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Southern Ontario Stream Sediment Project (SOSSP)—Organic Contaminants 

by Conservation Ontario, Ministry of Environment and Climate Change and Ontario Geological Survey  

The data set of historic and emerging persistent organic pollutants (chemical compounds) measured in 
stream sediment collected from 531 sites of the 2113 sites sampled in southern Ontario described in this 
report is stored in the Ontario Data Catalogue (https://www.ontario.ca/search/data-catalogue) database. 
This data set contains calculated sums of select compounds from several organic contaminant classes, 
including polycyclic aromatic hydrocarbons (PAHs), polybrominated diphenylether (PBDEs), 
polychlorinated biphenyls (PCBs), polychlorinated naphthalenes (PCNs), polychlorinated dibenzo-para-
dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs), perfluoroalkyl substances (PFASs) and 
organochlorine pesticides (OCPs). The analytical results were obtained from 2 laboratories using ISO 
accredited methods of analysis: the Ministry of Environment and Climate Change Laboratory Services 
Branch in Etobicoke and the ALS Environmental lab in Burlington (Ontario). The concentration data for 
stream sediment are presented as the amount in nanograms per gram (ng/g) or picograms per gram (pg/g) 
of dry sediment (units are indicated with the results). Sample site locations are provided in North 
American Datum 1983 (NAD83), UTM Zone 17N or 18N as applicable. 

This digital data set is available separately from this report and can be downloaded via the Ontario Data 
Catalogue. 

Miscellaneous Release—Data 302 
Preliminary Data Release, Southern Ontario Stream Sediment Geochemistry Survey 

by R.D. Dyer and H.E. Burke.  

Stream sediment data, including results from particle size analysis and aqua regia digestion/inductively 
coupled plasma (ICP) spectrometry analysis for inorganic (metals) chemistry, including quality control 
data, collected from a survey of 2113 sites in southern Ontario are being released. The data are available 
as Microsoft® Excel® 2003 (.xls) files. 

This digital data set is available separately from this report and can be downloaded from GeologyOntario, 
the online data warehouse of the Ontario Geological Survey. 

These 2 digital data sets are available separately from this report. 
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Executive Summary 
The Ontario Geological Survey (OGS), in partnership with the Ministry of the Environment and Climate 
Change (MOECC) and Conservation Ontario (CO), conducted a stream sediment sampling survey in 
southern Ontario in 2008 and 2009. The overall goal of the Southern Ontario Stream Sediment Project 
(SOSSP) was to determine baseline and anthropogenic levels of a range of organic compounds and 
inorganic elements, offering an assessment of the environmental health of watersheds and a broad-scale 
determination of the state of the environment. 

Sediment from more than 2000 unique stream sites were sampled over an area of 95 000 km2 in 
southern Ontario, covering 292 quaternary watersheds, 40 tertiary watersheds, and 11 secondary watersheds. 
All sites were analyzed for a range of inorganic elements (i.e., metals) by the OGS and the results are 
available in a preliminary digital data release (Dyer and Burke 2012). Of the total number of samples, 
531sites were also analyzed for a range of historic and emerging persistent organic pollutants (POPs) across 
7 chemical classes. Chemical concentrations were determined by the MOECC Laboratory Services Branch 
and ALS Environmental. The concentration sums of the 7 POP chemical classes are available from the 
Ontario Data Catalogue (https://www.ontario.ca/search/data-catalogue) on a site-by-site basis. 

This report summarizes the concentration results for all the chemical classes (in mass of chemical per 
mass of dry weight sediment) relative to their spatial distribution, and also compares the results to 
available provincial and/or federal sediment quality guidelines (SQG). The SQG, set by both the MOECC 
and the Canadian Council of Ministers of the Environment (CCME) are toxicological effects-based 
values. The SOSSP results that reported above detection limit were compared to the MOECC Lowest 
Effect Level (LEL) and Severe Effect Level (SEL), and CCME Interim Sediment Quality Guideline 
(ISQG) and Probable Effect Level (PEL). 

A summary of the 7 chemical classes analyzed and corresponding results is provided below. 

Polycyclic aromatic hydrocarbons (PAHs) 

• Sources of PAHs to the environment can include the incomplete combustion of fossil fuels, 
petroleum-based products, forest fires, and volcanic activity. 

• Concentration results for Σ18PAH (a sum of 18 individual PAH compounds) are provided. The 
concentration of the Σ18PAH compounds varied by several orders of magnitude, ranging from a 
minimum of 3.7 ng/g to a maximum of 7.6 x 105 ng/g across the SOSSP sites, with generally 
elevated concentrations in areas of higher population density and urban activity. The median Σ18PAH 
concentration was 147 ng/g. 

• Fewer than 5% of the SOSSP sites with concentrations measured above the detection limit exceeded 
the higher effect level SQGs (i.e., SEL or PEL), while less than 10% of sites were above MOECC 
LEL, and 8% to 40% of sites above the CCME ISQG. 

Polychlorinated biphenyls (PCBs) 

• The production and importation of PCBs has been banned since the 1970s, but these substances can 
still be found in existing sources such as transformer fluids to caulking sealants. PCBs were 
originally produced as technical mixtures, but the majority of current chemical analyses focus on 
specific congeners. 

• Concentration results for Σ7PCB (a sum of 7 common PCB congeners) are provided. The 
concentration of the Σ7PCB compounds ranged from a minimum of 4.6 x 10-3 ng/g to a maximum of 
174 ng/g across all of the SOSSP sites, with generally elevated concentrations in areas of higher 
population density. The median Σ7PCB concentration was 1.0 ng/g. 
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• All of the SOSSP sites with concentrations above the detection limit were below the higher effect 
level SQGs (i.e., SEL or PEL), and fewer than 2% of sites exceeded either the LEL or ISQG. 

Polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), and dioxin-like 
PCBs (DLPCBs) 

• Commonly known as dioxins and furans (i.e., PCDD/F), these compounds can be produced as a 
byproduct of different combustion and industrial processes, as well as wood smoke or volcanic 
eruptions. DLPCB are often discussed in conjunction with PCDD/F given their similar chemical 
structures and toxicological effects. 

• Results from this chemical class are commonly reported and analyzed using toxicity-weighted 
masses of the mixtures (i.e., toxic equivalents or TEQ). 

• Concentration results for Σ17PCDD/F (a sum of 17 individual PCDD/F compounds) and Σ12DLPCB 
(a sum of 12 individual DLPCB compounds) are provided. The concentration of the Σ17PCDD/F 
compounds ranged from a minimum of 1.5 x 10-4 ng TEQ/g to a maximum of 5.3 x 10-2 ng TEQ/g, 
while Σ12DLPCB concentrations ranged from a minimum of 3.7 x 10-7 ng TEQ/g to a maximum of 
7.3 x 10-4 ng TEQ/g across all of the SOSSP sites. The median concentrations for Σ17PCDD/F and 
Σ12DLPCB were 1.4 x 10-3 ng TEQ/g and 6.2 x 10-6 ng TEQ/g, respectively. 

• More than 99% and 80% of the SOSSP sites with Σ17PCDD/F concentrations measured above the 
detection limit were found to be below the CCME PEL and ISQG values, respectively. There are 
presently no dedicated SQG values for Σ12DLPCB in Canada. 

Polychlorinated naphthalenes (PCNs) 

• The PCN class of chemicals were often produced as technical mixtures used in applications such as 
capacitor insulation, chloroalkali production and wood preservation. PCNs can also be found in the 
byproducts of some combustion processes, but are no longer thought to be actively used worldwide. 

• Concentration results for Σ22PCN (a sum of 22 individual PCN compounds) are provided. The 
concentration of the Σ22PCN compounds ranged from a minimum of 1.1 x 10-3 ng/g to a maximum of 
8.4 ng/g across all of the SOSSP sites, with generally lower concentrations in areas of lower 
population density. The median Σ22PCN concentration was 2.6 x 10-2 ng/g. 

• There are presently no dedicated SQG values for PCNs in Canada. 

Organochlorine pesticides (OCPs) 

• The OCP class of chemicals include a diverse range of chlorinated hydrocarbons that were used as 
herbicides, insecticides and fungicides. 

• Concentration results are provided for the following chemical sum groups: Σ4DDT (DDT and its 
degradation products – a sum of 4 individual compounds), Σ3Drin (Dieldrin, Aldrin and Endrin – a 
sum of 3 individual compounds), Σ3HCH (alpha, beta, and gamma isomers of 
hexachlorocyclohexanes – a sum of 3 individual compounds), Σ3Endosulphan (Endosulphan isomers 
and related compounds – a sum of 3 individual compounds) and Σ5Chlordane (Chlordane isomers 
and related compounds – a sum of 5 individual compounds). 

• Minimum and maximum concentrations for the 5 OCP groups were 1.8 x 10-2 ng/g and 4.4 x 102 ng/g 
for Σ4DDT; 1.7 x 10-2 ng/gand3.2 x 101 ng/g for Σ3Drin; 1.8 x 10-2 ng/g and 6 ng/g for Σ3HCH; 
1.9 x 10-2 ng/g and 2.3 x 102 ng/g for Σ3Endosulphan; and 1.5 x 10-2 ng/g and 16 ng/g for 
Σ5Chlordane. Median concentrations were 3.3 ng/g for Σ4DDT, 0.83 ng/g for Σ3Drin, 0.27 ng/g for 
Σ3HCH, 2.4 ng/g for Σ3Endosulphan and 0.49 ng/g for Σ5Chlordane. 
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• Concentration sums were generally higher in areas associated with historical or current agricultural 
activities, with the exception of Σ5Chlordane which has been previously used in urban applications. 
Elevated concentrations of Σ4DDT were found in areas of both high and low population density.  

• For sites with concentrations measured above the detection limit, less than 1% and 15% of sites were 
above provincial SEL and federal PEL values, respectively; while fewer than 15% of sites exceeded 
LEL values and 4% to 50% were above ISQG values.  

Polybrominated diphenyl ethers (PBDEs) 

• PBDEs were commonly used as flame retardants and can be found in materials such as plastics, 
electronics and a range of consumer products. The past several years have seen voluntary phase-outs 
applied to this class of compounds. 

• Concentration results for Σ8PBDE (a sum of 8 individual PBDE compounds) are provided. The 
concentration of the Σ8PBDE compounds ranged from a minimum of 6.2 x 10-3 ng/g to a maximum 
of 3.0 x 102 ng/g across all of the SOSSP sites, with generally lower concentrations in areas of lower 
population density. The median Σ8PBDE concentration was 1.1 ng/g. 

• Although there are no MOECC or CCME SQGs for PBDEs, federal environmental quality guideline 
(FEQG) values have been established for PBDE homologues concentrations, and 84% of the SOSSP 
sites with concentrations measured above the detection limit were found to be below these FEQG values. 

Perfluoroalkyl substances (PFASs) 

• The PFAS class of chemicals is a group of synthesized compounds used in applications such as 
coatings, stain resistance treatments and fire-fighting foam. They have no known natural sources. 

• Concentration results are provided for Σ6PFCA (a sum of 6 individual PFCA compounds) and 
Σ3PFSA (a sum of 3 individual PFSA compounds). The concentration of the Σ6PFCA compounds 
ranged from a minimum of 0.4 ng/g to a maximum of 2.3 ng/g and Σ3PFSA concentrations ranged 
from a minimum of 0.3 ng/g to a maximum of 25 ng/g across all of the SOSSP sites. The median 
concentration for Σ6PFCA and Σ3PFSA were 0.6 ng/g and 0.3 ng/g, respectively. 

• There are presently no dedicated SQG values for PFASs in Canada. 

Chemical concentrations measured at a majority of sites in the SOSSP survey were below their 
respective SQGs, or generally consistent with levels previously reported in the literature for similar 
locations. However some sites were found to have concentrations that exceeded guideline values, or were 
considerably greater than the mean concentrations measured in the study. These findings can identify 
areas that would benefit from remediation or efforts to reduce transport of “contaminated” sediment (such 
as reducing runoff, limiting bank erosion or maximizing flood control strategies). Furthermore, although 
global-scale factors play a role in the transport of persistent chemicals in the environment, local efforts 
such as reducing runoff from driveways and roofs that have used PAH based products (e.g., coal tar 
sealants), or safe disposal of items that contain POPs (e.g., electronics that include PBDEs, or light 
ballasts that contain PCBs) can also help to limit sources in the environment. 

The Southern Ontario Stream Sediment Project provides an overview of the levels and distribution of 
a range of emerging and historical organic POPs in southern Ontario stream sediments. The analysis of 
such a wide range of organic compounds in terms of overall concentrations, spatial distribution, and 
comparison with sediment quality guidelines provides a comprehensive assessment of the environmental 
health of watersheds in southern Ontario, supports management practices, and informs the development 
of sediment quality criteria such as the Ontario typical range values.
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Stream Sediment, Persistent Organic Pollutants and 
Environmental Guidelines 

OBJECTIVE 
The Southern Ontario Stream Sediment Project (SOSSP) was a joint partnership between Conservation 
Ontario (CO) the Ontario Geological Survey (OGS) of the Ministry of Northern Development and Mines 
(MNDM), and the Ministry of the Environment and Climate Change (MOECC). The overall objective 
was to determine baseline and anthropogenic levels of organic compounds and inorganic elements in 
southern Ontario and offer a broad-scale determination of the state of the environment (Baker et al. 2009; 
Dyer, Fletcher and Reiner 2010). This was accomplished via an extensive survey of freshwater stream 
and river sediment sites across approximately 95 000 km2 of southern Ontario in 2008 and 2009. 

The current report summarizes findings for the organic chemical classes measured in the study with 
the goal of determining levels and distribution of a range of emerging and historical persistent organic 
chemicals in stream sediments. This will allow for an assessment of the environmental health of 
watersheds in southern Ontario, support watershed and land use management practices, and inform the 
development of sediment quality criteria such as the Ontario typical range (OTR) values, protecting the 
health of Ontario’s population and the environment. 

STREAM SEDIMENTS AND PERSISTENT ORGANIC POLLUTANTS 
(POPS) 
Stream sediments are an important part of the aquatic ecosystem. They often act as a home for benthic 
organisms (i.e., organisms that live in the sediment) and can also influence the fate of natural and 
anthropogenic substances within the environment. Sediments can uptake, store, release, and transfer 
compounds between different environmental phases (e.g., sediment, water, air, soil and biota) as well as 
transport them downstream along the watershed. Stream sediment geochemistry is based on the principle 
that material on the stream bed represents a natural composite of all material entering the stream from the 
drainage catchment upstream of the sampling point. The results reflect the combined influence of 
geological sources (bedrock and glacial deposits), local surface conditions (soil type and vegetative 
cover), and anthropogenic contamination from point and nonpoint sources including surface runoff and 
atmospheric deposition. 

Of particular concern are contaminants classified as persistent organic pollutants (POPs). These 
types of compounds are characterized by their toxicity, potential to bioaccumulate within organisms and 
ability to persist within the environment over long periods of time. Persistent organic pollutants generally 
have low solubility in water (i.e., hydrophobic) and a higher solubility in lipids (i.e., lipophilic). This 
makes them more likely to reside in lipid-rich organisms and/or rich organic matrices such as sediment as 
opposed to the water column in stream environments. In some instances, POPs like perfluoroalkyl 
substances possess physical–chemical properties that lead them to behave like surfactants, as they can 
demonstrate both hydrophobic and lipophobic (i.e., low solubility in lipids) characteristics. Furthermore 
the physical–chemical properties of many POP compounds allow them to undergo long range transport 
(LRT), which can distribute them over wide geographic areas, allowing them to collect in locations at 
considerable distances from their original source. 
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POPS AND THE STOCKHOLM CONVENTION 
The Stockholm Convention on POPs (SCPOP) is the principal international treaty dedicated to managing 
these types of compounds which it defines as “chemical substances that persist in the environment, can 
bioaccumulate through the food web, and pose a risk of causing adverse effects to human health and the 
environment” (United Nations, no date). The SCPOP is overseen by the United Nations Environment 
Program (UNEP) and includes Canada among its 151 global signatories. Its overarching goal is the 
protection of human health and the environment via the elimination and reduction of the production and 
use of POPs, assessment of potential POPs, and the safe management of waste materials contaminated 
with POPs. 

Presently the SCPOP includes over 20 different chemicals or compound groups, including 
organochlorine pesticides (OCPs), polychlorinated biphenyls (PCBs), polychlorinated dibenzo-p-dioxins 
(PCDDs), polychlorinated dibenzofurans (PCDFs), polychlorinated naphthalenes (PCNs), select 
polybrominated diphenylethers (PBDEs) and flame retardants (e.g., hexabromocyclododecane (HBCD)) 
and certain perfluoroalkyl substances (PFASs). However, the SCPOP is not an exhaustive account of all 
POP type chemicals as it follows a specific set of criteria when classifying compounds under its mandate. 
For example, although PAHs are not officially designated within the SCPOP because they are less likely 
to bioaccumulate in larger organisms compared to other POPs, they do demonstrate toxicity, persist 
within the environment and can undergo long range transport. 

Many of the POP type substances with policy frameworks related to their management (such as 
PCBs, PCDD/Fs and OCPs) are referred to as legacy or historical contaminants or pollutants, as they 
were used more heavily in the past and are no longer intentionally produced today. Substances with more 
recent production and use profiles such as PBDEs or PFASs have been referred to as emerging 
contaminants, or alternatively contaminants of emerging concern (CEC) or contaminants of emerging 
environmental concern (CoEEC). Further information about the different chemical classes is provided in 
“Chemical Classes in the SOSSP”. 

ENVIRONMENTAL QUALITY GUIDELINES 
In Canada, provincial and federal quality guidelines for sediments are effects-based values established 
using toxicological data. Further details regarding the derivation of sediment guidelines can be found in 
Canadian Council of Ministers of the Environment (CCME) and MOECC documents (CCME 1999; 
MOEE 1993; MOEE 2008). Ontario has developed provincial sediment quality guideline (PSQG) values 
at the following 3 effect levels: (i) the No Effect Level (NEL), which refers to a concentration at which no 
toxic effects are expected to adversely affect sediment-dwelling organisms (and the sediment is 
considered ‘clean’), (ii) the Lowest Effect Level (LEL) which indicates a level of contamination that may 
be endured by a majority of organisms within the sediment, and (iii) the Severe Effect Level (SEL) which 
is a concentration at which adverse biological effects are expected for a majority of sediment dwelling 
organisms, and the sediment is considered heavily contaminated. The CCME has developed Canadian 
Environmental Quality Guideline (CEQG) values at the following 2 effect levels: (i) the Interim Sediment 
Quality Guideline (ISQG), which is based on the threshold effect level (TEL) and indicates a level below 
which adverse toxicological effects are rarely expected to occur in organisms, and (ii) the Probable Effect 
Level (PEL), above which adverse effects are likely to occur frequently in sediment dwelling organisms. 
In both the provincial and federal frameworks, chemical concentrations that fall between the guideline 
levels also have implications. The concentration range above the PSQG LEL and below the SEL, and 
similarly above the CCME ISQG and below the PEL, reflect a range within which negative biological 
effects on sediment-dwelling organisms are possible, with the likelihood generally increasing as 
concentration approaches the upper effect level (CCME 1999). 
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Further to PSQG and CEQG values, Federal Environmental Quality Guideline (FEQG) values have 
also been recently established under the purview of Chemicals Management Plan (CMP) for substances of 
specific interest to CMP or not addressed by CCME (Health Canada 2016). The FEQG are currently 
voluntary and support federal environmental quality monitoring efforts. They are derived using a 
toxicological-effects–based approach consistent with CCME, and when met indicate a low risk of direct 
adverse effects on organisms exposed to a given chemical. Of the compounds included in this report, 
sediment FEQG values have been published for PBDEs. 

Despite recognizing substances with potential adverse environmental and human health effects, 
EQGs or policy frameworks may not exist all for POP compounds due to inadequate toxicological-
effects–based data, or insufficient knowledge about their concentration profiles within the environment. 

Chemical Classes in the SOSSP 

POLYCYCLIC AROMATIC HYDROCARBONS (PAHs) 
Polycyclic aromatic hydrocarbon (PAH) compounds can form from the incomplete combustion of organic 
materials (e.g., coal, oil, natural gas) which can occur via electricity generation, home heating or the 
burning of wood. PAH chemicals are present in petroleum-based products such as asphalt and coal tar, 
and can also result from natural processes such as forest fires and volcanic activity. In general, PAHs are 
persistent, hydrophobic and lipophilic, and many demonstrate toxicity including both carcinogenic and 
noncarcinogenic effects (Agency for Toxic Substances and Disease Registry 2015). They do not 
bioaccumulate in aquatic organisms in the same way as other persistent organic pollutants (POPs) 
(Simcik and Offenberg 2006). In the SOSSP, PAH concentrations are reported as ng/g dry sediment and 
are presented as the sum of the 18 individual PAH compounds found in Table 1. 

Table 1.  PAH compounds included in the Σ18PAH group. 

PAH Compounds 
Naphthalene Anthracene Benzo_ghi_perylene Fluoranthene 

Acenaphthene Benz_a_anthracene Benzo_e_pyrene Indeno_123cd_pyrene 
Acenaphthylene Benzo_b_fluoranthene Dibenzo_ah_anthracene Pyrene 

- Benzo_k_fluoranthene Chrysene Phenanthrene 
- Benzo_a_pyrene Fluorene Perylene 

POLYCHLORINATED BIPHENYLS (PCBs) 

Although the production and importation of polychlorinated biphenyls (PCBs) have been banned since 
the 1970s, existing in-use applications have been allowed to continue until the end of service life of the 
respective equipment. Polychlorinated biphenyl compounds are persistent, toxic, and bioaccumulative in 
organisms, and a number of them are considered to have dioxin-like properties, see “Polychlorinated 
Dibenzo Polychlorinated Dibenzo-p-dioxins and Polychlorinated Dibenzofurans (PCDD/PCDFs) and 
Dioxin-like PCBs (DLPCBs)”. Given their stable chemical and thermal properties, PCBs were used in a 
wide variety of applications such as transformer fluids, fluorescent light ballasts, caulking, sealants, and 
trace amounts can be formed as byproducts in application such as pigment manufacturing (Hu and 
Hornbuckle 2010). 

Polychlorinated biphenyl compounds are often classified in terms of their homologues, which group 
together all PCB congeners with the same number of chlorine atoms. Congener numbers are commonly 
used as shorthand to identify different PCB compounds. The full name uses numerical prefixes  
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(e.g., Pe = Penta) and numbers to indicate the number of chlorine atoms and their position on the biphenyl 
molecule, respectively. For the SOSSP, PCB concentrations are reported as ng/g dry sediment and are 
presented as the sum of 7 individual congeners, Table 2. 

Table 2.  PCB compounds included in the Σ7PCB group. 

PCB Congeners Structure Name PCB Congeners Structure Name 
PCB_28 2,4,4'_TrCB PCB_118 2,3',4,4',5_PeCB 
PCB_52 2,2',5,5'_TCB PCB_138 2,2',3,4,4',5'_HxCB 
PCB_101 2,2',4,5,5'_PeCB PCB_153 2,2',4,4',5,5'_HxCB 

- - PCB_180 2,2',3,4,4',5,5'_HpCB 

Where Tr=3(Tri), T=4(Tetra), Pe=5(Penta), Hx=6(Hexa), Hp=7(Hepta) 
PCB_118 is also included in the dioxin-like PCB sum (see Table 3) 

POLYCHLORINATED DIBENZO-P-DIOXINS AND POLYCHLORINATED 
DIBENZOFURANS (PCDD/PCDFs) AND DIOXIN-LIKE PCBS (DLPCBs) 
Polychlorinated dibenzo-para-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) are 
commonly referred to as dioxins and furans (or PCDD/Fs). They are produced as a byproduct of 
combustion processes (e.g., waste incineration, metal smelting, pesticide production, and household 
and/or backyard fires) and other industrial processes (e.g., chlorine bleaching of pulp and paper, some 
pesticides production). They can also occur from natural sources such as wood smoke or volcanic 
eruptions. A number of PCDDs and PCDFs are toxic and persistent, and can bioaccumulate within 
ecosystems. Non-ortho-substituted PCBs which exhibit toxicological properties similar to dioxins are 
classed as dioxin-like-PCBs (DLPCBs) and are often discussed in conjunction with PCDDs/PCDFs. In 
reporting PCDD/Fs and DLPCBs concentrations, the toxicity-weighted masses of mixtures of dioxins 
(referred to as toxic equivalents or TEQ) are widely used. The TEQ values are determined from the 
product of the concentration of individual PCDD/PCDF congeners and their respective toxic equivalency 
factor (TEF) (Van den Berg et al. 2006). The TEF values indicate the toxicity of a given compound 
relative to 2,3,7,8-tetrachlorodibenzodioxin (i.e., 2378-TCDD), which is considered to be the most toxic 
PCDD/F and is classified as a human carcinogenic (Steenland et al. 2004). The current calculations 
employ the World Health Organization (WHO) 2005 TEF values (WHO, no date). 

Similar to PCBs, numerical prefixes (e.g., Pe = Penta) and numbers are used to indicate the number 
of chlorine atoms and their position on the dioxin or furan molecule. For the SOSSP, DLPCB 
concentrations are reported as pg/g dry sediment (unless otherwise indicated) and are presented as the 
sum of 12 congeners (Table 3). The PCDD/PCDF concentrations are reported as pg/g dry sediment 
(unless otherwise indicated) and are presented as the sum of 17 congeners in Table 4. 

Table 3.  DLPCB compounds included in the Σ12DLPCB group. 

DLPCB Congeners Structure Name DLPCB Congeners Structure Name 
PCB_77_Diox 3,3',4,4'_TCB PCB_126_Diox 3,3',4,4',5_PeCB 
PCB_81_Diox 3,4,4',5_TCB PCB_156_Diox 2,3,3',4,4',5_HxCB 

PCB_105_Diox 2,3,3'4,4'_PeCB PCB_157_Diox 2,3,3',4,4',5'_HxCB 
PCB_114_Diox 2,3,4,4',5_PeCB PCB_167_Diox 2,3,4,4',5,5'_HxCB 
PCB_118_Diox 2,3',4,4',5_PeCB PCB_169_Diox 3,3',4,4',5,5'_HxCB 
PCB_123_Diox 2',3,4,4',5_PeCB PCB_189_Diox 2,3,3',4,4',5,5'_HpCB 

Where T=4(Tetra), Pe=5(Penta), Hx=6(Hexa), Hp=7(Hepta) 
PCB_118 is also included in the PCB sum (see Table 2) 
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Table 4.  PCDD/F compounds included in the Σ17PCDD/F group. 

PCDD/F Compounds 
2378_TCDD 123478_HxCDD 234678_HxCDF 
2378_TCDF 123478_HxCDF 1234678_HpCDD 

12378_PeCDD 123678_HxCDD 1234678_HpCDF 
12378_PeCDF 123678_HxCDF 1234789_HpCDF 
23478_PeCDF 123789_HxCDD OCDD 

- 123789_HxCDF OCDF 

Where T=4(Tetra), Pe=5(Penta), Hx=6(Hexa), Hp=7(Hepta) 

POLYCHLORINATED NAPHTHALENES (PCNs) 
Polychlorinated naphthalenes (PCNs) are a group of industrial chemicals with physical–chemical 

properties similar to certain PCBs and PCDDs/PCDFs. Polychlorinated naphthalene chemicals are 
associated with adverse health effects and have not been actively produced since the 1980s (Helm et al. 
2006). These chemicals were previously used in applications such as capacitors and cable insulation, 
engine oil additives and wood preservation, but can also occur as a result of combustion processes 
(e.g., solid waste incineration) and the formulation of PCBs. They are persistent in the environment, and 
some congeners are toxic to aquatic organisms and can bioaccumulate. In the SOSSP, PCN 
concentrations are reported as pg/g dry sediment (unless otherwise indicated) and are presented as the 
sum of 22 individual congeners with varying numbers of chlorine atoms spanning homologue groups 
from tri-chlorinated to octa-chlorinated naphthalenes (Table 5). 

Table 5.  PCN compounds included in the Σ22PCN group. 

PCN Congeners Structure Name PCN Congeners Structure Name 
PCN_13 1,2,3_TrCN PCN_53 1,2,3,5,8_PeCN 
PCN_27 1,2,3,4_TCN PCN_54 1,2,3,6,7_PeCN 
PCN_28 1,2,3,5_TCN PCN_63 1,2,3,4,5,6_HxCN 
PCN_31 1,2,3,8_TCN PCN_64_68 1,2,3,4,5,7_HxCN/1,2,3,5,6,8-HxCN 
PCN_36 1,2,5,6_TCN PCN_66_67 1,2,3,4,6,7_HxCN/1,2,3,5,6,7_HxCN 
PCN_42 1,3,5,7_TCN PCN_69 1,2,3,5,7,8_HxCN 
PCN_46 1,4,5,8_TCN PCN_70 1,2,3,6,7,8_HxCN 
PCN_48 2,3,6,7_TCN PCN_71_72 1,2,4,5,6,8_HxCN/1,2,4,5,7,8_HxCN 
PCN_49 1,2,3,4,5_PeCN PCN_73 1,2,3,4,5,6,7_HpCN 
PCN_50 1,2,3,4,6_PeCN PCN_74 1,2,3,4,5,6,8_HpCN 

PCN_52_60 1,2,3,5,7_PeCN PCN_75 OctaCN 

Where Tr=3(Tri), T=4(Tetra), Pe=5(Penta), Hx=6(Hexa), Hp=7(Hepta), Oc=8(Octa) 
Congeners with more than one IUPAC number (e.g., 52/60) indicate the congeners co-eluted during analysis and were thus quantified together to 
determine the result. 

ORGANOCHLORINE PESTICIDES (OCPs) 
Organochlorine pesticides (OCPs) were introduced over 70 years ago and include a diverse range of 
chlorinated hydrocarbons used as herbicides, insecticides, and fungicides. Although a majority of these 
compounds are banned throughout the world, limited use of selected OCPs exists in some countries 
(WHO 2011). Most OCPs are persistent, toxic and bioaccumulative. The majority of these compounds act 
on the nervous system, although they may vary in their precise mode of action (Keifer and Firestone 
2007). Although OCP compounds include a variety of different molecular structures, as a whole they are 
not easily degraded in the environment, exhibit low solubility in water and higher solubility in lipids and 
organic matrices, are toxic to organisms, and can bioaccumulate through the food web. Of the initial 
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12 compounds listed in the Stockholm Convention, 9 were organochlorine pesticides. The OCP 
concentrations in the SOSSP are reported as ng/g dry sediment and presented as 5 different sum groups 
shown in tables 6 to 8 (i.e., DDTs, Chlordanes, Drins, HCHs and Endosulphans) and 2 individual OCP 
compounds (Mirex and Methoxychlor). 

Table 6.  OCP compounds included in the Σ4DDT group. 

DDT 
Compounds Structure Name DDT 

Compounds Structure Name 

24_DDT 2,4’_dichlorodiphenyltrichloroethane 44_DDE 4,4’_Dichlorodiphenyldichloroethylene 
44_DDT 4,4’_dichlorodiphenyltrichloroethane 44_DDD 4,4’_Dichlorodiphenyldichloroethane 

Table 7.  OCP compounds included in the Σ5Chlordane group. 

Chlordane-related Compounds 
cis_Chlordane Oxychlordane Heptachlor_Epoxide 

trans_Chlordane Heptachlor - 

Table 8.  OCP compounds included in the Σ3Drin, Σ3HCH and Σ3Endosulphan groups. 

Drins-related Compunds HCH-related Compounds Endosulphan-related Compounds 
Aldrin alpha_HCH Endosulphan_ I 

Dieldrin beta_HCH Endosulphan_ II 
Endrin gamma_HCH Endosulphan_ Sulphate 

Where HCH = hexachlorocyclohexane 

POLYBROMINATED DIPHENYLETHERS (PBDEs) 
Polybrominated diphenylethers (PBDEs) are a class of brominated flame retardants that have largely and 
recently been phased out (voluntarily or by regulation) (Environment Canada 2010). They can be found in 
fabrics, plastics, electronics, carpeting, furniture (e.g., foam cushions) and mattresses. Polybrominated 
diphenylether chemicals are generally available as commercial mixtures commonly identified in terms of 
their homologues of penta-BDE, octa-BDE, and/or deca-BDE. These formulations contain different 
combinations of PBDE congeners, with the precise composition varying between manufacturers and 
production batches (Hites 2006). PBDEs are considered persistent and toxic at high concentrations. Many 
PBDEs can bioaccumulate in organisms and research also indicates that sunlight can result in the partial 
breakdown of highly brominated deca-BDE into the more toxic PBDE congeners in the environment 
(Hites 2006). In the SOSSP, PBDE concentrations are reported as ng/g dry sediment and are presented as 
the sum of 8 individual congeners (Table 9). 

Table 9.  PBDE compounds included in the Σ8PBDE group. 

PBDE Congeners Structure Name PBDE Congeners Structure Name 
BDE_28 2,4,4'_TrBDE BDE_153 2,2',4,4',5,5'_HxBDE 
BDE_47 2,2',4,4'_TBDE BDE_154 2,2',4,4',5,6'_HxBDE 
BDE_99 2,2',4,4',5_PeBDE BDE_183 2,2',3,4,4',5',6_HpBDE 

BDE_100 2,2',4,4',6_PeBDE BDE_209 DecaBDE 

Where Tr=3(Tri), T=4(Tetra), Pe=5(Penta), Hx=6(Hexa), Hp=7(Hepta), Deca=10 

6 



 

PERFLUOROALKYL SUBSTANCES (PFASs) 
Perfluoroalkyl substances (PFASs) are a group of synthesized organofluorine compounds commonly used 
as surface treatments because of their hydrophobic and lipophobic properties. They can be found in stain-
resistant treatments for carpets, furniture or clothing, food packaging (e.g., microwave popcorn bags) and 
fire-fighting foam. The PFAS chemical class includes straight- or branched-chain perfluorinated 
compounds of varying length which are highly resistant to degradation in the environment because of 
their strong carbon–fluorine bond. The structure of many PFAS compounds result in distinctive physical–
chemical properties that differ from other POP type compounds; this includes being both hydrophobic 
and lipophobic. Some PFAS compounds also appear to be more soluble in water relative to other 
chlorinated hydrocarbons (Giesy et al. 2006). Research suggests that exposure to these compounds can 
result in adverse biological effects, while some perfluorochemicals can accumulate in organisms (Giesy et 
al. 2006). In the SOSSP, PFAS concentrations are reported as ng/g dry sediment and are presented as 2 
different sum groups, as shown in Tables 10 and 11 (i.e., perfluorosulfonates (PFSAs), and 
perfluorocarboxylic acids (PFCAs)) and 2 individual PFAS compounds (PFOS and PFOA). 

Table 10.  PFAS compounds included in the Σ3PFSA group. 

Perfluorosulfonates (PFSAs) Acronym 
Perfluorohexane sulfonate PFHxS 
Perfluorooctane sulfonate PFOS 
Perfluorodecane sulfonate PFDS 

Table 11.  PFAS compounds included in the Σ6PFCA group. 

Perfluorocarboxylic acids (PFCAs) Acronym 
Perfluorooctanoic acid PFOA 
Perfluorononanoic acid PFNA 
Perfluorodecanoic acid PFDA 

Perfluoroundecanoic acid PFUA 
Perfluorododecanoic acid PFDoA 

Perfluorotetradecanoic acid PFTA 

Methods 

STUDY AND SAMPLING AREA 
Sediment from more than 2000 unique stream sites were sampled over an area of 95 000 km2 of southern 
Ontario. Figure 1 illustrates the spatial distribution of all the sediment sample sites in relation to the 
quaternary watershed boundaries within the study region. In order to achieve evenly spaced regional 
sample site coverage, a 20 by 20 km grid overlay of the entire survey region was designed. The sampling 
contractors were required to obtain up to 10 samples from within each grid square, resulting in a sample 
density of roughly 1 site per 41 km2. All samples were analyzed for a range of metals, particle size, and 
organic content (i.e., loss-on-ignition (LOI)) by OGS Geoscience Laboratory in Sudbury. A subset of 531 
sites were selected from the total number of sites for the analysis of organic compounds, with at least 1 
stream site per grid resulting in a sample site density of roughly 1 sample per 179 km2. The survey was 
carried out in 2008 and 2009, with the majority of sampling completed during the months of October to 
December 2008 by 2 consulting firms, Conestoga–Rovers and Associates and XCG Consultants Ltd. 
Areas not sampled due to inaccessibility in the winter months were sampled by the OGS in 2009. 
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SAMPLE COLLECTION 
Samples were collected at least 25 m upstream from any road or railway bridge and included only the top 
10 cm of stream sediment (alluvial) material. The preferred sample medium was clay-silt rich material, 
but coarser material was collected if necessary due to geological conditions. Durable, noncontaminating 
equipment (such as a stainless steel shovel or dredge, or Teflon coated scoop) were used for sample 
collection. Samples were collected from a minimum of 3 locations at each site to ensure they were 
representative. Material was passed through a 0.5 inch sieve in the field, thoroughly mixed and water 
decanted. The collected material was separated into a 500 ml jar for inorganic analyses and a 200 ml jar 
for organic analyses. The organic sample jars were packed in coolers and frozen within a day to maintain 
sample integrity until samples could be shipped for laboratory analysis. 

EXTRACTION AND INSTRUMENTAL ANALYSIS OF ORGANIC 
CHEMICALS 
The analysis of the organic compounds was conducted by 2 laboratories: MOECC Laboratory Services 
Branch (MOECC) in Etobicoke completed the analysis of approximately 200 samples; and the 
commercial laboratory ALS Environmental (ALS) in Burlington (Ontario) completed the analysis of the 
remaining samples. Not all chemicals were analyzed at each of the 531 sites—in some instances there was 
not enough sample material from the sites for the analysis or only certain chemicals were measured at  
one lab. 

For all compound classes the analyses involved a solvent extraction of the dried sediment, column 
clean-up of the extracts to remove interfering substances, followed by subsequent instrumental analyses. 
Instrumental methods varied by compound class: gas-chromatography–mass spectrometry (GC-MS) was 
used for PAHs; GC-electron capture detection (ECD) for PCBs (at MOECC only) and OCPs; GC-high 
resolution mass spectrometry (HRMS) for PCDD/Fs, DLPCBs, PCNs, PBDEs and PCBs (at ALS only) 
and liquid chromatography-tandem mass spectrometry (LC-MS/MS) for PFASs. The analytical methods 
used by MOECC and ALS were accredited for ISO 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (2017). 

The method detection limits (MDL) for the different compounds were determined following standard 
procedure by the United States Environmental Protection Agency (2016). There is a range in the MDL 
values for chemicals analyzed in the SOSSP, since the 2 laboratories often reported different MDL values 
for a given compound. Table 12 summarizes the range in laboratory detection limits per compound class. 

Table 12.  The minimum and maximum method detection limits for each chemical class by laboratory.  

Chemical Class MOECC:  Minimum -Maximum (ng/g) ALS:  Minimum -Maximum (ng/g) 
PAHs 2.0 - 2.0 2.5 x 10-3 - 20 
PCBs 0.1 - 2.0 3.4 x 10-7 - 7.3 x 10-2 
PCDD/Fs 6.0 x 10-5 - 2.6 x 10-2 2.2 x 10-5 - 6.4 x 10-2 
DLPCBs 5.0 x 10-5 - 3.1 x 10-1 7.6 x 10-7 - 1.1 x 10-1 
PCNs 7.9 x 10-5 - 0.11 4.2 x 10-6 - 1.4 x 10-2 
OCPs 1.0 - 5.0 7.7 x 10-4 - 26 
PBDEs 4.1 x 10-4 - 1.5 1.4 x 10-5 - 0.7 
PFASs 0.05 - 0.2 0.1 - 0.7 
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QA/QC, DATA TREATMENT AND ANALYSIS 
The quality of the data in the SOSSP was evaluated using several different methods. Quality control 
samples analyzed by ALS and MOECC included method blanks, lab control samples (LCS), and for 
selected compound classes, sample duplicates. Reported data were generally within laboratory 
performance limits, which were based on recovery of added surrogate compounds within the method 
procedures. Laboratory performance limits varied depending on the compound specific method of 
analysis and lab. All concentration results reported by ALS, and selected concentration results reported by 
MOECC (i.e., PAHs, PCDD/Fs, DLPCBs, PCNs and PBDEs) were corrected for any losses of the 
surrogate compounds during laboratory processing and analysis of the sample. Sample results from both 
ALS and MOECC were not blank corrected; however, blank-corrected results for sites above the 99th 

percentile were reviewed to ensure analytical blanks did not distort the flagged data. Statistical tests and 
plots of the chemical concentration data show that that the majority of compounds follow non-normal 
distributions. 

Results and Discussion 

CHEMICAL SUM GROUPS 
To summarize the levels and distribution of organic contaminants in sediment, the study organized the 
roughly 112 individual compounds into 14 sum groups representing the 7 chemical classes. Tables 1 to 11 
in ‟Chemical Classes in the SOSSP” describes the individual compounds in the sum by chemical class. A 
breakdown of all sum groups is summarized in Table 13. The sum groups shown in Table 13, along with 
4 individual compounds, are part of the SOSSP data available for download in the Ontario Data 
Catalogue (https://www.ontario.ca/search/data-catalogue). Concentrations are reported as dry weight 
sums for all chemical groups as well as on a TEQ basis for PCDD/Fs and DLPCBs. 

CHEMICAL CONCENTRATION SUMS AND DETECTION FREQUENCY 
Table 14 summarizes the statistics of the dry weight concentration sums for each of the sum groups. 
Figure 2 shows a logarithmic-scale plot of the summary statistics for the dry weight concentration sums 
for each of the sum groups (see data in Table 14). The median concentration of the Σ18PAH group was 
several orders of magnitude greater than the other chemical groups, while the median concentration of the 
Σ12DLPCB_TEQ group was the lowest. The OCP sum groups (DDT, Drin, HCH, Endosulphan, 
Chlordane) showed similar concentration profiles. There was minimal variation in site concentrations for 
both PFAS sum groups. The arithmetic mean of the concentration was greater than the median for all but 
one of the sum groups, see Figure 2, indicating the skewed distribution of the overall data. For most of the 
chemical sum groups, the data reflected the variety in chemical concentrations within the study region 
(i.e., the presence of sites with high levels of chemicals (including sites exceeding guideline values), as 
well as many sites with low concentrations, including sites below the detection limit). 

There is often a wide range in the concentration profile of chemicals within the environment and it is 
not uncommon for ambient concentrations to be below the detection limit of laboratory methods. The 2 
laboratories used in the SOSSP study each reported different MDLs for a given compound, and ALS also 
reported different MDLs between their analytical batches for the same compound. To give an indication 
of the detection frequency (i.e., chemical concentration results measured above the MDL) of the chemical 
group sums, the percentage of sites where at least 50% of the compounds in the given sum were above the 
MDL is summarized in Table 15. 
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Table 13.  List of individual compounds in each chemical sum group for the SOSSP. 

Σ18PAH Σ7PCB Σ3Endosulphan (in the OCP class) Σ17PCDD/F_TEQa 
Naphthalene PCB_28 Endosulphan_I 1234678_HpCDD 

Acenaphthene PCB_52 Endosulphan_II 1234678_HpCDF 
Acenaphthylene PCB_101 Endosulphan_Sulphate 1234789_HpCDF 

Anthracene PCB_118 Σ5Chlordane (in the OCP class) 123478_HxCDD 
Benz_a_anthracene PCB_138 cis_Chlordane 123478_HxCDF 

Benzo_b_fluoranthene PCB_153 Heptachlor 123678_HxCDD 
Benzo_k_fluoranthene PCB_180 Heptachlor_Epoxide 123678_HxCDF 

Benzo_a_pyrene Σ8PBDE Oxychlordane 123789_HxCDD 
Benzo_ghi_perylene BDE_28 trans_Chlordane 123789_HxCDF 

Benzo_e_pyrene BDE_47 Σ22PCN 12378_PeCDD 
Dibenzo_ah_anthracene BDE_99 PCN_13 12378_PeCDF 

Chrysene BDE_100 PCN_27 234678_HxCDF 
Fluorene BDE_153 PCN_28 23478_PeCDF 

Fluoranthene BDE_154 PCN_31 2378_TCDD 
Indeno_123cd_pyrene BDE_183 PCN_36 2378_TCDF 

Pyrene BDE_209 PCN_42 OCDD 
Phenanthrene Σ4DDT (in the OCP class) PCN_46 OCDF 

Perylene 24_DDT PCN_48 Σ12DLPCB_TEQa 
Σ6PFCA (in the PFAS class) 44_DDD PCN_49 PCB_77 

PFDA 44_DDE PCN_50 PCB_81 
PFDoA 44_DDT PCN_52_60 PCB_105 
PFNA Σ3Drin (in the OCP class) PCN_53 PCB_114 
PFOA Aldrin PCN_54 PCB_118 
PFTA Dieldrin PCN_63 PCB_123 
PFUA Endrin PCN_64_68 PCB_126 

Σ3PFSA (in the PFAS class) Σ3HCH (in the OCP class) PCN_66_67 PCB_156 
PFDS alpha_HCH PCN_69 PCB_157 

PFHxS beta_HCH PCN_70 PCB_167 
PFOS gamma_HCH PCN_71_72 PCB_169 

Individual Compounds PCN_73 PCB_189 
PFOA Mirex PCN_74 Total_TEQb 
PFOS Methoxychlor PCN_75 - 

Subscripts following the sum refer to the number of compounds in each group 
PCB_118 is included in the PCB chemical group, and is also one of the dioxin-like PCBs 
aΣPCDD/F_TEQ and ΣDLPCB_TEQ are the TEQ concentrations of Σ17PCDD/F and Σ12DLPCB respectively 
bTotal_TEQ refers to the sum of Σ17PCDD/F_TEQ + Σ12DLPCB_TEQ 
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Figure 2.  The logarithmic-scale plot of the dry weight concentration sums for each of the chemical sum groups in the SOSSP 
(see Table 14 for values). 

Table 14.  Summary statistics of the chemical sum groups in the SOSSP. 

Chemical Sum 
Groups 

Median + IQR 
(ng/g) 

Minimum 
(ng/g) 

Maximum 
(ng/g) 

Mean 
(ng/g) 

Σ18PAH 1.5 x 102 ± 5.1 x 102 3.7 7.6 x 105 2.4 x 103 
Σ7PCB 1.0 ± 3.9 4.6 x 10-3 1.7 x 102 4.1 
Σ17PCDD/F_TEQa 1.4 x 10-3 ± 1.7 x 10-3 1.5 x 10-4 5.3 x 10-2 2.3 x 10-3 
Σ12DLPCB_TEQa 6.2 x 10-6 ± 1.0 x 10-5 3.7 x 10-7 7.3 x 10-4 1.5 x 10-5 
Σ22PCN 2.6 x 10-2  ± 5.5 x 10-2 1.1 x 10-3 8.4 0.11 
Σ4DDT 3.3 ± 8.7 1.8 x 10-2 4.4 x 102 7.3 
Σ3HCH 2.7 x 10-1 ± 2.9 1.8 x 10-2 6.0 1.3 
Σ3Endosulphan 2.4 ± 3.3 1.9 x 10-2 2.3 x 102 4.4 
Σ3Drin 8.3 x 10-1 ± 2.9 1.7 x 10-2 3.2 x 101 2.4 
Σ5Chlordane 4.9 x 10-1 ± 4.9 1.5 x 10-2 16 2.8 
Σ8PBDE 1.1 ± 1.8 6.2 x 10-3 3.0 x 102 3.8 
Σ3PFSA 0.3 ± 0.13 0.3 25 0.53 
Σ6PFCA 0.6 ± 9.0 x 10-2 0.4 2.3 0.60 
aunits are in ng TEQ/g in Table 14 and Figure 2 
IQR (Interquartile Range) = 75th percentile – 25th percentile (i.e., 3rd quartile – 1st quartile) 
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The PAH sum group had the highest detection frequency with over 90% of sites, while the OCP sum 
groups (excluding Σ4DDT) and Σ3PFSA were among the lowest at less than 5% of sites. In general, the 
detection frequency of individual compounds within the chemical classes ranged from 52% to 100% for 
PAHs, 23% to 83% for DLPCBs, 5% to 72% for PCNs, 0% to 86% for PCBs, 2% to 90% for PCDD/Fs 
congeners, 0% to 80% for PBDEs, 0% to 48% for OC pesticides, and 1 % to 29% for PFAS compounds. 

Table 15.  The detection frequency of the chemical sum groups in the SOSSP. 

Compound Sum 
Group 

Sum Group 
Detection Frequencya 

Compound Sum 
Group 

Sum Group 
Detection Frequencya 

Σ18PAH 90.1 Σ4DDT 31.9 
Σ8PBDE 67.0 Σ3HCH 1.1 
Σ7PCB 65.0 Σ3Endosulphan 2.7 

Σ12DLPCB 64.6 Σ3Drin 2.7 
Σ22PCN 52.4 Σ5Chlordanes 3.2 

Σ17PCDD/F 17.4 Σ6PFCA 8.3 
- - Σ3PFSA 2.9 

aPercent of sites where at least 50% (i.e., one-half) of the compounds in the sum were found to be above the method detection limit (MDL) 

SPATIAL DISTRIBUTION AND COMPARISON TO GUIDELINES 
The following section discusses the spatial distribution of the concentration sums and their comparison to 
the available SQGs for all of the chemical groups described in Table 13. The sum concentrations 
presented in the following figures include results for all sites, with detection limit values substituted for 
compound concentrations below the MDL, while only those results reported above the MDL are used 
when comparing concentrations against SQGs. 

PAHs 

SPATIAL DISTRIBUTION OF PAH SUM GROUP (Σ18PAH) 

Figure 3 illustrates the distribution of Σ18PAH by sample site across the SOSSP survey region. The data 
bins refer to the 10th, 50th, 90th, 95th and greater than 99th percentile of the Σ18PAH concentration results (in 
ascending order). The chemical sum group Σ18PAH includes the compounds naphthalene, acenaphthene, 
acenaphthylene, anthracene, benz_a_anthracene, benzo_b_fluoranthene, benzo_k_fluoranthene, 
benzo_a_pyrene, benzo_ghi_perylene, benzo_e_pyrene, dibenzo_ah_anthracene, chrysene, fluorene, 
fluoranthene, indeno_123cd_pyrene, pyrene, phenanthrene and perylene (see Table 13). The spatial 
distribution shows elevated concentrations of Σ18PAH in areas of higher population density and urban 
activity, and a dense cluster of high concentration sites in the Greater Toronto Area (GTA). High 
concentrations, ranging from 5309 ng/g to 14880 ng/g (95th to 99th percentile), were observed at several 
sites around the GTA, and west towards Kitchener and London, Windsor, east of Lake Simcoe and 
Ottawa. Five sites had Σ18PAH concentrations above the 99th percentile of 14881 ng/g in the GTA, 
Hamilton, London and Brockville. 
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COMPARISON TO PAH SEDIMENT QUALITY GUIDELINES 

Both provincial and federal SQGs exist for a number of PAH compounds including the EPA’s 16 priority 
PAH pollutants (EPA 2014). Table 16 compares PAH concentration results to the provincial LEL and 
SEL, and the CCME ISQG and PEL guideline values. 

Table 16.  Comparison of PAH compound concentrations measured in the SOSSP to the federal and provincial SQGs. 

PAH Compounds 
SQG Values 

# of Sites 
> MDL 

% of sites above SQGs 
MOECC (ng/g) CCME (ng/g) MOECC CCME 

LEL SEL* ISQG PEL LEL SEL* ISQG PEL 
Naphthalene - - 34.6 391 494 - - 8.7 0.4 
2_Methylnaphthalene - - 20.2 201 331 - - 5.1 1.2 
Acenaphthene - - 6.71 88.9 306 - - 19.3 2.6 
Acenaphthylene - - 5.87 128 279 - - 20.8 1.1 
Anthracene 220 370000 46.9 245 367 1.9 0.3 9.5 1.9 
Benz_a_anthracene 320 1480000 31.7 385 452 5.8 0.2 25.4 4.6 
Benzo_a_pyrene 370 1440000 31.9 782 453 6.0 0.2 28.3 1.8 
Benzo_ghi_perylene 170 320000 - - 464 8.0 0.2 - - 
Benzo_k_fluoranthene 240 1340000 - - 468 6.6 0.2 - - 
Chrysene 340 460000 57.1 862 499 6.0 0.2 22.4 2.0 
Dibenzo_ah_anthracene 60 130000 6.22 135 333 7.5 0.3 37.5 1.8 
Fluoranthene 750 1020000 111 2355 509 5.7 0.2 20.0 1.6 
Fluorene 190 160000 21.2 144 431 1.2 0.2 9.3 1.4 
Indeno_123cd_pyrene 200 320000 

  
462 7.4 0.2 - - 

Phenanthrene 560 950000 41.9 515 517 3.5 0.2 23.8 4.3 
Pyrene 490 850000 53 875 509 6.5 0.2 25.9 4.5 
Total Σ16PAH++ 4000 1 x 107 - - 531 5.6 0.2 - - 

Results compared to the SQGs include only those concentrations reported above their respective MDLs 
*SEL units are ng/g organic carbon; % of exceedances are based on SEL specific to Total Organic Carbon (TOC) measured at a given site. TOC 
was calculated using a LOI-TOC relationship for the SOSSP samples based on a subset of 50 sediment samples analyzed for both LOI and TOC 
(where LOI = loss on ignition) 
++MOECC defines “Total Σ16PAH” SQG as the sum of 16 PAH compounds (acenaphthene, acenaphthylene, anthracene, benzo_k_fluoranthene, 
benzo_b_fluorine, benzo_a_anthracene, benzo_a_pyrene, benzo_g,h,i_perylene, chrysene, dibenzo_a,h_anthracene, fluoranthene, fluorene, 
indeno_1,2,3-cd_pyrene, naphthalene, phenanthrene and pyrene). 

The federal ISQGs are more stringent than provincial LELs for all PAH compounds and 
correspondingly a greater number of site concentrations are above ISQG values (~9% to ~38%) compared 
to LEL values (~1% to 8% of sites). The compounds dibenzo_ah_anthracene and benzo_ghi_perylene, 
among the highest molecular weight PAHs, showed the greatest number of sites above the guidelines  
(i.e., 38% > ISQG and 8% > LEL). 

Figure 4 shows the spatial distribution of the total Σ16PAH concentration in relation to its provincial 
sediment guideline value. Approximately 6% of sites exceeded the total Σ16PAH LEL, and its spatial 
distribution in and around urban areas was nearly identical to the location of sites with concentrations 
above the 95th percentile in Figure 3. The SEL and PEL guideline values identify concentrations likely to 
result in adverse biological effects in sediment dwelling organisms. Less than 1% to 5% of sites exceeded 
the CCME PEL for 12 different individual PAH compounds, while one site exceeded the organic carbon 
standardized SEL for total Σ16PAH. 
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PCBs 

SPATIAL DISTRIBUTION OF PCB SUM GROUP (Σ7PCB) 

Figure 5 shows the distribution of Σ7PCB according to sample site across the SOSSP survey region.  
The data bins refer to the 10th, 50th, 90th, 95th, and greater than 99th percentile of the Σ7PCB concentration 
results (in ascending order). The chemical sum group Σ7PCB includes PCB_28, PCB_52, PCB_101, 
PCB_118, PCB_138, PCB_153 and PCB_180 (see Table 13). The spatial distribution of Σ7PCB illustrates 
elevated concentrations in areas of higher population density and urban activity, and lower concentrations 
in less developed regions. 

Sites with high concentrations, ranging from 10.6 ng/g to 41.5 ng/g (representing the 95th to 
99th percentile), were observed in Essex County and Windsor, Kitchener, near Holland Marsh and 
St. Catherines. The Σ7PCB concentrations above the 99th percentile (from 41.5 ng/g to 174 ng/g) were 
found in 6 sites across the region (i.e., GTA, Hamilton, Woodstock and Brockville), with the highest 
concentration of 174 ng/g observed near Hamilton. 

COMPARISON TO PCB SEDIMENT QUALITY GUIDELINES 

Table 17 compares the PCB concentration results to the provincial and federal guideline values. Unlike 
other SQGs for total chemical classes like PAHs or PCDD/Fs, a precise listing of congeners included in 
“Total PCB” is not explicitly provided, and both Σ7PCB and the total number of PCBs measured in the 
SOSSP were compared to guideline values. Less than 2% of sites had Σ7PCB concentrations above the 
LEL guidelines, and no sites were found to exceed the SEL or PEL guideline values. As the federal ISQG 
is more stringent than the provincial LEL, a slightly greater number of sites were found to exceed the 
CCME when compared to the MOECC guidelines. If the total sum of all PCB congeners measured in the 
SOSSP is compared to the prescribed SQG levels rather than the sum of 7 congeners in Σ7PCB, the 
number of sites exceeding the LEL and ISQG increases to 2.9% and 4.0% respectively, and 0.8% of sites 
(equal to 4 individual sites) are found to exceed the PEL. Under both scenarios, the large majority of the 
SOSSP site concentrations are below PCB guideline values. Figure 6 shows the spatial distribution of the 
Σ7PCB concentration sum by sample site in terms of its guideline values. The spatial distribution of sites 
above both the ISQG and the LEL values in Figure 6 are located in more urban locales and match those 
sites with PCB concentrations near the 99th percentile in Figure 5. 

Table 17.  Comparison of the total PCB concentration measured in the SOSSP to the federal and provincial SQGs. 

PCB Compounds 
SQG Values 

# of Sites 
% of sites above SQGs 

MOECC (ng/g) CCME (ng/g) MOECC CCME 
LEL SEL* ISQG PEL LEL SEL* ISQG PEL 

Total PCB (using Σ7PCB) 70.0 5.3 x 105 34.1 277 493 0.8 0.0 1.4 0.0 
Total PCBa 521 2.9 0.0 4.0 0.8 

Results compared to the SQGs include only those concentrations reported above their respective MDLs 
*SEL units are ng/g organic carbon; % of exceedances are based on SEL specific to Total Organic Carbon (TOC) measured at a given site. TOC 
was calculated using a LOI–TOC relationship for the SOSSP samples based on a subset of 50 sediment samples analyzed for both LOI and TOC 
(where LOI = loss on ignition) 
aIn this instance the sum of all congeners measured in the study (~150 congeners) was compared to the SQGs 
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PCDD/Fs and DLPCBs 

SPATIAL DISTRIBUTION OF PCDD/PCDF (Σ17PCDD/F) AND  
DLPCB (Σ12DLPCB) SUM GROUPS 

Figure 7 illustrates the distribution of Σ17PCDD/F_TEQ concentrations by sample site across the SOSSP 
survey region. Figure 8 shows the distribution of Σ12DLPCB_TEQ concentrations over the same area. The 
data bins in figures 7 and 8 refer to 10th, 50th, 90th, 95th, and greater than 99th percentile of the 
Σ17PCDD/F_TEQ and Σ12DLPCB_TEQ concentration results (in ascending order). The chemical sum 
group Σ17PCDD/F includes 1234678_HpCDD/F, 1234789_HpCDF, 123478_HxCDD/F, 
123678_HxCDD/F, 123789_HxCDD/F, 12378_PeCDD/F, 234678_HxCDF, 23478_PeCDF, 
2378_TCDD/F, OCDD/F; and Σ12DLPCB includes PCB_77, PCB_81, PCB_105, PCB_114, PCB_118, 
PCB_123, PCB_126, PCB_156, PCB_157, PCB_167, PCB_169 and PCB_189 (see Table 13). The 
spatial distribution of Σ17PCDD/F_TEQ shows increased concentration levels in both higher and lower 
population density regions of southern Ontario, and are not limited to areas of urban activity. Several sites 
with relatively higher Σ12PCDD/F_TEQ concentrations, greater than 7.1 pg TEQ/g (representing the 
95th percentile), were observed in the Niagara Falls region, the southern edge of Bruce County, and also 
follow along the north shore of Lake Erie from Port Stanley towards Windsor. Sites with concentrations 
between the 90th to 99th percentile (from 5.0 pg TEQ/g to 12.9 pg TEQ/g) also branch out from east of the 
GTA towards Brockville. The site with the highest concentration was measured in Bruce County at 
52.8 pg TEQ/g. 

The spatial distribution of higher Σ12DLPCB_TEQ concentrations between the 90th to 99th percentiles 
(from 0.03 pg TEQ/g to 0.11 pg TEQ/g) followed a comparable spatial pattern to that of PCDD/Fs over 
the SOSSP study region. The site with the highest Σ12DLPCB_TEQ concentration was observed near 
Woodstock at 0.73pg TEQ/g. 

The percent contribution of PCDD/Fs and DLPCBs to the Total TEQ was also compared for all of 
the SOSSP sites (Table 18). The percent contribution of dioxin-like PCBs reached a maximum of 20.7%, 
but on average the Σ17PCDD/F TEQ accounted for a significantly larger proportion than Σ12DLPCB to the 
total TEQ concentration profile. 

Table 18.  Contribution of Σ17PCDD/F TEQ and Σ12DLPCB TEQ to Total TEQ 

Statistic 
PCDD/F 

Contribution to Total 
TEQ (%) 

DLPCB 
Contribution to Total 

TEQ (%) 
Mean 99.3 0.7 
Median 99.6 0.4 
95th%ile 100 1.7 
IQR 0.6 0.6 
Minimum 79.3 0.03 
Maximum 100 20.7 
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COMPARISON TO PCDD/F AND DLPCB SEDIMENT QUALITY GUIDELINES 

Federal CCME SQGs have been established for the sum of the 17 PCDD/F compounds and a comparison 
of Σ17PCDD/F TEQ results to the ISQG and PEL values are summarized in Table 19. 

Table 19.  Comparison of the Σ17PCDD/F_TEQ concentration measured in the SOSSP to the federal SQGs. 

PCDD/F Parameter 
SQG Values (pg TEQ/g) # of Sites > 

MDL 
% of sites above SQGs 

ISQG PEL ISQG PEL 
Total Σ17PCDD/F 0.85 21.5 529 19.5 0.2 

Results compared to the SQGs include only those concentrations reported above their respective MDLs 

Less than 20% of sites exceed the ISQG, and 1 site was found to be above the PEL. Figure 9 shows 
the spatial distribution of the Σ17PCDD/F_TEQ concentration sum by sample site in terms of its SQG 
values. Although sites with levels above the SQGs are found in a higher density in urban locales and areas 
of current and historical industrial activity, they also extend into more sparsely populated areas. Since the 
ISQG value is less than median value for Σ17PCDD/F_TEQ in the SOSSP, a discernable number of sites 
are above the guideline value as illustrated in Figure 9. 

The PEL guideline, which represents the concentrations above which there is a high likelihood of 
negative effects on sediment dwelling organisms, was only exceeded at 1 site in the southern portion of 
Bruce County, with no similarly high concentrations at nearby sampling sites within a 20 km radius of it 
or within the same quaternary watershed. There are presently no guideline values dedicated to the 
12 DLPCBs. However given the similar toxicological properties of these chemical groups, a comparison 
of Σ12DLPCB_TEQ results to the Σ17PCDD/F_TEQ SQG found 19 sites with DLPCB concentrations 
above the ISQG value, and no sites above the PEL value. 
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PCNs 

SPATIAL DISTRIBUTION OF PCN SUM GROUP (Σ22PCN) 

The distribution of Σ22PCN across the SOSSP survey region by sample site is displayed in Figure 10.  
The data bins refer to the 10th, 50th, 90th, 95th and greater than 99th percentile of theΣ22PCN concentration 
results (in ascending order). The compounds in the sum group Σ22PCN include PCN_13, PCN_27, 
PCN_28, PCN_31, PCN_36, PCN_42, PCN_46, PCN_48, PCN_49, PCN_50, PCN_52_60, PCN_53, 
PCN_54, PCN_63, PCN_64_68, PCN_66_67, PCN_69, PCN_70, PCN_71_72, PCN_73, PCN_74 and 
PCN_75 (see Table 13). The spatial distribution of Σ22PCN concentrations indicate more sites with 
elevated levels near areas of higher population density compared to areas with less urban or industrial 
activity. Concentrations from 309 pg/g to 1628 pg/g (representing the 95th to 99th percentiles) were 
observed at several sites around the GTA, the Niagara region, London, Windsor and Essex County. 
Concentrations above the 99th percentile were determined at sites near Windsor and Kitchener (from 
approximately 1630 pg/g to 1780 pg/g), but the sites with the maximum Σ22PCN values were observed  
on the eastern side of the SOSSP study region, near Brockville (3157 pg/g) and south of Pembroke  
(8381 pg/g). 

Presently there are no CCME or MOECC SQGs for PCN compounds, but concentrations have been 
previously measured in sediment within the Great Lakes basin. For comparison, Helm et al. (2008) 
reported average tri-PCN to octa-PCN sum concentrations between 21 x 103 pg/g to 38 x 103 pg/g in 
surface sediment samples from Lake Ontario, while Marvin et al. (2002) reported a maximum PCN sum 
concentration of 8.2 x 106 pg/g in suspended sediment from contaminated areas of the Detroit River.  
The Σ22PCN concentrations in the SOSSP were significantly below these concentration ranges, with an 
arithmetic mean, median, and maximum concentration of 105 pg/g, 26 pg/g, and 8381 pg/g, respectively. 
The PCN chemicals are no longer produced intentionally, and Canada has also developed a proposed risk 
management approach for PCN compounds (Environment Canada 2011). 
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OCPs 

SPATIAL DISTRIBUTION OF OCP SUM GROUPS  
(Σ4DDT, Σ3HCH, Σ3Endosulphan, Σ3Drin, Σ5Chlordane) 

The spatial distribution of the sample sites, measured for the OCP chemical class across the SOSSP 
region, were analyzed according to the 5 chemical subgroups listed in Table 13: Σ4DDT in Figure 11, 
Σ3HCH in Figure 12, Σ3Endosulphan in Figure 13, Σ3Drin in Figure 14 and Σ5Chlordane in Figure 15. 

As summarized in Table 13, Σ4DDT includes 24_DDT, 44_DDD, 44_DDE and 44_DDT; Σ3HCH 
includes alpha_HCH, beta_HCH and gamma_HCH; Σ3Endosufan includes Endosulphan_I, 
Endosulphan_II and Endosulphan_Sulphate; Σ3Drin includes Aldrin, Dieldrin, and Endrin; and 
Σ5Chlordane includes cis_Chlordane, Heptachlor, Heptachlor_Epoxide, Oxychlordane and 
trans_Chlordane. To effectively capture the distribution of the OCP groups in the SOSSP sampling 
region, slight differences in the concentration bins were necessary. In Figures 11 and 13 the data bins 
refer in ascending order to the 10th, 50th, 90th, 95th and greater than 99th percentile of concentration results 
for Σ4DDT, and the 99.5th percentile for Σ3Endosulphan, respectively. For Figures 12, 14, and 16 the first 
3 data bins refer to the 10th, 50th and 95th percentiles, followed by the 99.7th percentile for Σ3HCH, and the 
99.5th percentile for the Σ3Drin and Σ5Chlordane results. 

Although the spatial distributions of the 5 OCP group concentrations differ between each other, as a 
whole they are not as heavily clustered in areas of increased population density or urban activity as the 
other chemical classes in the SOSSP study. Since they were all primarily used for pest management, 
increased concentrations are observed in regions associated with current and historic agricultural activities. 

The distribution of elevated Σ4DDT sites is the most spatially diffuse of the 5 OCP groups, with 
concentrations ranging from 17.8 ng/g to 44.8 ng/g (representing the 95th to 99th percentile) observed in 
the Niagara region, Essex County, Kitchener, near Holland Marsh, as well as Ottawa and Brockville. The 
highest Σ4DDT concentrations of 123 ng/g and 437 ng/g were found on the southwest shore of Lake 
Ontario. The sites with the greatest Σ3HCH concentrations were found near Port Colborne (4 ng/g) and 
the south shore of Lake St. Clair (6 ng/g). Concentrations of Σ3Endosulphan were very low in sites in and 
around the GTA and Hamilton, but elevated concentrations were measured near Leamington (234 ng/g) 
and east of Lake Simcoe (118 ng/g). The 2 highest concentrations of Σ3Drin were observed near Lake 
Simcoe and Holland Marsh (31.5 ng/g), and west of Collingwood (23.9 ng/g). In contrast to other OCPs, 
the Σ5Chlordane concentrations were low in agricultural regions and higher in areas of higher population 
density, attributed in part to the increased use of Chlordanes as termiticides in domestic and urban 
applications (Leone et al. 2000). 
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COMPARISON TO OCP SEDIMENT QUALITY GUIDELINES 

Both provincial and federal SQGs have been developed for several OCP compounds. Table 20 compares 
OCP concentration results to the LEL, SEL, ISQG and PEL guideline values. The CCME ISQGs are 
more stringent than provincial LEL guidelines for some of the OCPs, and correspondingly a greater 
number of site concentrations are above ISQGs (~5% to 38% of sites) relative to the LEL values (~2% to 
14% of sites) (with the exception of Endrin). 

Table 20.  Comparison of OCP compound concentrations measured in the SOSSP to the federal and provincial SQGs. 

OCP Compounds 
SQG Values 

# of Sites > 
MDL 

% of sites above SQGs 
MOECC (ng/g) CCME (ng/g) MOECC CCME 

LEL SEL* ISQG PEL LEL SEL ISQG PEL 
Aldrin 2 8000 

  
22 0 0 

  Dieldrin 2 91000 2.85 6.67 63 9.5 0 7.9 1.6 
Endrin 3 130000 2.67 62.4 2 50 0 50 0 
alpha_HCH 6 10000 - - 7 0 0 - - 
beta_HCH 5 21000 - - 3 0 0 - - 
gamma_HCH 3 1000 0.94 1.38 43 0 0 4.7 4.7 
Chlordane 7 6000 4.5 8.87 62 1.6 0 6.5 0 
Heptachlor_Epoxide 5 5000 0.6 2.74 46 4.3 0 37 8.7 
Hexachlorobenzene 20 24000 - - 157 0 0 - - 
Mirex 7 130000 - - 29 0 0 - - 
44_DDD 8 6000 - - 182 2.7 0.5 - - 
44_DDE 5 19000 - - 225 11.6 0 - - 
Σ2DDD - - 3.54 8.51 184 - - 9.8 2.2 
Σ2DDE - - 1.42 6.75 225 - - 37.8 8.9 
Σ2DDT 8 71000 1.19 4.77 145 9.0 0 33.8 13.1 
Total Σ4DDT++ 7 12000 - - 268 14.6 0.4 - - 

Results compared to the SQGs include only those concentrations reported above their respective MDLs 
*SEL units are ng/g organic carbon. % of exceedances are based on SEL specific to Total Organic Carbon (TOC) measured at a given site.  
TOC was calculated using a LOI–TOC relationship for the SOSSP samples based on a subset of 50 sediment samples analyzed for both LOI and 
TOC (where LOI = loss-on-ignition) 
++Total Σ4DDT is the sum of 24_DDT, 44_DDT, 44_DDD, 44_DDE. 

Figure 16 illustrates the spatial distribution of the Σ4DDT concentrations by sample site in terms of 
its SQG values. The majority of sites above SQG levels are located on the western side of the SOSSP 
study area, clustering in Essex County, Hamilton, the GTA and north towards Georgian Bay—much of 
which includes food and fruit growing regions as well as some urban areas (likely as legacy of past use). 
As the LEL value is less than the 75th percentile of Σ4DDT concentration sum in the current study, an 
appreciable number of sites are above the guideline value. 

For DDT and its related metabolites, 1 site in the Niagara region exceeded the provincial SEL for 
both 44_DDD and Σ4DDT, while the CCME PEL for Σ2DDT, Σ2DDE, and Σ2DDD were exceeded at 
almost 19, 20, and 4 sites, respectively. Despite several DDT based guidelines referring to different 
compound combinations and numerical effect levels, as a whole they indicate that roughly 3% to 40% of 
the SOSSP sites have DDT levels that may have toxic effects on a proportion of sediment dwelling 
organisms, and up to a maximum of 13% of sites have DDT concentrations that are likely to adversely 
impact organisms. Dieldrin, gamma_HCH and Heptachlor-Epoxide exceeded the CCME PEL at 1.6%, 
4.7% and 8.7% of sites, respectively, but were below PSQG SEL values. In addition to the compounds 
shown in Table 20, the CCME has also adopted a short-term ISQG value for Toxaphene of 0.1 ug/kg (at a 
provisional 1% total organic carbon) from the New York State Department of Environmental 
Conservation. Using this criteria, 8 sites in the SOSSP had total Toxaphene concentrations above the 
guideline with no recommended PEL value. 
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PBDEs 

SPATIAL DISTRIBUTION OF PBDE SUM GROUP (Σ8PBDE) 

Figure 17 shows the distribution of Σ8PBDE concentrations by sample site across the SOSSP survey 
region. The data bins refer to the 10th, 50th, 90th, 95th and greater than 99th percentile of the Σ8PBDE 
concentration results (in ascending order). The chemical sum group Σ8PBDE includes BDE_28, BDE_47, 
BDE_99, BDE_100, BDE_153, BDE_154, BDE_183, and BDE_209 (see Table 13). The spatial 
distribution of Σ8PBDE shows that sites with greater concentrations are located in urbanized areas of 
higher population density. Concentrations ranging from 11.5 ng/g to 52.1 ng/g (representing the 95th to 
99th percentile) were observed at sites near Belleville, the Niagara region, the GTA and Hamilton, and 
west via Kitchener and London towards Windsor. The samples with the highest concentrations, above the 
99th percentile, were seen on opposite sides of the study region; 2 sites were located in the southwest near 
Windsor (301 ng/g) and Woodstock (161 ng/g), and one site in the east near Brockville (101 ng/g). 

COMPARISON TO PBDE ENVIRONMENTAL QUALITY GUIDELINES 

There are currently no CCME or MOECC sediment quality guidelines for PBDEs. However as described 
in “Environmental Quality Guidelines”, FEQGs have recently been developed in Canada to provide 
guidance regarding PBDE homologue concentrations in water, sediment, and wildlife. Table 21 compares 
this benchmark to the results from the SOSSP data set. The greatest number of sites that exceeded the 
Penta_BDE FEQG values, with approximately 16%, 15% and 5% of sites above the FEQGs for Total 
Penta_BDE, PBDE_99 and PBDE_100, respectively. This was followed by 3% of sites above the FEQG 
of 19 ng/g for PBDE_209. No sites were found to exceed the values prescribed for any of the other 
homologues. 

Table 21.  Comparison of PBDE homologue concentrations measured in the SOSSP to the FEQGs. 

PBDE Homologue FEQG Values (ng/g) % of sites above FEQGs 
Tri-BDE 44 0.0 

Tetra-BDE 39 0.0 
Penta-99 0.4 14.8 
Penta-100 0.4 5.2 

Penta-BDE 0.4 15.6 
Hexa-BDE 440 0.0 
Octa-BDE 5600 0.0 
Deca-BDE 19 3.1 

Results compared to the FEQG include only those concentrations reported above their respective MDLs 

PBDEs have also been previously measured within the Great Lakes basin. Helm et al. (2011) 
reported concentrations of 5.1 ng/g to 38 ng/g in surface sediments from Lake Simcoe (for a sum of 17 
PBDE congeners), and Samara et al. (2006) reported a slightly higher range in sediments from the 
Niagara River of 1.1 ng/g to 148 ng/g (for a sum of 9 PBDE congeners). The Σ8PBDE concentrations in 
the SOSSP study are comparable to these reported concentration ranges, with an arithmetic mean, 
median, and maximum concentration of 3.8 ng/g, 1.1 ng/g, and 301, ng/g, respectively. Canada has 
developed a proposed risk management strategy for PBDEs (Environment Canada 2010) and select 
homologues were recently added to the Stockholm Convention on POPs. 
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PFASs 

SPATIAL DISTRIBUTION OF PFAS SUM GROUPS (Σ6PFCA, Σ3PFSA) 

Figure 18 shows the distribution of Σ3PFSA by sample site across the SOSSP survey region; and 
Figure 19 shows the distribution of Σ6PFCA for the same area. As summarized in Table 13, the chemical 
sum group Σ3PFSA includes PFOS, PFDS, and PFHxS, and Σ6PFCA includes PFOA, PFNA, PFDA, 
PFUA, PFDoA and PFTA. The data bins in both Figures 18 and 19 refer to 10th, 75th, 90th, 95th and greater 
than 99th percentile of the Σ3PFSA and Σ6PFCA concentration results (in ascending order). There was a 
greater density of sites with elevated Σ3PFSA concentrations (above the 95th percentile of 1.2 ng/g) in the 
central and southwest portions of southern Ontario; in contrast higher Σ6PFCA concentration sites were 
located near Niagara and the Eastern region of survey area. The sites with the highest Σ3PFSA and 
Σ6PFCA concentration were both measured in the Niagara region (at 25 ng/g and 2.3 ng/g respectively). 

Although there are currently no provincial or federal SQG values for individual or total PFAS 
compounds, they have been previously measured in sediment within the Great Lakes basin. Myers et al. 
(2012) sampled open lake sediments from different locations within the Great Lakes basin and reported total 
PFCA and total PFSA concentrations from roughly 2 ng/g to 18 ng/g and 4 ng/g to 49 ng/g, respectively. 

Furthermore, Norway has included PFOS in their updated effects-based environmental quality 
guidelines for marine sediment (Bakke et al. 2010) and although their classification system varies from 
the MOECC or CCME framework, they identify PFOS concentrations less than 220 ng/g in marine 
sediment as unlikely to have toxic effects. Concentrations of PFOS in the SOSSP study region are well 
below the Norwegian guidelines, and for the most part less than the concentrations previously measured 
in the Great Lakes with an arithmetic mean, median, and maximum concentration of 0.53 ng/g, 0.34 ng/g, 
and 25 ng/g for Σ3PFSA and 0.60 ng/g, 0.60 ng/g, and 2.3 ng/g for Σ6PFCA, respectively. Canada has 
developed a proposed risk management approach for select PFAS (Environment Canada 2012) and in 
2009 PFOS was classified as persistent organic pollutant by the Stockholm Protocol. 

 

37 



 

 
 

 

Fi
gu

re
 1

8.
  S

pa
tia

l d
is

tri
bu

tio
n 

of
 Σ

3P
FS

A
 c

on
ce

nt
ra

tio
ns

 in
 th

e 
So

ut
he

rn
 O

nt
ar

io
 S

tre
am

 S
ed

im
en

t P
ro

je
ct

. 

38 



 

 

Fi
gu

re
 1

9.
  S

pa
tia

l d
is

tri
bu

tio
n 

of
 Σ

6P
FC

A
 c

on
ce

nt
ra

tio
ns

 in
 th

e 
So

ut
he

rn
 O

nt
ar

io
 S

tre
am

 S
ed

im
en

t P
ro

je
ct

. 

39 

 



 

References 
Agency for Toxic Substances and Disease Registry 2015. Toxic substances portal—Polycyclic aromatic 

hydrocarbons (PAHs); Agency for Toxic Substances and Disease Registry, 
http://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=122&tid=25 [accessed October 25, 2017]. 

Baker, C.L., Dyer, R.D., Matson, A.L., Fletcher, R. and Reiner, E.J. 2009. Southern Ontario stream sediment 
geochemistry survey; in Summary of Field Work and Other Activities, 2009, Ontario Geological Survey, Open 
File Report 6240, p.29-1 to 29-4. 

Bakke, T., Källqvist, T., Ruus, A., Breedveld, G.D. and Hylland, K. 2010. Development of sediment quality criteria 
in Norway; Journal of Soils and Sediments, v.10, no.2, p.172-178. 

Canadian Association for Laboratory Accreditation Inc. 2017. Accreditation; Canadian Association for Laboratory 
Accreditation Inc., http://www.cala.ca/accred_program.html [accessed October 25, 2017]. 

Canadian Council of Ministers of the Environment 1999. Protocol for the derivation of Canadian sediment quality 
guidelines for the protection of aquatic life, 1995; in Canadian Sediment Quality Guidelines for the Protection 
of Aquatic Life, Canadian Council of Ministers of the Environment, CCME EPC-98E, http://ceqg-
rcqe.ccme.ca/en/index.html#void [accessed October 25, 2017]. 

———2001. Canadian environmental quality guidelines; Canadian Council of Ministers of the Environment, 
http://www.ccme.ca/en/resources/canadian_environmental_quality_guidelines [accessed October 25, 2017]. 

Dyer, R.D. and Burke, H.E. 2012. Preliminary data release, southern Ontario stream sediment geochemistry survey; 
Ontario Geological Survey, Miscellaneous Release—Data 302. 

Dyer, R.D., Fletcher, R. and Reiner, E.J. 2010. Southern Ontario stream-sediment geochemistry survey; in Summary 
of Field Work and Other Activities, 2010, Ontario Geological Survey, Open File Report 6260, p.36-1 to 36-5. 

Environment Canada 2010. Risk management strategy for polybrominated diphenyl ethers (PBDEs); Environment 
Canada, http://publications.gc.ca/collections/collection_2014/ec/En14-115-2010-eng.pdf [accessed October 25, 
2017]. 

———2011. Proposed risk management approach for polychlorinated naphthalenes (PCNs); Environment Canada, 
https://www.ec.gc.ca/ese-ees/default.asp?lang=En&n=BB874604-1 [accessed October 25, 2017]. 

———2012. Proposed risk management approach for perfluorooctanoic acid (PFOA), its salts, and its precursors 
and long-chain (C9-C20) perfluorocarboxylic acids (PFCAs), their salts, and their precursors; Environment 
Canada, http://www.ec.gc.ca/ese-ees/default.asp?lang=En&n=451C95ED-1 [accessed October 25, 2017]. 

Environmental Protection Agency 2014. Toxic and priority pollutants under the Clean Water Act; United States 
Environmental Protection Agency, https://www.epa.gov/eg/toxic-and-priority-pollutants-under-clean-water-
act#priority [accessed October 25, 2017]. 

———2016. Definition and procedure for the determination of the method detection limit, Revision 2; United States 
Environmental Protection Agency, 821-R-16-006, p.1-6. 

Giesy, J.P., Mabury, S.A., Martin, J.W., Kannan, K., Jones, P.D., Newsted, J.L. and Coady, K. 2006. Perfluorinated 
compounds in the Great Lakes; in Persistent organic pollutants in the Great Lakes—The handbook of 
environmental chemistry, Volume 5, Part N, Springer–Verlag, Berlin Heidelberg, p.391-438. 

Government of Ontario 2017. Southern Ontario Stream Sediment Project (SOSSP)—Organic Contaminants; data set 
in Ontario Data Catalogue (https://www.ontario.ca/search/data-catalogue), updated November 2017. 

Health Canada 2016. Chemicals management plan; Health Canada, https://www.canada.ca/en/health-
canada/services/chemical-substances/chemicals-management-plan.html [accessed October 25, 2017]. 

40 

http://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=122&tid=25
http://www.cala.ca/accred_program.html
http://ceqg-rcqe.ccme.ca/en/index.html%23void
http://ceqg-rcqe.ccme.ca/en/index.html%23void
http://www.ccme.ca/en/resources/canadian_environmental_quality_guidelines
http://publications.gc.ca/collections/collection_2014/ec/En14-115-2010-eng.pdf
https://www.ec.gc.ca/ese-ees/default.asp?lang=En&n=BB874604-1
http://www.ec.gc.ca/ese-ees/default.asp?lang=En&n=451C95ED-1
https://www.epa.gov/eg/toxic-and-priority-pollutants-under-clean-water-act%23priority
https://www.epa.gov/eg/toxic-and-priority-pollutants-under-clean-water-act%23priority
https://www.ontario.ca/search/data-catalogue
https://www.canada.ca/en/health-canada/services/chemical-substances/chemicals-management-plan.html
https://www.canada.ca/en/health-canada/services/chemical-substances/chemicals-management-plan.html


 

Helm, P.A., Kurunthachalam, K. and Bidleman, T.F. 2006. Polychlorinated naphthalenes in the Great Lakes; in 
Persistent organic pollutants in the Great Lakes—The handbook of environmental chemistry, Volume 5, Part 
N, Springer–Verlag, Berlin Heidelberg, p. 267-306. 

Helm, P.A., Gewurtz, S.B., Whittle, D.M., Marvin, C.H., Fisk, A.T. and Tomy, G.T. 2008. Occurrence and 
biomagnification of polychlorinated naphthalenes and non- and mono-ortho PCBs in Lake Ontario sediment 
and biota; Environmental Science and Technology, v.42, issue 10, p.1024-1031. 

Helm, P.A., Milne, J., Hiriart–Baer, V., Crozier, P., Kolic, T., Lega, R., Chen, T., MacPherson, K., Gewurtz, S, 
Winter, J., Myers, A., Marvin, C.H. and Reiner, E.J. 2011. Lake-wide distribution and depositional history of 
current- and past-use persistent organic pollutants in Lake Simcoe, Ontario, Canada; Journal of Great Lakes 
Research, v.37, p.132-141. 

Hites, R.A. 2006. Brominated flame retardants in the Great Lakes; in Persistent organic pollutants in the Great 
Lakes—The handbook of environmental chemistry, Volume 5, Part N, Springer–Verlag, Berlin Heidelberg, 
p.355-390. 

Hu, D. and Hornbuckle, K.C. 2010. Inadvertent polychlorinated biphenyls in commercial paint pigments; 
Environmental Science and Technology, v.44, issue 8, p.2822-2827. 

Keifer, M.C. and Firestone, J. 2007. Neurotoxicity of pesticides; Journal of Agromedicine, v.12, issue 1, p.17-25. 

Leone, A.D., Ulrich, E.M., Bodnar, C.D., Falconer, R.L. and Hites, R.A. 2000. Organochlorine pesticide 
concentrations and enantiomer fractions for chlordane in indoor air from the US cornbelt; Atmospheric 
Environment, v.34, issue 24, p.4131-4138. 

Marvin, C.H., Charlton, M.N., Reiner, E.J., Kolic, T., MacPherson, K., Stern, G.A., Braekevelt, E., Estinek, J.F., 
Thiessen, L. and Painter, S. 2002. Surficial sediment contamination in Lakes Erie and Ontario: A comparative 
analysis; Journal of Great Lakes Research, v.28, p.437-450. 

Myers, A., Croizer, P., Helm, P.A., Brimacombe, C., Furdui, V., Reiner, E.J., Burniston, D. and Marvin, C. 2012. 
Fate, distribution, and contrasting temporal trends of perfluoroalkyl substances (PFASs) in Lake Ontario, 
Canada; Environment International, v.44, p.92-9. 

Ontario Ministry of the Environment and Energy 1993. Guidelines for the protection and management of aquatic 
sediment quality in Ontario; Ontario Ministry of the Environment and Energy, 39p. 

Ontario Ministry of the Environment and Energy 2008. Guidelines for identifying, assessing and managing 
contaminated sediments in Ontario: An integrated Approach; Ontario Ministry of the Environment and Energy, 
PIBS 6658e, 107p. 

Samara, F., Tsai, C.W. and Aga, D.S. 2006. Determination of potential sources of PCBs and PBDEs in sediments of 
the Niagara River; Environmental Pollution, v.139, p.489-497. 

Simcik, M. and Offenberg, J.H. 2006. Polycyclic aromatic hydrocarbons in the Great Lakes; in Persistent organic 
pollutants in the Great Lakes—The Handbook of environmental chemistry, Volume 5, Part N, Springer–
Verlag, Berlin Heidelberg, p.307-353. 

Steenland, K., Bertazzi, P., Baccarelli, A. and Kogevinas, M. 2004. Dioxin revisited: Developments since the 1997 
IARC classification of dioxin as a human carcinogen; Environmental Health Perspectives, v.112, no.13, 
p.1265-1268. 

United Nations, United Nations Environment Programme [no date] What are POPs?; Secretariat of the Stockholm 
Convention Clearing House, Stockholm Convention, http://chm.pops.int/TheConvention/ThePOPs/tabid/673 
[accessed October 25, 2017]. 

41 

http://chm.pops.int/TheConvention/ThePOPs/tabid/673


 

Van den Berg, M., Birnbaum, L.S., Denison, M., De Vito, M., Farland, W., Feeley, M., Fiedler, H., Hakansson, H., 
Hanberg, A., Haws, L., Rose, M., Safe, S., Schrenk, D., Tohyama, C., Tritscher, A., Tuomisto, J., Tysklind, 
M., Walker, N. and Peterson, R.E. 2006. The 2005 World Health Organization re-evaluation of human and 
mammalian toxic equivalency factors for dioxins and dioxin-like compounds; Toxicological Science, v.93, 
p.223-41. 

World Health Organization [no date] International programme on chemical safety. Dioxins and dioxin-like 
substances; World Health Organization, http://www.who.int/ipcs/assessment/public_health/dioxins/en/ 
[accessed October 25, 2017]. 

World Health Organization 2011. The use of DDT in malaria vector control. WHO position statement; World Health 
Organization, http://www.who.int/malaria/publications/atoz/who_htm_gmp_2011/en/ 
[accessed October 25, 2017].  

42 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20den%20Berg%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16829543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Birnbaum%20LS%5BAuthor%5D&cauthor=true&cauthor_uid=16829543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Denison%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16829543
http://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Vito%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16829543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Farland%20W%5BAuthor%5D&cauthor=true&cauthor_uid=16829543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Feeley%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16829543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fiedler%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16829543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hakansson%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16829543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hanberg%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16829543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Haws%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16829543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rose%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16829543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Safe%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16829543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schrenk%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16829543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tohyama%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16829543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tritscher%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16829543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tuomisto%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16829543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tysklind%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16829543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tysklind%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16829543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Walker%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16829543
http://www.ncbi.nlm.nih.gov/pubmed/?term=Peterson%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=16829543
http://www.who.int/ipcs/assessment/public_health/dioxins/en/
http://www.who.int/malaria/publications/atoz/who_htm_gmp_2011/en/


43 

Metric Conversion Table 

Conversion from SI to Imperial  Conversion from Imperial to Sl 

SI Unit Multiplied by Gives  

 
 
 
 
 

 
 
 
 

 
 
 

 
 
 

 
 
 
 
 
 
 

Imperial Unit Multiplied by Gives 
LENGTH 

1 mm 0.039 37 inches 1 inch 25.4 mm 
1 cm 0.393 70 inches 1 inch 2.54 cm 
1 m 3.280 84 feet 1 foot 0.304 8 m 
1 m 0.049 709 chains 1 chain 20.116 8 m 
1 km 0.621 371 miles (statute) 1 mile (statute) 1.609 344 km 

AREA 
1 cm2 0.155 0 square inches 1 square inch 6.451 6 cm2 

1 m2 10.763 9 square feet 1 square foot 0.092 903 04 m2 

1 km2 0.386 10 square miles 1 square mile 2.589 988 km2 

1 ha 2.471 054 acres 1 acre 0.404 685 6 ha 
VOLUME 

1 cm3 0.061 023 cubic inches 1 cubic inch 16.387 064 cm3 

1 m3 35.314 7 cubic feet 1 cubic foot 0.028 316 85 m3 

1 m3 1.307 951 cubic yards 1 cubic yard 0.764 554 86 m3 

CAPACITY 
1 L 1.759 755 pints 1 pint 0.568 261 L 
1 L 0.879 877 quarts 1 quart 1.136 522 L 
1 L 0.219 969 gallons 1 gallon 4.546 090 L 

MASS 
1 g 0.035 273 962 ounces (avdp) 1 ounce (avdp) 28.349 523 g 
1 g 0.032 150 747 ounces (troy) 1 ounce (troy) 31.103 476 8 g 
1 kg 2.204 622 6 pounds (avdp) 1 pound (avdp) 0.453 592 37 kg 
1 kg 0.001 102 3 tons (short) 1 ton(short) 907.184 74 kg 
1 t 1.102 311 3 tons (short) 1 ton (short) 0.907 184 74 t 
1 kg 0.000 984 21 tons (long) 1 ton (long) 1016.046 908 8 kg 
1 t 0.984 206 5 tons (long) 1 ton (long) 1.016 046 9 t 

CONCENTRATION 
1 g/t 0.029 166 6 ounce (troy) /  

ton (short) 
 1 ounce (troy) /  

ton (short) 
34.285 714 2 g/t 

1 g/t 0.583 333 33 pennyweights /  
ton (short) 

 1 pennyweight /  
ton (short) 

1.714 285 7 g/t 

OTHER USEFUL CONVERSION FACTORS 
Multiplied by 

1 ounce (troy) per ton (short) 31.103 477 grams per ton (short) 
1 gram per ton (short) 0.032 151 ounces (troy) per ton (short) 
1 ounce (troy) per ton (short) 20.0 pennyweights per ton (short) 
1 pennyweight per ton (short) 0.05 ounces (troy) per ton (short) 

Note: Conversion factors in bold type are exact. The conversion factors have been taken from or have been derived from factors given 
in the Metric Practice Guide for the Canadian Mining and Metallurgical Industries, published by the Mining Association of Canada in 
co-operation with the Coal Association of Canada. 
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