Fluorinated compounds - sources, environmental levels and transformation

Results and Discussion

The draft ecological screening assessment of perfluorooctane sulfonate (PFOS)"* found PFOS to be persistent (P),
bioaccumulative (B) and inherently toxic (iT), and to meet the criteria under Section 64 of CEPA 1999. The public
comments received covered a range of topics including exposure, effects, and level of caution applied in the risk
assessment. Of particular note were comments concerning the bioaccumulation properties of PFOS. The assessment
raised interesting questions regarding the relationship between Canada’s bioaccumulation criteria as stated in
Canada’s Persistence and Bioaccumulation Regulations'', previously developed for and primarily applied to lipid-
partitioning organic substances, and perfluorinated substances, which preferentially bind to proteins.

Environment Canada (ESD) convened a workshop in August 2005 and summarized the discussion on these issues'*
and has continued to collect information.

Use of BCF, BAF, BMF as indicators of Bioaccumulation: Notably, unlike many other persistent organic pollutants
in biota, certain perfluorinated substances, such as PFOS and PFOA, preferentially partition to proteins in tissues
such as liver, blood and kidney, rather than lipids 78141518 * Therefore bioaccumulation criteria based on log Kow
values are not appropriate for this class of substances. A number of studies indicate that PFOS and some other
perfluoroalkyl substances biomagnify in aquatic food webs " '316-1%-20 " In this case, biomagnification is taken to
be the ratio of the concentration of a substance in predator relative to its prey thereby involving a food relationship
and having one trophic level transfer. By contrast a Trophic Magnification Factor considers the average increase in
concentration across multiple trophic levels'*. Table 2 summarizes published information on the BCF, BAF and
BMF values for PFOS in wildlife. In addition to the tissue specific data presented in Table 2, BMFs and TMFs
recently calculated based on whole body burden in bottlenose dolphin food web ranged from <1 to 18 and 1.4 to 6.3,
respectively *°. BMFs and TMFs calculated based on plasma and liver concentrations were found to overestimate
the BMF and TMF *.

Table 2. Range of BCF, BAF and BMF data for PFOS in whole body, specific tissues and organs in wildlife

Whole Body Tissue Specific (blood or liver)
BCF 690-2796 %D 2900-5400 @9
BAF None available 274-125000 ©>
BMF 0.3-3.71 0.4-20 161

Whole Body versus Tissue Specific Calculations: Whole body aquatic BCFs or BAFs are below 5000. However, the
weight of evidence from both laboratory and field-based BCFs and BAFs (based upon specific tissues e.g. liver and
plasma) in conjunction with the field-based BMFs (avian and aquatic) indicates that PFOS is a bioaccumulative
substance. This raises an interesting question of how to interpret bioaccumulation data for perfluorinated substances
against numeric criteria, particularly if BMF criteria are not also included. The application of the numeric criteria for
bioaccumulation may require discretion in regulatory decision-making when determining whether substances such as
perfluorinated chemicals can be described as bioaccumulative. Furthermore, the weight of evidence for
bioaccumulation may consider other factors such as biomagnification. There is a growing body of evidence
indicating perfluorinated substances such as PFOS, PFOA, and certain long chain perfluorocarboxylic acids (PFCAs)
biomagnify in certain biota, such as mammals at or near the top of the food chain (e.g. Arctic polar bear, bottlenose
dolphins) >'®% 2 This may warrant the need to consider a precautionary approach to these substances, to account
for demonstrated biomagnification.

Bioaccumulation Considerations for Other Perfluorinated Substances: Most recently, Environment Canada has
evaluated bioaccumulation data on PFOA**. The draft ecological review noted that PFOA was persistent, with
moderate to low aquatic toxicity. However, the bioaccumulation data was ambiguous. Most of the available
information at the time indicated that PFOA does not bioaccumulate to the same extent as PFOS in either marine or
freshwater food webs'>'!?. However, new data has emerged indicating PFOA may biomagnify in certain species,
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such as marine mammals (e.g. bottlenose dolphins)*. PFOA has been detected in saltwater and studies suggest
PFOA may alter biomarkers of health in loggerhead sea turtles and bottlenose dolphins *+*,

Therefore, emerging data poses new questions about understanding the bioaccumulative potential for PFOA and
possible risk to the marine environment. Where emerging data indicates concern for the persistence and
bioaccumulation of a substance, industry can be engaged to take appropriate early risk management action. This is
the case for addressing residuals in existing substances which may break down to long chain PFCAs. Such actions
may also capture PFOA, which, while not concluded on by Canada, has been the subject of early risk management in
jurisdictions such as the US .

Data Collection on Other PFAs of Interest

Categorization on additional PFAs determined that, in addition to PFOS and PFOA, an estimated 63 substances meet
Environment Canada criteria of Persistent, Bioaccumulative, and inherently Toxic (PBiT); Bioaccumulative and
inherently Toxic (BiT); or, Persistent and inherently Toxic (PiT) (see Table 3)*. These PFAs will require further
scoping to decide on the need for or nature of further data gathering or assessment.

Table 3. Perfluorinated Substances on Canada’s Domestic Substances List which meet the Categorization Criteria
(as of April 2006)*

Organics Polymers UVCBs* Organo-metallics
Meet EC Criteria for 25 (8) 0 3 0
Categorization as PBiT
Meet EC Criteria for 11(1) 31 (5 0 5(1)
Categorization as PiT
Meet EC Criteria for 4 0 0 0
Categorization as BiT
Total 40 31 3 5

Notes: UVCBs = Unknown or Variable Composition and Biologicals; ( ) = Number in brackets is the number of
substances in that category covered under the assessment of PFOS,; its salts and its precursors

To support a long term management strategy, a number of key issues require further work, including:
—  Toxicological data on short chain acids to help address questions concerning potential
replacements
— Long term environmental fate data on polymers to evaluate their importance as a source of
persistent and potentially bioaccumulative perfluorinated acids.
—  Environmental monitoring of concentrations in the environment and in biota
— International co-operation and developing partnerships to complement Canadian domestic
assessment and management activities.
Further information on ecological risk assessment activities on perfluorinated substances can be obtained through the
Existing Substances Division, Environment Canada website at www.ec.gc.ca/substances/ese/ or at the Environment
Canada Homepage (The Green Lane) at www.ec.gc.ca. CDs containing P, B, iT data and preliminary decisions are
available upon request.
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