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Abstract

The use of spill treating agents for remediating oil spills is intended to achieve net environmental benefit for chemical and biological
recovery. Spill treating agents, including dispersants and surface washing agent (SWA), are generally used only in marine systems. Dispersants
require sufficient mixing energy and dilution, but surface washing agents facilitate lifting of oil from surfaces. Surface washing agents are
specifically intended to mobilize stranded oil from substrates, allowing the freed product to be collected using sorbent media or skimming once
itis washed from the shore into the adjacent aquatic environment. In response to evidence that SWA may also be useful in low energy freshwater
environments, we field tested the efficacy of Corexit EC9580A™ for removing weathered heavy oil from two physically different shoreline types
in a freshwater boreal lake in Northwestern Ontario, Canada. The SWA removed more oil from rock/cobble shorelines (56 + 14%) compared to
organic wetland shorelines (13 * 3%). Marginal efficacy coupled with concern for negative impacts to benthic and surface-dwelling freshwater
biota, suggest that Corexit EC9580A™ may provide some benefit for rocky/cobble shorelines but should not be considered as part of primary oil
spill response measures in low energy freshwater environments with organic sediments.

Keywords: Spill treating agents; Biological recovery; Organic sediments; Freshwater environments; Corexit EC9580A™

Introduction & Review

In May 2016 Canada’s Minister of the Environment
promulgated new regulations under the Canada Oil and Gas
Operations Act authorizing the use of oil spill treated agents for
marine environments [1]. These Regulations pertained to two
separate products; a dispersant (Corexit EC9500A™) and another
product that can be used either as a herding agent or a surface
washing agent (SWA) (Corexit EC9580A™). These spill treating
products were identified based on their efficacy, low toxicity, and
their ability to confer a net environmental benefit for oil spill
scenarios [1]. The Regulations permitted the use of these products
only in marine environments, presumably because freshwater
environments lack sufficient wave energy and water circulation to
achieve effective dispersion of oiland post-treatmentdilution of the

SWA, respectively [2]. However, previous work has suggested
that spill treating agents may be effective in some low energy
environments, including wetlands where stranding of oil is a
concern or where sensitive vegetation or biota are present [3,4].
Part of the evaluation for registering these products included
toxicity testing using organisms thatare also endemic to freshwater
environments (e.g., rainbow trout, three spined stickleback and
Daphnia sp.). The assessment of safety based on the supporting
tests suggested that the spill treating agents might also be safe for
freshwater applications [5,6], but because these products are not
currently registered for use in freshwaters, opportunities to test
their efficacy in real world spill scenarios are lacking.
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The IISD-Experimental Lakes Area (IISD-ELA) is a field
research station consisting of 58 boreal lakes set aside for
research in Northwestern Ontario, Canada. The field station has
operated continuously since 1968 and researchers are afforded
the ability to manipulate lakes by virtue of specific legislation
that applies to the facility at the provincial (Ontario Regulation
60/14: Experimental Lakes Area) and federal levels (Fisheries
Act, Section 36(5.2) Experimental Lakes Area Research Activities
Regulations). More than 50 whole ecosystem studies have been
conducted at the research station, including several contaminant
introductions. Beginning in 2017, a program to examine the fate
and effects of crude oil spills in freshwater, including an analysis
of the efficacy of minimally invasive shoreline cleanup techniques,
has been conducted. This research environment provided a unique
opportunity to examine the efficacy of a SWA, Corexit EC9580A™,
in a freshwater field setting.

Corexit EC9580A™ is a SWA but it can also be used as a
herding agent to thicken oil slicks so that they can be ignited
when in situ burning is being used as a removal method [7]. The
product was developed during the Exxon Valdez oil spill response
in the late 1980s and was intended for application to rocky or rip
rap marine shores where it can increase recovery of stranded oil
by up to 65% [8]. Removal from hard surfaces has been effective
even when heavy oils have weathered for up to 4d [9-11]. Field
tests conducted in low energy estuarine environments have also
demonstrated effectiveness of the product [12]. For example, when
applied to oiled mangroves, SWA application reduced blockage of
pores called lenticels in the plant’s prop roots, recovering critical
gas exchange [13]. Remediation of oil spills in low energy wetlands
with sensitive vegetation has also been enhanced with application
of SWA [14,15].

To examine the efficacy of Corexit EC9580A™ for remediating
oil spills in a low energy freshwater environment, we used model
spills contained in shoreline enclosures (5X10m) in Lake 260 at

the IISD-Experimental Lakes area using a previously described
approach [16]. Briefly, Cold Lake Blend diluted bitumen, obtained
from industry pipeline sources, was weathered for 36h in a
1.2m diameter stainless steel pan over 20cm of lake water. After
weathering, the oil was collected from the surface of the water and
~1.25kg of the weathered oil was applied onto the surface of the
water, 50cm from the shoreline.. The oil was applied uniformly
across the 5m width of three replicate enclosures in each of
two areas of the lake with distinct shore substrates: wetland
and rock/cobble. Three additional enclosures in each shoreline
environment were left unoiled as reference systems. No cleanup
was initiated after oil application for 72h to simulate conservative
oil spill response times [17]. After 72h, oil on the surface of the
water inside the enclosures was removed using pre-weighed
polypropylene sorbent pads (Spill Ninja, MEP Brothers, Winnipeg,
Canada). No attempt was made to remove oil adhered to vegetation
or other shoreline substrates. The shorelines in each enclosure
were then rinsed with water pumped from inside the enclosures
and delivered over the oiled shoreline area through a low-
pressure manifold that spanned the 5m width of the enclosures
and delivered streams of water at 15cm intervals. Rinsing was
performed for 12min comprising a total rinsing volume of 1600L.
The pumped water flowed over the oiled shoreline and back
into the enclosures, where floating oil was again captured using
pre-weighed sorbent pads. The next day, Corexit EC9580A™
was applied to the oiled shorelines according to manufacturer’s
suggested rates (265 * 8g/enclosure on an approximate area of
2.5m? (e.g., 5m X 0.5m wide strip of shoreline) using a hand-held
pesticide grade garden sprayer. Thirty minutes after applying
the SWA the shorelines were flushed again with water and free-
floating oil was collected as described above. All sorbent pads
that were used to collect oil were packaged in plastic bags and
hung overnight to allow trapped water to drain. The drained and
dried pads were then reweighed to determine the total mass of oil
recovered from each enclosure.

.
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Figure 1: Percent mass of oil recovered from rock/cobble (rc) and wetland shorelines during primary recovery (freshwater flushing
with absorptive media) and secondary recovery (Corexit EC9580A™ application followed by freshwater flushing with absorptive

media).
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Primary remediation efforts, using only sorbent pads and
freshwater rinsing, recovered approximately 6% of the original
mass of weathered oil applied to both the wetland and rock/cobble
shoreline environments (Figure 1). The efficacy of additional oil
removal using the SWA was greater for rock/cobble shorelines
(56 £ 14% of the original mass of oil applied) compared to
wetland shorelines with organic substrate (13 + 3%). The degree
of removal from rock/cobble shorelines, in our study, is similar
to previous reports (26-65%) for hard substrates [8,9]. Lower
efficacy in more organic substrates is also in agreement with
prior studies. For example, Corexit EC9580A™did not improve
removal of stranded oil from an estuarine wetland when chemical
measurements of hydrocarbons in sediment were used to assess
recovery [3].

The formulation of Corexit EC9580A™ is proprietary, but
is known to contain propylene glycol, 2-butoxyethanol and a
surfactant, dioctyl sodium sulfosuccinate (DOSS), which is less
hydrophilic than dispersants commonly used for oil spill response
[18,19]. In the formulation, DOSS is intended to allow oil to be
released from substrates so that it coalesces on the water’s surface
but to limit dispersion of oil droplets into the water column [5].
In contrast, dispersants commonly used for oil spill response
enhance the formation of oil droplets, increasing the surface area
available for microbial degradation [2]. Surface washing agents,
like Corexit EC9580A™, are generally less toxic than dispersants
but both can potentially enhance exposure and toxicity of oil in
the water column and to sediment dwelling organisms [20]. The
timing of post spill SWA application and freshwater flushing after
application is important for optimal performance. Wave tank tests
have shown that effectiveness of SWA is limited when heavy oils
are weathered beyond 4d [9]. Extending the time after application
and prior to flushing can also allow the SWA to lift adhered oil
more effectively; however, longer soaking time also may allow
partial volatilization of the SWA, stranding of the coalesced oil
on the shoreline, and reduced mass recovery of oil [21]. In such
cases, hydrophilic components of the SWA can also dissolve into
the water, reducing chemical recovery in the system [4].

We observed that oil rinsed from our enclosure shorelines
appeared more soluble and less adherent to oleophilic absorptive
media than what we had observed during primary recovery,
before the SWA was applied. Similar observations have also been
reported after the SWA was applied to weathered diluted bitumen
ongranitetiles [9]. These authorsalso noted thatremoval was more
limited when oil was weathered for >4d. While diluted bitumen in
our study was weathered for 5 %2 days prior to SWA application,
relatively high rates of recovery were still achieved in enclosures
with rock/cobble substrates. It is more likely that greater binding
of oil to organic substrates in the wetland enclosures limited the
ability of the SWA to remove oil, as suggested by previous studies
[2,21]. This suggests that the SWA should be considered only for
removal of oil from hard substrates.

Few studies have directly assessed the toxicity of Corexit
EC9580A™ and much of the existing literature has focused on
marine applications and acute lethality endpoints [22]. The acute
lethality of SWA is typically at higher concentrations (10-1000’s
mg/L range) than the toxic effects of oil, which is maximally 1
mg/L (reviewed in Chen et al. [5]). However, some concern for
biological impacts at lower concentrations have been identified.
Black et al. [23] reported impaired movement and buoyancy
among adult water striders (Metrobates sp.) within 5 minutes
of exposure to 12g of the SWA applied to the water surface of
1.7m diameter freshwater mesocosms. The effect was evident
even when oil was not present and the authors suggested that it
arose via a physical, rather than toxic, mechanism. Application
of Corexit EC9580A™ (1.2ml in 800ml microcosms) increased
long term (186d) toxicity of both South Louisiana Crude and
diesel to the freshwater sediment dwelling organism Chironomus
tentans and to two test organisms that reside in the water column,
Daphnia pulex and Japanese medaka (Oryzias latipes), prompting
the authors to recommend against use of the product for oil spill
response operations in freshwater marshes [20]. It has also been
suggested that solvent-based SWAs, including Corexit EC9580A™,
may be more bioavailable to sediment bound organisms and that
additional study of nearshore benthic organisms is warranted
[24].

Conclusion

In conclusion, while Corexit EC9580A™ appreciably improved
oil recovery for shorelines with rock/cobble substrates in our
study, recovery was only marginally improved in wetlands with
organic substates. Coupled with the potential for undesirable
impacts to benthic organisms and demonstrated effects on surface
dwelling biota we suggest that solvent based SWAs should not be
considered as part of primary oil spill response measures in low
energy freshwater environments with organic sediments.
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