Assessment of a long term (quarter century) dataset of pulp effluent metal contaminated sediment to inform remediation decisions
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Abstract A bleached Kraft pulp and paper mill has been operating in Pictou County, Nova Scotia, since 1967. An effluent wastewater treatment facility for the mill was built and operated by the provincial government in nearby Boat Harbour, a tidal lagoon within the Pictou Landing First Nation (PLFN) community, and has been used to discharge and treat pulp and paper mill wastewater effluents for 50 years under a provincial agreement. This has resulted in a large quantity of unconsolidated waste sediments (>170,000 m3) being deposited in the former tidal estuary that will require remediation in the near future. Dozens of studies have been conducted at Boat Harbour since 1992 to characterize accumulated sediments. Previous studies related to the Boat Harbour sediment indicated that it is impacted with various inorganic and organic contaminants (i.e., metals, polycyclic aromatic hydrocarbons (PAHs), dioxins and furans). However, despite the plethora of studies, gaps still exist in our understanding of sediment characteristics (e.g., depth of impacted sediments, including spatial extent and magnitude of impacts).
To help inform future remediation management decisions based on this historical dataset spanning over a quarter century, we reviewed over 200 reports and narrowed them down to reports containing useful sediment sediment data (i.e., 12 reports). Because studies were often conducted by different third parties, methods of sample collection varied widely (e.g., use of grabs, cores, discrete and composite sampling), as well as depth of collected (e.g., shallow versus deep sampling). These challenges were addressed by grouping studies employing similar techniques (e.g., shallow composite grab samples were grouped with studies using shallow coring devices to composite samples). The aims of this study were to: (i) compile spatial and temporal coverage of secondary data related to metal sediment concentrations across Boat Harbour and surrounding receiving or reference locations using GIS techniques; (ii) sort data according to vertical delineation and method of collection; (iii) predict ecological risks by comparing to current Canadian sediment quality guidelines and other guidelines from other jurisdictions, where benchmarks were lacking; and (iv) identify potential gaps in long term monitoring data to help inform future remediation management decisions.

Over 25 years of sediment metal concentrations using GIS, revealed that most samples (278 samples from 110 unique locations in Boat Harbour and neighboring sites) were from shallow horizons (0-10cm). Few samples were collected from deeper horizons of sediment, creating challenges for vertical delineation of impacted sediments in future remediation decisions. GIS also revealed that adequate spatial coverage was lacking providing challenges for remediation decisions with respect to horizontal delineation. Several metals and metalloids (cadmium, chromium, copper, lead, mercury, and zinc) frequently exceeded Canadian sediment quality guidelines. Our review of secondary data and inherent gaps in sediments characteristics (vertical and spatial coverage) suggest that more detailed sediment sampling (e.g., paleolimnological techniques, piston coring, discrete sampling across vertical horizons and greater spatial coverage) should be conducted in Boat Harbour prior to remediation.
