC Type Description

10
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MOISTURE-VA

OGG-F4G-TUMB-SG-VA

PAH-LL-SF-MS-VA

PAH-SURR-MS-VA

PAH-TMB-H/A-MS-VA

PH-1:2-VA

VH-SURR-FID-VA

VH-SURR-FID-VA

VOC7-HSMS-VA

VOC7-L-HSMS-VA

VOC7/VOC-SURR-MS-VA

VOC7/VOC-SURR-MS-VA

XYLENES-CALC-VA

XYLENES-CALC-VA

Moisture content

CWS F4G with Silica Gel

PAH-Low Level in Water by GCMS

PAH Surrogates for Waters

PAH - Rotary Extraction (Hexane/Acetone)

pH in Soil (1:2 Soil:Water Extraction)

VH Surrogates for Waters

VH Surrogates for Soils

BTEX/MTBE/Styrene by Headspace GCMS

VOCs in soil by Headspace GCMS

VOC7 and/or VOC Surrogates for Waters

VOC7 and/or VOC Surrogates for Soils

Sum of Xylene Isomer Concentrations

Sum of Xylene Isomer Concentrations

6. Where F4 (C34-C50) and F4G-sg results are reported for a sample, the larger of the reported values is used for comparison against the relevant 
CCME standard for F4. 
7. The gravimetric heavy hydrocarbon results (F4G-sg), cannot be added to the C6 to C50 hydrocarbon results. 
8. This method is validated for use. 
9. Data from analysis of quality control samples is available upon request.
10. Reported results are expressed as milligrams per dry kilogram.

This analysis is carried out gravimetrically by drying the sample at 105 C for a minimum of six hours.

This analysis is carried out in accordance with the "Reference Method for the Canada-Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 
Method, Canadian Council of Ministers of the Environment, December 2000."  For gravimetric heavy hydrocarbons (F4G-sg), a subsample of the 
sediment/soil is extracted with 1:1 hexane:acetone using a rotary extractor. The extract undergoes a silica-gel clean-up to remove polar compounds 
prior to gravimetric analysis. 

Notes: 
1. F4G-sg: Gravimetric Heavy Hydrocarbons (F4G) after silica gel treatment.
3. Where F4 (C34-C50) and F4G-sg results are reported for a sample, the larger of the reported values is used for comparison against the relevant 
CCME standard for F4. 
4. The gravimetric heavy hydrocarbon (F4G-sg) result cannot be added to the C6 to C50 hydrocarbons results. 
5. This method is validated for use. 
6. Data from analysis of quality control samples is available upon request.
7. Reported results are expressed as milligrams per dry kilogram.

The entire water sample is extracted with dichloromethane, prior to analysis by gas chromatography with mass spectrometric detection (GC/MS). 
Because the two isomers cannot be readily chromatographically separated, benzo(j)fluoranthene is reported as part of the benzo(b)fluoranthene 
parameter.

Analysed as per the corresponding PAH test method. Known quantities of surrogate compounds are added prior to analysis to each sample to 
demonstrate analytical accuracy.

This analysis is carried out using procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846, Methods 3545 & 8270, published by 
the United States Environmental Protection Agency (EPA). The procedure uses a mechanical shaking technique to extract a subsample of the 
sediment/soil with a 1:1 mixture of hexane and acetone.  The extract is then solvent exchanged to toluene. The final extract is analysed by capillary 
column gas chromatography with mass spectrometric detection (GC/MS). Surrogate recoveries may not be reported in cases where interferences from
the sample matrix prevent accurate quantitation. Because the two isomers cannot be readily chromatographically separated, benzo(j)fluoranthene is 
reported as part of the benzo(b)fluoranthene parameter.

This analysis is carried out in accordance with procedures described in the pH, Electrometric in Soil and Sediment method - Section B 
Physical/Inorganic and Misc. Constituents, BC Environmental Laboratory Manual 2007.  The procedure involves mixing the dried (at <60°C) and sieved
(No. 10 / 2mm) sample with deionized/distilled water at a 1:2 ratio of sediment to water.  The pH of the solution is then measured using a standard pH 
probe.

The water sample, with added reagents, is heated in a sealed vial to equilibrium. The headspace from the vial is transfered into a gas chromatograph. 
Target compound concentrations are measured using mass spectrometry detection.

The soil methanol extract is added to water and reagents, then heated in a sealed vial to equilibrium.  The headspace from the vial is transferred into a 
gas chromatograph.  Target compound concentrations are measured using mass spectrometry detection.

Calculation of Total Xylenes

Total Xylenes is the sum of the concentrations of the ortho, meta, and para Xylene isomers.  Results below detection limit (DL) are treated as zero.  
The DL for Total Xylenes is set to a value no less than the square root of the sum of the squares of the DLs of the individual Xylenes.

Calculation of Total Xylenes

Total Xylenes is the sum of the concentrations of the ortho, meta, and para Xylene isomers.  Results below detection limit (DL) are treated as zero.  

Soil

Soil

Water

Water

Soil

Soil

Water

Soil

Water

Soil

Water

Soil

Water

Soil

ASTM D2974-00 Method A

CCME PETROLEUM HYDROCARBONS-
GRAVIMETRIC

EPA 3510, 8270

EPA 3510, 8270

EPA 3570/8270

BC WLAP METHOD: PH, ELECTROMETRIC, SOIL

B.C. MIN. OF ENV. LAB. MAN. (2009)

BCMELP CSR ANALYTICAL METHOD 2

EPA8260B, 5021

EPA8260B, 5021, 5035, BC MOE

EPA8260B, 5021

EPA METHODS 8260B & 524.2

CALCULATION

EPA 8260B & 524.2

Version: FINAL   
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The DL for Total Xylenes is set to a value no less than the square root of the sum of the squares of the DLs of the individual Xylenes.

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Chain of Custody Numbers:

Version: FINAL   
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Quality Control Report
Page 1 of

Client:

Contact:

SLR CONSULTING (CANADA) LTD. 
# 6 - 40 Cadillac Avenue 
Victoria  BC  V8Z 1T2
Dave McKeown

Report Date: 22-NOV-12Workorder: L1238343

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

F1-HSFID-VA

F2-4-SF-FID-VA

PAH-LL-SF-MS-VA

Water

Water

Water

R2479618

R2475403

R2476594

Batch

Batch

Batch

LCS

MB

MB

LCS

MB

WG1588504-2

WG1588504-1

WG1587714-1

WG1587714-2

WG1587714-1

F1 (C6-C10)

F1 (C6-C10)

F2 (C10-C16)

F3 (C16-C34)

F4 (C34-C50)

Acenaphthene

Acenaphthylene

Acridine

Anthracene

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(g,h,i)perylene

Benzo(k)fluoranthene

Chrysene

Dibenz(a,h)anthracene

Fluoranthene

Fluorene

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

Naphthalene

Phenanthrene

Pyrene

Quinoline

Acenaphthene

Acenaphthylene

Acridine

Anthracene

112.8

<0.10

<0.30

<0.30

<0.30

113.4

110.4

106.8

110.7

102.3

92.7

100.0

112.3

106.6

115.3

106.8

105.0

109.1

106.3

111.6

114.1

100.1

109.6

<0.000010

<0.000010

<0.000010

<0.000010

21-NOV-12

21-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

50-150

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

50-130

60-130

60-130

60-130

%

mg/L

mg/L

mg/L

mg/L

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

0.1

0.3

0.3

0.3

0.00001

0.00001

0.00001

0.00001

8



Quality Control Report
Page 2 ofReport Date: 22-NOV-12Workorder: L1238343

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PAH-LL-SF-MS-VA

VOC7-HSMS-VA

F1-HSFID-VA

Water

Water

Soil

R2476594

R2478804

R2479547

Batch

Batch

Batch

MB

LCS

MB

MB

WG1587714-1

WG1588504-2

WG1588504-1

WG1587834-1

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(g,h,i)perylene

Benzo(k)fluoranthene

Chrysene

Dibenz(a,h)anthracene

Fluoranthene

Fluorene

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

Naphthalene

Phenanthrene

Pyrene

Quinoline

Benzene

Ethylbenzene

Methyl t-butyl ether (MTBE)

Toluene

meta- & para-Xylene

ortho-Xylene

Benzene

Ethylbenzene

Methyl t-butyl ether (MTBE)

Toluene

meta- & para-Xylene

ortho-Xylene

F1 (C6-C10)

<0.000010

<0.000010

<0.000010

<0.000010

<0.000010

<0.000010

<0.000010

<0.000010

<0.000010

<0.000010

<0.000050

<0.000020

<0.000010

<0.000010

96.1

101.6

101.7

95.8

99.6

100.9

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<10

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

19-NOV-12

21-NOV-12

21-NOV-12

21-NOV-12

21-NOV-12

21-NOV-12

21-NOV-12

21-NOV-12

21-NOV-12

21-NOV-12

21-NOV-12

21-NOV-12

21-NOV-12

21-NOV-12

70-130

70-130

70-130

70-130

70-130

70-130

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/kg

0.00001

0.00001

0.00001

0.00001

0.00001

0.00001

0.00001

0.00001

0.00001

0.00001

0.00005

0.00002

0.00001

0.00001

0.0005

0.0005

0.0005

0.0005

0.0005

0.0005

10
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Quality Control Report
Page 3 ofReport Date: 22-NOV-12Workorder: L1238343

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

F1-HSFID-VA

F2F4-TUMB-H/A-FID-VA

MOISTURE-VA

OGG-F4G-TUMB-SG-VA

Soil

Soil

Soil

Soil

R2479618

R2481511

R2475679

R2475806

Batch

Batch

Batch

Batch

LCS

LCS

MB

DUP

IRM

LCS

MB

LCS

MB

LCS

MB

WG1587493-2

WG1587834-2

WG1587493-1

WG1587741-4

WG1587741-3

WG1587741-2

WG1587741-1

WG1587740-2

WG1587740-1

WG1587828-2

WG1587828-1

L1238343-4

ALS PHC1 RM

F1 (C6-C10)

F1 (C6-C10)

F1 (C6-C10)

F2 (C10-C16)

F3 (C16-C34)

F4 (C34-C50)

F2 (C10-C16)

F3 (C16-C34)

F4 (C34-C50)

F2 (C10-C16)

F3 (C16-C34)

F4 (C34-C50)

F2 (C10-C16)

F3 (C16-C34)

F4 (C34-C50)

Moisture

Moisture

Moisture

Moisture

117.8

131.3

<10

<30

<50

<50

70.3

84.3

82.6

88.4

85.8

84.2

<30

<50

<50

99.8

<0.25

100.2

<0.25

21-NOV-12

21-NOV-12

21-NOV-12

22-NOV-12

22-NOV-12

22-NOV-12

22-NOV-12

22-NOV-12

22-NOV-12

22-NOV-12

22-NOV-12

22-NOV-12

22-NOV-12

22-NOV-12

22-NOV-12

18-NOV-12

18-NOV-12

19-NOV-12

19-NOV-12

N/A

N/A

N/A

40

40

50

70-130

70-130

70-130

70-130

70-130

80-120

80-120

80-120

90-110

90-110

%

%

mg/kg

mg/kg

mg/kg

mg/kg

%

%

%

%

%

%

mg/kg

mg/kg

mg/kg

%

%

%

%

LCS-ND

10

30

50

50

0.25

0.25

DUP-H

DUP-H

DUP-H

<30

97

93
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Quality Control Report
Page 4 ofReport Date: 22-NOV-12Workorder: L1238343

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

OGG-F4G-TUMB-SG-VA

PAH-TMB-H/A-MS-VA

Soil

Soil

R2481584

R2477829

Batch

Batch

IRM

MB

IRM

IRM

WG1587741-3

WG1587741-1

WG1587739-4

WG1587835-4

ALS PHC1 RM

ALS PAH1 RM

ALS PAH1 RM

F4G-SG

F4G-SG

Acenaphthene

Acenaphthylene

Anthracene

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(g,h,i)perylene

Benzo(k)fluoranthene

Chrysene

Dibenz(a,h)anthracene

Fluoranthene

Fluorene

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

2-Methylnaphthalene

Naphthalene

Phenanthrene

Pyrene

Acenaphthene

Acenaphthylene

Anthracene

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(g,h,i)perylene

Benzo(k)fluoranthene

Chrysene

Dibenz(a,h)anthracene

Fluoranthene

114.7

<500

92.7

109.4

100.5

115.7

113.7

114.0

118.8

108.2

124.5

127.2

125.8

90.6

115.0

98.1

99.9

126.8

126.8

92.7

109.4

100.5

115.7

113.7

114.0

118.8

108.2

124.5

127.2

125.8

21-NOV-12

21-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

70-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

50-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

%

mg/kg

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

500
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Quality Control Report
Page 5 ofReport Date: 22-NOV-12Workorder: L1238343

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PAH-TMB-H/A-MS-VA Soil

R2477829Batch
IRM

MB

MB

WG1587835-4

WG1587739-1

WG1587835-1

ALS PAH1 RM
Fluorene

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

2-Methylnaphthalene

Naphthalene

Phenanthrene

Pyrene

Acenaphthene

Acenaphthylene

Anthracene

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(g,h,i)perylene

Benzo(k)fluoranthene

Chrysene

Dibenz(a,h)anthracene

Fluoranthene

Fluorene

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

2-Methylnaphthalene

Naphthalene

Phenanthrene

Pyrene

Surrogate: Naphthalene d8

Surrogate: Acenaphthene d10

Surrogate: Phenanthrene d10

Surrogate: Chrysene d12

Acenaphthene

Acenaphthylene

Anthracene

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

90.6

115.0

98.1

99.9

126.8

126.8

<0.0050

<0.0050

<0.0040

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.0050

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

105.2

104.7

107.3

122.2

<0.0050

<0.0050

<0.0040

<0.010

<0.010

<0.010

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

60-130

60-130

60-130

50-130

60-130

60-130

%

%

%

%

%

%

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

%

%

%

%

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

0.005

0.005

0.004

0.01

0.01

0.01

0.01

0.01

0.01

0.005

0.01

0.01

0.01

0.01

0.01

0.01

0.01

50-130

60-130

60-130

60-130

0.005

0.005

0.004

0.01

0.01

0.01
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Quality Control Report
Page 6 ofReport Date: 22-NOV-12Workorder: L1238343

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PAH-TMB-H/A-MS-VA

VOC7-L-HSMS-VA

Soil

Soil

R2477829

R2473716

R2477261

Batch

Batch

Batch

MB

LCS

MB

LCS

WG1587835-1

WG1587493-2

WG1587493-1

WG1587834-2

Benzo(g,h,i)perylene

Benzo(k)fluoranthene

Chrysene

Dibenz(a,h)anthracene

Fluoranthene

Fluorene

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

2-Methylnaphthalene

Naphthalene

Phenanthrene

Pyrene

Surrogate: Naphthalene d8

Surrogate: Acenaphthene d10

Surrogate: Phenanthrene d10

Surrogate: Chrysene d12

Benzene

Ethylbenzene

Methyl t-butyl ether (MTBE)

Toluene

meta- & para-Xylene

ortho-Xylene

Benzene

Ethylbenzene

Methyl t-butyl ether (MTBE)

Toluene

meta- & para-Xylene

ortho-Xylene

Benzene

Ethylbenzene

<0.010

<0.010

<0.010

<0.0050

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

105.2

104.7

107.3

122.2

87.9

96.2

82.4

93.9

97.9

98.3

<0.0050

<0.015

<0.20

<0.050

<0.050

<0.050

99.9

101.0

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

21-NOV-12

21-NOV-12

21-NOV-12

21-NOV-12

21-NOV-12

21-NOV-12

21-NOV-12

21-NOV-12

21-NOV-12

21-NOV-12

21-NOV-12

21-NOV-12

20-NOV-12

20-NOV-12

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

%

%

%

%

%

%

%

%

%

%

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

%

%

0.01

0.01

0.01

0.005

0.01

0.01

0.01

0.01

0.01

0.01

0.01

50-130

60-130

60-130

60-130

0.005

0.015

0.2

0.05

0.05

0.05
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Quality Control Report
Page 7 ofReport Date: 22-NOV-12Workorder: L1238343

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

VOC7-L-HSMS-VA Soil

R2477261Batch
LCS

MB

WG1587834-2

WG1587834-1

Methyl t-butyl ether (MTBE)

Toluene

meta- & para-Xylene

ortho-Xylene

Benzene

Ethylbenzene

Methyl t-butyl ether (MTBE)

Toluene

meta- & para-Xylene

ortho-Xylene

99.0

97.1

106.9

105.5

<0.0050

<0.015

<0.20

<0.050

<0.050

<0.050

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

20-NOV-12

70-130

70-130

70-130

70-130

%

%

%

%

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

0.005

0.015

0.2

0.05

0.05

0.05

8



Quality Control Report
Page 8 ofReport Date: 22-NOV-12Workorder: L1238343

Sample Parameter Qualifier Definitions:

Description Qualifier      

DUP-H

LCS-ND

RPD-NA

Duplicate results outside ALS DQO, due to sample heterogeneity.

Lab Control Sample recovery was slightly outside ALS DQO.  Reported non-detect results for associated samples were 
unaffected.
Relative Percent Difference Not Available due to result(s) being less than detection limit.

Limit    ALS Control Limit (Data Quality Objectives)
DUP     Duplicate
RPD     Relative Percent Difference
N/A        Not Available
LCS      Laboratory Control Sample
SRM     Standard Reference Material
MS        Matrix Spike
MSD     Matrix Spike Duplicate
ADE      Average Desorption Efficiency
MB        Method Blank
IRM       Internal Reference Material
CRM     Certified Reference Material
CCV      Continuing Calibration Verification
CVS      Calibration Verification Standard
LCSD   Laboratory Control Sample Duplicate

Legend:

The ALS Quality Control Report is provided to ALS clients upon request.  ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met.  Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order.

Hold Time Exceedances:

All test results reported with this submission were conducted within ALS recommended hold times.

ALS recommended hold times may vary by province.  They are assigned to meet known provincial and/or federal government 
requirements.  In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the 
US EPA, APHA Standard Methods, or Environment Canada (where available).  For more information, please contact ALS.
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Printed on 11/22/2012 1:29:32 PM Page 1 of 1

ALS Sample ID:          L1238343-C-1

Client Sample ID:        3609 S12-01
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The CCME F2-F4 Hydrocarbon Distribution Report (HDR) is intended to assist you in 
characterizing hydrocarbon products that may be present in your sample.  

The scale at the bottom of the chromatogram indicates the approximate retention times of 
common petroleum products, and four n-alkane hydrocarbon marker compounds.  Retention times 
may vary between samples by as much as 0.5 minutes.

Peak heights in this report are a function of the sample concentration, the sample amount 
extracted, the sample dilution factor, and the response scale at left.

Note: This chromatogram was produced using GC conditions that are specific to the CCME F2-F4 
method (December 2007 version).  Chromatograms generated using this method will resemble 
those found in the ALS-Vancouver HDR library, though they will appear compressed as the F2-F4 
analysis covers a broader range of boiling points.  The HDR library can be found at 
www.alsglobal.com.



Printed on 11/22/2012 1:29:28 PM Page 1 of 1

ALS Sample ID:          L1238343-C-2

Client Sample ID:        3609 S12-02
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The CCME F2-F4 Hydrocarbon Distribution Report (HDR) is intended to assist you in 
characterizing hydrocarbon products that may be present in your sample.  

The scale at the bottom of the chromatogram indicates the approximate retention times of 
common petroleum products, and four n-alkane hydrocarbon marker compounds.  Retention times 
may vary between samples by as much as 0.5 minutes.

Peak heights in this report are a function of the sample concentration, the sample amount 
extracted, the sample dilution factor, and the response scale at left.

Note: This chromatogram was produced using GC conditions that are specific to the CCME F2-F4 
method (December 2007 version).  Chromatograms generated using this method will resemble 
those found in the ALS-Vancouver HDR library, though they will appear compressed as the F2-F4 
analysis covers a broader range of boiling points.  The HDR library can be found at 
www.alsglobal.com.



Printed on 11/22/2012 1:29:40 PM Page 1 of 1

ALS Sample ID:          L1238343-C-3

Client Sample ID:        3609 S12-03
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The CCME F2-F4 Hydrocarbon Distribution Report (HDR) is intended to assist you in 
characterizing hydrocarbon products that may be present in your sample.  

The scale at the bottom of the chromatogram indicates the approximate retention times of 
common petroleum products, and four n-alkane hydrocarbon marker compounds.  Retention times 
may vary between samples by as much as 0.5 minutes.

Peak heights in this report are a function of the sample concentration, the sample amount 
extracted, the sample dilution factor, and the response scale at left.

Note: This chromatogram was produced using GC conditions that are specific to the CCME F2-F4 
method (December 2007 version).  Chromatograms generated using this method will resemble 
those found in the ALS-Vancouver HDR library, though they will appear compressed as the F2-F4 
analysis covers a broader range of boiling points.  The HDR library can be found at 
www.alsglobal.com.



Printed on 11/22/2012 1:29:36 PM Page 1 of 1

ALS Sample ID:          L1238343-C-4

Client Sample ID:        3609 S12-04
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The CCME F2-F4 Hydrocarbon Distribution Report (HDR) is intended to assist you in 
characterizing hydrocarbon products that may be present in your sample.  

The scale at the bottom of the chromatogram indicates the approximate retention times of 
common petroleum products, and four n-alkane hydrocarbon marker compounds.  Retention times 
may vary between samples by as much as 0.5 minutes.

Peak heights in this report are a function of the sample concentration, the sample amount 
extracted, the sample dilution factor, and the response scale at left.

Note: This chromatogram was produced using GC conditions that are specific to the CCME F2-F4 
method (December 2007 version).  Chromatograms generated using this method will resemble 
those found in the ALS-Vancouver HDR library, though they will appear compressed as the F2-F4 
analysis covers a broader range of boiling points.  The HDR library can be found at 
www.alsglobal.com.
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The CCME F2-F4 Hydrocarbon Distribution Report (HDR) is intended to assist you in 
characterizing hydrocarbon products that may be present in your sample.  

The scale at the bottom of the chromatogram indicates the approximate retention times of 
common petroleum products, and four n-alkane hydrocarbon marker compounds.  Retention times 
may vary between samples by as much as 0.5 minutes.

Peak heights in this report are a function of the sample concentration, the sample amount 
extracted, the sample dilution factor, and the response scale at left.

Note: This chromatogram was produced using GC conditions that are specific to the CCME F2-F4 
method (December 2007 version).  Chromatograms generated using this method will resemble 
those found in the ALS-Vancouver HDR library, though they will appear compressed as the F2-F4 
analysis covers a broader range of boiling points.  The HDR library can be found at 
www.alsglobal.com.
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The CCME F2-F4 Hydrocarbon Distribution Report (HDR) is intended to assist you in 
characterizing hydrocarbon products that may be present in your sample.  

The scale at the bottom of the chromatogram indicates the approximate retention times of 
common petroleum products, and four n-alkane hydrocarbon marker compounds.  Retention times 
may vary between samples by as much as 0.5 minutes.

Peak heights in this report are a function of the sample concentration, the sample amount 
extracted, the sample dilution factor, and the response scale at left.

Note: This chromatogram was produced using GC conditions that are specific to the CCME F2-F4 
method (December 2007 version).  Chromatograms generated using this method will resemble 
those found in the ALS-Vancouver HDR library, though they will appear compressed as the F2-F4 
analysis covers a broader range of boiling points.  The HDR library can be found at 
www.alsglobal.com.
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The CCME F2-F4 Hydrocarbon Distribution Report (HDR) is intended to assist you in 
characterizing hydrocarbon products that may be present in your sample.  

The scale at the bottom of the chromatogram indicates the approximate retention times of 
common petroleum products, and four n-alkane hydrocarbon marker compounds.  Retention times 
may vary between samples by as much as 0.5 minutes.

Peak heights in this report are a function of the sample concentration, the sample amount 
extracted, the sample dilution factor, and the response scale at left.

Note: This chromatogram was produced using GC conditions that are specific to the CCME F2-F4 
method (December 2007 version).  Chromatograms generated using this method will resemble 
those found in the ALS-Vancouver HDR library, though they will appear compressed as the F2-F4 
analysis covers a broader range of boiling points.  The HDR library can be found at 
www.alsglobal.com.
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The CCME F2-F4 Hydrocarbon Distribution Report (HDR) is intended to assist you in 
characterizing hydrocarbon products that may be present in your sample.  

The scale at the bottom of the chromatogram indicates the approximate retention times of 
common petroleum products, and four n-alkane hydrocarbon marker compounds.  Retention times 
may vary between samples by as much as 0.5 minutes.

Peak heights in this report are a function of the sample concentration, the sample amount 
extracted, the sample dilution factor, and the response scale at left.

Note: This chromatogram was produced using GC conditions that are specific to the CCME F2-F4 
method (December 2007 version).  Chromatograms generated using this method will resemble 
those found in the ALS-Vancouver HDR library, though they will appear compressed as the F2-F4 
analysis covers a broader range of boiling points.  The HDR library can be found at 
www.alsglobal.com.
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EXECUTIVE SUMMARY 

Samples of sediments were collected and analysed to assess sediment quality at eight locations 
and from several depths in the Reay Creek Pond.  The locations were selected to represent the 
areas of the pond between the Canora Rd. end and the dam.  The locations were considered 
representative of Reay Creek Pond sediments.  Better understanding of the variation and range 
of concentrations over the length of the Pond could benefit from more samples, but the current 
results address the purpose of the investigations.  

The specific purpose was to compare analytical results to established regulatory reference 
values to determine if the sediments would be classified as contaminated. Reference values 
(i.e., substance concentrations) in the Contaminated Sites Regulation (BC CSR) and national 
Canadian Council of Minister of the Environment (CCME) guidelines were used.  

Sediments were analyzed for two chemical substance groups, metals and polycyclic aromatic 
hydrocarbons (PAHs).  Provincial and national criteria or guidelines have been established and 
published for metals and PAHs (i.e., BC CSR; and CCME), so comparison of analytical 
concentrations of these substances with the criteria and guidelines determines whether the 
sediments should be classified as contaminated.   Metals and PAHs commonly occur in 
sediments and elevated concentrations can reflect impacts from the drainage areas to the water 
bodies that the sediments underlie. 

Review of remediation requirements and options are not included in the purpose of the current 
investigations and this report. While either numerical concentration criteria or risk-based criteria 
can be used to determine acceptable remediation according to the CSR in BC, concentration 
criteria are used to determine if contamination is present.  

Metals concentrations in Reay Creek Pond exceeded CSR and CCME reference criteria / 
guidelines. In summary regarding metal concentrations in the sediments: 

• Six of the 7 metals with published criteria / guidelines had concentrations exceeding one 
or more of the criteria / guidelines; 

• Four of the metals, cadmium (Cd), chromium (Cr), lead (Pb) and zinc (Zn) exceeded the 
criteria / guidelines to the greatest degree, with Cd exceeding criteria / guidelines by the 
greatest margin and lead by the lowest margin; and  

• Arsenic and copper in at least one sample also exceeded a criterion / guideline but to a 
lesser degree than the four other metals noted. 

PAH concentrations in Reay Creek Pond exceeded CSR and CCME reference criteria / 
guidelines. In summary regarding PAH concentrations in the sediments: 

• Seven of the 13 PAH substances with published criteria / guidelines had concentrations 
exceeding one or more of the criteria / guidelines and six had concentrations below all 
applicable criteria / guidelines; and 

• Two of the 3 samples for which PAH analyses were carried out had relatively low 
concentrations of PAHs exceeding criteria / guidelines close to the most stringent of the 
criteria / guidelines, (i.e., TEL / ISQG guidelines) but below the CSR “sensitive” criteria. 

Sediments in the Reay Creek Pond would be classified as “contaminated” on account of both 
metals and PAH concentrations when referenced to both national (CCME) guidelines and BC 
(CSR) sediment quality criteria.  
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1.0 INTRODUCTION 

1.1 Background 

The Town of Sidney requires data for sediment quality in the Reay Creek Pond located within 
the Reay Creek Park.  New accounting standards are applicable to the Town of Sidney 
according to Public Sector Accounting Standards (PSAS).  Liability for contamination is an 
aspect to be considered in accounting by public sector entities. The question of whether 
sediments in the Reay Creek Pond were contaminated and therefore whether remediation costs 
should be allowed for was an issue to be addressed. 

At about the same time that the need for sediment quality confirmation and potential 
remediation cost was being considered by the Town of Sidney, others were also investigating 
sediments and indicating that results had showed concentrations of several substances 
exceeding national and provincial guidelines.   

1.2 Objectives 

The objectives of the sediment sampling and analysis project carried out by SLR on behalf of 
the Town of Sidney were to: 

• Obtain representative, albeit limited, samples of sediments from the floor of the Reay 
Creek Pond; 

• Describe the methods, procedures used to collect sediment samples and document the 
locations so any further sampling or sampling by others could be compared and 
supplemented as appropriate; 

• Obtain laboratory analyses of the samples for substances / contaminants of potential 
concern; and 

• Compare the laboratory analysis results to established guidelines, criteria or standards 
(i.e., National; Provincial) so it could be determined if Reay Creek Pond sediment 
concentrations exceed these reference values and the sediments would be classified as 
contaminated, thereby addressing the first two of five PSAS questions. 

2.0 PREVIOUS INVESTIGATIONS 

2.1 Camosun College  

The Environmental Technology Program at Camosun College conducted studies and prepared 
a report for the Reay Creek Pond in June 2010.1  The report prepared by Camosun College was 
provided to and reviewed by SLR so that sampling and analysis could account for and 
supplement the information in the Camosun College report.   

A number of characteristics and aspects of the pond were investigated and reported on in the 
Camosun College report, including: 

• Water and sediment depth transects (11 transect locations); 

                                                
1 Reay Creek Pond Study. Camosun College Environmental Technology Study.  Justin Robinson and 
Rachelle Sarrazin.  June 2010. 
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• Water quality sample analyses (3 samples, in-house analyses; ammonia-N; nitrite-N; 
nitrate-N; phosphate-P); 

• Water parameter measurements (Field measurements for dissolved oxygen [DO], 
electrical conductivity [EC], pH, temperature); 

• Sediments sample analyses (4 locations; surface grab samples): 
o Extracted pore water (4 samples, in-house analyses; ammonia-N; nitrite-N; 

nitrate-N; phosphate-P). 
o Sediment five day BOD tests ([BOD5] 5 samples; in-house analyses). 
o Sediment metals (2 samples; Maxxam Analytics Inc. analyses). 

• Invertebrates (2 locations, water and surface sediment); and 
• Fish (4 locations). 

From the information collected in the field and calculations carried out, the Camosun College 
report provided information regarding: 

• Pond water depths; 
• Sediment thicknesses; 
• Estimated total volumes of sediment; and 
• Observations and summaries pertaining to general water conditions, habitat suitability, 

water quality, flora and fauna, etc.  

2.2 Peninsula Streams Association 

The Peninsula Streams Society collected sediments in the Reay Creek Pond Area in 2013 and 
following SLR’s sampling and analysis of sediments.  Additionally, surface sediment grab 
samples within Reay Creek downstream of the Reay Creek Pond were collected on January 22, 
2015.  The 2013 sample analytical results have not been provided to SLR.  The results of 
analyses of the January 22, 2015 samples below the Reay Creek Pond have been provided to 
the Town of Sidney and to SLR.  General comments about methods and findings have been 
indicated to both the Town of Sidney and to SLR. 

3.0 SITE INFORMATION 

3.1 Location 

Reay Creek Pond is part of the Reay Creek Park, located to the southeast of the Victoria 
International Airport, just east of Canora Road and between Northbrook and Westbrook Drive 
on the north and Bowcott Place on the south.  Reay Creek Park is within the boundaries of the 
Town of Sidney in its southwest corner.  The Patricia (Pat) Bay Hwy is located about 0.5 km 
east of the south end of the pond and about 0.6 km in the downstream direction (i.e., southeast) 
of the south end of the Reay Creek Pond.  The Victoria International Airport (YYJ) is located to 
the west, but mainly to the northwest of the Reay Creek Pond.  The length of the pond is about 
200 m between Canora Road and the dam. 

Reay Creek originates on YYJ property just to the south of the commercial properties in the 
area of the control tower, flows across non-YYJ property within North Saanich, under Canora 
Road, through the Reay Creek Pond portion of the Reay Creek Park (Town of Sidney), through 
Peter Grant Park (Town of Sidney) and then south, again into North Saanich, under the Pat Bay 
Hwy and thence east-southeast under Lochside Drive to its discharge location into the Bazan 
Bay portion of Haro Strait. Figure A illustrates the location of Reay Creek, the Reay Creek Park 
and Pond, as well as YYJ, the Pat Bay Hwy and Haro Strait. 
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Figure A 
Reay Creek Pond Site Location 

3.2 Reay Creek Pond  

In the past, lands adjacent to Reay Creek in the area of the Pond were owned by many different 
property owners.  SLR understands that a duck farm owner adjacent to the Creek constructed 
an earthen / mud dam to control water flow and levels.  A pond was created above the dam. 

In 1998 the dam was reconstructed by the Town of Sidney to prevent failure and better control 
the flow.   

Much effort to restore Reay Creek and a number of stream restoration components have 
involved many different stakeholders, volunteers, Association and Society members, the Airport 
and several levels of government.  

4.0 SEDIMENT SAMPLING AND ANALYTICAL METHODS 

Sampling was conducted on Thursday January 15, 2015 and samples were submitted to the 
laboratory the next day.  Sampling locations, methods and procedures, and quality assurance / 
quality control procedures are outlined in the following sections. 

Prior to sampling, SLR prepared a site / project specific Health & Safety Plan (HASP) with 
attached copies of SLR’s: 

• Standard Safety Procedure – Working Around Water (SSP 019); and 
• Safety Guidance Document – Working Around Water (SGD 09). 
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The HASP was reviewed prior to the start of work and a copy was on-hand during sampling. 

4.1 Sampling Locations 
Sample locations were selected to represent sediments over the full length of Reay Creek Pond, 
limited by the numbers of samples proposed and budgeted for. Areas of accumulation of 
sediments as indicated by cross-sections and sediments depth reported in the previous 
Camosun College report were considered when selecting locations.   

Locations were distributed from near the top (Canora Rd end) of the Pond to near the dam, with 
depth samples in the areas of greatest sediment deposit as indicated by the Camosun College 
report. Camosun College transects as reported were located by overlay and plotted on 
orthophotos that included the Reay Creek Pond area.  It was considered that future reference 
and comparison of results could benefit from sample location selection that could also reference 
the previous sampling.  Drawing 1 illustrates the selected sample locations and also the 
previous transects for reference.  

4.2 Sampling Methods and Equipment 
Sampling was carried out from a small boat, moved between locations and stabilised at each 
location with oars.  Depth of water at the time of sampling was shallow so no anchors or longer 
poles were needed.  Sampling was completed with assistance of Town of Sidney personnel. 

Both surface grab samples and core samples were collected depending on location and 
expected depth of sediment. Core samples collected so that both shallow (i.e., more recently 
deposited) and deeper (i.e., older deposit) sediments could be represented.  Surface grab 
samples were collected using a stainless steel Petite Ponar Sampler that is widely used in both 
fresh and salt water for sediment sampling including from hard bottoms such as sand, gravel, 
consolidated marl or clay.  Core samples were collected using a Wildco stainless steel corer 
with enclosed ~5 cm (~2 in) sleeve inside the stainless steel sheath attached to the threaded 
head assembly.  Both Petite Ponar and Wildco core sampler were dropped for sampling and 
retrieved manually using a rope securely attached to each.  Figure B illustrates the samplers. 

 
Petite Ponar Grab Sampler 

 
Wildco Stainless Steel Core Sampler 

Figure B 
Samplers Used for Sediment Sample Collection 
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4.3 Sample Handling 

A portion of the grab samples collected with the Petite Ponar were transferred by hand with 
single use disposable gloves, to laboratory supplied 120 ml glass jars with Teflon lined lids.  
Two sample jars were filled where sufficiently large grab samples had been collected. Jars were 
labelled at the time of sampling.  The sampler was cleaned between samples firstly with pond 
water and then rinsed thoroughly with distilled water between samples. 

Cores samples in the sleeves / tubes collected in the Wildco core sampler were removed from 
the sampler and capped on both ends in the field to fully retain the samples and prevent 
contamination. Tubes were labelled, the sampler cleaned with pond water and rinsed with 
distilled water and then a new, clean sleeve re-inserted into the sampler for collecting the next 
sample. 

Grab samples were placed in glass jars in the field and capped sleeves with core samples were 
stored and transported from the field in coolers.  

Sampling of the cores was completed indoors at SLR facilities in Victoria.  To allow transferring 
core samples, caps from corer sleeves were removed and cores were extruded in increments 
into cleaned stainless steel bowls using a clean, plastic sample container with the same outside 
diameter as the inside diameter of the sleeves and a stainless steel rod to move the container 
through the sleeve.  Core samples were collected in depth increments either from the stainless 
steel bowl or directly from the core extruded but suspended from the sleeve. 

4.4 Sampling Depths and Sub-Samples 

Grab samples (3 locations) collected with the Pettite Ponar collected samples from 
approximately the top 10 cm of sediment.  Detritus and organic materials (e.g., twigs, largely 
undecomposed leaves and grass, or rooted grass) at this site limited the depth of samples to 10 
cm and may have limited the depth to even less than 10 cm at one or two of the locations. 

Core samples were collected to depths ranging from 25 to 40 cm below the surface of the 
sediments.  Three depth increments (6 locations), or four depth increments (1 location) were 
segregated for sub-sampling of the cores.  Core segments ranged in lengths from 8 cm to 17 
cm, depending on the overall core length, but also on the consistency of the materials and 
feasibility of controlling core extrusion rates.  Depth increments obtained were considered 
suitable as sub-samples. 

Grab samples and core sub-samples were selected for analyses.  Not all samples and sub-
samples could be selected for laboratory analyses.  Numbers of samples were limited by budget 
allowances.  As well, a number of samples could be expected to have similar analytical results 
(e.g., ~10 cm surface increments of core samples and nearby grab samples).  Table A 
summarizes the sample depths selected for one or more laboratory analyses as well as the 
overall number of samples collected.  

Table A 
Numbers of Samples Selected for Analysis and Sampled - by Depth Increment    

Depth Samples Selected for Analysis  Number of Samples Collected 
Grab (~10 cm) 1 3 

Surface (0-8cm; 0-10 cm) 6 7 
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Depth Samples Selected for Analysis  Number of Samples Collected 
Mid-core (range, 8-30 cm) 4 7 
Deeper (range, 25-40 cm) 5 7 

4.5 Parameters for Analyses 

Two groups of substances were selected for analyses, metals and polycyclic aromatic 
hydrocarbons (PAHs).  Additionally, one sample was selected for total organic carbon (TOC) 
and one for grain size analyses.   

Metals and PAH groups are each comprised of numerous individual substances.  Typically, 
about 30 metals (including sub-species of several) and about 20 PAH substances are included 
in analyses.  Metals and PAHs were the focus of analyses because both national and provincial 
guidelines and criteria have been developed and published for these groups of substances.  
Also, these groups of substances are most likely to reflect elevated concentrations due to land 
uses and activities, particularly commercial or industrial, in upland drainage areas contributing to 
sediment deposited in receiving water bodies.    

A number of other groups of substances could be analyzed for and may be present in 
sediments (e.g., pesticides; polychlorinated biphenyls (PCBs); dioxins and furans) but were not 
selected for this preliminary sediment characterization project for several reasons, for example: 

• Analytical results are often below detection levels or detectable concentrations are very 
low; 

• Costs of analyses of single or small numbers of samples are very high; or 
• Guidelines or criteria may not have been developed and published. 

4.6 Quality Assurance / Quality Control 

Field procedures and sample handling methods were implemented to minimize opportunity for 
contamination and to confirm tracking of samples.  Procedures included: 

• Using laboratory cleaned and sealed sampling containers; 
• Using single use, disposal gloves for each new sample; 
• Cleaning and rinsing reusable sampling equipment (e.g., Ponar Sampler; Wildco Core 

Sampler); 
• Labelling all samples in the field to ensure correct tracking; 
• Accompanying samples submitted to the laboratory with a completed Chain of Custody 

document; 

All samples were analyzed by ALS Environmental (ALS) of Burnaby, BC, which is accredited by 
the Canadian Association for Laboratory Accreditation (CALA) for the parameters analyzed and 
uses MOE recognized methods to conduct analyses.  As conveyed by the laboratory, method 
blanks, control standards samples, certified reference material standards, method spikes, 
replicates, duplicates, surrogates and instrument blanks are routinely analyzed as part of their 
QA/QC programs.  ALS conducts routine internal laboratory QA/QC analyses to validate the 
reliability of the analytical results.  The results of laboratory internal quality control replicates can 
be found within the chemical analysis reports included in Appendix C. 
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5.0 REGULATORY REQUIREMENTS AND REFERENCE VALUES 

As noted above in Section 1.2, one of the objectives of this project was compare laboratory 
analysis results for sediment samples to established guidelines, criteria or standards (i.e., 
National; Provincial) so it could be determined if Reay Creek Pond sediment concentrations 
exceed these reference values and the sediments would be classified as contaminated, thereby 
addressing the first two of five PSAS questions. 

The sections below provide a summary of Sediment Quality Criteria and National Sediment 
Quality Guidelines. 

5.1 Provincial Sediment Quality Criteria 

The Contaminated Sites Regulation (CSR), Schedule 9, Generic Numerical Sediment Criteria 
(SedQC) provides reference values for assessing sediment quality. Concentration criteria for 
substances of potential concern are provided for freshwater and marine sediments. These 
criteria are for aquatic life use and are intended to protect sediment-dwelling species from 
unacceptable effects that may be associated with exposure to contaminated sediments at 
typical and sensitive sites.  The designated use of the aquatic, estuarine, or marine ecosystem 
portion of a site is used to classify the site as either typical or sensitive (i.e., for Freshwater, or 
Marine and Estuarine: Sensitive SedQCSS and Typical SedQCTS). “Sensitive sediment use” and 
“Typical sediment use” are defined in a MOE procedure document.2  

"Sensitive sediment use" means the use as habitat for sensitive components of freshwater, 
marine or estuarine aquatic ecosystems of a site containing sediment, which sensitive 
components include, but are not limited to, 

(a) phytoplankton, zooplankton, benthos, macrophytes and fish, 
(b) habitats used by endangered or threatened species or species of special concern 
under the Species at Risk Act (Canada), 
(c) watercourses, wetlands, forested riparian areas, mudflats and intertidal zones that 
are important to the preservation of fish or wildlife, 
(d) reaches of aquatic habitats that are important to fish spawning or serve as important 
rearing habitat for fish, 
(e) reaches of aquatic environments that encompass or border habitat compensation or 
restoration sites or other areas that are intended or designed to create, restore or 
enhance biological or habitat features, and 
(f) areas and aquatic habitat included in wild life management areas designated under 
the Wildlife Act; and 

"Typical sediment use" means the use of a site containing sediment for a use that is not a 
sensitive sediment use. 
 
As implied by the terms sensitive and typical, the sensitive criteria are more stringent (i.e., have 
lower concentration thresholds) and typical criteria are less stringent (i.e., have higher 
concentration thresholds). 
 
 
 

                                                
2 Definitions and Acronyms for Contaminated Sites.  Procedure 8. January 14, 2014. Effective 

January 14, 2014.  BC Ministry of Environment.  
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Criteria are provided in Schedule 9 for a number of substance / contaminant groups including: 

• Metals (7 substances); 
• Chlorinated hydrocarbons (3 substance groups, including: PCBs, PCDDs (dioxins), and 

PCDFs (furans); 
• Phenolic substances (1 substance, pentachlorophenol); 
• Polycyclic aromatic hydrocarbons (PAHs) (13 substances, and total PAHs); and  
• Pesticides (8 substances).  

Provision also is included in the CSR (Section 11(3)) for considering background concentration 
standards for sediments; however, requirements for determining background sediment quality 
have not been specified in an approved Protocol so using alternate numerical standards to 
those prescribed in Schedule 11 of the CSR is not currently possible. 

5.2 National Sediment Quality Guidelines 

Canadian Council of Ministers of the Environment (CCME) guidelines for sediment quality are 
derived from the available toxicological information according to the formal protocol established 
by CCME.  The lower value, referred to as the threshold effect level (TEL), represents the 
concentration below which adverse biological effects are expected to occur rarely. The upper 
value, referred to as the probable effect level (PEL), defines the level above which adverse 
effects are expected to occur frequently.  The definition of the TEL is consistent with the 
definition of a Canadian sediment quality guideline and is also referred to as the Interim 
Sediment Quality Guideline (ISQG). The PEL is recommended as an additional sediment quality 
assessment tool that can be useful in identifying sediments in which adverse biological effects 
are more likely to occur.  

Guidelines (i.e., TEL & PEL) are provided by CCME for essentially the same substance / 
contaminant groups as in the CSR for BC, namely: 

• Metals (7 substances); 
• Chlorinated hydrocarbons (3 substance groups, including: PCBs, PCDDs (dioxins), and 

PCDFs (furans); 
• Phenolic substances (1 substance, pentachlorophenol); 
• Polycyclic aromatic hydrocarbons (PAHs) (13 substances, and total PAHs); and  
• Pesticides (8 substances).  
 
As implied by the explanations for the CCME guideline terms TEL / ISQG and PEL, the TEL / 
ISQG guidelines are more stringent (i.e., have lower concentration thresholds) and PEL 
guidelines are less stringent (i.e.,  have higher concentration thresholds). 

5.3 Applicable Criteria / Guidelines 

Both the CSR criteria for BC and the National CCME guidelines include substance 
concentrations for protection of marine and freshwater aquatic systems.  Reay Creek Pond and 
Reay Creek in the area of the Reay Creek Pond is a freshwater system. The criteria and 
guideline concentrations for freshwater are considered applicable.  Sediment chemistry data 
tables at the end of the text of this report therefore include only the concentrations for 
freshwater. 
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From the definitions for “sensitive sediment use” in then CSR, some elements would apply.  
Other aspects of the definition for “sensitive” would clearly not apply.  Sediment chemistry data 
tables at the end of the text of this report therefore include the concentrations for both 
“sensitive” and “typical”. 

From the explanation of the TEL and PEL threshold levels used in the CCME guidelines the 
objectives for use of, and reference to both the TEL and PEL levels could apply.   Sediment 
chemistry data tables at the end of the text of this report therefore include the concentrations for 
both TEL and PEL. 

5.4 Alternate Criteria - Risk-Based  

It should be noted that contaminated sites legislation and the Contaminated Sites Regulation in 
BC define two general types of standards (in the case of sediment, standards are referred to as 
criteria): 

• Numerical standards are acceptable concentrations of substances in soil, surface water, 
groundwater, vapour and sediments. 

• Risk-based standards are acceptable risk levels from exposure to substances at sites. 
 
At sites under BC jurisdiction, either numerical concentration or risk-based standards or criteria 
may be applied when considering remediation requirements and options.  One option for 
remediation is to remove contaminants so no sediments exceeding reference concentrations 
remain.  An alternate is to conduct risk assessment to confirm that contaminants managed in-
place would not pose unacceptable risks to human health or the environment, or if required, risk 
management / risk control measures could be implemented so risk would be reduced to 
acceptable levels.  
 
Despite the options for remediation, numerical concentration standards/criteria must be used to 
determine whether or not contamination is present at a site and if the site is classified as a 
contaminated site.  The Contaminated Site Regulation. Section 11 states:   

“(1) Subject to section 12 and subsections (2), (3) and (4) of this section, the following 
substances, standards and conditions are prescribed for the purposes of the definition 
of "contaminated site" in section 39 of the Act: (a)…; (b)…; (c) the concentration of any 
substance in sediment at the site is greater than the applicable generic numerical 
sediment criterion; (d)…;” 

6.0 SEDIMENT RESULTS 

Sediment analytical results are compared below to numerical concentrations criteria / 
guidelines.  Risk assessment has not been carried out so risk-based concentrations as might be 
considered for remediation, are not discussed.  

6.1 Field Observations 

At the time of sampling in mid-January 2015, SLR noted that Reay Creek Pond water was 
relatively shallow and exposed grasses, brush and several overhanging trees reduced the area 
of open water, generally confirming the views from aerial photos. Overflow via the spillway at 
the dam was relatively low. 
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Sediment sampling via both the Ponar sampler and the Wildco Core sampler collected in the 
open water areas, encountered a surface layer of grasses, roots of grasses, some detritus (e.g., 
leaves, twigs).  These materials were included in the Ponar grab samples and limited sediment 
sample recovery somewhat.  Due to these materials, the flexible plastic fluted core catcher in 
the leading edge of the sleeve / tube inside the sampler, intended to maintain the collected 
sample inside of the core tube, tended to become blocked, limiting the depth of sampling.  This 
resulted in use of the core catcher being abandoned. 

6.2 Laboratory Analytical Results 

Laboratory analyses reports for sediment samples submitted are included in Appendix C.  
Summary Tables of the analytical results along with CSR and CCME criteria and guidelines as 
discussed in Section 5 above are included at the end of the text of this report and are discussed 
in the following sections.  

6.2.1 Metals 

Table 2 presents metals analysis results in relation to both CSR criteria and CCME guidelines.  
Seven of the metal substances for which analyses were completed had published CSR criteria 
and CCME guidelines.  In summary regarding metal concentrations in the sediments: 

• Six of the 7 metals with published criteria / guidelines had concentrations exceeding one 
or more of the criteria / guidelines; 

• Four of the metals, cadmium (Cd), chromium (Cr), lead (Pb) and zinc (Zn) exceeded the 
criteria / guidelines to the greatest degree, with Cd exceeding criteria / guidelines by the 
greatest margin and lead by the lowest margin; and  

• Arsenic and copper also exceed at least one criterion / guideline but to a lesser. 
 
Figure C below illustrates the range of concentrations of the four metals noted above and the 
criteria / guidelines. 
 
 



Town of Sidney, BC  SLR Project No.: 205.03696.00000  
Sampling and Analysis of Reay Creek Sediments  May 2015  

SLR 11 CONFIDENTIAL 

  

 
 

Figure C 
Metal Concentrations (Cd, Cr, Pb & Zn) in Relation to CSR Criteria & CCME Guidelines 
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Additionally, regarding concentrations of metals, the charts in Figure C indicate: 

• Very low threshold concentrations for cadmium and significant exceedances of criteria / 
guideline for all samples except one deeper sample (4C-A); 

• Considerable variability of concentrations between samples, but generally the highest 
concentrations for surface sediment samples (i.e., samples with labels XC-C (core 
samples) and XG (surface grab)); and  

• No apparent clear trend of higher concentration of the metals at the Canora Rd. end or the 
end nearest the dam, though slightly higher concentrations for several metals may be 
suggested closer to the end of the Pond nearest the dam.  

6.2.2 Polycylic Aromatic Hydrocarbons (PAHs)  

Table 3 presents PAH analysis results for 3 samples in relation to both CSR criteria and CCME 
guidelines.  Thirteen of the 20 PAH substances for which analyses were completed had 
published CSR criteria and CCME guidelines.  In summary regarding PAH concentrations in the 
sediments: 

• Seven of the 13 PAHs with published criteria / guidelines had concentrations exceeding 
one or more of the criteria / guidelines; 

• Six of the 13 PAHs with published criteria / guidelines had concentrations below all 
applicable criteria / guidelines; 

• Two of the 3 samples that had concentrations of PAHs exceeding criteria / guidelines 
close to the most stringent of the criteria / guidelines, the TEL / ISQG guidelines but below 
the provincial “sensitive” criteria; and 

• Not enough samples were analyzed for PAHs to allow observations regarding variability or 
trends in concentrations, if any near the Canora Rd. end of the Pond and the end nearest 
the dam. 

Figure D below illustrates the concentrations of four selected PAH substances that had 
concentrations exceeding one or more published criteria / guidelines. This sample with the 
highest concentration of a number of the PAHs was for a mid-depth sample (i.e., indicated by 
the XX-B label vs.  the surface sample (XX-C) or the deeper (XX-A) sample). 
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Figure D 
Concentrations of Selected PAHs in Relation to CSR Criteria & CCME Guidelines 
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6.2.3 Representative Characterization Results – TOC and Grain Size  

One sample was analyzed for total organic carbon and one sample for grain size analysis.  One 
sample was analyzed for each to indicate the conditions generally considered representative, 
from field observations.  While considered representative, one sample cannot be indicated as 
the “average”; however, it does indicate that conditions that are typical of the area and do not 
represent an unusual or extreme condition.   Table 4 includes the results for total organic carbon 
and the laboratory report with the analytical result is included in Appendix C.   

The grain size distribution results are included with the laboratory reports (i.e., near end) in 
Appendix C.  The sample has 95% “fines” less than 0.075 mm and would be classified as a “silt 
loam”.  

7.0 DISCUSSION  

7.1 Current Investigation 

Samples of sediments at eight locations and several depths in the Reay Creek Pond were 
collected and submitted to a laboratory for chemical analyses to assess sediment quality.  The 
locations were selected to represent all areas of the pond.  The locations were also selected 
with reference to eleven previous transects across the pond, used by the Environmental 
Technology Program, Camosun College, to characterize Reay Creek Pond water and sediment 
depths.  The locations were considered representative of Rey Creek Pond sediments.  Better 
understanding of the variation and range of concentrations over the length of the Pond would 
benefit from more samples, but the results for current samples address the purpose of the 
investigations.  

The specific purpose was to compare analytical results to established regulatory reference 
values to determine if the sediments would be classified as contaminated. Reference values 
(i.e., substance concentrations) in the CSR (BC) and CCME Guidelines (National) were used.  

Sediments were analyzed for two chemical substance groups, metals and polycyclic aromatic 
hydrocarbons (PAHs).  Provincial and national criteria or guidelines have been established and 
published for metals and PAHs (i.e., BC CSR; and CCME), so comparison of analytical 
concentrations of these substances with the criteria and guidelines determines whether the 
sediments should be classified as contaminated.   Metals and PAHs commonly occur in 
sediments and elevated concentrations typically reflect impacts from the drainage areas, but 
also direct deposits, if any, to the water bodies that the sediments underlie. 

Review of remediation requirements and options are not included in the purpose of the current 
investigations and this report.  As outlined in Section 5.4 above, while either numerical 
concentration criteria or risk-based criteria can be used to determine acceptable remediation 
according to the CSR in BC, concentration criteria must be used to determine if contamination is 
present in sediments (i.e., at this site; or if applicable, in soils, groundwater, surface water or site 
vapour at a site).  

7.2 Comparison to Previous Camosun College Results 

The Camosun College study included laboratory analyses of metals for two locations, one 
sample from near the middle of the pond and one sample from near the dam.  Chromium and 
cadmium analytical results were noted in the report discussion as elevated, exceeding CCME 
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“Probable Effect Levels” (PEL) guidelines at both locations. Reference was not made to zinc 
concentrations at both locations also exceeding PEL guidelines.  Results were not compared to 
the more stringent TEL / ISQG reference values. 

Regarding cadmium and the Camosun College results compared to the SLR concentrations: 

• The two cadmium concentrations were within the range of the larger number of SLR 
concentrations, with the SLR average slightly above the Camosun College average (i.e., 
21.5 vs. 19.75mg/kg); and 

• If only the surface and mid-depth SLR samples were considered, the SLR sample average 
cadmium was higher that the Camosun College surface (grab) sample cadmium by 
slightly more (22.86 vs. 19.75 mg/kg).   

Regarding chromium and the Camosun College results compared to the SLR concentrations: 

• The two chromium concentrations were also within the range of the larger number of SLR 
concentrations, with the SLR average slightly above the Camosun College average (i.e., 
112.73 vs. 111 mg/kg); and 

• If only the surface and mid-depth SLR samples were considered, the SLR sample average 
cadmium was higher that the Camosun College surface (grab) sample cadmium by 
slightly more (118.06 vs. 111 mg/kg).   

Regarding lead and the Camosun College results compared to the SLR concentrations: 

• The two lead concentrations were also within the range of the larger number of SLR 
concentrations, but the SLR average was well below the Camosun College average (i.e., 
38.41 vs. 65.35 mg/kg); and 

• If only the surface and mid-depth SLR samples were considered, the SLR sample average 
lead was still well below the Camosun College surface (grab) sample (42.51 vs. 65.35 
mg/kg).   

Regarding zinc and the Camosun College results compared to the SLR concentrations: 

• The two zinc concentrations were above the range of the larger number of SLR 
concentrations, and the SLR average was well below the Camosun College average (i.e., 
335.1 vs. 721 mg/kg); and 

• If only the surface and mid-depth SLR samples were considered, the SLR sample average 
lead was still well below the Camosun College surface (grab) sample average ( 337.77 vs. 
721  mg/kg). 

In summary, cadmium and chromium results are considered to be very similar for the 2010 
Camosun College samples as for the SLR samples.  The lead and particularly the zinc 
concentrations were somewhat different, however, and would need to be examined more 
closely in regard to sample characteristics or analytical method differences, if information is 
available. Nonetheless, the conclusions regarding classification of the sediments as 
contaminated would be the same. 
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8.0 CONCLUSIONS AND SUMMARY 

Metals concentrations in Reay Creek Pond exceeded CSC and CCME reference criteria / 
guidelines. In summary regarding metal concentrations in the sediments: 

• Six of the 7 metals with published criteria / guidelines had concentrations exceeding one 
or more of the criteria / guidelines; 

• Four of the metals, cadmium (Cd), chromium (Cr), lead (Pb) and zinc (Zn) exceeded the 
criteria / guidelines to the greatest degree, with Cd exceeding criteria / guidelines by the 
greatest margin and lead by the lowest margin; and  

• Arsenic and copper also exceed at least one criterion / guideline but to a lesser. 

PAH concentrations in Reay Creek Pond exceeded CSC and CCME reference criteria / 
guidelines. In summary regarding PAH concentrations in the sediments: 

• Seven of the 13 PAHs with published criteria / guidelines had concentrations exceeding 
one or more of the criteria / guidelines; 

• Six of the 13 PAHs with published criteria / guidelines had concentrations below all 
applicable criteria / guidelines; 

• Two of the 3 samples that had concentrations of PAHs exceeding criteria / guidelines 
close to the most stringent of the criteria / guidelines, the TEL / ISQG guidelines but below 
the provincial “sensitive” criteria; and 

• Not enough samples were analyzed for PAHs to allow observations regarding variability or 
trends in concentrations, if any, near the Canora Rd. end of the Pond and the end nearest 
the dam. 

Sediments in the Reay Creek Pond would be classified as “contaminated” on account of both 
metals and PAH concentrations when referenced to both national (CCME) guidelines and BC 
(CSR) sediment quality criteria. 

9.0 PROFESSIONAL STATEMENT 

This sediment sampling and analysis report, prepared by SLR for the above-referenced site, 
was prepared by Benjamin McKinnon, B.I.T. and John Wiens, Ph.D., P.Ag.  The authors of the 
report have over 25 years of combined experience in the assessment and remediation of similar 
sites and are familiar with the work carried out for the subject site. 

10.0 STATEMENT OF LIMITATIONS 

This report has been prepared and the work referred to in this report has been undertaken by 
SLR Consulting (Canada) Ltd. (SLR) for the Town of Sidney, hereafter referred to as the 
“Client”.  It is intended for the sole and exclusive use of the Town of Sidney.  Other than by the 
Client and as set out herein, copying or distribution of this report or use of or reliance on the 
information contained herein, in whole or in part, is not permitted without the express written 
permission of SLR. 

This report has been prepared for specific application to this site and site conditions existing at 
the time work for the report was completed.  Any conclusions or recommendations made in this 
report reflect SLR’s professional opinion based on limited investigations including: visual 
observation of the site, surface and subsurface investigation at discrete locations and depths, 
and laboratory analysis of specific chemical parameters.  The results cannot be extended to 
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previous or future site conditions, portions of the site that were unavailable for direct 
investigation, subsurface locations which were not investigated directly, or chemical parameters 
and materials that were not addressed.  Substances other than those addressed by the 
investigation may exist within the site; and substances addressed by the investigation may exist 
in areas of the site not investigated in concentrations that differ from those reported.  SLR does 
not warranty information from third party sources used in the development of investigations and 
subsequent reporting. 

Nothing in this report is intended to constitute or provide a legal opinion.  SLR expresses no 
warranty to the accuracy of laboratory methodologies and analytical results. SLR makes no 
representation as to the requirements of compliance with environmental laws, rules, regulations 
or policies established by federal, provincial or local government bodies.  Revisions to the 
regulatory standards referred to in this report may be expected over time.  As a result, 
modifications to the findings, conclusions and recommendations in this report may be 
necessary. 

11.0 REFERENCES 

BC Ministry of Environment. 2009. Technical Guidance on Contaminated Sites 19:  Assessing 
and Managing Contaminated Sediments.  Ministry of the Environment. Victoria, BC. 
August 2005.  See at:  
http://www2.gov.bc.ca/gov/DownloadAsset?assetId=4F1CC6A19A574026A6E6C4B905
60AB5D&filename=tg19.pdf  

BC Ministry of Environment.  2009.  Environmental Quality Standards.  Ministry of the 
Environment. Victoria, BC. June 2009.  See at: 
http://www2.gov.bc.ca/gov/DownloadAsset?assetId=AF284CC1BEA4442BBAB7FAFDE
1E7B166  

Canadian Sediment Quality Guidelines for the Protection of Aquatic Life. In: Canadian 
Environmental Quality Guidelines. Canadian Council of Minister of the Environment.  
1999, updated 2001.  See at:  http://ceqg-rcqe.ccme.ca/en/index.html#void  

MacDonald, D.D. and C.G. Ingersoll (2003a). A Guidance Manual to Support the Assessment of 
Contaminated Sediments in Freshwater, Estuarine and Marine Ecosystems in British 
Columbia. Volume I: An Ecosystem-Based Framework for Assessing and Managing 
Contaminated Sediments. BC Ministry of the Environment. Victoria, BC. See at:  
http://www2.gov.bc.ca/gov/DownloadAsset?assetId=CFB36A318A564203968362825EA
44103&filename=guidance_manual_volumei.pdf  

MacDonald, D. D. and C. G. Ingersoll (2003b). A Guidance Manual to Support the Assessment 
of Contaminated Sediments in Freshwater, Estuarine and Marine Ecosystems in British 
Columbia. Volume II: Design and Implementation of Sediment Quality Investigations in 
Freshwater Ecosystems. BC Ministry of the Environment. Victoria, BC.  See at:  
http://www2.gov.bc.ca/gov/DownloadAsset?assetId=8B843143F503454991B3CBA5D58
E3321&filename=guidance_manua_volumeii.pdf  

MacDonald, D. D. and C. G. Ingersoll (2003c). A Guidance Manual to Support the Assessment 
of Contaminated Sediments in Freshwater, Estuarine and Marine Ecosystems in British 
Columbia. Volume III:  Interpretation of the Results of Sediment Quality Investigations. 
BC Ministry of the Environment. Victoria, BC. 

http://www2.gov.bc.ca/gov/DownloadAsset?assetId=4F1CC6A19A574026A6E6C4B90560AB5D&filename=tg19.pdf
http://www2.gov.bc.ca/gov/DownloadAsset?assetId=4F1CC6A19A574026A6E6C4B90560AB5D&filename=tg19.pdf
http://www2.gov.bc.ca/gov/DownloadAsset?assetId=AF284CC1BEA4442BBAB7FAFDE1E7B166
http://www2.gov.bc.ca/gov/DownloadAsset?assetId=AF284CC1BEA4442BBAB7FAFDE1E7B166
http://ceqg-rcqe.ccme.ca/en/index.html%23void
http://www2.gov.bc.ca/gov/DownloadAsset?assetId=CFB36A318A564203968362825EA44103&filename=guidance_manual_volumei.pdf
http://www2.gov.bc.ca/gov/DownloadAsset?assetId=CFB36A318A564203968362825EA44103&filename=guidance_manual_volumei.pdf
http://www2.gov.bc.ca/gov/DownloadAsset?assetId=8B843143F503454991B3CBA5D58E3321&filename=guidance_manua_volumeii.pdf
http://www2.gov.bc.ca/gov/DownloadAsset?assetId=8B843143F503454991B3CBA5D58E3321&filename=guidance_manua_volumeii.pdf


Town of Sidney, BC  SLR Project No.: 205.03696.00000  
Sampling and Analysis of Reay Creek Sediments  May 2015  

SLR 18 CONFIDENTIAL 

MacDonald, D. D. and C. G. Ingersoll (2003d). A Guidance Manual to Support the Assessment 
of Contaminated Sediments in Freshwater, Estuarine and Marine Ecosystems in British 
Columbia. Volume IV: Supplemental Guidance on the Design and Implementation of 
Detailed Site Investigations in Marine and Estuarine Ecosystems. BC Ministry of the 
Environment. Victoria, BC.  See at: 

  https://clu-in.org/download/contaminantfocus/sediments/assessment-british-columbia-IV.pdf  

Macfarlane, M.W., D.D. MacDonald, and C.G. Ingersoll, 2003. Criteria for managing 
contaminated sediments in British Columbia: Technical Appendix. Prepared pursuant to 
Section 11.1(d) of the Contaminated Sites Regulation under the Waste Management 
Act. BC Ministry of the Environment. Victoria, BC. 

Queen’s Printer. 2009. Contaminated Sites Regulation. BC Reg. 375/96 (includes amendments 
up to B.C. Reg. 4/2014, January 31, 2014). 

Queen’s Printer. 2010. Environmental Management Act. SBC 2003 Chapter 53 (current to 
December 31, 2014). Victoria, BC. 

Robinson, Justin and Rachelle Sarrazin.  2010. Reay Creek Pond Remediation Study.  
Camosun College Environmental Technology Program. 

 

 

https://clu-in.org/download/contaminantfocus/sediments/assessment-british-columbia-IV.pdf


TABLES 

 
Sampling and Analysis of Reay Creek Pond Sediments 

Canora Road Between Northbrook Drive and Bowcott Place 
SLR Project No.:  205.03696.00000



Town of Sidney

Reay Creek Pond - Sediments

SLR Project No.: 205.03696.00000

April 2015

Sample Sample Sample Metals PAH TOC Grain Size

Location ID ID Depth (cm) Analysis Analysis Analysis Analsis

1G 1G 0-10 1 0 0 0

2C -C 0-8 0 0 0 0

-B 8-25 1 0 0 0

-A 25-35 0 0 0 0

3C -C 0-8 1 0 0 0

-B 8-25 0 0 0 0

-A 25-35 0 0 0 0

4C -D 0-10 0 0 0 0

-C 10-20 1 1 0 0

-B 20-30 0 0 0 0

-A 30-40 1 1 0 0

5G 5G 0-10 0 0 0 0

5C -C 0-10 1 0 0 0

-B 10-20 0 0 0 0

-A 20-32 0 0 0 0

6C -C 0-10 1 0 0 0

-B 10-20 1 1 1 1

-A 20-30 0 0 0 0

7C -C 0-10 1 0 0 0

-B 10-20 0 0 0 0

-A 20-30 1 0 0 0

8G 8G 0-10 0 0 0 0

8C -C 0-9 1 0 0 0

-B 9-16 0 0 0 0

-A 16-25 0 0 0 0

Totals 11 3 1 1

Notes:

G - Grab Sample (Petite Ponar)

C - Core Sample (Wildco Corer)

Sample Depth - From Top of Sediment

TABLE 1:  SEDIMENT SAMPLE LOG AND RECORD OF ANALYSIS

SLR



Town of Sidney

Reay Creek Pond - Sediments

SLR Project No.: 205.03696.00000

April 2015

Sample ID 1G 2C-B 3C-C 4C-A

Date 15-Jan-2015 15-Jan-2015 15-Jan-2015 15-Jan-2015 CCME ISQG FW CCME PEL FW CSR SDft CSR SDfs

Depth (cm) 0-10 8-25 0-8 30-40 ns ns ns ns

pH 6.44 6.53 7.07 7.16 ns ns ns ns

Aluminum --- --- --- --- ns ns ns ns

Antimony 1.19 0.29 0.47 0.40 ns ns ns ns

Arsenic 5.18 4.85 7.32 11.2 5.9 17 20 11

Barium 105 105 59.7 79.4 ns ns ns ns

Beryllium 0.45 0.33 0.29 0.33 ns ns ns ns

Bismuth --- --- --- --- ns ns ns ns

Boron --- --- --- --- ns ns ns ns

Cadmium 22.1 19.8 26.0 0.448 0.6 3.5 4.2 2.2

Chromium (+3) --- --- --- --- ns ns ns ns

Chromium (+6) --- --- --- --- ns ns ns ns

Chromium (total) 146 90.6 144 31.2 37.3 90 110 56

Cobalt 14.1 12.0 9.43 11.4 ns ns ns ns

Copper 75.9 31.3 22.5 30.5 35.7 197 240 120

Iron --- --- --- --- ns ns ns ns

Lead 53.9 16.5 13.9 16.1 35 91.3 110 57

Lithium --- --- --- --- ns ns ns ns

Magnesium --- --- --- --- ns ns ns ns

Manganese --- --- --- --- ns ns ns ns

Mercury 0.100 < 0.05 < 0.05 < 0.05 0.17 0.486 0.58 0.3

Molybdenum 1.78 1.16 0.40 0.57 ns ns ns ns

Nickel 33.3 19.9 18.5 23.4 ns ns ns ns

Selenium 0.67 0.55 < 0.2 0.27 ns ns ns ns

Silver 0.25 < 0.1 0.11 0.13 ns ns ns ns

Strontium --- --- --- --- ns ns ns ns

Thallium 0.085 0.064 0.097 0.053 ns ns ns ns

Tin 2.2 < 2 < 2 < 2 ns ns ns ns

Titanium --- --- --- --- ns ns ns ns

Uranium 1.09 0.822 0.534 0.648 ns ns ns ns

Vanadium 76.4 56.0 50.1 65.9 ns ns ns ns

Zinc 519 181 90.7 97.5 123 315 380 200

Notes:

m - metres

mg/kg - milligrams per dry kilogram

< - less than analytical detection limit indicated

'---' - sample not analyzed for parameter indicated

ns - no standard listed

Exceeds CCME ISQG FW: CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Interim Sediment Quality Guidelines (ISQG)

Exceeds CCME PEL FW: CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Probable Effect Levels (PEL)

Exceeds CSR SDft: BC Contaminated Sites Regulation, Schedule 9, Generic Numerical Sediment Criteria, Freshwater Typical

Exceeds CSR SDfs: BC Contaminated Sites Regulation, Schedule 9, Generic Numerical Sediment Criteria, Freshwater Sensitive

TABLE 2:  SEDIMENT CHEMISTRY RESULTS - METALS PARAMETERS (mg/kg) [1 of 3]

National - CCME Sediment Provincial - CSR Sediment

SLR



Town of Sidney

Reay Creek Pond - Sediments

SLR Project No.: 205.03696.00000

April 2015

Sample ID 4C-C 5C-C 6C-B 6C-C

Date 15-Jan-2015 15-Jan-2015 15-Jan-2015 15-Jan-2015 CCME ISQG FW CCME PEL FW CSR SDft CSR SDfs

Depth (cm) 10--20 0-10 10-20 0-10 ns ns ns ns

pH 6.76 6.47 6.63 6.49 ns ns ns ns

Aluminum --- --- --- --- ns ns ns ns

Antimony 0.58 1.30 0.61 1.21 ns ns ns ns

Arsenic 4.55 5.11 5.35 4.71 5.9 17 20 11

Barium 86.6 123 126 118 ns ns ns ns

Beryllium 0.33 0.49 0.50 0.56 ns ns ns ns

Bismuth --- --- --- --- ns ns ns ns

Boron --- --- --- --- ns ns ns ns

Cadmium 17.3 24.7 42.1 21.4 0.6 3.5 4.2 2.2

Chromium (+3) --- --- --- --- ns ns ns ns

Chromium (+6) --- --- --- --- ns ns ns ns

Chromium (total) 130 134 153 119 37.3 90 110 56

Cobalt 11.1 15.6 13.4 14.8 ns ns ns ns

Copper 37.3 99.8 64.1 93.9 35.7 197 240 120

Iron --- --- --- --- ns ns ns ns

Lead 25.3 63.4 58.6 60.7 35 91.3 110 57

Lithium --- --- --- --- ns ns ns ns

Magnesium --- --- --- --- ns ns ns ns

Manganese --- --- --- --- ns ns ns ns

Mercury 0.056 0.128 0.098 0.129 0.17 0.486 0.58 0.3

Molybdenum 0.91 2.05 1.49 1.98 ns ns ns ns

Nickel 22.7 38.5 34.1 38.2 ns ns ns ns

Selenium 0.43 0.82 0.51 0.79 ns ns ns ns

Silver 0.10 0.34 0.25 0.32 ns ns ns ns

Strontium --- --- --- --- ns ns ns ns

Thallium 0.065 0.102 0.089 0.106 ns ns ns ns

Tin < 2 < 2 2.2 < 2 ns ns ns ns

Titanium --- --- --- --- ns ns ns ns

Uranium 0.810 1.17 1.02 1.12 ns ns ns ns

Vanadium 55.2 77.7 81.8 78.5 ns ns ns ns

Zinc 218 700 347 639 123 315 380 200

Notes:

m - metres

mg/kg - milligrams per dry kilogram

< - less than analytical detection limit indicated

'---' - sample not analyzed for parameter indicated

ns - no standard listed

Exceeds CCME ISQG FW: CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Interim Sediment Quality Guidelines (ISQG)

Exceeds CCME PEL FW: CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Probable Effect Levels (PEL)

Exceeds CSR SDft: BC Contaminated Sites Regulation, Schedule 9, Generic Numerical Sediment Criteria, Freshwater Typical

Exceeds CSR SDfs: BC Contaminated Sites Regulation, Schedule 9, Generic Numerical Sediment Criteria, Freshwater Sensitive

TABLE 2:  SEDIMENT CHEMISTRY RESULTS - METALS PARAMETERS (mg/kg) [2 of 3]

National - CCME Sediment Provincial - CSR Sediment

SLR



Town of Sidney

Reay Creek Pond - Sediments

SLR Project No.: 205.03696.00000

April 2015

Sample ID 7C-A 7C-C 8C-C

Date 15-Jan-2015 15-Jan-2015 15-Jan-2015 CCME ISQG FW CCME PEL FW CSR SDft CSR SDfs

Depth (cm) 20-30 0-10 0-9 ns ns ns ns

pH 7.21 6.17 6.41 ns ns ns ns

Aluminum --- --- --- ns ns ns ns

Antimony 0.39 0.76 1.25 ns ns ns ns

Arsenic 6.17 4.51 5.53 5.9 17 20 11

Barium 105 119 133 ns ns ns ns

Beryllium 0.38 0.52 0.51 ns ns ns ns

Bismuth --- --- --- ns ns ns ns

Boron --- --- --- ns ns ns ns

Cadmium 14.1 35.3 19.7 0.6 3.5 4.2 2.2

Chromium (+3) --- --- --- ns ns ns ns

Chromium (+6) --- --- --- ns ns ns ns

Chromium (total) 141 153 111 37.3 90 110 56

Cobalt 10.6 14.0 15.2 ns ns ns ns

Copper 34.7 74.6 88.4 35.7 197 240 120

Iron --- --- --- ns ns ns ns

Lead 19.7 64.6 68.2 35 91.3 110 57

Lithium --- --- --- ns ns ns ns

Magnesium --- --- --- ns ns ns ns

Manganese --- --- --- ns ns ns ns

Mercury 0.055 0.112 0.124 0.17 0.486 0.58 0.3

Molybdenum 0.70 1.30 1.94 ns ns ns ns

Nickel 23.9 36.0 37.3 ns ns ns ns

Selenium 0.40 0.61 0.69 ns ns ns ns

Silver < 0.1 0.33 0.35 ns ns ns ns

Strontium --- --- --- ns ns ns ns

Thallium 0.071 0.103 0.097 ns ns ns ns

Tin < 2 3.0 7.3 ns ns ns ns

Titanium --- --- --- ns ns ns ns

Uranium 0.972 0.961 1.34 ns ns ns ns

Vanadium 62.2 76.3 80.3 ns ns ns ns

Zinc 146 480 603 123 315 380 200

Notes:

m - metres

mg/kg - milligrams per dry kilogram

< - less than analytical detection limit indicated

'---' - sample not analyzed for parameter indicated

ns - no standard listed

Exceeds CCME ISQG FW: CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Interim Sediment Quality Guidelines (ISQG)

Exceeds CCME PEL FW: CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Probable Effect Levels (PEL)

Exceeds CSR SDft: BC Contaminated Sites Regulation, Schedule 9, Generic Numerical Sediment Criteria, Freshwater Typical

Exceeds CSR SDfs: BC Contaminated Sites Regulation, Schedule 9, Generic Numerical Sediment Criteria, Freshwater Sensitive

TABLE 2:  SEDIMENT CHEMISTRY RESULTS - METALS PARAMETERS (mg/kg) [3 of 3]

National - CCME Sediment Provincial - CSR Sediment

SLR



Town of Sidney

Reay Creek Pond - Sediments

SLR Project No.: 205.03696.00000

April 2015

Sample ID 4C-A 4C-C 6C-B

Date 15-Jan-2015 15-Jan-2015 15-Jan-2015 CCME ISQG FW CCME PEL FW CSR SDft CSR SDfs

Depth (cm) 30-40 10-20 10-20 ns ns ns ns

Acenaphthene < 0.05 < 0.05 < 0.05 0.00671 0.0889 0.11 0.055

Acenaphthylene < 0.05 < 0.05 < 0.05 0.00587 0.128 0.15 0.08

Acridine --- --- --- ns ns ns ns

Anthracene < 0.05 < 0.05 < 0.05 0.0469 0.245 0.29 0.15

Benz(a)anthracene 0.051 < 0.05 0.252 0.0317 0.385 0.46 0.24

Benzo(a)pyrene 0.064 0.051 0.440 0.0319 0.782 0.94 0.48

Benzo(b)fluoranthene 0.117 0.106 0.832 ns ns ns ns

Benzo(g,h,i)perylene 0.051 < 0.05 0.355 ns ns ns ns

Benzo(k)fluoranthene < 0.05 < 0.05 0.264 ns ns ns ns

Chrysene 0.087 0.075 0.507 0.0571 0.862 1 0.53

Dibenz(a,h)anthracene < 0.05 < 0.05 0.056 0.00622 0.135 0.16 0.084

Fluoranthene 0.106 0.133 0.806 0.111 2.355 2.8 1.5

Fluorene < 0.05 < 0.05 < 0.05 0.0212 0.144 0.17 0.089

Indeno(1,2,3-c,d)pyrene 0.053 0.052 0.398 ns ns ns ns

1-Methylnaphthalene --- --- --- ns ns ns ns

2-Methylnaphthalene < 0.05 < 0.05 < 0.05 0.0202 0.201 0.24 0.12

Naphthalene < 0.05 < 0.05 < 0.05 0.0346 0.391 0.47 0.24

Phenanthrene 0.067 0.099 0.352 0.0419 0.515 0.62 0.32

Pyrene 0.101 0.116 0.728 0.053 0.875 1.1 0.54

Quinoline --- --- --- ns ns ns ns

Benzo(a)pyrene Equivalency --- --- --- ns ns ns ns

PAHs, Total --- --- --- ns ns 20 10

Notes:

m - metres

PAH - polycyclic aromatic hydrocarbons

mg/kg - milligrams per dry kilogram

< - less than analytical detection limit indicated

'---' - sample not analyzed for parameter indicated

ns - no standard/guideline listed

Exceeds CCME ISQG FW: CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Interim Sediment Quality Guidelines (ISQG)

Exceeds CCME PEL FW: CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Probable Effect Levels (PEL)

Exceeds CSR SDft: BC Contaminated Sites Regulation, Schedule 9, Generic Numerical Sediment Criteria, Freshwater Typical

Exceeds CSR SDfs: BC Contaminated Sites Regulation, Schedule 9, Generic Numerical Sediment Criteria, Freshwater Sensitive

TABLE 3:  SEDIMENT CHEMISTRY RESULTS - PAH PARAMETERS (mg/kg)

National - CCME Sediment Provincial - CSR Sediment

SLR



Town of Sidney

Reay Creek Pond - Sediments

SLR Project No.: 205.03696.00000

April 2015

Sample ID 6C-B

Date 15-Jan-2015 CCME ISQG FW CCME PEL FW CSR SDft CSR SDfs

Depth (cm)

Calculated Chloride --- ns ns ns ns

Calculated Sodium --- ns ns ns ns

Organic Carbon, Total 5.33 ns ns ns ns

Notes:

mg/kg - milligrams per kilogram

< - less than analytical detection limit indicated

'---' - sample not analyzed for parameter indicated

ns - no standard listed

TABLE 4:  SEDIMENT CHEMISTRY RESULTS - OTHER PARAMETERS (mg/kg)

National - CCME Sediment Provincial - CSR Sediment

SLR
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Drawing No.

TOWN OF SIDNEY

REAY CREEK POND, REAY CREEK PARK -

CANORA ROAD

BETWEEN NORTHBROOK DRIVE AND

BOWCOTT PLACE

SIDNEY, BC

May 5, 2015

Project No. 205.03696.00000

Date:

SAMPLING AND ANALYSIS OF REAY CREEK

POND SEDIMENTS

SEDIMENT SAMPLING LOCATIONS

REFERENCED FROM: CAPITAL REGIONAL DISTRICT, REGIONAL

COMMUNITY ATLAS

LEGAL DESCRIPTION:

SECTION 8, RANGE 3 EAST, NORTH SAANICH DISTRICT

PID: 000-213-365

PROPERTY BOUNDARY

CORE SAMPLE LOCATION

GRAB SAMPLE LOCATION

APPROXIMATE LOCATION OF 2010 CAMOSUM COLLEGE

STUDY TRANSECT (REAY CREEK POND REMEDIATION

STUDY . ENVIRONMENTAL TECHNOLOGY PROGRAM.

JUSTIN ROBINSON & RACHELLE SARRAZIN. JUNE 2010)
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Photo 1: 
Reay Cr. Pond viewed to the southeast towards the area of the dam, from 
approximate mid-pond area, Oct. 22, 2014 

 

Photo 2: Pond area viewed north from approximately mid-pond area, Oct. 2014 
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SITE PHOTOGRAPHS SLR Project No: 205.03696.00000 

 

 

Photo 3: Pond area east of Canora Rd. end of Pond, Oct. 2014 

  
 

Photo 4: 
Pond discharge over dam spillway (left & top of right photo) and valve controlled 
discharge pipe at dam 
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SITE PHOTOGRAPHS SLR Project No: 205.03696.00000 

 

 

Photo 5: 
Open water area of Pond viewed north from about mid-pond area on January 15, 
2015 

 

Photo 6: Pond area narrowed by vegetation, viewed northeast from approximate mid-pond 
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Photo 7: Petite Ponar (top) sampler used for surface sediment grab sampling  

 

Photo 8: Sediment core samples in capped tubes ready for extruding and sampling 
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Copyright (c) Queen's Printer,

Victoria, British Columbia, Canada

License

Disclaimer

B.C. Reg. 375/96
O.C. 1480/96 and M271/2004

Deposited December 16, 1996
effective April 1, 1997

Environmental Management Act

CONTAMINATED SITES REGULATION

Note: Check the Cumulative Regulation Bulletin 2014 and 2015

for any non-consolidated amendments to this regulation that may be in effect.

[includes amendments up to B.C. Reg. 4/2014, January 31, 2014]

Point in Time

Schedule 9

[en. B.C. Reg. 324/2004, s. 70; am. B.C. Regs. 239/2007, s. 9; 343/2008, s. 18.]

Generic Numerical Sediment Criteria
1

COLUMN I COLUMN II COLUMN III COLUMN IV COLUMN V

Substance Freshwater 

Sediment
2

Freshwater 

Sediment
2

Marine and 

Estuarine 

Sediment
3

Marine and 

Estuarine 

Sediment
3

Sensitive
4

(SedQCSS)

Typical
5

(SedQCTS)

Sensitive
4

(SedQCSS)

Typical
5

(SedQCTS)

Inorganic Substances

arsenic 11.0 20.0 26.0 50.0
6

cadmium 2.2 4.2 2.6 5.0 

chromium (total) 56.0
6 110.0 99.0 190.0 

copper 120.0 240.0 67.0 130.0 

lead 57.0 110.0 69.0 130.0 

mercury 0.3 0.58 0.43 0.84 

zinc 200.0 380.0 170.0 330.0 

Organic Substances

Chlorinated Hydrocarbons

chlorinated aliphatics

hexachlorocyclohexane
7

0.00086
6

0.0017
6 0.00061 0.0012

6

miscellaneous chlorinated hydrocarbons

Page 1 of 3Contaminated Sites Regulation
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PCBs
9
(total) 0.17 0.33 0.12 0.23 

PCDDs and PCDFs
8

0.00013
6

0.00026
6 0.00013 0.00026

6

Phenolic Substances

chlorinated phenols

pentachlorophenol 0.4
10

0.8
10

0.36
11

0.69
11

Polycyclic Aromatic Hydrocarbons (PAHs)

alkylated low molecular weight PAHs

2-methylnaphthalene 
0.12 0.24 0.12 0.24 

low molecular weight PAHs

acenaphthene 0.055 0.11 0.055 0.11 

acenaphthylene 0.08 0.15 0.079 0.15 

anthracene 0.15 0.29 0.15 0.29 

fluorene 0.089 0.17 0.089 0.17 

naphthalene 0.24 0.47 0.24 0.47 

phenanthrene 0.32 0.62 0.34 0.65 

high molecular weight PAHs

benz[a]anthracene 0.24 0.46 0.43 0.83 

benzo[a]pyrene 0.48 0.94 0.47 0.92 

chrysene 0.53 1.0 0.52 1.0 

dibenz[a,h]anthracene 0.084 0.16 0.084 0.16 

fluoranthene 1.5 2.8 0.93 1.8 

pyrene 0.54 1.1 0.87 1.7 

Total PAHs

PAHs (total) 
12 10.0 20.0 10.0 20.0 

Pesticides

chlordane 0.0055 0.011 0.003 0.0057 

DDD (total) 
13 0.0053 0.01 0.0048 0.0094 

DDE (total) 
14 0.0042 0.0081 0.23 0.45 

DDT (total) 
15 0.003 0.0057 0.003 0.0057 

dieldrin 0.0041 0.008 0.0027 0.0052 

endrin 0.039 0.075
6 0.039 0.075

6

heptachlor and heptachlor epoxide 0.0017 0.0033
6 0.0017 0.0033 

lindane 
7

0.00086
6

0.0017
6 0.00061 0.0012

6

Footnotes

1. All values are in μg/g dry weight (dwt) unless otherwise stated. Substance must be analyzed 

using methods specified in a director's protocol or alternate methods acceptable to a director.
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2. Criteria to protect freshwater aquatic life.

3. Criteria to protect marine and/or estuarine aquatic life.

4. Sensitive sediment means sediment at a site with sensitive aquatic habitat and for which 
sensitive sediment management objectives apply. Consult director for further advice.

5. Typical sediment means sediment that is not sensitive sediment. Consult director for further 
advice.

6. Denotes a sediment quality criteria which is considered less reliable or that could not be fully 

evaluated.

7. Criteria is specific to gamma isomer.

8. Calculated using data for PCDDs, PCDFs, PCBs and associated PCDD, PCDF and PCB toxicity 

equivalency factors.

9. Total PCBs includes either the sum of four to seven Arochlor mixtures (i.e. Arochlor 1016, 1221, 

1232, 1242, 1248, 1254 and/or 1260) or the sum of ≥ 20 individual PCB congeners. No discrete 
criterion for Arochlor 1254 was derived, since the existing Canadian Council of Ministers of the 

Environment interim Probable Effects Level (PEL) for that substance was inconsistent with the 

PEL provided for total PCBs and the Probable Effects Level (PEL) for Arochlor 1254 was derived 
using methods different from those used to derive the criterion for total PCBs listed in this 

schedule.

10. Criterion is set equal to the State of New York, Department of Environmental Conservation, 

1994 criterion for the substance.

11. Criterion is set equal to the Washington State, Department of Ecology, 1991 criterion for the 
substance.

12. Total PAHs includes:
2-methylnaphthalene,

acenaphthalene,

acenaphthene,
anthracene,

benz[a]anthracene,
benzo[a]pyrene,

chrysene,
dibenz[a,h]anthracene,

fluorene,

fluoranthene,
naphthalene,

phenanthrene, and
pyrene.

13. DDD is 2,2-bis(p-chlorophenyl)-1,1-dichloroethane

14. DDE is 2,2-bis(p-chlorophenyl)-1,1-dichloroethylene

15. DDT is 2,2-bis(p-chlorophenyl)-1,1,1-trichloroethane

Contents  | Parts 1 to 18  | Schedule 1  | Schedule 1.1  | Schedule 2  | 

Schedule 3  | Schedule 4  | Schedule 5  | Schedule 6  | Schedule 7  | 

Schedule 8  | Schedule 9  | Schedule 10  | Schedule 11

Copyright (c) Queen's Printer, Victoria, British Columbia, Canada
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Laboratory Analytical Report 
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[This report shall not be reproduced except in full without the written authority of the Laboratory.]

17-JAN-15

Lab Work Order #:  L1568180

Date Received:SLR CONSULTING (CANADA) LTD. 

# 6 - 40 Cadillac Avenue
Victoria  BC  V8Z 1T2

ATTN: John Wiens
FINAL   
27-JAN-15 10:44 (MT)Report Date:

Version:

Certificate of Analysis

ALS CANADA LTD     Part of the ALS Group     A Campbell Brothers Limited Company

                                                      ____________________________________________ 

Erin Bolster, B.Sc.
Account Manager

ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1W9 Canada | Phone: +1 604 253 4188 | Fax: +1 604 253 6700

Client Phone: 250-475-9595

Please note that the pH ratio was changed to 1:4 for samples L1568180-12,18.Comments:  

205.03696.00000Job Reference: 
NOT SUBMITTEDProject P.O. #: 

10-192650, 10-192652C of C Numbers: 
Legal Site Desc: 



27-JAN-15 10:44 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1568180 CONTD....
2PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

9

SOIL

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
15-JAN-15 15-JAN-15 15-JAN-15 15-JAN-15 15-JAN-15

1G 2C-B 3C-C 4C-C 4C-A

L1568180-1 L1568180-3 L1568180-5 L1568180-7 L1568180-9

Grain Size Curve

Moisture (%)

pH (1:2 soil:water) (pH)

Total Organic Carbon (%)

Antimony (Sb) (mg/kg)

Arsenic (As) (mg/kg)

Barium (Ba) (mg/kg)

Beryllium (Be) (mg/kg)

Cadmium (Cd) (mg/kg)

Chromium (Cr) (mg/kg)

Cobalt (Co) (mg/kg)

Copper (Cu) (mg/kg)

Lead (Pb) (mg/kg)

Mercury (Hg) (mg/kg)

Molybdenum (Mo) (mg/kg)

Nickel (Ni) (mg/kg)

Selenium (Se) (mg/kg)

Silver (Ag) (mg/kg)

Thallium (Tl) (mg/kg)

Tin (Sn) (mg/kg)

Uranium (U) (mg/kg)

Vanadium (V) (mg/kg)

Zinc (Zn) (mg/kg)

Acenaphthene (mg/kg)

Acenaphthylene (mg/kg)

Anthracene (mg/kg)

Benz(a)anthracene (mg/kg)

Benzo(a)pyrene (mg/kg)

Benzo(b)fluoranthene (mg/kg)

Benzo(g,h,i)perylene (mg/kg)

Benzo(k)fluoranthene (mg/kg)

Chrysene (mg/kg)

Dibenz(a,h)anthracene (mg/kg)

Fluoranthene (mg/kg)

Fluorene (mg/kg)

48.8 39.5

6.44 6.53 7.07 6.76 7.16

1.19 0.29 0.47 0.58 0.40

5.18 4.85 7.32 4.55 11.2

105 105 59.7 86.6 79.4

0.45 0.33 0.29 0.33 0.33

22.1 19.8 26.0 17.3 0.448

146 90.6 144 130 31.2

14.1 12.0 9.43 11.1 11.4

75.9 31.3 22.5 37.3 30.5

53.9 16.5 13.9 25.3 16.1

0.100 <0.050 <0.050 0.056 <0.050

1.78 1.16 0.40 0.91 0.57

33.3 19.9 18.5 22.7 23.4

0.67 0.55 <0.20 0.43 0.27

0.25 <0.10 0.11 0.10 0.13

0.085 0.064 0.097 0.065 0.053

2.2 <2.0 <2.0 <2.0 <2.0

1.09 0.822 0.534 0.810 0.648

76.4 56.0 50.1 55.2 65.9

519 181 90.7 218 97.5

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 0.051

0.051 0.064

0.106 0.117

<0.050 0.051

<0.050 <0.050

0.075 0.087

<0.050 <0.050

0.133 0.106

<0.050 <0.050

Physical Tests

Organic / 
Inorganic Carbon

Metals

Polycyclic 
Aromatic 
Hydrocarbons



27-JAN-15 10:44 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte
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SOIL

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
15-JAN-15 15-JAN-15 15-JAN-15 15-JAN-15 15-JAN-15

5C-C 6C-C 6C-B 7C-C 7C-A

L1568180-10 L1568180-12 L1568180-13 L1568180-15 L1568180-16

Grain Size Curve

Moisture (%)

pH (1:2 soil:water) (pH)

Total Organic Carbon (%)

Antimony (Sb) (mg/kg)

Arsenic (As) (mg/kg)

Barium (Ba) (mg/kg)

Beryllium (Be) (mg/kg)

Cadmium (Cd) (mg/kg)

Chromium (Cr) (mg/kg)

Cobalt (Co) (mg/kg)

Copper (Cu) (mg/kg)

Lead (Pb) (mg/kg)

Mercury (Hg) (mg/kg)

Molybdenum (Mo) (mg/kg)

Nickel (Ni) (mg/kg)

Selenium (Se) (mg/kg)

Silver (Ag) (mg/kg)

Thallium (Tl) (mg/kg)

Tin (Sn) (mg/kg)

Uranium (U) (mg/kg)

Vanadium (V) (mg/kg)

Zinc (Zn) (mg/kg)

Acenaphthene (mg/kg)

Acenaphthylene (mg/kg)

Anthracene (mg/kg)

Benz(a)anthracene (mg/kg)

Benzo(a)pyrene (mg/kg)

Benzo(b)fluoranthene (mg/kg)

Benzo(g,h,i)perylene (mg/kg)

Benzo(k)fluoranthene (mg/kg)

Chrysene (mg/kg)

Dibenz(a,h)anthracene (mg/kg)

Fluoranthene (mg/kg)

Fluorene (mg/kg)

SEE 
ATTACHED

63.3

6.47 6.49 6.63 6.17 7.21

5.33

1.30 1.21 0.61 0.76 0.39

5.11 4.71 5.35 4.51 6.17

123 118 126 119 105

0.49 0.56 0.50 0.52 0.38

24.7 21.4 42.1 35.3 14.1

134 119 153 153 141

15.6 14.8 13.4 14.0 10.6

99.8 93.9 64.1 74.6 34.7

63.4 60.7 58.6 64.6 19.7

0.128 0.129 0.098 0.112 0.055

2.05 1.98 1.49 1.30 0.70

38.5 38.2 34.1 36.0 23.9

0.82 0.79 0.51 0.61 0.40

0.34 0.32 0.25 0.33 <0.10

0.102 0.106 0.089 0.103 0.071

<2.0 <2.0 2.2 3.0 <2.0

1.17 1.12 1.02 0.961 0.972

77.7 78.5 81.8 76.3 62.2

700 639 347 480 146

<0.050

<0.050

<0.050

0.252

0.440

0.832

0.355

0.264

0.507

0.056

0.806

<0.050

Physical Tests

Organic / 
Inorganic Carbon

Metals

Polycyclic 
Aromatic 
Hydrocarbons
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SOIL

SEDIMENT
15-JAN-15

8C-C

L1568180-18

Grain Size Curve

Moisture (%)

pH (1:2 soil:water) (pH)

Total Organic Carbon (%)

Antimony (Sb) (mg/kg)

Arsenic (As) (mg/kg)

Barium (Ba) (mg/kg)

Beryllium (Be) (mg/kg)

Cadmium (Cd) (mg/kg)

Chromium (Cr) (mg/kg)

Cobalt (Co) (mg/kg)

Copper (Cu) (mg/kg)

Lead (Pb) (mg/kg)

Mercury (Hg) (mg/kg)

Molybdenum (Mo) (mg/kg)

Nickel (Ni) (mg/kg)

Selenium (Se) (mg/kg)

Silver (Ag) (mg/kg)

Thallium (Tl) (mg/kg)

Tin (Sn) (mg/kg)

Uranium (U) (mg/kg)

Vanadium (V) (mg/kg)

Zinc (Zn) (mg/kg)

Acenaphthene (mg/kg)

Acenaphthylene (mg/kg)

Anthracene (mg/kg)

Benz(a)anthracene (mg/kg)

Benzo(a)pyrene (mg/kg)

Benzo(b)fluoranthene (mg/kg)

Benzo(g,h,i)perylene (mg/kg)

Benzo(k)fluoranthene (mg/kg)

Chrysene (mg/kg)

Dibenz(a,h)anthracene (mg/kg)

Fluoranthene (mg/kg)

Fluorene (mg/kg)

6.41

1.25

5.53

133

0.51

19.7

111

15.2

88.4

68.2

0.124

1.94

37.3

0.69

0.35

0.097

7.3

1.34

80.3

603

Physical Tests

Organic / 
Inorganic Carbon

Metals

Polycyclic 
Aromatic 
Hydrocarbons
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SOIL

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
15-JAN-15 15-JAN-15 15-JAN-15 15-JAN-15 15-JAN-15

1G 2C-B 3C-C 4C-C 4C-A

L1568180-1 L1568180-3 L1568180-5 L1568180-7 L1568180-9

Indeno(1,2,3-c,d)pyrene (mg/kg)

2-Methylnaphthalene (mg/kg)

Naphthalene (mg/kg)

Phenanthrene (mg/kg)

Pyrene (mg/kg)

Surrogate: Acenaphthene d10 (%)

Surrogate: Chrysene d12 (%)

Surrogate: Naphthalene d8 (%)

Surrogate: Phenanthrene d10 (%)

0.052 0.053

<0.050 <0.050

<0.050 <0.050

0.099 0.067

0.116 0.101

92.7 95.0

107.5 111.7

85.2 88.9

109.0 107.8

Polycyclic 
Aromatic 
Hydrocarbons
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SOIL

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
15-JAN-15 15-JAN-15 15-JAN-15 15-JAN-15 15-JAN-15

5C-C 6C-C 6C-B 7C-C 7C-A

L1568180-10 L1568180-12 L1568180-13 L1568180-15 L1568180-16

Indeno(1,2,3-c,d)pyrene (mg/kg)

2-Methylnaphthalene (mg/kg)

Naphthalene (mg/kg)

Phenanthrene (mg/kg)

Pyrene (mg/kg)

Surrogate: Acenaphthene d10 (%)

Surrogate: Chrysene d12 (%)

Surrogate: Naphthalene d8 (%)

Surrogate: Phenanthrene d10 (%)

0.398

<0.050

<0.050

0.352

0.728

92.8

105.4

85.0

103.7

Polycyclic 
Aromatic 
Hydrocarbons
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SOIL

SEDIMENT
15-JAN-15

8C-C

L1568180-18

Indeno(1,2,3-c,d)pyrene (mg/kg)

2-Methylnaphthalene (mg/kg)

Naphthalene (mg/kg)

Phenanthrene (mg/kg)

Pyrene (mg/kg)

Surrogate: Acenaphthene d10 (%)

Surrogate: Chrysene d12 (%)

Surrogate: Naphthalene d8 (%)

Surrogate: Phenanthrene d10 (%)

Polycyclic 
Aromatic 
Hydrocarbons



Reference Information

DUP-H Duplicate results outside ALS DQO, due to sample heterogeneity.

Qualifiers for Individual Parameters Listed:

Description Qualifier      

27-JAN-15 10:44 (MT)

L1568180 CONTD....
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C-TOT-ORG-LECO-SK

GRAIN SIZE-SK

HG-200.2-CVAF-VA

MET-200.2-CCMS-VA

MOISTURE-VA

PAH-TMB-H/A-MS-VA

PH-1:2-VA

Organic Carbon by combustion method

Grain Size Analysis

Mercury in Soil by CVAFS

Metals in Soil by CRC ICPMS

Moisture content

PAH - Rotary Extraction (Hexane/Acetone)

pH in Soil (1:2 Soil:Water Extraction)

Total Organic Carbon (C-TOT-ORG-LECO-SK, C-TOT-ORG-SK)

Total C and inorganic C are determined on separate samples. The total C is determined by combustion and thermal conductivity detection, while 
inorganic C is determined by weight lass after addition of hydrochloric acid. Organic C is calculated by the difference between these two 
determinations.

Reference for Total C:
Nelson, D.W. and Sommers, L.E. 1996. Total Carbon, organic carbon and organic matter. P. 961-1010 In: J.M. Bartels et al. (ed.) Methods of soil 
analysis: Part 3 Chemical methods. (3rd ed.) ASA and SSSA, Madison, WI. Book series no. 5

Reference for Inorganic C:
Loeppert, R.H. and Suarez, D.L. 1996. Gravimetric Method for Loss of Carbon Dioxide. P. 455-456 In: J.M. Bartels et al. (ed.) Methods of soil analysis:
Part 3 Chemical methods. (3rd ed.) ASA and SSSA, Madison, WI. Book series no. 5

Particle size distribution is determined by a combination of techniques. Dry sieving is performed for coarse particles, wet sieving for sand particles and 
the pipette sedimentation method for clay particles.

 

Reference:

Burt, R. (2009). Soil Survey Field and Laboratory Methods Manual. Soil Survey Investigations Report No. 5. Method 3.2.1.2.2. United States 
Department of Agriculture Natural Resources Conservation Service.

Soil samples are digested with nitric and hydrochloric acids, followed by analysis by CVAFS.

Soil samples are digested with nitric and hydrochloric acids, followed by analysis by CRC ICPMS. 
 
Method Limitation:  This method is not a total digestion technique.  It is a very strong acid digestion that is intended to dissolve those metals that may 
be environmentally available. This method does not dissolve all silicate materials and may result in a partial extraction. depending on the sample 
matrix, for some metals, including, but not limited to Al, Ba, Be, Cr, Sr, Ti, Tl, and V.

This analysis is carried out gravimetrically by drying the sample at 105 C for a minimum of six hours.

This analysis is carried out using procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846, Methods 3570 & 8270, published by 
the United States Environmental Protection Agency (EPA). The procedure uses a mechanical shaking technique to extract a subsample of the 
sediment/soil with a 1:1 mixture of hexane and acetone.  The extract is then solvent exchanged to toluene. The final extract is analysed by capillary 
column gas chromatography with mass spectrometric detection (GC/MS). Surrogate recoveries may not be reported in cases where interferences from
the sample matrix prevent accurate quantitation. Because the two isomers cannot be readily chromatographically separated, benzo(j)fluoranthene is 
reported as part of the benzo(b)fluoranthene parameter.

This analysis is carried out in accordance with procedures described in the pH, Electrometric in Soil and Sediment method - Section B 
Physical/Inorganic and Misc. Constituents, BC Environmental Laboratory Manual 2007.  The procedure involves mixing the dried (at <60°C) and sieved
(No. 10 / 2mm) sample with deionized/distilled water at a 1:2 ratio of sediment to water.  The pH of the solution is then measured using a standard pH 
probe.

ALS Test Code Test Description

Soil

Soil

Soil

Soil

Soil

Soil

Soil

SSSA (1996) p. 973

SSIR-51 METHOD 3.2.1

EPA 200.2/1631E (mod)

EPA 200.2/6020A (mod)

ASTM D2974-00 Method A

EPA 3570/8270

BC WLAP METHOD: PH, ELECTROMETRIC, SOIL

Method Reference** 

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Test Method References:            

Version: FINAL   

Applies to Sample Number(s)Parameter Qualifier

L1568180-18Chromium (Cr) DUP-H

QC Samples with Qualifiers & Comments:

Duplicate

QC Type Description

9
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Laboratory Definition Code Laboratory Location

SK

VA

ALS ENVIRONMENTAL - SASKATOON, SASKATCHEWAN, CANADA

ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Chain of Custody Numbers:

10-192650 10-192652

Version: FINAL   
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Quality Control Report
Page 1 of

Client:

Contact:

SLR CONSULTING (CANADA) LTD. 
# 6 - 40 Cadillac Avenue 
Victoria  BC  V8Z 1T2
John Wiens

Report Date: 27-JAN-15Workorder: L1568180

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

C-TOT-ORG-LECO-SK

HG-200.2-CVAF-VA

MET-200.2-CCMS-VA

Soil

Soil

Soil

R3137083

R3138207

R3138336

R3138038

Batch

Batch

Batch

Batch

IRM

MB

CRM

CRM

LCS

MB

CRM

CRM

LCS

MB

CRM

WG2029212-2

WG2029212-3

WG2030529-4

WG2030529-5

WG2030529-3

WG2030529-1

WG2030545-4

WG2030545-5

WG2030545-3

WG2030545-1

WG2030529-4

08-109_SOIL

VA-NRC-STSD1

VA-CANMET-TILL1

VA-NRC-STSD1

VA-CANMET-TILL1

VA-NRC-STSD1

Total Organic Carbon

Total Organic Carbon

Mercury (Hg)

Mercury (Hg)

Mercury (Hg)

Mercury (Hg)

Mercury (Hg)

Mercury (Hg)

Mercury (Hg)

Mercury (Hg)

Antimony (Sb)

Arsenic (As)

Barium (Ba)

Beryllium (Be)

Cadmium (Cd)

Chromium (Cr)

Cobalt (Co)

Copper (Cu)

Lead (Pb)

Molybdenum (Mo)

Nickel (Ni)

0.98

<0.10

104.0

102.6

98.2

<0.0050

102.3

101.1

96.2

<0.0050

99.0

99.9

93.0

103.0

101.0

101.1

99.3

99.4

101.9

97.1

99.1

22-JAN-15

22-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

0.77-1.43

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

%

%

%

%

%

mg/kg

%

%

%

mg/kg

%

%

%

%

%

%

%

%

%

%

%

0.1

0.005

0.005
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Quality Control Report
Page 2 ofReport Date: 27-JAN-15Workorder: L1568180

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-200.2-CCMS-VA Soil

R3138038Batch
CRM

CRM

LCS

WG2030529-4

WG2030529-5

WG2030529-3

VA-NRC-STSD1

VA-CANMET-TILL1

Selenium (Se)

Silver (Ag)

Thallium (Tl)

Tin (Sn)

Vanadium (V)

Zinc (Zn)

Antimony (Sb)

Arsenic (As)

Barium (Ba)

Beryllium (Be)

Cadmium (Cd)

Chromium (Cr)

Cobalt (Co)

Copper (Cu)

Lead (Pb)

Molybdenum (Mo)

Nickel (Ni)

Selenium (Se)

Silver (Ag)

Thallium (Tl)

Tin (Sn)

Uranium (U)

Vanadium (V)

Zinc (Zn)

Antimony (Sb)

Arsenic (As)

Barium (Ba)

Beryllium (Be)

Cadmium (Cd)

Chromium (Cr)

Cobalt (Co)

Copper (Cu)

Lead (Pb)

96.2

94.6

107.9

95.4

102.2

98.5

102.0

106.8

101.6

0.52

102.0

110.7

105.4

100.9

95.3

0.70

105.2

0.30

0.22

0.137

1.1

111.4

111.2

103.4

98.2

98.8

94.9

96.0

97.9

96.8

96.1

94.6

99.1

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

0.34-0.74

70-130

70-130

70-130

70-130

70-130

0.24-1.24

70-130

0.12-0.52

0.12-0.32

0.075-0.175

0-3

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

%

%

%

%

%

%

%

%

%

mg/kg

%

%

%

%

%

mg/kg

%

mg/kg

mg/kg

mg/kg

mg/kg

%

%

%

%

%

%

%

%

%

%

%

%
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Quality Control Report
Page 3 ofReport Date: 27-JAN-15Workorder: L1568180

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-200.2-CCMS-VA Soil

R3138038

R3138770

Batch

Batch

LCS

MB

CRM

WG2030529-3

WG2030529-1

WG2030545-4 VA-NRC-STSD1

Molybdenum (Mo)

Nickel (Ni)

Selenium (Se)

Silver (Ag)

Thallium (Tl)

Tin (Sn)

Uranium (U)

Vanadium (V)

Zinc (Zn)

Antimony (Sb)

Arsenic (As)

Barium (Ba)

Beryllium (Be)

Cadmium (Cd)

Chromium (Cr)

Cobalt (Co)

Copper (Cu)

Lead (Pb)

Molybdenum (Mo)

Nickel (Ni)

Selenium (Se)

Silver (Ag)

Thallium (Tl)

Tin (Sn)

Uranium (U)

Vanadium (V)

Zinc (Zn)

Antimony (Sb)

Arsenic (As)

Barium (Ba)

Beryllium (Be)

Cadmium (Cd)

94.8

97.4

100.1

95.7

98.7

97.1

100.1

97.4

93.7

<0.10

<0.10

<0.50

<0.10

<0.020

<0.50

<0.10

<0.50

<0.50

<0.10

<0.50

<0.20

<0.10

<0.050

<2.0

<0.050

<0.20

<2.0

102.3

99.7

98.3

102.8

93.6

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

%

%

%

%

%

%

%

%

%

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

%

%

%

%

%

0.1

0.1

0.5

0.1

0.02

0.5

0.1

0.5

0.5

0.1

0.5

0.2

0.1

0.05

2

0.05

0.2

2
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Quality Control Report
Page 4 ofReport Date: 27-JAN-15Workorder: L1568180

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-200.2-CCMS-VA Soil

R3138770Batch
CRM

CRM

MB

WG2030545-4

WG2030545-5

WG2030545-1

VA-NRC-STSD1

VA-CANMET-TILL1

Chromium (Cr)

Cobalt (Co)

Copper (Cu)

Lead (Pb)

Molybdenum (Mo)

Nickel (Ni)

Selenium (Se)

Silver (Ag)

Thallium (Tl)

Tin (Sn)

Vanadium (V)

Zinc (Zn)

Antimony (Sb)

Arsenic (As)

Barium (Ba)

Beryllium (Be)

Cadmium (Cd)

Chromium (Cr)

Cobalt (Co)

Copper (Cu)

Lead (Pb)

Molybdenum (Mo)

Nickel (Ni)

Selenium (Se)

Silver (Ag)

Thallium (Tl)

Tin (Sn)

Uranium (U)

Vanadium (V)

Zinc (Zn)

Antimony (Sb)

Arsenic (As)

Barium (Ba)

99.0

99.0

98.0

99.1

94.8

98.2

99.0

98.1

98.4

98.6

101.7

98.9

99.6

102.2

100.5

0.51

93.3

98.0

97.4

95.4

87.4

0.64

99.3

0.29

0.23

0.111

1.0

107.8

98.9

95.4

<0.10

<0.10

<0.50

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

0.34-0.74

70-130

70-130

70-130

70-130

70-130

0.24-1.24

70-130

0.12-0.52

0.12-0.32

0.075-0.175

0-3

70-130

70-130

70-130

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

mg/kg

%

%

%

%

%

mg/kg

%

mg/kg

mg/kg

mg/kg

mg/kg

%

%

%

mg/kg

mg/kg

mg/kg

0.1

0.1

0.5
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Quality Control Report
Page 5 ofReport Date: 27-JAN-15Workorder: L1568180

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-200.2-CCMS-VA Soil

R3138770

R3138832

Batch

Batch

MB

LCS

WG2030545-1

WG2030545-3

Beryllium (Be)

Cadmium (Cd)

Chromium (Cr)

Cobalt (Co)

Copper (Cu)

Lead (Pb)

Molybdenum (Mo)

Nickel (Ni)

Selenium (Se)

Silver (Ag)

Thallium (Tl)

Tin (Sn)

Uranium (U)

Vanadium (V)

Zinc (Zn)

Antimony (Sb)

Arsenic (As)

Barium (Ba)

Beryllium (Be)

Cadmium (Cd)

Chromium (Cr)

Cobalt (Co)

Copper (Cu)

Lead (Pb)

Molybdenum (Mo)

Nickel (Ni)

Selenium (Se)

Silver (Ag)

Thallium (Tl)

Tin (Sn)

Uranium (U)

Vanadium (V)

<0.10

<0.020

<0.50

<0.10

<0.50

<0.50

<0.10

<0.50

<0.20

<0.10

<0.050

<2.0

<0.050

<0.20

<2.0

96.9

100.1

106.1

93.5

97.7

95.1

99.2

97.9

97.0

94.1

99.1

99.8

102.2

90.0

96.8

90.1

100.8

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

0.1

0.02

0.5

0.1

0.5

0.5

0.1

0.5

0.2

0.1

0.05

2

0.05

0.2

2
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Quality Control Report
Page 6 ofReport Date: 27-JAN-15Workorder: L1568180

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-200.2-CCMS-VA

MOISTURE-VA

PAH-TMB-H/A-MS-VA

Soil

Soil

Soil

R3138832

R3137528

R3138053

Batch

Batch

Batch

LCS

LCS

MB

IRM

MB

WG2030545-3

WG2030532-2

WG2030532-1

WG2030531-4

WG2030531-1

ALS PAH1 RM

Zinc (Zn)

Moisture

Moisture

Acenaphthene

Acenaphthylene

Anthracene

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(g,h,i)perylene

Benzo(k)fluoranthene

Chrysene

Dibenz(a,h)anthracene

Fluoranthene

Fluorene

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

2-Methylnaphthalene

Naphthalene

Phenanthrene

Pyrene

Acenaphthene

Acenaphthylene

Anthracene

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

91.2

100.0

<0.25

95.3

100.3

98.4

95.4

96.2

103.0

108.4

103.2

107.9

97.8

99.3

89.3

102.5

96.4

94.2

103.5

98.4

<0.0050

<0.0050

<0.0040

<0.010

<0.010

<0.010

26-JAN-15

22-JAN-15

22-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

70-130

90-110

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

50-130

60-130

60-130

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

0.25

0.005

0.005

0.004

0.01

0.01

0.01
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Quality Control Report
Page 7 ofReport Date: 27-JAN-15Workorder: L1568180

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PAH-TMB-H/A-MS-VA Soil

R3138053Batch
MBWG2030531-1

Benzo(g,h,i)perylene

Benzo(k)fluoranthene

Chrysene

Dibenz(a,h)anthracene

Fluoranthene

Fluorene

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

2-Methylnaphthalene

Naphthalene

Phenanthrene

Pyrene

Surrogate: Naphthalene d8

Surrogate: Acenaphthene d10

Surrogate: Phenanthrene d10

Surrogate: Chrysene d12

<0.010

<0.010

<0.010

<0.0050

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

94.7

94.3

96.5

93.3

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

%

%

%

%

0.01

0.01

0.01

0.005

0.01

0.01

0.01

0.01

0.01

0.01

0.01

50-130

60-130

60-130

60-130
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Quality Control Report
Page 8 ofReport Date: 27-JAN-15Workorder: L1568180

Sample Parameter Qualifier Definitions:

Description Qualifier      

DUP-H

J

RPD-NA

Duplicate results outside ALS DQO, due to sample heterogeneity.

Duplicate results and limits are expressed in terms of absolute difference.

Relative Percent Difference Not Available due to result(s) being less than detection limit.

Limit    ALS Control Limit (Data Quality Objectives)
DUP     Duplicate
RPD     Relative Percent Difference
N/A        Not Available
LCS      Laboratory Control Sample
SRM     Standard Reference Material
MS        Matrix Spike
MSD     Matrix Spike Duplicate
ADE      Average Desorption Efficiency
MB        Method Blank
IRM       Internal Reference Material
CRM     Certified Reference Material
CCV      Continuing Calibration Verification
CVS      Calibration Verification Standard
LCSD   Laboratory Control Sample Duplicate

Legend:

The ALS Quality Control Report is provided to ALS clients upon request.  ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met.  Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order.

Hold Time Exceedances:

All test results reported with this submission were conducted within ALS recommended hold times.

ALS recommended hold times may vary by province.  They are assigned to meet known provincial and/or federal government 
requirements.  In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the 
US EPA, APHA Standard Methods, or Environment Canada (where available).  For more information, please contact ALS.
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Client Name: SLR CONSULTING (CANADA) LTD. ~VICTORIA

Project: 

Sample ID: 6C-B

Lab ID: L1568180-13

Summary of Results

Unified Soil Classification System (USCS) Canadian Soil Survey Committee (CSSC)

Size Class Size Range Wt. (%) Size Class Size Range Wt. (%)

Cobbles > 3" 0 Cobbles > 3" 0

Gravel 4.75mm - 3" 0 Gravel 2mm - 3" 0

Coarse Sand 2.0mm - 4.75mm 0 Sand 0.05mm - 2mm 5

Medium Sand 0.425mm - 2.0mm 0 Silt 0.002mm - 0.05mm 80

Fine Sand 0.075mm - 0.425mm 4 Clay < 0.002mm 15

Fines < 0.075mm 95 Texture Silt loam

819-58th Street, Saskatoon, SK  S7K 6X5
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Method Reference: Can. Soc. Soil Sci. (1993) Method 47.2
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APPENDIX F   
R. Macdonald Presentation (2015) 

 
Town of Sidney 

Data Gap Analysis - Reay Creek Pond 
Canora Road Between Northbrook Drive and Bowcott Place 

SLR Project No.:  201.02016.00001 
 
 

  



Figure 1 a.   The location of Reay Creek and Reay Creek Pond on northern Saanich Peninsula 
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Figure 1 b. Reay Creek & Pond showing Core Locations 
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Figure 2.  Plan view of Reay Creek Pond showing locations of Cores (2013), 
Original Dam (~1935) and transects and sampling points at which water and 
sediment depth were determined in 2010 (Robinson and Sarrazin, 2010). 
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Core 1 
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Figure 3. Histogram of sediment depths in Reay Creek Pond 



Table 2: Reay Pond area and sediment dimensions 
 
Surface Area     3583 m2 

 
Total volume of accumulated sediment   3107 m3 

 
Total wet weight mass of sediments  4400 tonnes 
 
Total dry weight mass of sediments   2144 tonnes 
 
Mean depth of sediments   0.87 m 



Dating based on 210Pb, 137Cs and physical examination of the core 
 Top ~24 cm was uniform mud.  This layer appears to have been accumulating since 
about 1935-40, indicating a recent sedimentation rate of 0.117 g cm2 yr-1   (~0.33 cm yr-1) 
 Below this is a basement layer of mud that appears to have been physically 
disturbed and contains visible signs of development (i.e., coarse material, wood chips, etc.) 
 
Accordingly, we have examined both layers for contaminants.  For economy, we have done 
pooled analyses for expensive items like: 
 
PCBs – classic contaminants phased out in the 70s – were used for heat transfer fluids, in 
paints, in electronic boards etc. 
Pesticides – these  include DDT, Chlordanes, Toxaphene, Lindane etc.  Many of these have 
been phased out as early as in the 1960s.   
PFOS – these perfluoro compounds have been used as textile protective coatings like 
Scotchguard 
PBDE – polybrominated diphenyl ethers, or flame retardants, applied to textiles (rugs, 
curtains, cushions) and electronic circuit boards 
PAHs – hydrocarbon  ring compounds; products of combustion and contained naturally in 
oils, shales, soils.   Parent compounds contain no methyl groups and have been the focus of 
screening tests for toxicity (EPA list, e.g.).  Methylated PAHs also have toxicity associated.  

Sediment Dating 
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Figure 4.  A plot of Ln[210Pbex] versus sediment depth for Core 1 . Also shown are the 
approximate dates associated with depth in the core. 
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Table 3a Metals data for Core 1 (all units in µg/g) 

Element   Reay Pond 0 to 24 cm Reay Pond 24-62 cm 
µg/g Crustal 

Value1,2 
BC Lakes3 Average SD (n=6) Average SD (n=4) 

Pb 12.5 – 15 8 – 30 78.6 10.1 37 19.5 
Cd 0.1 – 0.2  27.9 16.5 34.2 14.6 
Cu 25 – 55 35 – 105 98.2 18.8 43.7 10.4 
Zn 65 – 70 85 – 180 741 154 234 97 
Hg 0.08 0.012 –  0.35 0.06 0.006 0.066 0.011 
Cr 100 – 200 80 – 150 148 46 190 37 
Ag 0.07 – 0.1  0.4 0.04 0.2 0.1 
Sn 2  1.8 0.3 1.1 0.2 
As 1.8  5.4 0.14 6.2 2.3 

1 Taylor, 1964. 2Turekian and Wedepohl, 1961. 3Gallagher et al., 2004. 
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Figure 5. Plots of metal concentrations as a function of depth in the sediments. 



 
 

Table 3b Reay Creek Pond sediment averages for metals and 
sediment guideline values (all units are µg/g) 

 
Element 

Sample 
Concentration 

Mean 
SD                

(n=10) BC FW Sediment1 
CCME FW 
Sediment2              

SedQCscs3 SedQtcs3 ISQC4 PEL5 
arsenic 5.7 1.5 11 20 5.9 17 

cadmium  30.4 15.5 2.2 4.2 0.6 3.5 
chromium  164.8 44.6 56 110 37.3 90 

copper 76.4 29.4 120 240 35.7 197 
lead 62 26.5 57 110 35 91.3 

mercury 0.043 0.008 0.3 0.58 0.17 
0.48

6 
zinc 538 271.6 200 380 123 315 

1Criteria for Managing Contaminated Sediments in British Columbia- Technical Appendix 
2CCME Fresh Water Sediment Guidelines 
3Sediment Quality Criteria: scs – sensitive contaminated sites; tcs – typical contaminated sites 
4Interim Sediment Quality Guideline 
5P b bl  Eff t  Li it 
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Figure 6.  A histogram of PCB congener data organized by chlorine number for the 
pooled sediment samples (top and bottom) and the commercial PCB mixture 1254. 
 

0

10

20

30

40

50

60

70

80

Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca

%
 

PCBs 

Top

Bottom

"1254"



0

10000

20000

30000

40000

50000

60000

70000

80000

Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca

pg
/g

 

Top

Bottom

0

10

20

30

40

50

60

70

80

Mono Di Tri Tetra Penta Hexa Hepta Octa Nona

%
 Top

Bottom

"1254"

PCBs by Chlorine groups 
for top and bottom of 
sediment core 

Total PCBs are lower in the upper 
sediments (~100 ng/g) than deep 
sediments (~200 ng/g). The distribution 
among congeners suggests a fairly heavy 
formulation (Arochlor 1254 to 1260), 
which indicates local sources and not 
long range atmos transport.  A strange 
occurrence is the very high decachloro 
PCB in the bottom sample.  I’m not sure 
where  that comes from. 
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Figure 7.  A bar diagram showing PBDE congener concentrations for 
the pooled sediment samples (top and bottom). 
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Figure 8. PAH concentrations for the 14 parent PAHs measured in the 
pooled sediment samples (top and bottom). 
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Bottom sediments have sum of Parent PAH in ranges you’d 
might expect for normal background.  As you can see, the 
surface sediments contain a lot of PAH – the sum is ~ 18ug/g 
compared to <1 ug/g for the deep sediment.   So, there has 
been some sort of PAH contamination associated with post 
1940.  My guess is that there has been the use of creosote or 
other strong sources of PAH, either in the subdivision or on 
airport land. 
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Less stable ones to left, more stable to right.  I think we have 
a mix of sources including combustion and petrogenic, but 
more work would need to be done to sort it out.  I suspect 
that a lot of these PAHs are coming from somewhere other 
than combustion – like use of creosote etc. 



Figure 9. DDT compounds measured in the pooled sediment samples 
(top and bottom). 
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DDT is interesting ; The bottom of the core (predating 
1940) has higher DDT remnants as might be expected.  
The large amount of DDD suggests that that old buried 
DDT  has been degraded in low oxygen sediment, so it 
might have been DDT when it entered these 
sediments, but has gradually degraded to DDD (and 
DDE).  The top DDT also looks weathered, but more in 
oxic environments.  It probably comes from soils and 
sediments washing off the fields into the creek.  Values 
are not alarmingly high  
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There are traces of 
other pesticides, but 
nothing unexpected.  
Also, there is little 
difference in these 
between deep 
sediment and surface 
sediment 
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Perfluoros: nothing alarming.  As you would expect, the 
old material predating 1940 contains almost nothing 
(compounds not yet in wide use).  Most of this 
contaminant group is PFOSA, with some PFOA and 
PFDoA. 



Sediment 
Depth 
(cm) 

∑PCBs 
ng/g 

∑PBDEs 
ng/g 

∑PAHs 
ng/g 

∑DDTs 
ng/g 

∑Chlorda
nes 

ng/g 

∑PFOS 
ng/g 

0 – 24 95 52 18,000 9 0.7 5.8 
24 – 62  213 <1 <1,000 48 0.6 0.8 

SEQCscs1 170   10,000 3 5.5   
ISQG2 34.1   n/a n/a 4.5   
PEL3 277   n/a n/a 8.87   

Table 4.  Summary of concentration data from pooled 
sediments (upper and lower core segments) together with 
some guideline values for sediments 
  

1Sediment Quality Criteria – sensitive contaminated sites, Criteria for Managing 
Contaminated sediments in British Columbia, Technical Appendix 
2Interim Sediment Quality Guideline, CCME FW Sediment Guidelines 
3Probable Effects Limit,  CCME FW Sediment Guidelines  



Depth in Sediments Cd Pb Cu Zn ΣPAHs 

Top 24 cm 24 41 54 512 18 

Deeper sediments 44 9 3 122 1 

Total 68 50 57 634 19 

Burden1 of contaminant metals and ΣPAHs in Reay Pond sediments (kg) 

Depth in Sediments ΣPBDEs ΣPCBs ΣDDTs ΣPFOS 

Top 24 cm 44 81 7 5 

Deeper sediments 1 276 63 1 

Total 45 357 70 6 

Burden of organochlorine contaminants in Reay Pond sediments (g) 

1Burden is the net amount of contaminant, above background or “crustal” concentrations 
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An investigation of contamination in Reay Creek Pond sediments 

R.W. Macdonald and I.D. Bruce 

June, 2015 

Executive Summary 

Reay Creek pond is a small, artificial containment produced by a dam originally constructed on 

Reay Creek in 1935.  In its early years the pond was the site of a duck farm, but over the past 

several decades housing developments have taken place along the creek.  Victoria Airport and 

associated industries have also developed in the upstream drainage basin since the dam was built.  

This ensemble of industries has had a number of recorded spills that led directly to fish kills, and 

various chemical substances of industrial origin have contaminated creek sediments.  Among 

these, cadmium (Cd), zinc (Zn) and chromium (Cr) are of great concern due to their high sediment 

concentrations and known toxicities.  A dated sediment core collected from Reay Creek Pond 

shows that contaminations have occurred from several sources, but all contaminations can be 

assigned to locations within the Creek’s drainage basin above the pond (i.e., the industrial park-

airport complex).  The sediment that has accumulated within the pond after its initial construction is 

estimated at about 2200 tonnes (dry weight) and contains approximately 70 kg of Cd, and 630 kg 

of Zn.  This sediment reservoir, along with sediments accumulated in the creek bed, would need to 

be removed and confined in a permanent containment if the creek is to be remediated to point that 

it can safely sustain fish.  Stakeholders including the residents in the Reay Creek drainage, the 

Victoria Airport Authority and associated industries, and the Federal, Provincial and municipal 

governments need to be involved in developing a remediation plan.   

Introduction 

Reay Creek (~ 3 km length) is located on the east side of the Saanich Peninsula near the Town of 

Sidney, B.C.  (Figure 1a,b).  Reay Creek traverses two municipalities and the Victoria International 

Airport before entering salt water at Bazan Bay, which borders Haro Strait.  Before extensive 

community involvement in stream restoration and re-introduction of coho salmon (Onchorhyncus 

kisutch), the lower reach of Reay Creek was essentially a “dead stream” with considerable garbage 

and debris scattered throughout (T.Davis, pers comm).  Coho salmon have been successfully 

spawning and returning to Reay Creek almost continuously since the late 1980s and wild sea-run 

cutthroat trout (Onchorhyncus clarkii clarkii) have colonized the creek as well. 

The pond on Reay Creek, 255 m in length and averaging 18 m in width, was originally created for 

the rearing of commercial ducks through the construction of  wood stave and rubble dam in 1935 

(Figure 2). In the 1950s another dam was constructed 40 m downstream of the original location to 

increase pond capacity to support irrigation. Housing sub-divisions have been built around the 

pond since the early 1970s. In 1997, following a spillway failure, the dam was reconstructed under 

the supervision of Fisheries and Oceans Canada (FOC) and the Sidney Anglers Association 

(SAA). 
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Figure 1a. The location of Reay Creek and Reay Creek Pond on northern Saanich Peninsula. 

 

Figure 1b. Reay Creek & Pond showing Core Locations. 

 

Figure 2.  Plan view of Reay Creek Pond showing locations of Cores (2013), Original Dam 

(~1935) and transects and sampling points at which water and sediment depth were 

determined in 2010 (Robinson and Sarrazin, 2010). 
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Currently the pond contains significantly more accumulated sediment (Figure 3) than overlying 

water, reducing potential juvenile salmonid rearing habitat in the pond by an estimated 80%.  

Furthermore, the accumulated sediments are nutrient rich (phosphorous/nitrogen), as evidenced 

by the significant blue-green algal bloom consequent to sediment disturbance in the summer of 

2004 when a fallen tree was removed. 

 

Figure 3.  Histogram of uncompacted sediment depths in Reay Creek Pond as determined 

by Robinson and Sarrazin (2010). 

 

 

Six large mortality events of salmon and trout (1982, 1987, 1993, 1994, 2003, 2004) and three 

smaller ones have occurred in Reay Creek since the early 1980’s with at least four of them (1982, 

1987, 2003, 2004) associated with high levels of Cd originating from the Victoria International 

Airport (Table 1). Peninsula Streams Society (PSS) recently sponsored an investigation into the 

status of Reay Creek pond by two Camosun College students (Robinson and Sarrazin, 2010) in 

which they reported the accumulation of deep sediments (up to 1.5 m) exhibiting high 

concentrations of Cd in the near-surface sediments.   

PSS and SAA would like to remediate the pond to increase its rearing capacity for coho salmon 

and sea-run cutthroat trout. The local community would like a pond that functions as fish habitat 

without the constant threat of blooms or downstream transport of contaminated sediments. The 

Town of Sidney is required to determine what, if any, financial liability there may be associated with 

the possibility that the pond qualifies as a contaminated site. The investigation reported here is 

meant to characterize the sedimentary environment of the pond in terms of accumulation history 

subsequent to the original damming, sediment contaminant concentrations, and the total inventory 

of contaminants. This information is sought to inform the development of strategies required to 

remediate the pond. 
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Table 1: Selected historical perspectives of Reay Creek Pond and of some of the 

contaminants found in its sediments 

Year Activity Comments 

1929 PCB used industrially Erickson 

1935 LG Thomas Sidney Duck Farm built  

1939 Vic Times reports 6,000 ducks at farm  

1939 Victoria Airport started as grass strip & Military 
Training 

Wikipedia 

1949 PFOS first produced commercially (3M)  

1950s  
&60s 

Chromium plating plant (East Camp)  

1960s DDT used in aerial spray for forestry Gallager et al. (2004) 

1965 PBDE produced industrially Meunhor (2011) 

1967 Anecdotal admission of toxic release by Viking 
Air/Airport 

 

1970 Viking Air established as aircraft 
modification/repair site 

Wikipedia 

1970s Widespread use of PBDEs as flame retardant Toxipedia 

1972 DDT use banned  

1972 PCB sale for open uses ceased by Monsanto Erickson & Kaley (2011) 

1977 PCB production ceased by Monsanto Erickson & Kaley (2011) 

1977 PCB use banned in Canada Ross et al. (2009) 

1979 PCB use banned in USA (by EPA) Erickson & Kaley (2011) 

1982 Coho fry outplanted from Goldstream River  

1982 Fire at Viking Air; complete fish kill Fire retardant and other toxics  

1983 Oil spill at Airport; no fish kill Spill Gate installed at airport 

1985 Reg Kirkam moves to pond site Small dam still prominent 

1985 Fish kill (120 coho fry) Hydrant flushing, Sidney 

1987 Large fish kill Possibly Cd? 

1993 Coho/cutthroat killed over half stream length Suspect municipal hydrant 
flushing 

1993 Coho killed in top third, survived below mid-point Cutthroat also killed 

1994 Coho killed over the entire length Sticklback hit hard in upper 
reaches (ballfield construction?) 

1996 Earthen dam blowout (1 × 1.3 m) Dam located to present situation 

1997 Dam rebuilt in place with DFO Guidance   

2002 Fish kill – 18 cm cutthroat and suspect coho fry Suspect chlorine/chloramine 
hydrant flushing 

2003 Fish kill (Cd) Complete, all species, Cd in fish 
tissues (DFO) 

2004  Complete fish kill Cd, Cr, Zn? 

2004 PBDEs – production of octa and penta 
discontinued) 

Toxipedia 

2006 PBDEs – tetra through deca designated as  

2009 toxic under CEPA  

2008 PBDE production banned in Canada  

2009 PFOS included in Annex B, Stockholm 
Convention 

Canada has proposed complete 
ban 
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Methods 

 The physical survey of Reay Creek Pond, conducted in June, 2010 (Robinson and 

Sarrazin, 2010), provided the foundation for selecting two sites within the pond to collect sediment 

cores (marked on Figure 2).  In the 2010 survey of the pond, the depth of the water and of un-

compacted sediments were measured along 11 transects at a total of 106 locations by pushing thin 

bamboo rods into the sediments at each location, which permitted the depth distribution of un-

compacted sediment to be contoured as shown in Figure 2.    

 Volume and area calculations for the pond sediments 

Using an enlarged version of Figure 2, we measured the total area of the pond and of the 

sediment thickness contours at 0.25 m intervals using a planimeter. The planimeter measurement 

of each closed contour area was repeated 3-4 times giving a precision of about 1-3% depending 

on size and shape of the area. The sum of all the individually measured sub-areas (3583 m2) 

agreed within less than ±1% with the measurement of the total lake area (3612 m2). This precision 

does not take into account errors inherent in the bamboo stick method of probing sediments and 

contouring the results. Un-compacted sediment depths were found to  be mostly distributed 

between 0.5 m and 1.25 m (Figure 3), and the total amount of un-compacted sediment 

accumulated in the pond, based on the histogram in Figure 3 and the measurements of water 

content within the sediment core, is ~2144 tonnes (dry weight) (Table 2). 

Table 2: Reay Pond area and sediment dimensions 

Surface Area 3583 m2 

Total volume of accumulated sediment 3107 m3 

Total wet weight mass of sediments 4400 tonnes 

Total dry weight mass of sediments 2144 tonnes 

Mean depth of sediments 0.87 m 

    

  Sediment coring methodology 

Two sediment cores were collected by hand on Sept. 19, 2013, at the locations marked on 

Figures 1a, 2 using a small boat.  For each core, a plastic core liner (10 cm i.d.) with sharpened 

end was pressed into the sediment as far as possible.  A cap was placed on the top end of the 

tube to provide a vacuum, the tube containing the core was retrieved from the sediment and, taking 

care to maintain the core in a vertical position, and the core was placed on a sectioning device.  

The cores were 62 cm (#1) and 38 cm (#2) in length. Both cores were sectioned at 2 cm intervals 

by extruding the sediment upward and subsampling the 2-cm plug, taking care to discard the outer 

material that had been in contact with the tube wall.  Each sectional subsample was placed in a 

Whirlpak bag and frozen for later analysis.  Core 1 was used for dating and contaminant analyses 

because it was longer, and appeared visually to be a better core.  During sub-sectioning it was 

noticed that the top 24 cm of this core consisted of fairly uniform greyish black mud without any 

distinguishing features or obvious identifiable objects like wood or leaves (Appendix I Table 1).  At 

about 25 cm, coarse woody material including a large wood chip was encountered, below which 

the sediment alternated between coarse woody material and finer mud, with a sandy layer at 39 

cm, and mixed, coarse mud, and sand.  
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 Sample Preparation and Analyses  

Twelve 2 cm sectional sub-samples from Core 1 were frozen and sent to Flett Research 

Ltd. for 210Pb counting (to date the core) and total mercury determination.  The remaining sample 

from these sub-sections, along with the other nineteen 2 cm sectional sub-samples from Core 1 

were delivered to Axys Analytical Ltd. in Sidney, B.C, to analyze for metals, organochlorine 

compounds (OCs) and poly-cyclic aromatic hydrocarbons (PAHs).  Due to the cost of the OC and 

PAH determinations, we used only two pooled samples (shallow sediment, deep sediment) as 

indicated by colour coding showing how the sections were analyzed (Appendix I Table 1). 

For all analyses reported here the complete methods (referenced in Appendix II) and the 

raw data themselves are available upon request as pdf/doc files or Excel files (Ian Bruce).  

For metals analysis, ten samples were selected from Core 1  (Appendix I Table 1), 

corresponding sequentially to the list given in Maxxam ID # JF3164-JF3173 (Appendix II).  These 

samples were analyzed for total metals using acid extraction and ICP-MS quantitation. 

For analysis of polychlorinated biphenyls (PCBs), pesticides, PCN (polychorinated 

naphthalenes), PBDEs (polybrominated diphenyl ethers), PFC (perfluoro compounds), 

dioxins/furans and PAHs, two sample strata were created for each compound 0-24 cm and 24-62 

cm (Appendix I Table 1).   The analyses for these compounds were undertaken by Axys Analytical 

Ltd. with methodology described in the report listed in Appendix II. 

 210Pb dating of sediments 

The primary dating tool for the sediments was 210Pb. Briefly, this natural radionuclide enters 

sediments through atmospheric deposition (excess 210Pb) and through the decay of naturally 

occurring 226Ra (supported 210Pb) within minerals making up the sediments.  To use 210Pb as a 

dating tool, the supported 210Pb (estimated from 226Ra measurements) is subtracted from the total 
210Pb measured, to provide an excess 210Pb profile.  Using the decay rate of 210Pb (1/2 life of ~22 

years), the vertical profile of excess 210Pb can then be used to estimate sedimentation rate and 

assign age to various depths in the core.  Sediment mixing may complicate this estimation, 

requiring modeling, but in the case of the Reay Creek sediments there was no evidence of surface 

sediment mixing.  A secondary check on sedimentation rates is often provided by 137Cs.  This 

element, a product of the nuclear fission of uranium, first entered atmospheric deposition in the 

early 1950s, when atmospheric weapons testing was initiated.  The atmospheric deposition peaked 

in the early 1960s and then drastically declined due to test-ban treaties.  A subsequent peak in 
137Cs deposition at our latitude occurred in 1986 due to the Chernobyl accident.  

Results 

 Sedimentation rates and history 

The 210Pb data plotted as Ln[210Pbex] versus depth in the sediments expressed as g/cm2 yields a  

reasonably good straight line with a regression coefficient of R2 = 0.96  (Figure 4).  The slope of  
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the line implies a sedimentation rate of about 0.125 g cm-2 yr-1 (95% CI is 0.106 – 0.154 g cm-2 yr-

1).  Taking into account the water content of the sediment, this translates into an average sediment 

velocity of ~0.32 cm yr-1.  Given the observations at the time of sectioning, this sedimentation rate 

probably applies only to the top 25 cm of the core, where the sediment appeared uniform in colour 

and texture.  Below that is likely older material that had been disturbed during or shortly after the 

pond was first constructed.  Accordingly, the 210Pb data imply that the uniform sedimentation 

commenced in about ~ 1939, with a range of 1925 – 1954 possible (95% CI).  These dates for the 

bottom of the uniform surface layer set against the known history of the pond (Table 1) suggest 

that the top 25 cm of sediment in the pond accumulated more or less uniformly after the duck pond 

was first constructed in 1935.  The 137Cs values are low and sporadic throughout the core, which is 

difficult to interpret in the context of 137Cs deposition.  137Cs data can be problematic for a number 

of reasons and we have therefore not relied on them here. 

 

Figure 4.  A plot of Ln[210Pbex] versus sediment depth for Core 1 . Dashed line shows the line 

fit to the data to estimate sedimentation rates. 

 

 

 Contaminants in the pond sediments 

Based on the texture and appearance of the sediments and the 210Pb dating, we consider 

the sediments in the analyzed sediment core to consist of an overburden of fairly uniform, soft 

sediment that has accumulated to about 25 cm since the construction of the pond.  Beneath this 
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are disturbed, but more compact sediment, of unknown age but presumably dating before the mid 

1930s. 

Metals.   We have analyzed a number of metals in the sediment cores, but in the context of 

contamination, toxicity and local metal sources, the relevant metals include cadmium (Cd), 

chromium (Cr), zinc (Zn), copper (Cu), tin (Sn), lead (Pb), mercury (Hg) and silver (Ag).  A 

comparison of the metals data in the sediment cores with natural crustal values that would 

normally be expected in soils or values measured in uncontaminated horizons from BC lakes 

(Table 3a) shows that most of the metals exhibit contamination above expected backgrounds (e.g., 

Pb, Cu) , as would be expected given the pond’s location near urban and light industrial 

developments. However, Cd and Zn both show gross contamination, with Cd clearly exceeding 

sediment toxicity guidelines (Table 3b).  Fish kills in which Cd was implicated have been 

documented in 1982, 1987, 2003 and 2004.  However, these incidents seem not to explain all of 

the Cd contamination given that it extends into times well before 1982.   

Table 3a Metals data for Core 1 (all units in µg/g) 

Element   Reay Pond 0 to 24 cm Reay Pond 24-62 cm 

µg/g Crustal Value1,2 BC Lakes3 Average SD (n=6) Average SD (n=4) 

Pb 12.5 – 15 8 – 30 78.6 10.1 37 19.5 

Cd 0.1 – 0.2  27.9 16.5 34.2 14.6 

Cu 25 – 55 35 – 105 98.2 18.8 43.7 10.4 

Zn 65 – 70 85 – 180 741 154 234 97 

Hg 0.08 0.012 –  0.35 0.06 0.006 0.066 0.011 

Cr 100 – 200 80 – 150 148 46 190 37 

Ag 0.07 – 0.1  0.4 0.04 0.2 0.1 

Sn 2  1.8 0.3 1.1 0.2 

As 1.8  5.4 0.14 6.2 2.3 
1 
Taylor, 1964. 

2
Turekian and Wedepohl, 1961. 

3
Gallagher et al., 2004. 

 
Table 3b Reay Creek Pond sediment averages for metals and sediment guideline 
values (all units are µg/g) 

Element 

Sample 
Concentration 

Mean 
SD                

(n=10) BC FW Sediment1 
CCME FW 
Sediment2               

 

   
SedQCscs3 SedQtcs3 ISQC4 PEL5 

arsenic 5.7 1.5 11 20 5.9 17 

cadmium  30.4 15.5 2.2 4.2 0.6 3.5 

chromium  164.8 44.6 56 110 37.3 90 

copper 76.4 29.4 120 240 35.7 197 

lead 62 26.5 57 110 35 91.3 

mercury 0.043 0.008 0.3 0.58 0.17 0.486 

zinc 538 271.6 200 380 123 315 

      
 

1
Criteria for Managing Contaminated Sediments in British Columbia- Technical Appendix; 

2
CCME Fresh Water Sediment Guidelines;  

3
Sediment Quality Criteria: scs – sensitive contaminated sites; tcs – 

typical contaminated sites; 
4
Interim Sediment Quality Guideline; 

5
Probable Effects Limit 
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Plots of the variation in metal concentrations with depth/age in sediments (Figure 5) give an 

indication of the time course of contamination. Together with an analysis of multiple correlations 

(Table 4), the profiles shown in Figure 5 reveal that metal contamination has likely occurred from 

three different sources.  First, Cd and Cr profiles show significant similarity (R=0.84, p=0.0025),and 

have the deepest (longest) record of contamination.  For both of these metals, the near-surface 

sediments (post 1964) tend to be lower than deep sediments, but in the case of Cd the values 

indicate gross contamination right up to the sediment surface.  That is, sediments accumulating 

today still have Cd contents that exceed toxicity limits given in Table 3b, which suggests that 

suspended sediment transported by Reay Creek above the pond remains unacceptably high in Cd.  

Cd and Cr have contaminated the sediments in the ratio of 0.28:1 (Cd:Cr), and that contamination 

appears to have commenced very early in the pond’s history.  The second grouping of metals 

includes Zn, Cu and Sn. All three of these metals exhibit low values within normal crustal ranges in 

the deep sediments.  These concentrations become markedly higher after about 1940 and have 

remained at more or less constant concentrations near the surface after about 1990.  The 

correlation between Zn and Cu is particularly strong (R=0.99, p=0.0003), but correlations between 

these two metals (Zn, Cu) and Sn are also significant (R=0.90, p=0.0005).  The contamination by 

these three metals is in the ratio of 563:63:1 (Zn:Cu:Sn).  The final pairing, between Pb and Ag 

(R=0.92, p=0.002), shows background crustal values deep in the core, with contamination 

commencing in about 1940 where it rises sharply until about 1960 and thereafter has very 

gradually declined.  The ratio for this contaminant pair is 175:1 (Pb:Ag). Hg, another metal that 

frequently poses toxic risks, appears never to have contaminated the Reay Creek Pond sediments  

(Table 3a) and manifests no vertical trends in the sediments. 

 

Figure 5. Plots of selected metal concentrations as a function of depth in the sediments. 
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Table 4.  Multiple correlations for the metals data 

 

 Cd Cr Cu Pb Ag Sn Zn As 

Cd 1        

Cr 0.84 1       

Cu -0.40 -0.71 1      

Pb -0.16 -0.23 0.72 1     

Ag 0.02 -0.32 0.77 0.92 1    

Sn -0.34 -0.55 0.91 0.61 0.68 1   

Zn -0.43 -0.73 0.99 0.75 0.78 0.90 1  

As 0.14 0.20 -0.31 -0.51 -0.24 -0.27 -0.39 1 

 

PCBs.  Two samples were analyzed, one on a pooled sample of sediment from 0 – 24 cm in the 

core, the second on a pooled sample from 24 – 62 cm in the core.   Based on the 210Pb dating, the 

latter pooled sample would represent early material predating the pond construction and the former 

pooled sample the more recent material accumulated within the pond. The total PCB (∑PCBs) 

concentration, calculated by summing the congener data, was 95 ng/g and 213 ng/g for the top 

and bottom sediments respectively (Table 5). These concentration levels indicate contamination 

has been occurring in Reay Creek for a long time, which is not surprising given the  

 

Table 5.  Summary of concentration data from pooled sediments (upper and lower core 

segments) together with some guideline values for sediments 

Sediment 
Depth (cm) 

∑PCBs 
ng/g 

∑PBDEs 
ng/g 

∑PAHs 
ng/g 

∑DDTs 
ng/g 

∑Chlordanes 
ng/g 

∑PFOS 
ng/g 

0 – 24 95 52 18,000 9 0.7 5.8 

24 – 62  213 <1 <1,000 48 0.6 0.8 

SEQCscs1 170  10,000 3 5.5  

ISQG2 34.1  n/a n/a 4.5  

PEL3 277  n/a n/a 8.87  
1
Sediment Quality Criteria – sensitive contaminated sites, Criteria for Managing Contaminated sediments in 

British Columbia, Technical Appendix 
2
Interim Sediment Quality Guideline, CCME FW Sediment Guidelines 

3
Probable Effects Limit,  CCME FW Sediment Guidelines 

 

multiple distributed sources of PCBs that include paint, plasticizers, electronics, lights, oils, thermal 

transfer fluids, hydraulic fluids, carbon copy paper, and others. Greater contamination 

deeper in the sediments would also be consistent with the known history of use, which commenced 

in 1929 and was curtailed in the early 1970s when environmental and health risks of PCBs became 

widely recognized (Table 2). For comparison, ∑PCBs measured in sediments of the Strait of 

Georgia near municipal outfalls show contamination levels that are generally <10 ng/g dry weight 

(Johannessen et al., 2008). However, the sites in the Strait of Georgia likely experience greater 

dilution of PCBs due to the nearby supply of inorganic sediment from the Fraser River, which also 

helps to bury the PCBs. An examination of the histogram of PCBs according to chlorine 

substitution (Figure 6) shows the deeper sediments to be ‘lighter’ (containing less chlorine) than 

the surface sediments (ignoring for the moment the large peak for deca-PCB) with the largest peak 

seen at penta CB compared to hexa and hepta CB for the top-layer sediments.  Both samples, 
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however, contain relatively heavy PCB (compare with PCB formulation 1254 (Figure 6) or the 

average PCB Cl-substitution histogram for Strait of Georgia sediments (see Figure 9 in 

Johannessen et al., 2008), indicating that the source of PCBs in Reay Creek sediments is probably 

local rather than distilled PCB via long-range transport.   The large peak for deca-PCB in the deep 

sediment is clearly anomalous and cannot be explained by any of the traditional PCB formulations 

used such as 1254. Nor could such a heavy PCB be explained by long-range transport given its 

low volatility.  Deca-PCB (also known as deca wax) was used in a relatively pure form for 

investment casting (Erickson and Kaley, 2011). Specifically, this process is used to produce 

precision-cast metal parts and shapes for the aircraft and other machinery manufacturing 

industries. Thus it seems likely that deca-wax was used locally (upper Reay Creek drainage) for 

aircraft-parts production in the 1950s-60s.  Fortunately, this heavy PCB is not particularly toxic 

given that it is not taken up by biota very easily. 

Figure 6.  A histogram of PCB congener data organized by chlorine number for the pooled 

sediment samples (0-24 cm and 24-62 cm) and the commercial PCB mixture “1254”. 

  

 

PBDEs.  Like PCBs, these compounds have enjoyed wide use as flame retardants in fabrics, 

electronics and flame retardant fluids used to suppress fires.  An important difference between 

these brominated compounds and PCBs is that their whole-scale use did not commence until 

much later, in the 1980s.  Concerns about their environmental and health effects, similar to the 

concerns over PCBs, have led to their partial or complete banning in the 2000s (Ross et al., 2009).  

For the Reay Creek Pond sediments, ∑PBDEs concentrations were found to be 52 ng/g in the 

upper sediments and <1 ng/g in the deep sediments. Again, this depth distribution is reasonable 

given the much later entry of PBDEs into widespread use than the PCBs. An examination of the 

congener profile (Figure 7) shows that congeners 47, 99 and, especially 209, provide most of the 

∑PBDE burden, which is not surprising as these are ‘the usual suspects’ in formulations of PBDEs 

some of which include mostly BDE 209 (Ross et al., 2009; De Wit, 2002).  Locally, an important 

source of PBDEs has been marine outfalls (Dinn et al., 2012a,b), likely because they dispose of 
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domestic wastewater containing household dust from fabrics like curtains and carpets, which 

frequently contain fire retardants.  Near outfalls in the Strait of Georgia and Juan de Fuca, PBDE 

contamination of sediments, accordingly, attains concentrations of up to 20 ng/g. Thus, the upper 

sediments of Reay Creek Pond can be considered contaminated at relatively high levels, perhaps 

not surprising given the urban setting together with the known use of flame retardants to suppress 

a fire at Viking Air in 1982 in the drainage basin above the pond, and possibly other applications 

associated with the airport. 

 

Figure 7.  A bar diagram showing PBDE congener concentrations for the pooled sediment 

samples (0-24 cm and 24-62 cm). 

 

PAHs.  Aromatic hydrocarbons have long been of environmental concern due to their toxicities and 

carcinogenicities.  In the environment, these compounds come predominantly from two sources – 

combustion (e.g., burning of biomass, or burning of liquid and solid fuels) and petrogenic (e.g., 

formation in sediment and rock containing organic matter, usually involving long periods of time 

and elevated temperatures). Each of these processes tends to produce different compound 

compositions, which can be used as a way to infer source (e.g., Yunker et al., 2002).   For the 

Reay Creek Pond sediments, the pooled sample from the top of the core had a ∑PAH of 18 µg/g 

compared to <1 µg/g in the deep sediments (in this case, ∑PAH refers to the sum of 14 parent 

PAHs included in list used by the United States’ Environmental Protection Agency (USEPA) (and 

see Figure 8; Table 5). The source of these PAHs is probably multifold, including nearby 

combustion, small oil spills, crank-case oil/street runoff, and local use of creosote as a wood 

preservative.  For comparison, a survey of lakes in the Fraser River drainage basin, some of which 

had adjacent roads and industry, and the Strait of Georgia, yielded ∑PAH concentrations usually 

much less than 1 µg/g (Yunker and Macdonald, 2003). 
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Figure 8. PAH concentrations for the14 parent PAHs measured in the pooled sediment 

samples (0-24 cm and 24-62 cm). 

 

 

Pesticides. DDT is, perhaps, the classic pesticide that precipitated awareness of the danger of 

persistent, bioaccumulating, toxic (PBT) substances on non-target species when released broadly 

to the environment.  DDT came into prominent use during and after the Second World War, but 

was banned in the USA for agricultural use in 1972, and later banned worldwide for such use 

under the Stockholm Convention in 2004 (Table 2). DDT was used in BC during the 1950s and 

60s, both locally and by aerial spraying (e.g., Macdonald et al., 2000). The family of DDT 

compounds found in the environment consists of DDT itself, DDE (produced by metabolism under 

oxic conditions) and DDD (produced under anoxic conditions in sediments).  Accordingly, the 

distribution of DDT/DDE/DDD compounds is often used to infer how fresh/recent the DDT is, and 

how the weathering of DDT has occurred after release. For Reay Creek Pond, ∑DDT 

concentrations were determined at 8.7 ng/g and 48 ng/g for top and bottom segments of the 

sediment core (Table 4).  Higher concentrations in the older material at the bottom of the core are 

not surprising given the prevalent and sometimes casual use, commercially and privately, back in 

the 1940s-50s compared to post-1970.  An interesting feature of the DDT profiles (Figure 9) is that 

the deep sediment contains DDD >> DDE > DDT, suggesting that fairly fresh DDT originally 

entered those sediments, but that much of the DDT then metabolized to DDD within the sediments 

after burial. Surface sediments contain amounts in the order DDD ≈ DDE > DDT suggesting that 

both oxic and anoxic metabolism have played a role in weathering the DDT before and/or after 

burial.  Very low, but detectable, concentrations of other pesticides like the chlordanes, HCHs, and 

mirex were also found, but toxaphene was not detected. 
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Figure 9. DDT compounds measured in the pooled sediment samples (0-24 cm and 24-62 

cm). 

 

 

PFOS (perfluorooctanesulfonic acid or perfluorooctane sulfonate) compounds have been used 

widely as fluorosurfactants to protect fabrics from staining (e.g., Scotchgard).  These compounds 

have also been used in metal plating and fire-fighting foams. First produced in 1949 (Table 2), they 

began to be recognized for their PBT risks in the environment in the late 1960s and were phased 

out of use in the USA after about 2000. These compounds were added to the Stockholm 

Convention Annex B in 2009. Given that history, it is not surprising that PFOS compounds are 

more prevalent in the top of the sediments. 

Discussion 

 In addition to a number of physical alterations, including the removal of overburden to 

produce the pond in 1935, Reay Creek Pond has been the recipient of numerous industrial 

chemical contaminants.  Many of these contaminants attain relatively high concentrations including 

in particular Cd and Zn, PCBs/PBDEs and parent PAHs.  The contaminating sources are likely 

mixed, and have certainly operated on pond sediments over different periods of time.  At about the 

time the pond was built, it is likely that it was already the recipient of Cd, PCB and DDT 

contamination.  After construction of the pond, Zn became a dominant metal contaminant, and both 

PAHs and PBDEs increased to high concentration in upper parts of the sediments.  In the case of 

PAHs, the probable effects levels occur for some of the parent PAHs at ≤1 µg/g concentrations 

(Yunker and Macdonald, 1995; Long and Morgan, 1990), which is well below the ∑PAHs (18 µg/g). 

For metals, Table 3b shows that As, Cu and Hg are not of great concern.  Pb exceeds some of the 

quality guidelines but meets others. The prominent concern for Reay Creek, however, is Cd, which 

grossly exceeds all sediment guidelines.  Zn and Cr also exceed guidelines.   
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Based on the concentration data for contaminants (Tables 3) and the estimates of sediment 

burden (top and bottom) presently contained in Reay Creek Pond (Table 1) we have estimated the 

total inventories of contaminants held in the pond sediments (background values have been 

subtracted from the calculation for the metals) and summarize these in Tables 6a,b. Here, we have 

assumed that the analyzed sediment core fairly represents the whole sediment burden 

accumulated within the pond. To gain better confidence in these values it would be necessary to 

conduct further analyses from other locations in the pond using Figure 2 to select locations 

containing reasonable accumulations of sediment.  

Table 6a Burden of contaminants metals and ΣPAHs in Reay Pond sediments (kg) 

Depth in Sediments (cm) Cd Pb Cu Zn ΣPAHs 

Top 24 cm 24 41 54 512 18 

Deeper sediments 44 9 3 122 1 

Total 68 50 57 634 19 

 

Table 6b Burden of organochlorine contaminants in Reay Pond sediments (g) 

Depth in Sediments (cm) ΣPBDEs ΣPCBs ΣDDTs ΣPFOS 

Top 24 cm 44 81 7 5 

Deeper sediments 1 276 63 1 

Total 45 357 70 6 

 

Recommendations  

 A multi-stakeholder process should be initiated to determine the extent of contamination for the 

metals of greatest concern (Cd, Zn, Cr) including sediments from the creek bed upstream and 

downstream of the pond.  Notices should also be posted informing the public of the concerns.  

 Representatives of all levels of government, local residents and other agencies operating within 

the drainage basin (e.g.,  Victoria Airport Authority) should be brought together (e.g., Reay 

Creek Roundtable) to develop jointly strategies to complete the Reay Creek contamination 

assessment and recommend a remediation process.  These tasks are urgent. 

 The Reay Creek Roundtable should develop solutions to the problem of Reay Creek heavy 

metal contamination that will protect aquatic life, the health of those living nearby and their 

property values.  Stormwater quality and quantity in Reay Creek watershed need to be brought 

under control as part of the long-term solution. 

 Effectively, the only way to remove the threat of toxic metal release from the Reay Creek Pond 

sediments would be to remove them and place them into permanent containment, which would 

also secure the other contaminants.  Additionally, strategies for removing any contaminated 

sediments located downstream of the dam in both the Town of Sidney and the District of North 

Saanich need to be developed. 
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 Given that the contamination, which originated in the upstream industrial setting, is located in a 

residential neighborhood, local citizens must be engaged in the process of investigating and 

remediating the contamination. 

 As long as these sediments remain within the pond, activities that would disturb them should 

be avoided to prevent migration of contaminants and greater risk of exposure to aquatic biota.  
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Appendix I 

 

  

Appendix I Table 1
Reay Creek Pond Sediment Core 1 - September 19th 2013

Observations During Sectioning

Depth (cm) Comments 210Pb

Hg 

(Flynn) Metals PCBs

PCN/PBDE

/PFOS

Dioxin/ 

Furans PAH

0 - 2 0-24 greyish black mud, uniform

2 - 4 0-24 greyish black mud, uniform x x

4 - 6 0-24 greyish black mud, uniform

6 - 8 0-24 greyish black mud, uniform x x

8 - 10 0-24 greyish black mud, uniform

10 - 12 0-24 greyish black mud, uniform x x

12 - 14 0-24 greyish black mud, uniform

14 - 16 0-24 greyish black mud, uniform x x

16 - 18 0-24 greyish black mud, uniform

18 - 20 0-24 greyish black mud, uniform x x

20 - 22 0-24 greyish black mud, uniform

22 - 24 0-24 greyish black mud, uniform x x

24 - 26 begin coarse woody material, big wood chip

26 - 28 sediment going back to finer material x x

28 - 30 fine but moving back to coarse, woody chips

30 - 32 fine but moving back to coarse, woody chips, woody bitsx x

32 - 34 90% pure wood chips and bits

34 - 36

36 - 38

 38 - 40 quite sandy

40 - 42 less wood, more sand

42 - 44 more fine material, aluminum foil x x

44 - 46 creosote? Separate sample taken.

 46 - 48 

less creosote smell, almost no chips, less 

sand, drier material, small white globular 

flecks (separate sample)

48 - 50 sandy mud, no smell, much like top of core x x

50 - 52 oil smell and sheen, a bit sandy/gritty

52 - 54 more oily material

54 - 56 less oily, some grit, some woody bits, but mostly dirt

56 - 58 no smell, more dirt, less sawdust, dry and firmx x

58 - 60

60 - 62 x x

62 - 64 Bottom of core

Analysis Sub-Section Groupings
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Appendix II 

Analytical Methodology Sources (available on request along with Excel spreadsheets of the data 

(Ian Bruce)) 

Radionuclides (210Pb, 226Ra, 137Cs): Summary of Pb-210, Ra-226 and Cs-137 Methods  as 
performed at Flett Research Ltd, Winnipeg, Canada Last Modified by X. Hu on March 26, 2014  
 
Metals: 

PCBs: as described in Summary of AXYS Method MLA-010 Rev 11 Ver 03: Analytical method for 

the determination of 209 PCB congeners by EPA Method 1668A1, EPA METHOD 1668C2 or EPA 

method CBC01.23. 

PBDEs: as described in Summary of AXYS method MLA-033 Rev. 06 Ver. 02: Analytical method 

for the determination of brominated diphenyl ethers (BDE) and other brominated flame retardants 

(BFR). 

PAHs: as described in Summary of AXYS Method MLA-021 Rev. 12 Ver. 03: Analytical method for 

the determination of polycyclic aromatic hydrocarbons (PAH), alkylated polycyclic aromatic 

hydrocarbons, and alkanes. 

Pesticides: Summary of AXYS Method MLA-028 Rev 06 Ver 07: Analytical procedures for 

organochlorine pesticides by isotope dilution HRGC/HRMS. 

PFOS: Summary of AXYS Method MLA-041 Rev. 09 Ver. 03: Analytical Procedure for the Analysis of 

Perfluorinated Organic Compounds in Solid Samples by LC-MS/MS. 

 



 

 

Calgary, AB 
1185-10201 Southport Rd SW 
Calgary, AB  T2W 4X9 
Canada 
Tel: (403) 266-2030 
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Tel: (780) 490-7893 
Fax: (780) 490-7819 
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10015 102 Street 
Grande Prairie, AB  T8V 2V5 
Canada 
Tel: (780) 513-6819 
Fax: (780) 513-6821 

Kamloops, BC 
8 West St. Paul Street 
Kamloops, BC  V2C 1G1 
Canada 
Tel: (250) 374-8749 
Fax: (250) 374-8656 

Kelowna, BC 
200-1475 Ellis Street 
Kelowna, BC  V1Y 2A3 
Canada 
Tel: (250) 762-7202 
Fax: (250) 763-7303 

Markham, ON 
200 - 300 Town Centre Blvd 
Markham, ON  L3R 5Z6 
Canada 
Tel: (905) 415-7248 
Fax: (905) 415-1019 

Nanaimo, BC 
9-6421 Applecross Road 
Nanaimo, BC  V9V 1N1 
Canada 
Tel: (250) 390-5050 
Fax: (250) 390-5042 

Prince George, BC 
1586 Ogilvie Street 
Prince George, BC V2N 1W9 
Canada 
Tel: (250) 562-4452 
Fax: (250) 562-4458 

Regina, SK 
1048 Winnipeg Street 
Regina, SK  S4R 8P8 
Canada 
Tel: (306) 525-4690 
Fax  (306) 525-4691 

Saskatoon, SK 
620-3530 Millar Avenue 
Saskatoon, SK  S7P 0B6 
Canada 
Tel: (306) 374-6800 
Fax: (306) 374-6077 

Vancouver, BC (Head Office) 
200-1620 West 8th Avenue 
Vancouver, BC  V6J 1V4 
Canada 
Tel: (604) 738-2500 
Fax: (604) 738-2508 
 

Victoria, BC 
6-40 Cadillac Avenue 
Victoria, BC  V8Z 1T2 
Canada 
Tel: (250) 475-9595 
Fax: (250) 475-9596 

Winnipeg, MB 
1353 Kenaston Boulevard 
Winnipeg, MB  R3P 2P2 
Canada 
Tel: (204) 477-1848 
Fax: (204) 475-1649 

Whitehorse, YT 
6131 6th Avenue 
Whitehorse, YT  Y1A 1N2 
Canada 
 

Yellowknife, NT 
Unit 44, 5022 49 Street 
Yellowknife, NT  X1A 3R8 
Canada 
Tel: (867) 765-5695 
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