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Chemical dispersion is an oil spill response strategy where dispersants are sprayed onto the oil slick to enhance
oil dispersion into the water. However, accidental application could expose seabirds to dispersants, thereby
negatively affecting their plumage. To understand the possible impacts on seabirds, feathers from common eider
(Somateria mollissima) and thick-billed murre (Uria lomvia) were exposed to different dosages of the dispersant
Dasic Slickgone NS. For all exposure dosages the feathers increased in weight, and mostly for common eider.

Analysing the feather microstructure, e.g., the Amalgamation Index, showed that larger damages were found on
thick-billed murre than common eider. A no-sinking limit was established at 0.109 ml/m?2. Relating this value to
desktop simulations of potential sea-surface dosages in real-life situations, and to published accounts of response
operations, showed that the limit is likely to be exceeded. Thus, our results show that chemical dispersants in
realistic dosages could impact seabirds.

1. Introduction

The majority of seabirds spend 90 % of their life at sea where they
forage over large areas or dive to depths of several hundred meters
(Gaston, 2004). In order to survive in a wet and often cold environment,
seabirds rely on an intact plumage. An intact plumage will ensure that
the plumage is water repellent, that the seabird have the best diving and
floating capacities (buoyancy, hydro- and aerodynamic abilities) and
that there is an airspace between the surface of the plumage and the skin
to secure thermal insulation and thereby thermal regulation (Jenssen
and Ekker, 1991; Stephenson, 1997). The physical phenomenon that
determines the intact plumage is the surface tension (Stephenson, 1997;
Stephenson and Andrews, 1997). According to Stephenson (1997), the
critical surface tension where feathers will be wetted is 38-50 mN/m.
The surface tension of pure water is approximately 72 mN/m, but this
can be reduced to the critical surface tension or below if oil or surfac-
tants are introduced. This would result in a reduction of the natural
space between barbs, which would cause wetting of the feathers (Ste-
phenson, 1997). If a seabird is exposed directly to oil, for example in
case of an oil spill, the oil will stick to the feathers thereby changing the
surface tension of the feather, and thus allowing seawater to enter the
insulating airspace between the surface of the plumage and the skin of
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the seabird leading to hypothermia (Jenssen, 1994). This loss of tem-
perature regulation would be especially harmful in cold environments
such as the Arctic.

In general, oil spills are known to result in severe environmental
impacts and it is crucial to be able to respond both quickly and effi-
ciently to reduce the potential impacts. One oil spill response technique
is the application of chemical dispersants. Chemical dispersants are
sprayed onto the oil slick and with sufficient mixing energy the oil is
removed from the sea surface and dispersed into the water column.
Chemical dispersants consists of two main compounds; the surface-
active compound (surfactant) and the solvent. The solvent carries the
surfactant into the oil where the surfactant migrates to the oil/water
interface due to its chemical composition, and reduces the interfacial
tension between oil and water, and thereby allows small oil droplets to
break from the slick into the water column (Canevari, 1969). With
sufficient dispersant and external energy applied e.g. by waves, the oil
slick may be permanently dispersed into the water column, as oil
droplets smaller than 70 pm (Blondina et al., 1999). However, according
to Peakall et al. (1987) it might be likely that the dispersion will be
incomplete “due to depletion of the surfactant from the slick”. For high
viscous oils, the penetration of dispersant could be very slow, resulting
in possible wash-off of the dispersant (Brandvik and Faksness, 2009).
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This may be the case after long time weathering of an emulsified oil at
sea. Even when still dispersable, oils with a high viscosity may require
multiple rounds of application to be successfully dispersed (Daling et al.,
1990). During the response to the Deepwater Horizon oil spill in the Gulf
of Mexico in 2010, over 25,000 barrels (4000 m?) of dispersants were
applied on the surface (in addition to subsea application at the well-
head). According to Lehr et al. (2010), surface dispersants were typi-
cally applied by aircraft, at a dose of 5000 1 per square kilometre, cor-
responding to a film thickness of about 5 pm on the sea surface. Lehr
et al. (2010) also pointed out that it is likely that some of the dispersants
would have missed the oil, and been applied on open water instead, and
that 25,000 barrels (4000 m®) is in itself a large spill.

In the case of spills in ice-covered waters, dispersants may be applied
to oil in open water between ice floes. This presents a risk of misappli-
cation of the dispersant and thereby loss of dispersant as the dispersant is
not soaked into the spilled oil (Lewis and Daling, 2007). Open water
areas in between ice floes, are of particular interest as these are often
used to feed in by many seabirds, e.g. black guillemots (Cepphus grylle),
and king eiders (Somateria spectabilis) (Boertmann et al., 2004; Boert-
mann et al., 2006). Therefore, even though the intention behind appli-
cation of dispersants is to remove oil from the sea surface, and thus
reduce the risk of damage to birds there is a clear possibility that sea-
birds might get in contact with dispersants, as also pointed out by
Fiorello et al. (2016). Therefore, there is a need to investigate effect of
chemical dispersants on seabirds, to have a full picture of the potential
environmental impacts of the use of chemical dispersants.

Few studies have looked into the effect of chemical dispersants in
combination with oil on seabirds. Lambert et al. (1982) studied the
impact on the basal metabolic rate of mallards (Anas platyrhynchos) from
oil and oil-dispersant mixtures. They found that both oil and oil-
dispersant mixtures had an effect on the metabolic rate of the mal-
lards, but exposure to seawater and dispersant alone (Corexit 9527) did
not show any increase in metabolic rate. Jenssen and Ekker (1991)
looked at the effects of plumage contamination with crude oil-dispersant
mixtures on the thermoregulation of mallards and common eiders
(Somateria mollissima). The dispersants were Finansol OSR-5® and OSR-
12® and the crude oil Statfjord A. The birds were exposed to oil or
mixtures of oil and dispersants. It was found that both crude oil and oil-
dispersant mixture had an effect on the heat production (increase), but
that much less oil-dispersant mixture was needed to give an effect. The
authors suggest that this is due to the surfactants in the dispersant, that
more easily adhere to the feathers binding to the hydrophobic waxes
(Jenssen and Ekker, 1991). Of the two species examined by Jenssen and
Ekker (1991) the common eiders were found to be the most sensitive
one, most likely due to the soft and air-filled plumage of eiders adapted
to spend most of the year in the marine environment. This highlights the
importance of studying several bird species as the effect may not be
directly comparable due to the different structures of their plumage.
Moreover, Whitmer et al. (2018) evaluated the effects of dispersants and
crude oil on live common murre (Uria aalge) and found that the water-
proofing ability of the plumage was negatively affected in a similar,
dose-dependent manner by both crude oil and chemically dispersed
crude oil. They also found that birds exposed to high concentrations of
dispersant alone experienced an immediate life —threatening loss of
waterproofing and buoyancy.

This paper seeks to increase the knowledge base regarding chemical
dispersants and their potential impact on seabird feather microstructure.
Feathers from two arctic seabird species, common eider and thick-billed
murre, were exposed to the chemical dispersant Dasic Slickgone NS to
measure the feather weight increase, possible sinking and damages on
the feather microstructure. The experimental dosages are compared to a
simulated dispersant application and corresponding dosages at the sea
surface and to published accounts of response operations in order to
relate the results to realistic conditions during oil spill operations.

Dasic Slickgone NS was selected as a dispersant as it is included in the
oil spill response equipment for Greenland, where it may be applied in
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ice-covered water. Daisc Slickgone NS is likewise approved in the United
Kingdom, Norway and Australia among others. Dasic Slickgone NS is
efficient on a broad spectrum of oils also at low temperatures (GOSR,
2021). The type of dispersant selected as well as those referred to in the
literature have different optimum for efficiency, but overall are built
based on the same principles.

While the intention behind application of dispersants is to remove oil
from the sea surface, and thus reduce the risk of damage to birds, it is
relevant and necessary to weigh this against the potential damage from
the dispersants themselves. Hence, dispersant alone without oil was
selected to study the hazard potential of dispersant in the case of
misapplication offshore, in open water areas between ice floes or in case
of an unintended dispersant spill.

2. Materials and methods

The laboratory study included exposure of seabird feathers in
different dosages of chemical dispersants and subsequent measurements
of impacts and damages on the feather microstructure following a
modified methodology of O'Hara and Morandin (2010) and described in
Fritt-Rasmussen et al. (2016). In addition, changes in the total weight of
the feathers due to increased uptake of water were measured.

The samples for testing were seawater with different amounts of
chemical dispersants applied and as controls, pure seawater exposures
were included. The chemical dispersant used for the project was Dasic
Slickgone NS, provided from the stock at Greenland Oil Spill Response
A/S. Tt is a chemical dispersant developed for marine and coastline oil
spills. Feathers used in this study came from legally hunted Common
eider (Somateria mollissima) and Thick-billed murre (Uria lomvia) bought
in Nuuk, Greenland. Both Common eider and Thick-billed murre are
seabirds widespread in the coastal areas in Greenland as well as the rest
of the Arctic. The feathers from the chest of the birds were carefully
removed and stored to avoid any unwanted disturbances of the feather
structure. At no point were the feathers frozen.

2.1. Exposure experiments on seabird feathers

Different amounts of dispersant (Table 1) were applied to the dishes
(two sizes: Petri dish (A = 0.0095 mz) and Large dish (A = 0.11 mz)).

The mechanical exposure follows the same procedure as described in
Fritt-Rasmussen et al. (2016): A glass dish (Petri dish or Large dish) was
filled with seawater (30 %o). The preferred amount of dispersant was
carefully transferred to the seawater surface with a glass micropipette.
The feather was weighed and subsequently placed on the surface film in
the dish for 15 s using tweezers and picked up by the calamus. Hereafter,
the feather was drawn three times over the surface (to simulate me-
chanical stress) and finally the feather was placed on the surface for 15s.
The feather was then weighed. The feather was placed on a microscope
slide, with the convex surface upwards and a smaller cover glass was
place over the tip of calamus to fix the feather. The feather was inspected
in microscope and photographed in four locations with a magnification
of 11.25x, two locations on each side of the middle (Fig. 1). The photos
were used for quantifying the damages on the feather microstructure by
use of the ‘Barbule Amalgamation Index (AI)’. The Al index was devel-
oped by O'Hara and Morandin (2010) and used to quantify the clumping
of barbules. The clumping relates to the capacity of the feather to repel
water, which, among other things, is dependent on the ratio of barb
thickness and distance between barbs (Stephenson, 1997). Thus, the Al
is a measure of the damages to the microstructure of the feathers, where
a higher number indicates larger damages. Three sections of approxi-
mately 25 barbules on each of the magnified photographs for each
feather were assessed and Al calculated as mean number of barbules per
clump (Fig. 1). This results in 12 AI for each feather.
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Table 1
Test setup and calculated film thicknesses.
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Bird Dispersant Water surface area Amount dispersant relative to the water surface area Calculated film thickness n feathers per treatment
[ul] [m*] [ml/m?] [pm]
Common Eider" 0 0.11 0 0 2
Common Eider 1.2 0.11 0.011 0.011 3
Common Eider 12 0.11 0.109 0.109 3
Common Eider” 0 0.0095 0 0 4
Common Eider 1.2 0.0095 0.13 0.13 3
Common Eider 6 0.0095 0.63 0.63 3
Common Eider 48 0.0095 5.05 5.05 3
Common Eider 96 0.0095 10.11 10.11 3
Thick-billed Murre® 0 0.11 0 0 2
Thick-billed Murre 1.2 0.11 0.011 0.011 3
Thick-billed Murre 12 0.11 0.109 0.109 3
Thick-billed Murre® 0 0.0095 0 0 3
Thick-billed Murre 1.2 0.0095 0.13 0.13 3
Thick-billed Murre 6 0.0095 0.63 0.63 3
Thick-billed Murre 48 0.0095 5.05 5.05 3

2 Controls, no dispersant is added and pure seawater exposure.

Feather Photo No. of

ID ID Replicates barbules Amalgamation Al

El E1-1 1 25 11 1111121124242 1.64
2 25 1111141213144 1.43
3 24 34 2 4 2 1 4 4 3.00

Fig. 1. Overview of feather details (top), with indications of where the photos (no.1-4) were taken on each feather (top middle). Example of a detailed photo with a
magnification of 11.25x and indication of the three sections of barbules counted to calculate the AI (to right). Table below is an example of the Al results from

Common eider control experiments.
Adapted from Fritt-Rasmussen et al. (2016).

2.2. Data treatment

Ordinary regression analyses were applied to test the relationship
between weight differences after exposure and amount of dispersant/
surface area. The Al of each feather was calculated as the mean of the Al
count on the four photos on which three locations were counted. The
relationships between the Al mean and the log-transformed amount of
dispersant/surface area were estimated by linear regression. Ninety five
percent confidence limits of the AI control mean were used as baseline
level. Statistical analyses were done by using the software R version
3.1.3 (R Core Team, 2015).

2.3. Chemical dispersant simulation

A theoretical analysis was performed to simulate the dispersant
concentration, thickness and spreading on the surface in a situation
where the dispersant is not hitting the oil, i.e. an unsuccessful oil
dispersion operation. To calculate the time development of the thickness
of a film of dispersant on the sea surface, it is assumed that the dispersant
does not dissolve readily, that it behaves as a film on the water surface
and that the mechanism of gravity spreading will occur. Gravity
spreading is relevant for oils and any other (Newtonian) fluids that do
not dissolve readily and are lighter than water. According to its material

data sheet (TODNEM AS, 2015), the dispersant is less dense than water
and weakly soluble to not soluble in water, in support of our assump-
tions. We also assume that we may ignore emulsification, and other
effects of the surfactants. The validity of these assumptions will in
practice depend on the weather conditions, and the calculations below
may be seen as an estimated thickness in calm weather conditions,
intended mainly to provide some context for the experimental results.

The rate of spreading is calculated from the balance of two forces:
The spreading force due to the density difference, and the retarding
force due to the dynamic viscosity of the water. For calculation of the
slick radius and thickness as a function of time Eq. (1) was used, taken
from Bronner et al. (2018), assuming an instantaneous release with a
given initial film thickness over a circular area. This ordinary differential
equation was solved numerically to calculate the radius and thickness as
a function of time. We have assumed a density of the dispersant of 0.87
kg/1, and a dynamic viscosity of the water of 0.0015 Pa s, which cor-
responds to seawater at about 8 °C.

2
3

(Puby) @

d . /
IR = (i)
where hy is the oil film thickness in the centre of the slick, p and p,, are
the density of oil and water, g = g (py, — p)/pw is the reduced gravity, R is
the radius of the slick, p,, is the dynamic viscosity of water, and c is a
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Table 2
Initial values for the two scenarios simulating unsuccessful dispersant
applications.

Amount of dispersant Application area Application radius

7000 1
7000 1

667 m
20 m

Scenario 1 1,400,000 m?

Scenario 2 1260 m?

constant to be determined empirically (for additional details see Bronner
et al., 2018).

Two scenarios have been selected for the simulation of unsuccessful
dispersion operations (Table 2). Scenario 1 imitates a dispersant appli-
cation operation over a large sea area, whereas Scenario 2 simulates an
unintended release of dispersant in a small patch. Both scenarios are
surface releases.

3. Results
3.1. Increase in feather weight by dispersant exposure

Common eider feathers had significant (Two-way ANOVA, p <
0.001) higher weight increase compared to thick-billed murre (Fig. 2).
For thick-billed murre a significant relationship (p < 0.001) was found
between weight increase and amounts of dispersant applied, while the
null hypothesis for this relationship for common eider was just above the
significant level of 5 % (p = 0.063). The only feathers that did not sink
were those exposed to the lowest amounts of dispersant applied in the
larger dish (0.011 ml/m?). This is valid for both bird species.

3.2. Changes in Amalgamation Index by dispersant exposure

No significant relationship was found between average Al and the
amount of dispersant relative to the surface area in the experiments (ml/
m?) for eider (p = 0.143), while the relationship was significant for
thick-billed murre (p = 0.009) (Fig. 3). The results showed that some-
what larger damages were seen on the microstructure of the thick-billed
murre feathers than the eider feathers.

From the magnified photographs, indications of a weak trend of
increasing barbule thickness besides also clumping of the barbules were
possibly seen; though not possible to measure or quantify. Photographs
of a feather for each of the exposure dosages are given as examples in
Figs. S1 and S2.

Common eider
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Fig. 3. Amalgamation Index (AI) as a function of amount of dispersants relative
to the surface area (ml/m?) for common eider (top) and thick-billed murre
(bottom). Note that the x-axes are logarithmic (log (e) transformed). The red
lines represent the mean of the salt water control. Broken lines 95 % confidence
limits of the mean. Note that the x-axes vary, due to variations in exposure tests,
see Table 1 for details. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)
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Fig. 2. Weight increase of feathers as a function of the amount of dispersant/surface area (ml/m?) for Common Eider and Thick-billed Murre feathers.
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Fig. 4. Slick radius and slick thickness development with time for Scenario 1 (left) and Scenario 2 (right). Note that the vertical axes do not start at zero in the left
panel, and that the radius and thickness are approximately unchanged after 6 h for Scenario 1. For Scenario 2, the thickness is shown on a logarithmic scale.

3.3. Chemical dispersant model simulation

For the model simulation scenario with a large initial radius (Sce-
nario 1), essentially no gravity spreading is seen during the 6 h simu-
lation period (Fig. 4). This is caused by the very thin initial film
thickness that entails only very small gravity spreading forces in addi-
tion to the very large circumference of the slick, where the friction from
the water inhibits the spreading. For Scenario 1 it is therefore more
likely that waves and current eddies would be more relevant for the
break-up and spreading of the dispersant. However, for Scenario 2,
where a large initial dispersant amount was released at a small initial
area, a large amount of gravity spreading is seen, and after 6 h the radius
increased to about 150 m and the film thickness decreased to about 0.1
mm (Fig. 4).

The initial amount of dispersant relative to the water surface area
was calculated from the initial amount of dispersant and area (Table 2),
assuming even distribution, and was 5 ml/m? and 5500 ml/m? for
Scenarios 1 and 2, respectively. After 6 h this was reduced to 105 ml/m?
for Scenario 2. For Scenario 1, the area and thickness essentially did not
change, due to the initially very low thickness, and it must be assumed
that wind and wave action with time will break down the dispersant into
minor patches.

4. Discussion
4.1. Effects on feathers from exposure

The results from the weight increase measurements showed that for
all the dosages there was an increase in feather weight compared to the
experiments conducted with seawater only. The weight increase is a
result of water and/or dispersant uptake. It was not possible to quantify
the proportion of dispersant to water contributing to the weight gain.
However, the weight gain can be seen as a simple indication of that the
critical surface tension where the feathers are wetted have been met.

The weight increase was higher for common eider than for thick-
billed murre. This was also observed in Buist et al. (2017), where both
common eider and thick-billed murre feathers were exposed to chemical
herders (a surface active product which contracts an oil slick on the
water surface by exerting a higher spreading pressure than the oil slick)
and the highest feather weight increases were seen for common eider
feathers. This interspecies difference in sensitivity, is most likely related
to the difference in the feather microstructure as common eiders have a
soft and air-filled plumage that more easily collapses than other species
(Jenssen and Ekker, 1991; D'alba et al., 2017). This explanation, was
however not fully supported by the AL The AI is a measure of the
damages to the microstructure of the feathers, where a higher number
indicates larger damages. The results show that somewhat larger

damages were seen on the microstructure of the thick-billed murre
feathers than common eider feathers based on the Al assessment (Fig. 3).

There is a relatively large spreading in the Al results for each dosage
exposure experiment, which might be a result of the weakness of the AI
method. The method was developed to quantify impact of oil on
feathers, by calculating the clumping of the barbules (O'Hara and
Morandin, 2010). However, in the magnified photos it was seen that
exposure to a chemical dispersant possibly also increases the thickness
of each barbule in addition to clumping of the barbules (Fig. 5B and D,
and Figs. S1 and S2). This increase of thickness of barbules, is however
not directly reflected in the AI result and might explain the large vari-
ation in experimental results and the lack of correlation between
increased dosage and Al Changes in the structure of the feathers (ge-
ometry and orderliness) as well as different crystalline or amorphous
matrix salts being more abundant in feathers exposed to dispersants was
shown in Duerr et al. (2009). Duerr et al. (2009) suggests that these
immediate alterations are “...due to direct disruptive effects on the
waterproofing characteristics of the feathers, leading to large amount of
water remaining on each feather...”. Hence, the possible increase in
barbule thickness could be a result of water adhesion.

Further studies are needed to understand this mechanism as well as
the long term effects from chemical dispersants on seabirds, which has
not been studied here.

4.2. Chemical dispersant model simulation

From the experiments it was shown that all feathers sank, except
those exposed to the lowest dosage (0.01 ml/m?), hence a ‘no sinking
limit’ is somewhere in the interval between 0.01 ml/m? and 0.109 ml/
m? of dispersant. However, it should be noted that significant weight
increases were still seen for the lowest dosage. As our study does not
address directly individual or population level impacts, there is a chal-
lenge of translating feather level impacts to individual or even popula-
tion level impacts. The exposed feathers from our study originated from
the chest of the bird, and are thus likely to encounter a surface dispersant
slick on the surface. Therefore we speculate that for a seabird swimming
through a dispersant film with a thickness above the ‘no sinking limit’ it
could possibly result in changes in buoyancy and loss of insulation. The
same conclusions were also suggested by Duerr et al. (2009). Lambert
et al. (1982) also observed that Mallard ducks “sank to a much lower level
than normal” (Lambert et al., 1982) when swimming in water sprayed
with the dispersant Corexit 952. The surfactant is suggested to break the
water repellent barrier of the feathers and the birds could not shake or
preen the water off their plumage and remained wet for a long period
(Lambert et al., 1982). Lambert et al. (1982) also measured the meta-
bolic rates by measuring the exchange of respiratory gasses, and no sign
of increase in the basal metabolic rate was found for the birds swimming
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A. Common eider (0 01 1 ml/mz)

"5,.\:‘55:*
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B. Common eider (10.11 ml/m?)

Fig. 5. Examples of low and high dispersant exposure dosage of feathers from common eider (A and B) and thick-billed murre (C and D). Magnification of 11.25x.

in water sprayed with dispersants, suggesting that only the surface
feathers were soaked in water.

The population level impact will depend on how large a proportion
of the population is affected by the dispersant and the general status and
vulnerability of the affected population, i.e. if the number of dead in-
dividuals exceeds a certain limit the population may not recover. Studies
on seabird mortality from oil exposure indicate little correlation be-
tween oil spill size and number of dead seabirds, and that bird density
(location) and weather (including seasonal and climatic factors) largely
determine the number of dead seabirds (Clark, 1984). This also seem
applicable for a potential dispersant exposure. Further, the species
vulnerability vary depending on species behaviour, e.g. bird species
resting and foraging on the surface may be more likely to be exposed to a
surface slick than a plunge diver spending more time in the air (Mor-
andin and O'Hara, 2014).

To relate the ‘no sinking limit’ identified in this work to potential
dosages found on the sea surface in case of an unsuccessful oil dispersion
operation, two desktop simulations were completed (Section 3.3), and
these are also related to published accounts of dispersant application
operations during oil spill response. The two simulations of the fate of a
surface dispersant slick revealed surface dosages of 5 ml/m? and 105
ml/m?, respectively for Scenario 1 and Scenario 2, after 6 h of spreading.
Scenario 1 was designed to simulate application of dispersant over a
large area of on the sea surface, similar to regular application of dis-
persants, whereas Scenario 2 simulates an unintended release of
dispersant to a confined area. However, for both scenarios the “no-
sinking limit” is exceeded. This points out that the “no-sinking” limit

could be exceeded in a real-life situation. The initial thickness in Sce-
nario 1, 5 pm, corresponds to the normally applied dosage in surface
dispersant application from aircraft during the Deepwater Horizon oil
spill (Lehr et al., 2010). This corresponds to a dosage of 1:200, assuming
a 1 mm slick thickness, which according to Bejarano et al. (2013) is a
standard recommendation for aerial application. Note however that
dosing to some degree is adjusted according to oil slick thickness and
weathering state of the oil, with higher dosages required for more
heavily weathered oil. A dosage of, for example, 1:50, would correspond
to a 2 pm dispersant film when treating a 0.1 mm thick oil slick.

The simulations do not take wind and wave action into consider-
ation, and it is expected that with time the dispersant will break down
into smaller patches and disperse. Thus, the potential impact period of
seabirds is not known. The biodegradation of dispersant surfactants in
cold seawater, i.e. the biotransformation of the surfactants dioctyl-so-
dium sulfosuccinate (DOSS), Tween 80, Tween 85, and
o/p-ethylhexylsulfosuccinate (EHSS, expected DOSS hydrolysis product)
in the commercial dispersants Corexit 9500, Dasic Slickgone NS and
Finasol OSR52 were studied by Brakstad et al. (2018). The studies were
performed in natural seawater at 5 °C over 54 days at concentrations of
1, 5, and 50 mg/1. 1 mg/1 was assumed close as possible to expected field
concentrations and showed rapid biotransformation of Tween 80 and
Tween 85, with depletion after 8 days, DOSS showed rapid biotrans-
formation after a lag period of 16 days and EHSS showed limited
degradation. This study shows that the surfactants DOSS, Tween 80 and
Tween 85 in the three chemical dispersants studied are biodegradable in
cold seawater, however after a lag period, during which the dispersant
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could potentially impact the environment, including seabirds.
5. Conclusions

Oil spills are known to result in severe environmental impacts. For
seabirds, that spend the majority of their life at sea resting or diving,
exposure to an oil spill, even in small amounts, will result in damages to
the plumage and subsequently lethal hypothermia. Chemical dispersants
may be considered for removing oil spill from the sea surface. Chemical
dispersants are sprayed onto the oil slick and with sufficient mixing
energy; the oil disperses into the water column. During application of
chemical dispersants, there is a risk of misapplication of the dispersant,
outside the oil covered sea surface and therefore it is possible for sea-
birds to be exposed to the dispersant on the sea surface. While the
intention behind application of dispersants is to remove oil from the sea
surface, and thus reduce the risk of damage to birds, it is still relevant
and necessary to weigh this against the potential damage from the dis-
persants themselves.

Our study showed that exposure of seabird feathers to chemical
dispersants even in low dosages may have an impact, through the uptake
of water and subsequent weight increase, sinking and damages on
feather microstructure. The water uptake was mostly significant for the
common eider compared to the thick-billed murre. Common eiders
feathers are also considered to create a softer and more air-filled
plumage. At the same time more damages were identified on the
feather microstructure of thick-billed murre compared to common eider,
based on the Al assessment. However, we speculate that the Al, a well-
established method for oil impact assessment, is an uncertain method for
dispersant impact assessment, as the dispersant results in increased
water uptake of the individual barbules besides the clumping effect
assessed with Al

A no-sinking limit on feathers was established to be in the interval
between 0.01 ml/m? and 0.109 ml/m? of dispersant. Relating this level
to our model simulations of potential dosages found on the sea surface
we use the upper end of the interval as no-sinking limit. In case of an
unsuccessful dispersion operation our simulation indicates that the no-
sinking limit is likely to be exceeded, at least for some time. These
concentrations have also been reached during response operations for
oil spill incidents, such as during the Deepwater Horizon oil spill (Lehr
etal., 2010), where dispersants were applied at the surface at dosages far
exceeding the no-sinking limit found here. We conclude that, our results
indicate that chemical dispersants at realistic dosages could impact
seabirds which should be accounted for as a risk during the planning of
oil spill response operations.
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