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Abstract

The risks to Arctic species from oil releases is a global concern, but their sensitivity to chemically
dispersed oil has not been assessed using a curated and standardized dataset from spiked declining
tests, which are exposures representative of surface oil spills. Species sensitivity to dispersed oil
was determined by their position within species sensitivity distributions (SSDs) using three
measures of hydrocarbon toxicity: total petroleum hydrocarbons (TPH), polycyclic aromatic
hydrocarbon (PAHSs), and naphthalenes. Comparisons of SSDs with Arctic/sub-Arctic versus non-
Acrctic species, and across SSDs of compositionally similar oils, showed that Arctic and non-
Acrctic species have comparable sensitivities even with the variability introduced by combining
data across studies and oils. Regardless of hydrocarbon measure, hazard concentrations across
SSDs were protective of sensitive Arctic species. While the sensitivities of Arctic species to oil
exposures resemble those of commonly tested species, PAH-based toxicity data are needed for a
greater species diversity including sensitive Arctic species.
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1. Introduction

Increasing periods of open water in the Arctic have expanded shipping activities and
opportunities for oil and gas exploration and production, resulting in greater potential for oil
spills (Corbett et al., 2010; Gautier et al., 2009; Nevalainen et al., 2017; Noble et al., 2013).
Exposure of Artic species in the aquatic environment to petroleum hydrocarbons may be
compounded by slower hydrocarbon degradation (Brakstad and Bonaunet, 2006; \enosa and
Holder, 2007) and volatilization of toxic fractions at low Arctic temperatures (Perkins et al.,
2005), and oil dynamics in and under sea ice (Brandvik and Faksness, 2009; Payne et al.,
1991; Seelye, 1979). Additionally, because of the limited complexity of Arctic food webs
(e.g., five trophic levels; Borga et al., 2004; Bradstreet and Cross, 1982; Hobson and Welch,
1992; Welch et al., 1992), impacts on key species such as Arctic cod Boreogadus saida and
lower trophic level invertebrates may result in disruptions of energy transfer to higher
trophic level vertebrates. Thus, understanding the sensitivity of Arctic species to oil products
and other hazardous materials is of high scientific and ecological importance.

The relative sensitivity of Arctic aquatic species compared to temperate species to both
physically and chemically dispersed oil has been a significant area of uncertainty because
limited toxicity data generally exist for these species (Camus et al., 2015; Chapman and
Riddle, 2005; de Hoop et al., 2011; Gardiner et al., 2013). Arctic species have unique
biochemical and physiological adaptations that could alter sensitivity to contaminants
including: 1) lower metabolic rates that contribute to slower contaminant uptake and delayed
toxicological effects; 2) larger lipid content, and thus greater bioaccumulation potential; and
3) physiological adaptations including the presence of blood antifreeze peptides that may
alter their sensitivity to petroleum hydrocarbons (Borga et al., 2004; Chapman and Riddle,
2005; Clarke, 1980; Clarke and Johnston, 1999). Although region-specific toxicity data are
ideal (Aurand and Coelho, 2005), there are practical challenges in conducting toxicity tests
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with Arctic species under controlled laboratory conditions. Challenges include limited
seasonal availability of test organisms, and logistical constraints associated with both,
culturing tests species and conducting exposures under Arctic conditions. Thus, there are
substantial benefits to assessing if previous research on a broader array of species from
different regions could be used as surrogates for Arctic species (Barron and Ka’aihue, 2003).
Consequently, a re-evaluation of aquatic toxicity data with emphasis on Arctic species would
provide further information useful in environmental decision making.

Despite the general recognition that polycyclic aromatic hydrocarbons (PAHSs) and
heterocyclic compounds are the major determinant of oil toxicity (e.g., Barron et al., 1999;
NRC, 2005), most published studies on whole oil products have expressed toxicity as total
petroleum hydrocarbon (TPH) concentrations (Bejarano et al., 2014). TPH-based toxicity for
a diversity of fish and aquatic invertebrates has been used as a consistent metric for
evaluating the relative sensitivity of aquatic species to oil products (e.g., Barron et al., 2013;
Bejarano et al., 2014; de Hoop et al., 2011). Toxicity studies of individual hydrocarbon
compounds, chemical dispersant-only tests, and the relatively limited studies on physically
and chemically dispersed oil products using key pelagic Arctic species have provided
insights into their relative sensitivity (de Hoop et al., 2011; Gardiner et al., 2013; Hansen et
al., 2014; Hansen et al., 2011; Olsen et al., 2013a; Olsen et al., 2011), and have facilitated
comparative assessments based mostly on constant exposures (Camus et al., 2015; de Hoop
etal., 2011; Olsen et al., 2011). However, previous comparisons have not included toxicity
data of chemically dispersed oil products or have focused solely on spiked declining oil
exposures intended to represent typical conditions following surface oil spills. This has
implications on the understanding of the relative impacts of chemically dispersed oil and the
sensitivity of Arctic species.

The objective of this research was to reassess the acute sensitivity of Arctic and non-Arctic
species to oil products using a comprehensive, highly curated and standardized dataset. Data
collection focused on tests performed under standardized methods with chemically and
physically dispersed oil using three metrics of petroleum hydrocarbon exposure: TPH, total
PAHSs, and parent naphthalene as a surrogate for water soluble PAHs. To minimize variation
due to oil dosing method, only data for spiked declining oil exposures (Fuller et al., 2004;
Gardiner et al., 2013) were used in these analyses. This type of research is important to
understand if assumptions about the relative sensitivity of aquatic test species hold for
species in the Arctic, and to determine if the relative species sensitivity from constant
exposures (de Hoop et al., 2011) also apply to declining exposures. Furthermore, the
outcomes of these analyses provide information critical to spill response and planning in the
Acrctic (e.g., derivation of thresholds of concern), including assessments on the relative risks
associated with the use of chemical dispersants. Comparisons of relative species sensitivity
may also provide further insights on how spill response actions in temperate waters would
inform related actions in the Arctic.

2. Methods

Acute toxicity data (median lethal concentrations, LC50) for aquatic marine species from
Arctic and non-Arctic regions were obtained from multiple sources (Anderson et al., 2009;
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Anderson et al., 1974; Aurand and Coelho, 2005; Bragin et al., 1994; Bragin and Clark,
1995; Clark et al., 2001; Fuller et al., 2004; Gardiner et al., 2013; Goodbody-Gringley et al.,
2013; Hansen et al., 2011; Lin et al., 2009; Liu, 2003; Neff et al., 2000; Nordtug et al., 2011,
Pace et al., 1995; Perkins et al., 2003, 2005; Rhoton, 2000; Rice et al., 1979; Riebel and
Percy, 1990; Singer et al., 1996; Singer et al., 2001; Singer et al., 1998). Criteria for data
inclusion were as follows: test performed with chemically dispersible fresh light and
medium oil products (API gravity 31.3-44 and 24.8-30.6, respectively); aqueous exposure
media prepared by physical (water accommodated fraction, WAF; and moderate energy
WAF or MEWAF) or chemically enhanced oil dispersion (chemically enhanced water
accommodated fraction, CEWAF); CEWAF prepared with Corexit 9500 or Corexit 9527;
tests performed under spiked declining exposures as these are intended to represent typical
exposure conditions that may occur following surface oil spills; LC50 values reported on the
basis of measured aqueous exposures of TPH (aromatic and aliphatic hydrocarbons [C9—
C44]), parent and alkylated homologue PAHSs and/or parent naphthalene; and LC50 values
reported without qualifiers. In cases where PAH concentrations were not explicitly reported
(i.e., Aurand and Coelho, 2005), concentrations were estimated as a proportion of the PAH
concentrations in the whole WAF solution. Each record was evaluated and duplicates
reported by the same author across several sources removed from the final dataset. In all
cases, verification and standardization of currently accepted scientific names was made by
querying the world register of marine species (WoRMS Editorial Board, 2015), and
designation of Arctic species made based on the Arctic register of marine species (Sirenko et
al., 2015).

TPH, PAH and parent naphthalene species sensitivity distributions (SSDs) and their
associated 5 percentile hazard concentrations (HC5), or concentrations assumed to be
protective of 95% of the species on the SSD, were derived using the methodology detailed
elsewhere (Bejarano and Farr, 2013). Briefly, toxicity values were fitted to a log-normal
distribution function and randomly re-sampled 2,000 times to derive the SSD mean response
and HC5 estimates with associated 95% confidence intervals (95% CI). Only SSDs that
passed goodness of fit tests (a.= 0.01) (the Anderson—Darling for SSDs with >7 species, and
the Kolmogorov—-Smirnov test statistics) were included in these analyses (Bejarano and Farr,
2013). Comparisons between pairs of SSDs were made via the log-likelihood (chi-square
statistic) (Piegorsch and Bailer, 1997) by fitting individual (e.g., PAH and TPH SSDs) and
pooled (e.g., PAH plus TPH SSD) datasets to a log-normal curve, followed by statistical
comparisons of these resulting curves.

Toxicity data for 35 marine species were included in these analyses, with a total of 8 Arctic
species, 2 sub-Arctic species and 25 non-Arctic species, with most data being for
crustaceans and fish. Calanoid copepods (Calanus glacialis and C. finmarchicus) and sculpin
(Myoxocephalus sp., M. polyacanthocephalus) comprised the majority of the data for Arctic
species, followed by Arctic cod (Boreogadus saida), Kelp shrimp (Eualus suckleyi), Dolly
varden (Salvelinus malma), and a mysid shrimp (Mysis oculata). While non-Arctic species
included a variety of temperate and tropical species, nearly 60% of all records were for
standard test species commonly used in toxicity testing (i.e., mysid shrimp- Americamysis
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bahia, inland silverside- Menidia beryllind). There were 26 oil products in the dataset
including Arctic North Slope (ANS), Prudhoe Bay (PB), Cook Inlet, Adriatic, Campbell,
Harriett, Kuwait, North Sea, Norman-Wells, Norwegian Sea, Venezuelan, and Wonnich
crude oil, as well as No. 2 fuel and Bunker C residual oil products, but not all three
petroleum hydrocarbon metrics were available for each oil. Since in most cases there were
insufficient data to generate SSDs for individual oil products, assessments were based on
SSDs that combined oil products with similar physical/chemical properties (e.g., viscosity,
hydrocarbon ranges).

3.1 Species Sensitivities by Region

A first analysis included the comparison of SSDs developed for cold-water species (Arctic/
sub-Arctic; combined) and non-Arctic species from WAF (including MEWAF) and CEWAF
data. Given data limitations for cold-water species, SSDs were developed by combining data
from all oil products. SSDs from WAF data for cold-water species and non-Arctic species,
showed a high degree of overlap when data were available for the same petroleum
hydrocarbon metric (TPH and parent naphthalene) (Figure 1). While SSDs for these two
groups of species were not statistically significantly different for parent naphthalene (Chi-
square statistic; p>0.05), these were different for TPHs (p<0.03) possibly because of a
greater species diversity and the presence of a sensitive species (Montastraea faveolata, 51
percentile occupied on the SSD) within the dataset for non-Arctic species. Consistently HC5
estimates were comparable between these two groups of species for parent naphthalene, but
much larger for cold-water species for TPHs (Table 1).

While there were some CEWAF data for cold-water species for all petroleum hydrocarbon
metrics, these datasets were not sufficiently large (<4 species) to generate SSDs. Despite
these limitations, the available data showed similarities between cold-water and non-Arctic
species even with the variability introduced by combining data across compositionally
different oil products. Regardless of petroleum hydrocarbon metric, HC5 estimates were
protective of the most sensitive species on the SSD, though the HC5s based on TPHs from
both WAF and CEWAF for non-Arctic species were very close to the percentile occupied by
the most sensitive species (51 and 7t percentiles, respectively).

3.2 Species Sensitivities by Oil Type

A second analysis included a comparison of SSDs that combined data for all available
aquatic species for fresh oil products that shared similar chemical characteristics. Individual
SSDs were developed for TPAH and TPH from WAF (including MEWAF) of light and
medium oil products, and CEWAF of medium oil products (Figure 2). There was also
sufficient data to generate an SSD for parent naphthalene from WAF with light oil products.

For each of the WAF and CEWAF treatments, SSDs for TPH were significantly different
from SSDs for TPAH and parent naphthalene (p<0.0001). These findings are not surprising
given that the PAH fraction in oil is less than 10%. However, there was no significant
difference between SSDs for parent naphthalene and PAH from WAF with light oil products
(15=0.063), suggesting that parent naphthalene and possibly other low molecular weight
PAHSs were the drivers of acute toxicity. All SSDs had steep slopes and narrow 95% CI
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indicating that these data covered a relatively narrow range of concentrations, generally
within one order of magnitude between extremes. When toxicity data were available for
Acrctic species, with the exception of SSDs from WAF with medium oil products, their
relative sensitivity fell within the range of toxicity of non-Arctic species across most SSDs,
with at least two species being slightly more sensitive than the most sensitive Arctic species
on the SSD. In contrast, Arctic species on SSDs from WAF with medium oil products appear
to be slightly more sensitive than non-Arctic species, with the most sensitive Arctic species
being the Arctic cod (B. saida), followed by sculpin (Myoxocephalus sp.) and a calanoid
copepods (C. glacialis). However, aquatic toxicity values for the most sensitive Arctic
species were less than one order of magnitude of the least sensitive non-Arctic species.

HC5 estimates based on TPH and PAH from WAF with light oil products were smaller than
those from WAF or CEWAF with medium oil products. These results are consistent with the
relatively higher content of lighter hydrocarbon fraction in light oil products, which are
known to be acutely toxic (Table 2). Average HC5 estimates for SSDs based on TPH and
PAH from medium oil CEWAFs were 1.3 and 3.8 fold greater, respectively, than HC5 from
WAF exposures, suggesting that chemical dispersants had a greater impact on the
partitioning of PAHSs into the aqueous exposure media than they did on the partitioning of
TPHs. However, since HC5 estimates between WAF and CEWAF for similar oil products
have overlapping confidence intervals for the same petroleum hydrocarbon metric, it is
possible that their toxicity is relatively comparable. It is worth noting that regardless of
petroleum hydrocarbon metric, HC5 estimates across media preparations were protective of
the most sensitive Arctic species on the SSD, even when data from WAF and CEWAF were
combined on the same SSD. In only one instance, the HC5 was close to the percentile
occupied by an Arctic species (8" percentile), and when present, the mysid shrimp (A.
bahig) occupied a similar or lower percentile on the SSD (more sensitive) than the percentile
occupied by the most sensitive Arctic species.

The range of species sensitives was further evaluated based on their relative position across
13 different SSDs. While in a few instances Arctic species were noted to fall either towards
the lower or upper ends of SSDs from medium oil products, comparisons showed that the
range of percentiles occupied by individual Arctic species was comparable to those of non-
Acrctic species (Figure 3). Overall, the range of sensitivities of the 8 Arctic species for which
toxicity data were available closely resemble those of the most commonly tested temperate/
subtropical species, with percentiles of Arctic species within the range of the commonly
tested mysid shrimp (A. bahia) and inland silverside (M. beryllina). In 5 of 7 SSDs that
included data for the mysid, this species was more sensitive (occupied a lower percentile)
than the most sensitive Arctic species. By contrast, in 8 of 11 SSDs that included data for the
inland silverside, this species was less sensitive (occupied a higher percentile) than the most
sensitive Arctic species. When an Arctic species was more sensitive than these standard tests
species, these were generally the Arctic cod (B. saida) or sculpin (Myoxocephalus sp.),
which occupied a <17t percentile on the SSD. These results suggest that further
development of SSDs with data from WAF and CEWAF that include the mysid, may also be
protective of Arctic species.
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4. Discussion

In the current study, comparisons of the relative sensitivity of Arctic and non-Arctic species
to oil products were made using SSDs. While SSDs have been widely accepted in the field
of environmental toxicology, concerns regarding their utility are generally associated with
the potential lack of ecological relevance (e.g., reviewed in Posthuma et al., 2002). However,
in the absence of alternate approaches, SSDs are useful in supporting environmental
decisions if these are developed with high-quality data and based on reasonable
assumptions. As a result, SSDs are used and recommended in both regulatory and risk
assessment applications (e.g., Posthuma et al., 2002; Suter 11, 2016).

Results from the current study showed that: 1) there was a high degree of similarity between
cold-water and non-Acrctic species resulting in comparable HC5 estimates; 2) the relative
sensitivity of Arctic species was within the range of non-Arctic species across most SSDs;
and 3) HC5 estimates across media preparations were protective even of the most sensitive
Acrctic species. Some of these results are consistent with previous data interpretations
concluding that there may not be significant regional differences in the sensitivity of aquatic
species to a variety of compounds (Camus et al., 2015; Chapman and Riddle, 2005; de Hoop
etal., 2011; Olsen et al., 2011), at least based on short acute exposures and existing
toxicological information. In pure compound testing, Arctic and temperate fish and
invertebrates did not differ in their sensitivity to naphthalene (de Hoop et al., 2011), 2-
methyl-naphthalene (Olsen et al., 2011) or the dispersant Corexit 9500A (Hansen et al.,
2014). Likewise, SSDs developed by de Hoop et al. (2011) for constant exposures to whole
oil mixtures expressed as TPH, found a maximum three-fold difference in sensitivity
between species from polar regions and species from other areas, but these differences were
not statistically significant. Similar analyses using acute and chronic toxicity data from
constant exposures to artificially produced water (a mixture of PAHSs, alkylphenols and
organic acids) also found that HC values for Arctic and temperate species were comparable
(Camus et al., 2015).

While related comparative studies are available, there has been little emphasis on
assessments that include toxicity data of chemically dispersed oil, and evaluations have not
focused solely on spiked declining oil exposures intended to represent conditions typical of
surface oil spills. In the current study, evaluations were made using curated data only from
spiked declining oil exposures, with assessments based on several metrics of petroleum
hydrocarbon exposure including PAHs, which have been recommended for hazard
assessments (Bejarano et al., 2014). Overall, the range of percentiles occupied by individual
Arctic species across several SSDs was comparable to those of non-Arctic species, and
closely resembled the ranges occupied by common standard test species. Arctic species had
similar or slightly lower sensitivities than the mysid (A. bahia), with Arctic cod (B. saida) or
sculpin (Myoxocephalus sp.) being among the most sensitive Arctic species, falling in some
cases below the 20t percentile of SSDs. In comparison, previous studies with naphthalene
showed greater sensitivity of Arctic cod than temperate fish species (de Hoop et al., 2011),
while Gardiner et al., (2013) did not find differences in sensitivities between Arctic cod, and
three temperate fish species (A. affinis, M. beryllina, and F. grandjs) and other invertebrate
species (e.g. copepods, mysids or crabs). In the current study, Calanoid copepods were
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moderately sensitive to dispersed oil products as their position on SSDs was generally at or
above the 50t percentile (7 of 9 SSDs). However, toxicity data has shown slightly higher
sensitivity for C. finmarchicus (3,267+ 1,548 pg/L; n=6) than for C. glacialis (6,180+ 2,491
ug/L; n=3) (Gardiner et al., 2013; Hansen et al., 2011; Nordtug et al., 2011), which could be
attributed to larger lipid contents in C. glacialis (Hansen et al., 2013; Hjorth and Nielsen,
2011; Jensen et al., 2008). Thus, understanding the biological traits that drive differences in
relative species sensitivities continues to be a research priority.

The eight Arctic species included in the current study are ecologically important as they play
key roles in the Arctic food web (e.g., Nahrgang et al., 2016; Nordtug et al., 2011). However,
since limited oil toxicity data are currently available for these species, additional tests under
various experimental conditions are needed at least for the most sensitive species. In the
current study, juvenile Arctic cod was among the most sensitive Arctic species, yet, earlier
life stages are likely to be even more sensitive. For example, eggs of Arctic cod exposed to
low concentrations (<10 pg/L) of petroleum hydrocarbons in WAF from a light oil showed
developmental effects manifested in larvae, including spine malformation, yolk sac
alterations and reduced length (Nahrgang et al., 2016). Given current knowledge gaps,
further toxicity studies could include spiked declining exposures with single hydrocarbons,
and physically and chemically dispersed oil, reporting acute and chronic endpoints from an
extended observation period, and when possible, including different life stages of the same
species. Longer observation periods are critically important as Arctic species are known to
exhibit increase response times to petroleum hydrocarbon exposures possibly related to their
adaptations to low temperatures (Gardiner et al., 2013; Hansen et al., 2013; Olsen et al.,
2011). Although not the focus of the current study, two additional and important research
needs regarding exposures to petroleum hydrocarbons include: 1) understanding how unique
characteristics of Arctic species (i.e., lower metabolic rates, larger lipid content, the presence
of blood antifreeze peptides, etc.) influence their vulnerability; and 2) determining impacts
on populations of key Arctic species and their implications on resilience and recovery, and
ecological processes (i.e., trophic level impacts). In addition to these recommendations,
there are several practical challenges in conducting toxicity tests under Arctic conditions
requiring further consideration. The Arctic marine environment is extremely complex, with
seasonally varying salinity, temperature, ice cover and incident solar radiation that can affect
exposure pathways, hydrocarbon toxicity, and the sensitivity of aquatic organisms to
petroleum hydrocarbon exposures (Nevalainen et al., 2017). Because of these complexities,
standardized laboratory oil dosing and WAF preparations may not be representative of
hydrocarbon partitioning and composition in the Arctic environment. Furthermore, toxicity
data collected under prescribed test conditions may not represent the range of Arctic species
sensitivity under varying or suboptimal salinity and temperature regimes (Barron and
Ka’aihue, 2003). Phototoxicity is also known to be an important determinant of petroleum
toxicity, but risks to Arctic species are largely unknown (Barron and Ka'aihue, 2001). Thus,
additional research on several key areas is recommended to more completely define the
sensitivity of Arctic species, and in particular on the contributing factors that influence oil
toxicity in the Arctic environment. Data from such studies are important in informing both
modelling efforts on the impacts of oil spills (Olsen et al., 2013b) and oil spill response and

Mar Pollut Bull. Author manuscript; available in PMC 2018 September 15.



1duosnuel Joyiny vd3 1duosnuep Joyiny vd3

1duosnue Joyiny vd3

Bejarano et al.

Page 9

planning in the Arctic (NRC, 2014), as well as allowing further and more detailed
comparisons of toxicological responses between Arctic and non-Arctic species.

The growing body of literature from comparative studies collectively support the premise
that toxicity data from spiked declining and constant exposures on non-Arctic aquatic
species could be used as surrogate for Arctic species, or to supplement datasets with Arctic
species resulting in greater taxonomic and functional diversity. Assessments based on larger
and more robust datasets would likely have lower uncertainty and may offer greater
protection of the most sensitive species. These larger datasets could aid in risk based
evaluations of physically and chemically-dispersed oil in the Arctic and in other cold-water
regions.
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Highlights

. Open waters in the Arctic have expanded opportunities for oil exploration

. Species sensitivity was assessed using a curated dataset of spiked declining
oil exposures

. Acrctic cod and sculpin are among the most sensitive Arctic species to oil
exposures

. Artic and non-Arctic aquatic species have comparable sensitivities to oil
exposures

. Hazard concentrations are protective of the most sensitive Arctic species
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Figure 1.
SSDs for TPH (O), PAH (O) and parent naphthalene (A) with
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data from cold-water species

(Arctic and sub-Arctic; blue) and non-Arctic species (back) for water accommodated

fractions (WAF, including MEWAF) and chemically enhanced
all available data for fresh light (API gravity 31.3-44; 16 oils)
gravity 24.8-30.6; 4 oils) oil products.
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Figure 2.

SSDs developed with data from water accommodated fractions (WAF, including MEWAF)
of fresh light oil products (API gravity 31.3-44; 16 oils), and WAF, and chemically
enhanced WAF (CEWAF) of fresh medium oil products (API gravity 24.8-30.6; 4 oils).
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Estimated HC5s and 95% Cls for TPH, PAH and parent naphthalene from several SSDs developed with data
from water accommodated fractions (WAF, including MEWAF) and chemically enhanced WAF (CEWAF)
with light (API gravity 31.3-44; 16 oils), medium (API gravity 24.8-30.6; 4 oils), Alaska North Slope (ANS),

Prudhoe Bay (BP) and No. 2 fuel oil products.

Exposure media® Analytes HC5 (95%Cl) Most sensitive SSD
ug/L Arctic species Percentile
TPH 956 (590-1,472) Salvelinus malma 29th
WAF+MEWAF light oils PAH 27.6 (20.1-37.7) NA NA
Naphthalene 8.13 (5.13-12.74) S. malma 5gth
TPH 2,935 (2,115-3,993) | Boreogadus saida gth
WAF+MEWAF medium oils
PAH 74.9 (58.4-95.4) B. salda 17th
TPH 3,907 (2,590-5,813) | Myoxocephalus sp. 73t
CEWAF medium oils
PAH 282 (225-350) Calanus glacialis 50th
WAF+MEWAF No. 2 fuel oil TPH 488 (269-819) Eualus suckleyi 30t
WAF+MEWAF ANS oil TPH 2,501 (1,754-3,459) | B. saida 13th
CEWAF ANS oil TPH 4,807 (3,270-6,958) | Myoxocephalus sp. 75t
TPH 5,600 (4,214-7,386) | B. saida 25th
WAF+MEWAF +CEWAF ANS+PB oils | PAH 170 (144-199) Myoxocephalus sp. 17t
Naphthalene 33.2 (26.8-40.7) Myoxocephalus sp. 17t
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