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Abstract 
 
Marine plastic pollution is a widespread and increasing problem. Due to the chemical and physical 
properties of plastic, it tends to persist in the marine environment over long periods of time where it 
has the potential to harm fauna and flora. Among the many threats posed by plastic, ingestion of 
plastic is frequently observed in a variety of species. Seabirds, and especially the Procellariiformes, 
are commonly found with high levels of ingested plastics. Apart from the physical dangers of 
ingested plastics (e.g. internal injuries and lodging in the digestive system), there is concern that the 
chemicals added to and adsorbed to the plastic could be absorbed by the bird and exert toxic effects. 
The aim of this study was to investigate this by expanding upon and comparing two datasets on 
northern fulmars (Fulmarus glacialis) in relation to the contaminant concentration in selected tissues 
and ingested plastics.  
 
Fulmars from the Faroe Islands were all bycatch victims from longline fisheries caught in 2011 and 
fulmars from Norway were predominantly bycatch from fisheries in 2012 and 2013, supplemented 
with a few individuals found beached. Upon dissection, plastic content in the stomach was quantified 
and tissues (liver for the Faroese fulmars and muscle and liver for the Norwegian fulmars) were 
frozen for subsequent chemical analyses. Tissues were analysed for a suite of persistent organic 
pollutants: polychlorinated biphenyls, polybrominated diphenyl ethers, perfluoroalkyl and 
polyfluoroalkyl substances, metabolites, organophosphate flame retardants, 
dichlorodiphenyltrichloroethane and other pesticides. The data were then analysed statistically to 
examine whether there were associations between the level of ingested plastic and contaminant 
concentration in the fulmars, in addition to comparing contaminant burdens between Faroese and 
Norwegian fulmars. 
 
After correcting for the multiple testing, there were no statistically significant differences in 
contaminant concentrations between the various plastic ingestion groups. The contaminant 
concentrations in liver in Faroese and Norwegian fulmars were not significantly different after 
correcting for the multiple testing. Thus, it appears that ingested plastic is not a significant route of 
exposure to the adsorbed contaminants analysed herein for the fulmar.  
 

1 Introduction 
 
Over five trillion pieces of plastic pollute the surface of the world’s oceans according to a recent 
estimate (Eriksen et al., 2014) and marine plastic pollution is recognized as an area of global concern 
(Thompson et al., 2009; UNEP 2011; Bergmann et al., 2015). The majority of marine plastics are 
consumer products (e.g. food packaging, cigarette filters, bottles, bags, commercial and recreational 
fishing gear) and manufacturing pellets (Derraik, 2002). The common denominator for each piece of 
marine plastic is that it was the improper handling by humans, either accidentally or deliberately, 
which led to it ending up in the ocean (Sheavly and Register, 2007).  
 
Plastics are synthetic polymers and are composed of a variety of different chemical classes such as 
polyethylene, polypropylene, polystyrene, polyethylene terephthalate and polyvinyl chloride 
(Andrady, 2011). Although there is some chemical and biological degradation of the plastics, the 
rates of degradation are generally low and the plastics are persistent in the environment (Shah et al., 
2008; Andrady, 2011). Nevertheless, the plastics break into smaller fragments as a result of 
mechanical weathering and degradation, eventually forming microplastics. However, microplastics 
can also enter the ocean from primary sources, such as airblasting media, cosmetics, manufacturing 
pellets and waste from plastic production plants (Moore, 2008; Fendall and Sewell, 2009; Andrady, 
2011). The field is lacking a formal classification system, but it is generally agreed upon that 
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microplastics are defined as those with an upper diameter/length less than 5 mm (Hidalgo-Ruz et al., 
2012).  
 
All plastics, from micro to macro-plastics, are potentially harmful to marine fauna. Wildlife become 
entangled in six-pack rings and abandoned fishing nets, for instance, which frequently lead to 
strangulation/drowning, wounds and an impaired ability to forage and/or avoid predation. Marine 
plastics also act as a transport vector for invasive, alien species which may disrupt local ecosystems. 
Furthermore, plastics are ingested by a wide range of marine fauna from sea turtles to seabirds 
(Barnes, 2002; Derraik, 2002; Moore, 2008; Gregory, 2009; Tourinho et al., 2010; Kühn et al., 
2015). Indeed, several studies have demonstrated the susceptibility of seabirds to ingest plastics (e.g. 
Moser and Lee, 1992; Robards et al., 1995; van Franeker et al., 2011; Trevail et al., 2015). Several 
studies also note the high frequency with which Procellariiformes (which includes albatrosses, 
shearwaters and petrels) are found to have ingested plastics compared to other seabird species, likely 
due to a combination of their inability to regurgitate hard materials, surface feeding behaviour and 
how they mistake plastics for prey (Moser and Lee, 1992; Robards et al., 1995; Tourinho et al., 
2010). Potential consequences of plastic ingestion are internal injuries, ulcers, a false sense of 
satiation and subsequent emaciation and dehydration, and the risk of the plastic lodging in the 
digestive system (Pettit et al., 1981; Azzarello and Van Vleet, 1987; Fry et al., 1987; Pierce et al., 
2004). Additionally, toxic chemicals such as the persistent organic pollutants (POPs) are known to 
adsorb to plastics (Carpenter et al., 1972; Mato et al., 2001; Rios et al., 2007; Teuten et al., 2009; 
Rochman et al., 2013). There are some indications that the POPs on ingested plastic become 
bioavailable and absorbed by seabirds (Ryan et al., 1988; Tanaka et al., 2013). However, there has 
also been indications that the contaminant exposure from ingested plastics is negligible compared to 
exposure from prey (Herzke et al., 2016), thus highlighting the need for further research in this area.  
 
The northern fulmar (Fulmarus glacialis, hereafter fulmar) is a long-lived fulmarine petrel species 
breeding in the North Atlantic and North Pacific Oceans. The fulmar feeds exclusively at sea, where 
its diet consists mainly of crustaceans, cephalopods, fish and offal from fishing vessels (Mehlum and 
Gabrielsen, 1993; Anker-Nilssen et al., 2000). In addition, studies have found plastic in fulmar 
stomachs, as mentioned above (Moser and Lee, 1992; van Franeker et al., 2011; Trevail et al., 2015; 
van Franeker and Law, 2015). The Oslo-Paris Conventions (OSPAR) on the protection of the marine 
environment in the North-East Atlantic have created a set of ecological quality objectives (EcoQO) 
to aid in this endeavour. For the fulmar the EcoQO states that less than 10% of beached fulmars 
collected over a 4-5 year period should have stomach plastic content exceeding 0.1 grams 
(Heslenfeld et al., 2009). This goal, however, has proved hard to achieve (OSPAR, 2011; van 
Franeker et al., 2011; van Franeker and Law, 2015).  
 
Driven by a receding sea ice cover, geopolitics and economics an increase in maritime traffic in the 
Arctic is expected in the future (Brigham, 2011; Kerr, 2012). Despite the ban of disposing waste to 
sea by MARPOL Annex V (International Maritime Organization), ships are a considerable source of 
marine plastics and an increase in marine plastic pollution is anticipated to accompany the rise in 
maritime traffic (Ryan et al., 2009; van Franeker et al., 2011). Considering that arctic fulmars already 
exceed the EcoQO, it is concerning and adds urgency to the research into possible detrimental effects 
of plastic ingestion by fulmars. 
 
1.1 Aim of study 
 
This report aims to statistically analyse two datasets on plastic ingestion by northern fulmars caught 
in the Faroe Islands and Norway and investigate the tissue concentrations of POPs. When possible, 
the contaminant levels in the Faroese and Norwegian fulmars are compared.  
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2 Materials and methods 
 
This report expands upon previous work by Trevail (2014) and Herzke et al. (2016). For the ingested 
plastics, all data herein has been published previously in van Franeker et al. (2013; as part of a larger 
dataset) and Herzke et al. (2016). Trevail (2014) and Herzke et al. (2016) report some contaminant 
data, but further analyses have been performed on the tissue samples and the data on perfluoroalkyl 
and polyfluoroalkyl substances and metabolites are reported here for the first time.  
 
The materials and methods used by the authors of the different datasets are described in detail in van 
Franeker et al. (2013), Trevail (2014) and Herzke et al. (2016). However, they will be briefly 
outlined here. 
 
For the Faroe Island dataset, first published in van Franeker et al. (2013) and Trevail (2014), 
the northern fulmars (Fulmarus glacialis) were all victims of long-line fisheries, caught in 2011. 
Dissections, tissue sampling and stomach analyses were conducted at the IMARES lab in the 
Netherlands following the protocol outlined in van Franeker (2004). Out of 200 fulmars caught, 27 
were chosen for liver tissue analysis at the Norwegian Institute for Air Research (NILU), Tromsø, 
Norway and are the birds used for this study. The sub-samples were chosen on the basis of birds with 
no, moderate (0.03 to 0.08 g; 2-12 pieces) and high (0.27 to 1.42 g; 7-152 pieces) levels of ingested 
plastics.  
 
The fulmars used in the Norway dataset were predominantly caught on long-lines in Northern 
Norway in 2012 and 2013 (n = 72) while three individuals were found beached in Rogaland county, 
as reported in Herzke et al. (2016). Out of the 75 fulmars, 30 were chosen for chemical analyses at 
NILU, Tromsø and are the birds used for this study. Again, the sub-sample was divided into birds 
with no, moderate (0.01 to 0.21 g; 1-14 pieces) and high (0.11 to 0.59 g; 15-106 pieces) levels of 
ingested plastics. Muscle tissue was analysed for all three groups and for the “high” group liver 
tissue was also analysed. The fulmars were dissected at the Norwegian Institute for Nature Research, 
Trondheim, Norway and results published in Herzke et al. (2016).  
 
 
2.1 Analyses of contaminants 
 
The samples were analysed for polychlorinated biphenyls (PCBs), metabolites (Faroe dataset only), 
polybrominated diphenyl ethers (PBDEs), dichlorodiphenyltrichloroethanes (DDTs), pesticides 
(Faroe dataset only), perfluoroalkyl and polyfluoroalkyl substances (PFASs), and organophosphate 
flame retardants (OPFRs; Faroe dataset only). A complete list of analytes is provided in Appendix A. 
 
All the classes of chemicals listed above can sorb to marine plastic from the ambient seawater (Mato 
et al., 2001; Teuten et al., 2009; Rios et al., 2010; Rochman et al., 2013; Llorca et al., 2014). Flame 
retardants, however, are also commonly added to the plastic in the manufacturing process. Thus, 
PBDEs and OPFRs will be present in plastic as a result of both adsorption and intentional addition 
(Alaee et al., 2003; Talsness, 2008). Similarly, due to the desirable physicochemical properties of 
PFASs, they are also frequently added to plastic products (Lang et al., 2016).  
 
 
2.1.1 Chemical analyses 
 
Two grams of tissue (liver or muscle) was homogenized with sodium sulphate (Merck, Darmstadt, 
Germany) and frozen overnight. The following day internal standards were added to each sample. 
Then the homogenates were extracted three times using 50 mL cyclohexane:acetone (the ratio differs 
in the two studies) for one hour. In total, the extraction was achieved with 150 mL over 3 hours. The 
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extract was then concentrated to 0.5 mL/1 mL before running the samples on a gel permeation 
chromatography (GPC) system (Waters ® Envirogel™ GPC Cleanup column). Following the GPC 
cleanup, 50 μL isooctane was added to the samples before the final cleanup step. The Florisil® 
Cleanup ensured the removal of lipids from the samples. Lastly, the samples were concentrated to 
approximately 200 μL using nitrogen gas (N2, 99% purity, AGA, Oslo, Norway) before 20 μL of 
recovery standard was added to each sample.  
 
In addition to running the tissue samples, a laboratory blank and standard reference material (SRM 
1945; National Institute of Standards and Technology, Gaithersburg, USA) were analysed 
concurrently as part of the quality control.  
 
 
2.2 Statistics 
 
Within each dataset, fulmars from the “absent”, “moderate” and “high” groups were compared to 
examine whether levels of ingested plastic affect tissue concentrations of the selected contaminants. 
Contaminant burden in liver tissue for fulmars from the “high” groups in both datasets was also 
compared to examine if there was a regional difference.  
 
All statistics were performed in Excel (2013, Microsoft Corp.) and SigmaPlot (version 13.0.0, 2014, 
Systat Software Inc.). Excel was used for descriptive statistics and all other tests were performed in 
SigmaPlot.  
 
A statistical significance level of p < 0.05 was set. When testing for differences in contaminant load 
between ≥ 3 groups, data that passed the Shapiro-Wilk test for normality and the Brown-Forsythe 
test for homogeneity of variance were analysed using one-way ANOVA (analysis of variance) and 
Tukey’s post hoc test. If the data failed the Shapiro-Wilk test and/or the Brown-Forsythe test, it was 
analysed using Kruskal-Wallis one-way analysis of variance on ranks (hereafter Kruskal-Wallis) and 
Dunn’s post hoc test. When comparing just two groups, data that passed the Shapiro-Wilk and 
Brown-Forsythe tests were analysed using the Student’s t-test and data that failed the assumptions of 
normality and equal variance were analysed using the Mann-Whitney Rank Sum test. Data was not 
transformed if it failed the Shapiro-Wilk and/or the Brown-Forsythe tests. The Holm-Šidàk 
correction was applied to account for the multiple comparisons and the consequent increased risk of 
committing a Type I error.  
 
 
2.2.1 Data below the limit of detection 
 
A minimum of 70% of the individuals in each group had to have values above the limit of detection 
(LOD) for each contaminant in order to be included in statistical analyses. Please refer to Appendix 
B for a complete list of contaminants eliminated due to this and the list of LOD values for each 
contaminant.  
 
If less than 30% of the samples were below LOD, those that were below were replaced with a value 
of zero in order to incorporate them into the analyses. Substitution with zero was done as that was 
the method chosen by Trevail (2014).  
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Photo: Jan A. van Franeker, IMARES 
 
 

3 Results  
3.1 Faroe Islands dataset 
 
The reader is referred to Trevail (2014) and van Franeker et al. (2013) for the original publication of 
the data.  
 
3.1.1 Plastics 
 
The mean, standard deviation (SD), median and range of the plastic ingested by the “absent”, 
“moderate” and “high” groups are presented in Table 1, as well as statistics for all 27 fulmars.  
 
Table 1: Summary of plastic ingestion data for the subset of northern fulmars (Fulmarus glacialis) caught 
near the Faroe Islands in 2011 that were sampled for this contaminant study. The data are summarized as 
mean ± standard deviation (SD), median and range. n denotes the sample size.  
 

Group   Mean ± SD Median Range n 

Absent Mass (g) 0 0 0 9 
Pieces 0 0 0 9 

Moderate Mass (g) 0.06 ± 0.02 0.05 0.03 - 0.08 9 
Pieces 4.78 ± 3.07 4 2 - 12 9 

High Mass (g) 0.63 ± 0.35 0.56 0.28 - 1.42 9 
Pieces 36.8 ± 44.7 26 7 - 152 9 

All Mass (g) 0.23 ± 0.35 0.05 0.00 - 1.42 27 
Pieces 13.9 ± 29.9 4 0 - 152 27 
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3.1.2 Contaminants 
 
The mean, SD, median and range for the analysed contaminants are summarized in Tables 2, 3, 4 and 
5. The tables are segmented for each group (“absent”, “moderate”, and “high”) to assist in the 
comparison. For PFASs, only the “absent” and “high” groups were sampled.  
 
After applying the Holm-Šidàk correction, there were no statistically significant differences in 
contaminant concentrations between the various groups.  
 
 
 
Table 2: Summary of the concentrations (ng/g ww liver) of perfluoroalkyl and polyfluoroalkyl substances 
(PFASs) detected in liver tissue from the subset of northern fulmars (Fulmarus glacialis) caught near the 
Faroe Islands in 2011 that were sampled for this contaminant study. The data are presented as mean ± 
standard deviation (SD), median and range. n denotes the sample size.  
No statistically significant differences were detected between fulmars with no ingested plastic (termed 
“absent”) and a high plastic load in their stomachs (termed “high”).  
 

                  

  
Absent 

  
  High 

  PFASs (ng/g) Mean ± SD  Median Range  n Mean ± SD Median Range n 
PFOS 9.13 ± 4.63 8.15 2.96 - 15.9 9 10.5 ± 3.24 9.83 7.44 - 18.0 9 

PFHpA 0.13 ± 0.10 0.10 <LOD - 0.27 9 0.12 ± 0.09 0.09 0.02 - 0.25 9 
PFNA 0.85 ± 0.56 0.98 0.22 - 1.58 9 1.13 ± 0.70 0.80 0.46 - 2.69 9 
PFDcA 0.96 ± 0.73 1.03 0.153 - 2.29 9 1.26 ± 0.54 0.98 0.65 - 2.26 9 

PFUnDA 3.86 ± 2.29 3.38 1.23 - 7.86 9 4.47 ± 2.00 3.68 2.57 - 8.65 9 
PFTrDA 4.20 ± 2.02 4.15 1.70 - 6.69 9 4.47 ± 1.84 4.02 2.50 - 7.61 9 
∑PFAS 19.1 ± 9.51 17.3 6.98 - 32.0 9 21.9 ± 8.06 17.1 15.2 - 39.4 9 

 
 
 
 
 
 



8 
 T

ab
le

 3
: S

um
m

ar
y 

of
 th

e 
co

nc
en

tra
tio

ns
 (n

g/
g 

w
w

 li
ve

r)
 o

f m
et

ab
ol

ite
s d

et
ec

te
d 

in
 li

ve
r t

is
su

e 
fr

om
 th

e 
su

bs
et

 o
f n

or
th

er
n 

fu
lm

ar
s (

Fu
lm

ar
us

 g
la

ci
al

is
) 

ca
ug

ht
 n

ea
r t

he
 F

ar
oe

 Is
la

nd
s i

n 
20

11
 th

at
 w

er
e 

sa
m

pl
ed

 fo
r t

hi
s c

on
ta

m
in

an
t s

tu
dy

. T
he

 d
at

a 
ar

e 
pr

es
en

te
d 

as
 m

ea
n 

± 
st

an
da

rd
 d

ev
ia

tio
n 

(S
D

), 
m

ed
ia

n 
an

d 
ra

ng
e.

 n
 d

en
ot

es
 th

e 
sa

m
pl

e 
si

ze
.  

N
o 

st
at

is
tic

al
ly

 si
gn

ifi
ca

nt
 d

iff
er

en
ce

s w
er

e 
de

te
ct

ed
 b

et
w

ee
n 

fu
lm

ar
s w

ith
 n

o 
in

ge
st

ed
 p

la
st

ic
 (t

er
m

ed
 “

ab
se

nt
”)

 a
nd

 a
 h

ig
h 

pl
as

tic
 lo

ad
 in

 th
ei

r s
to

m
ac

hs
 

(te
rm

ed
 “

hi
gh

”)
.  

 
  

  
  

  
  

  
  

  
  

 
 

A
bs

en
t 

 
 

  
H

ig
h 

 
 

M
et

ab
ol

ite
s 

(n
g/

g)
 

M
ea

n 
± 

SD
  

M
ed

ia
n 

R
an

ge
  

n 
M

ea
n 

± 
SD

 
M

ed
ia

n 
R

an
ge

 
n 

PC
P 

0.
32

 ±
 0

.2
9 

0.
22

 
0.

08
 - 

0.
94

 
8 

0.
14

 ±
 0

.0
7 

0.
13

 
0.

07
 - 

0.
29

 
8 

3-
O

H
-P

C
B

15
3 

0.
52

 ±
 0

.5
4 

0.
44

 
<L

O
D

 - 
1.

62
 

8 
1.

04
 ±

 0
.7

1 
1.

03
 

0.
20

 - 
2.

19
 

8 
4-

O
H

-P
C

B
14

6 
2.

16
 ±

 1
.0

4 
2.

06
 

0.
94

 - 
3.

80
 

8 
4.

53
 ±

 4
.2

3 
3.

38
 

0.
58

 - 
13

.4
 

8 
3-

O
H

-P
C

B
13

8 
0.

19
 ±

 0
.1

4 
0.

16
 

<L
O

D
 - 

0.
41

 
8 

0.
39

 ±
 0

.2
3 

0.
45

 
0.

06
 - 

0.
67

 
8 

4-
O

H
-P

C
B

18
7 

2.
91

 ±
 1

.8
0 

2.
52

 
1.

11
 - 

5.
55

 
8 

5.
36

 ±
 7

.0
1 

3.
13

 
0.

53
 - 

22
.1

 
8 

4-
O

H
-P

C
B

17
2 

0.
30

 ±
 0

.2
5 

0.
26

 
<L

O
D

 - 
0.

82
 

8 
0.

47
 ±

 0
.6

1 
0.

24
 

<L
O

D
 - 

1.
76

 
8 

4'
-O

H
-P

C
B

19
3 

0.
20

 ±
 0

.2
9 

0.
12

 
<L

O
D

 - 
0.

90
 

8 
0.

28
 ±

 0
.4

8 
0.

10
 

<L
O

D
 - 

1.
45

 
8 

3-
M

eS
O

-P
C

B
91

 
0.

01
 ±

 0
.0

1 
0.

01
 

0.
00

3 
- 0

.0
2 

9 
0.

02
 ±

 0
.0

3 
0.

02
 

0.
00

3 
- 0

.0
9 

9 
3-

M
eS

O
-P

C
B

10
1 

0.
36

 ±
 0

.2
1 

0.
34

 
0.

10
 - 

0.
69

 
9 

1.
44

 ±
 2

.0
1 

0.
46

 
0.

03
 - 

6.
19

 
9 

4-
M

eS
O

-P
C

B
10

1 
0.

21
 ±

 0
.1

1 
0.

22
 

0.
08

 - 
0.

41
 

9 
0.

60
 ±

 0
.6

4 
0.

26
 

0.
03

 - 
1.

58
 

9 
3-

M
eS

O
-P

C
B

87
 

0.
16

 ±
 0

.0
9 

0.
14

 
0.

03
 - 

0.
31

 
9 

0.
44

 ±
 0

.7
4 

0.
15

 
<L

O
D

 - 
2.

31
 

9 
4-

M
eS

O
-P

C
B

11
0 

0.
07

 ±
 0

.0
4 

0.
06

 
0.

02
 - 

0.
15

 
9 

0.
15

 ±
 0

.2
2 

0.
08

 
<L

O
D

 - 
0.

72
 

9 
3-

M
eS

O
-P

C
B

14
9 

0.
11

 ±
 0

.0
6 

0.
12

 
0.

03
 - 

0.
20

 
9 

0.
35

 ±
 0

.6
1 

0.
14

 
0.

02
 - 

1.
96

 
9 

4-
M

eS
O

-P
C

B
14

9 
0.

11
 ±

 0
.0

5 
0.

11
 

0.
05

 - 
0.

19
 

9 
0.

27
 ±

 0
.2

8 
0.

22
 

0.
03

 - 
0.

98
 

9 
4-

M
eS

O
-P

C
B

13
2 

0.
04

 ±
 0

.0
2 

0.
04

 
0.

02
 - 

0.
07

 
9 

0.
07

 ±
 0

.0
5 

0.
06

 
0.

01
 - 

0.
17

 
9 

3-
M

eS
O

-P
C

B
14

1 
0.

07
 ±

 0
.0

5 
0.

07
 

0.
02

 - 
0.

16
 

9 
0.

19
 ±

 0
.3

5 
0.

07
 

0.
01

 - 
1.

11
 

9 
4-

M
eS

O
-P

C
B

14
1 

0.
09

 ±
 0

.0
5 

0.
10

 
0.

03
 - 

0.
16

 
9 

0.
11

 ±
 0

.0
9 

0.
10

 
0.

01
 - 

0.
30

 
9 

4-
M

eS
O

-P
C

B
17

4 
0.

02
 ±

 0
.0

1 
0.

02
 

0.
01

 - 
0.

03
 

9 
0.

03
 ±

 0
.0

3 
0.

02
 

<L
O

D
 - 

0.
10

 
9 

   



10
 

  T
ab

le
 4

: S
um

m
ar

y 
of

 th
e 

co
nc

en
tra

tio
ns

 (n
g/

g 
w

w
 li

ve
r)

 o
f p

ol
yc

hl
or

in
at

ed
 b

ip
he

ny
ls

 (P
C

B
s)

 a
nd

 p
ol

yb
ro

m
in

at
ed

 d
ip

he
ny

l e
th

er
s (

PB
D

Es
) d

et
ec

te
d 

in
 li

ve
r 

tis
su

e 
fr

om
 th

e 
su

bs
et

 o
f n

or
th

er
n 

fu
lm

ar
s (

Fu
lm

ar
us

 g
la

ci
al

is
) c

au
gh

t n
ea

r t
he

 F
ar

oe
 Is

la
nd

s i
n 

20
11

 th
at

 w
er

e 
sa

m
pl

ed
 fo

r t
hi

s c
on

ta
m

in
an

t s
tu

dy
. T

he
 d

at
a 

ar
e 

pr
es

en
te

d 
as

 m
ea

n 
± 

st
an

da
rd

 d
ev

ia
tio

n 
(S

D
), 

m
ed

ia
n 

an
d 

ra
ng

e.
 n

 d
en

ot
es

 th
e 

sa
m

pl
e 

si
ze

.  
N

o 
st

at
is

tic
al

ly
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
s w

er
e 

de
te

ct
ed

 b
et

w
ee

n 
fu

lm
ar

s w
ith

 n
o 

in
ge

st
ed

 p
la

st
ic

 (t
er

m
ed

 “
ab

se
nt

”)
, a

 m
od

er
at

e 
pl

as
tic

 lo
ad

 (t
er

m
ed

 “
m

od
er

at
e”

) 
an

d 
a 

hi
gh

 p
la

st
ic

 lo
ad

 in
 th

ei
r s

to
m

ac
hs

 (t
er

m
ed

 “
hi

gh
”)

.  
   

  
  

  
  

  
  

  
  

  
  

  
  

 
 

A
bs

en
t 

 
 

  
M

od
er

at
e 

 
 

  
H

ig
h 

 
 

C
he

m
ic

al
 

(n
g/

g)
 

M
ea

n 
± 

SD
  

M
ed

ia
n 

 
R

an
ge

  
n 

M
ea

n 
± 

SD
  

M
ed

ia
n 

 
R

an
ge

  
n 

M
ea

n 
± 

SD
  

M
ed

ia
n 

 
R

an
ge

 
n 

PC
B

-2
8 

0.
71

 ±
 0

.2
9 

0.
70

 
0.

34
 - 

1.
34

 
9 

0.
88

 ±
 0

.4
6 

0.
73

 
0.

41
 - 

1.
73

 
8 

0.
78

 ±
 0

.3
6 

0.
81

 
0.

19
 - 

1.
26

 
9 

PC
B

-5
2 

0.
18

 ±
 0

.1
5 

0.
13

 
0.

04
 - 

0.
53

 
9 

0.
51

 ±
 0

.6
3 

0.
15

 
0.

02
 - 

1.
59

 
8 

0.
22

 ±
 0

.2
6 

0.
10

 
<L

O
D

 - 
0.

72
 

9 
PC

B
-9

9 
30

.3
 ±

 1
3.

1 
30

.5
 

10
.7

 - 
53

.0
 

9 
23

.3
 ±

 1
5.

7 
14

.8
 

9.
22

 - 
46

.0
 

8 
50

.6
 ±

 5
9.

3 
34

.3
 

3.
69

 - 
19

9 
9 

PC
B

-1
01

 
1.

07
 ±

 0
.7

9 
0.

80
 

0.
20

 - 
2.

72
 

9 
0.

66
 ±

 0
.7

3 
0.

39
8 

0.
07

 - 
2.

22
 

8 
1.

21
 ±

 1
.5

2 
0.

38
 

<L
O

D
 - 

4.
10

 
9 

PC
B

-1
05

 
19

.6
 ±

 7
.5

0 
16

.9
 

8.
35

 - 
32

.2
 

9 
25

.4
 ±

 1
5.

3 
17

.2
 

11
.6

 - 
50

.3
 

8 
21

.2
 ±

 1
8.

6 
18

.2
 

3.
10

 - 
63

.6
 

9 
PC

B
-1

18
 

56
.0

 ±
 2

4.
1 

49
.3

 
23

.2
 - 

93
.4

 
9 

69
.0

 ±
 3

8.
9 

49
.7

 
33

.9
 - 

12
3 

8 
61

.4
 ±

 5
7.

5 
49

.7
 

7.
17

 - 
19

6 
9 

PC
B

-1
38

 
11

8 
± 

49
.1

 
10

9 
48

.5
 - 

21
9 

9 
11

4 
± 

72
.5

 
77

.9
 

41
.9

 - 
21

3 
8 

17
3 

± 
16

0 
12

8 
15

.7
 - 

54
4 

9 
PC

B
-1

53
 

33
2 

± 
12

5 
32

7 
15

0 
- 5

23
 

9 
26

5 
± 

14
6 

20
5 

14
6 

- 5
25

 
8 

34
3 

± 
25

0 
26

7 
41

.9
 - 

80
6 

9 
PC

B
-1

80
 

11
6 

± 
30

.3
 

11
9 

69
.3

 - 
15

7 
9 

15
8 

± 
10

2 
11

1 
77

.4
 - 

34
8 

8 
10

2 
± 

55
.1

  
92

.8
 

25
.4

 - 
17

7 
9 

∑
PC

B
 

67
4 

± 
24

3 
66

1 
32

0 
- 1

04
9 

9 
65

6 
± 

37
7 

48
3 

33
1 

- 1
26

8 
8 

75
3 

± 
58

3 
59

4 
97

.3
 - 

19
89

 
9 

PB
D

E-
47

 
0.

75
 ±

 0
.5

6 
0.

44
 

0.
27

 - 
1.

97
 

9 
0.

52
 ±

 0
.3

8 
0.

59
 

0.
06

 - 
1.

10
 

8 
0.

58
 ±

 0
.5

6 
0.

32
 

0.
11

 - 
1.

70
 

9 
PB

D
E-

15
3 

0.
31

 ±
 0

.1
8 

0.
32

 
<L

O
D

 - 
0.

60
 

9 
0.

35
 ±

 0
.2

7 
0.

24
 

<L
O

D
 - 

0.
74

 
8 

0.
77

 ±
 0

.7
4 

0.
63

 
<L

O
D

 - 
2.

47
 

9 
∑
PB

D
E 

1.
06

 ±
 0

.6
0 

0.
80

 
0.

50
 - 

2.
29

 
9 

1.
59

 ±
 0

.9
1 

1.
91

 
0.

44
 - 

2.
86

 
8 

1.
35

 ±
 0

.9
2 

1.
63

 
0.

19
 - 

2.
83

 
9 

       



10
 

 Ta
bl

e 
5:

 S
um

m
ar

y 
of

 th
e 

co
nc

en
tra

tio
ns

 (n
g/

g 
w

w
 li

ve
r)

 o
f d

ic
hl

or
od

ip
he

ny
ltr

ic
hl

or
oe

th
an

e 
(D

D
T)

 a
nd

 o
th

er
 p

es
tic

id
es

 d
et

ec
te

d 
in

 li
ve

r t
is

su
e 

fro
m

 th
e 

su
bs

et
 o

f n
or

th
er

n 
fu

lm
ar

s (
Fu

lm
ar

us
 g

la
ci

al
is)

 c
au

gh
t n

ea
r t

he
 F

ar
oe

 Is
la

nd
s i

n 
20

11
 sa

m
pl

ed
 fo

r t
hi

s c
on

ta
m

in
an

t s
tu

dy
. T

he
 d

at
a 

ar
e 

pr
es

en
te

d 
as

 m
ea

n 
± 

st
an

da
rd

 d
ev

ia
tio

n 
(S

D
), 

m
ed

ia
n 

an
d 

ra
ng

e.
 n

 d
en

ot
es

 th
e 

sa
m

pl
e 

siz
e.

  
N

o 
st

at
ist

ic
al

ly
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
s w

er
e 

de
te

ct
ed

 b
et

w
ee

n 
fu

lm
ar

s w
ith

 n
o 

in
ge

st
ed

 p
la

sti
c 

(te
rm

ed
 “

ab
se

nt
”)

, a
 m

od
er

at
e 

pl
as

tic
 lo

ad
 (t

er
m

ed
 “

m
od

er
at

e”
) 

an
d 

a 
hi

gh
 p

la
sti

c 
lo

ad
 in

 th
ei

r s
to

m
ac

hs
 (t

er
m

ed
 “

hi
gh

”)
.  

 
  

  
  

  
  

  
  

  
  

  
  

  
  

 
 

A
bs

en
t 

 
 

  
M

od
er

at
e 

 
 

  
H

ig
h 

 
 

Ch
em

ic
al

 (n
g/

g)
 

M
ea

n 
± 

SD
  

M
ed

ia
n 

Ra
ng

e 
 

n 
M

ea
n 

± 
SD

 
M

ed
ia

n 
Ra

ng
e 

n 
M

ea
n 

± 
SD

 
M

ed
ia

n 
Ra

ng
e 

n 
p,

p’
-D

D
E 

34
6 

± 
19

5 
32

2 
13

8 
- 8

04
 

9 
28

6 
± 

22
4 

18
5 

94
.9

 - 
72

4 
8 

39
0 

± 
25

5 
40

6 
32

.8
 - 

81
2 

9 
p,

p’
-D

D
D

 
5.

71
 ±

 3
.1

0 
5.

87
 

2.
31

 - 
12

.5
 

9 
14

.0
 ±

 1
4.

5 
8.

31
 

2.
63

 - 
38

.9
 

8 
6.

82
 ±

 5
.6

3 
5.

91
 

1.
02

 - 
18

.8
 

9 
∑
D
D

T 
35

2 
± 

19
5 

33
5 

14
0 

- 8
11

 
9 

30
0 

± 
23

6 
19

1 
10

1 
- 7

59
 

8 
39

6 
± 

25
8 

41
2 

34
.2

 - 
81

7 
9 

H
CB

 
22

.7
 ±

 5
.2

2 
24

.1
 

13
.7

 - 
30

.6
 

9 
25

.6
 ±

 8
.1

4 
23

.1
 

18
.5

 - 
39

.8
 

8 
24

.4
 ±

 9
.8

9 
27

.3
 

6.
68

 - 
40

.0
 

9 
O

xy
-c

hl
or

da
ne

 
17

3 
± 

57
.0

 
18

3 
95

.3
 - 

26
2 

9 
23

2 
± 

91
.0

 
22

3 
10

5 
- 3

85
 

8 
21

0 
± 

14
9 

16
5 

37
.9

 - 
48

2 
9 

tra
ns

-c
hl

or
da

ne
 

1.
60

 ±
 0

.9
0 

1.
34

 
0.

65
 - 

3.
29

 
9 

1.
80

 ±
 0

.7
9 

1.
40

 
1.

12
 - 

3.
13

 
8 

2.
48

 ±
 2

.2
6 

1.
80

 
0.

27
 - 

7.
77

 
9 

tra
ns

-n
on

ac
hl

or
 

6.
73

 ±
 4

.7
6 

5.
44

 
2.

00
 - 

15
.3

 
9 

9.
08

 ±
 6

.5
2 

8.
59

 
1.

54
 - 

18
.6

 
8 

8.
17

 ±
 7

.7
8 

5.
46

 
1.

08
 - 

24
.1

 
9 

ci
s-

no
na

ch
lo

r 
0.

75
 ±

 0
.5

6 
0.

57
 

0.
17

 - 
1.

96
 

9 
0.

71
 ±

 0
.5

6 
0.

72
 

<L
O

D
 - 

1.
49

 
8 

0.
60

 ±
 0

.6
2 

0.
26

 
0.

10
 - 

1.
72

 
9 

M
ire

x 
30

.5
 ±

 1
3.

1 
29

.9
 

14
.9

 - 
60

.9
 

9 
35

.0
 ±

 2
2.

4 
22

.8
 

17
.0

 - 
70

.3
 

8 
24

.4
 ±

 1
5.

4 
 

20
.1

 
5.

44
 - 

46
.8

 
9 



10 
 

3.2 Norway dataset 
 
The reader is referred to Herzke et al. (2016) for the original publication of the data. 
 
3.2.1 Plastics 
 
The mean, standard deviation (SD), median and range of the plastic ingested by the “absent”, 
“moderate” and “high” groups are presented in Table 6, as well as statistics for all 30 fulmars.  
 
Table 6: Summary of plastic ingestion data for the subset of northern fulmars (Fulmarus glacialis) 
caught near Norway in 2012 and 2013 that were sampled for this contaminant study. The data are 
summarized as mean ± standard deviation (SD), median and range. n denotes the sample size.  
 

Group   Mean ± SD Median Range n 

Absent Mass (g) 0 0 0 9 
Pieces 0 0 0 9 

Moderate Mass (g) 0.079 ± 0.070 0.062 0.009 - 0.213 10 
Pieces 5.80 ± 4.64 4.5 1 - 14 10 

High Mass (g) 0.313 ± 0.182 0.224 0.115 - 0.593 11 
Pieces 40.6 ± 31.9 24 15 - 106 11 

All Mass (g) 0.136 ± 0.176 0.078 0.00 - 0.593 30 
Pieces 17.4 ± 26.8 9 0 - 106 30 

 
 
 
3.2.2 Contaminants 
 
The mean, SD, median and range for the analysed contaminants are summarized in Tables 7, 
8, 9 and 10. The tables are segmented for each group (“absent”, “moderate”, and “high”) to 
assist in the comparison. Please note that for these birds, muscle tissue was analysed for all 
three groups and, in addition, liver of the “high” group. PFASs were analysed in liver tissue of 
all three groups.  
 
After applying the Holm-Šidàk correction, there were no statistically significant differences in 
contaminant concentrations between the various groups.  
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3.3 Comparison between Faroese and Norwegian fulmars 
 
 
The concentration of contaminants in liver tissue was compared in fulmars from the “high” 
groups from the Faroe Islands and Norway. The concentrations are listed in Tables 11, 12 and 
13.  
 
After applying the Holm-Šidàk correction, there were no stastically significant differences in 
contaminant concentrations between the Faroese and Norwegian fulmars. The concentrations 
were also corrected for the mass of plastic ingested by the fulmars by dividing the individual 
concentrations by the mass of plastic ingested by each bird. When comparing the plastic 
corrected concentrations, no statistically significant differences persisted after applying the 
Holm-Šidàk correction.  
 
 
Table 11: A comparison of the concentrations (ng/g ww liver) of polychlorinated biphenyls (PCBs) 
detected in liver tissue from the subset of northern fulmars (Fulmarus glacialis) caught in the Faroe 
Islands (2011) and Norway (2012-2013) that were sampled for this contaminant study. The data are 
presented as mean ± standard deviation (SD), median and range. n denotes the sample size.  
No statistically significant differences were detected.   
 

                  

  
Faroe Islands 

  
  Norway 

  PCBs (ng/g) Mean ± SD  Median  Range  n Mean ± SD  Median  Range  n 
PCB-28 0.78 ± 0.36 0.81 0.19 - 1.26 9 1.77 ± 1.55 1.21 <LOD - 4.34 10 
PCB-52 0.22 ± 0.26 0.10 <LOD - 0.72 9 2.65 ± 3.21 1.45 0.48 - 10.2 10 
PCB-99 50.6 ± 59.3 34.3 3.69 - 199 9 46.8 ± 58.5 26.9 10.9 - 178 10 

PCB-101 1.21 ± 1.52 0.38 <LOD - 4.10 9 0.12 ± 0.08 0.12 <LOD - 0.27 10 
PCB-105 21.2 ± 18.6 18.2 3.10 - 63.6 9 46.4 ± 57.1 29.3 9.98 - 187 10 
PCB-118 61.4 ± 57.5 49.7 7.17 - 196 9 166 ± 194 108 34.9 - 625 10 
PCB-138 173 ± 160 128 15.7 - 544 9 179 ± 213 105 34.4 - 654 10 
PCB-153 343 ± 250 267 41.9 - 806 9 386 ± 397 290 58.1 - 134 10 
PCB-180 102 ± 55.1  92.8 25.4 - 177 9 166 ± 153  124 19.3 - 511 10 

∑PCB 753 ± 583 594 97.3 - 1989 9 1100 ± 1171 783 183 - 3830 10 
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Table 12: A comparison of the concentrations (ng/g ww liver) of dichlorodiphenyltrichloroethane 
(DDT), its metabolites and polybrominated diphenylethers (PBDEs) detected in liver tissue from the 
subset of northern fulmars (Fulmarus glacialis) caught in the Faroe Islands (2011) and Norway (2012-
2013) that were sampled for this contaminant study. The data are presented as mean ± standard 
deviation (SD), median and range. n denotes the sample size.  
No statistically significant differences were detected.   
 

                  

  

Faroe 
Islands 

  
  Norway 

  Chemicals (ng/g) Mean ± SD  Median  Range  n Mean ± SD  Median  Range  n 
p,p’-DDE 390 ± 255 406 32.8 - 812 9 419 ± 562 164 74.5 - 1634 10 
p,p’-DDD 6.82 ± 5.63 5.91 1.02 - 18.8 9 5.36 ± 7.45 1.96 0.43 - 24.4 10 

∑DDT 396 ± 258 412 34.2 - 817 9 425 ± 570 168 76.1 - 1660 10 
PBDE-47 0.58 ± 0.56 0.32 0.11 - 1.70 9 0.19 ± 0.13 0.17 0.45 - 0.52 10 

PBDE-153 0.77 ± 0.74 0.63 <LOD - 2.47 9 0.56 ± 0.64 0.32 0.07 - 2.00 10 
∑PBDE 1.35 ± 0.92 1.63 0.19 - 2.83 9 1.19 ± 0.95 0.84 0.20 - 2.97 10 
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4 Discussion 
 
4.1 Contaminant levels 
 
There were no statistically significant differences in contaminant concentrations in liver tissue 
between fulmars from the Faroe Islands and Norway and the averaged contaminant levels are 
thus comparable between the two datasets.  
 
Fulmars have extensive foraging areas and a wide-ranging behaviour (Anker-Nilssen et al., 
2000; Weimerskirch et al., 2001), and as such the individuals sampled in the Faroe Islands 
and in Norway may belong to the same metapopulation. This would help explain why there 
were no significant differences in contaminant concentrations between the two datasets.  
 
A study by Knudsen et al. (2007) examined contaminant levels in liver and blood of fulmars 
from Bjørnøya, Norway. As for the Faroese fulmars in the current study, they did not detect 
heptachlor, cis-chlordane α- and γ-HCH, but they did detect trans-nonachlor. The values for 
HCB are similar, while the concentrations for oxy-chlordane, cis-nonachlor and mirex are 
higher in this study. Levels of PFOS, p,p’-DDE and p,p’-DDD are considerably higher for the 
Faroese and Norwegian fulmars in this study. The levels for p,p’-DDE were substantially 
higher in the present study than for fulmars sampled from the Aleutian Islands, USA, but 
concentrations of ∑PCB were similar (Ricca et al., 2008). Braune et al. (2010) investigated 
levels of contaminants in livers from fulmars caught in the Canadian Arctic. The reported 
concentrations of p,p’-DDE, trans-nonachlor, mirex, HCB, oxy-chlordane, PCB-153 and 
PFOS are all considerably lower than observed in the present study. They did, however, detect 
∑HCH which was below LOD in the current work. Another study of fulmars from the 
Canadian arctic also found lower contaminant levels as compared to those reported here 
(Foster et al., 2011). For instance they detected PCB-153 at 15.6 ± 11.4 ng/g ww in the liver, 
while the lowest concentration of PCB-153 in this study was 260 ± 205 ng/g ww in the liver 
tissue (for Norwegian fulmars in the “high” group). Similarly, Martin et al. (2004) detected 
PFAS concentrations at levels below those reported here in fulmar livers from the Canadian 
arctic.  
 
The contaminant concentrations tend to be higher in the current work compared to existing 
literature on fulmars sampled in the Arctic. This may largely be due to spatial differences in 
pollution levels (Vander Pol et al., 2004; Vorkamp et al., 2004; Muir and de Wit, 2010; 
Mallory and Braune, 2012).  
 
 
4.2 Effect of plastic ingestion on contaminant levels 
 
After correcting for the multiple testing, there were no statistically significant differences 
between plastic ingestion groups in either dataset. Based upon the results herein, ingested 
plastic does not appear to be a significant vector for exposure of the studied, adsorbed 
contaminants in fulmars. This is in accordance with the conclusion reached by Herzke et al. 
(2016) that adsorbed contaminant exposure from prey is more important than contaminant 
exposure from ingested plastics.  
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However, there are studies reporting indications that plastic is an important route of exposure 
for contaminants in seabirds (Ryan et al., 1988; Teuten et al., 2009; Yamashita et al., 2011; 
Tanaka et al., 2013). As the sample sizes in the current study were so low that the power of 
the t-tests were below the desired statistical power, the likelihood of committing a Type II 
error increased. Likewise, the Holm-Šidàk correction is conservative and makes the detection 
of significant differences harder still. This may, then, have prevented the detection of some 
significant differences.  
 
Finally, it is most important to stress that, given the multitude of chemicals intentionally 
added to plastics and degradation products of additives and polymers, the lack of association 
between adsorbed contaminants and plastics found in this report is not representative for the 
potential overall chemical impact of plastic ingestion. The study of other contaminants found 
in ingested plastics and their possible threat to fulmars should be prioritized in future research.  
 
 

5 Conclusion 
 
No statistically significant differences in contaminant concentrations were detected between 
plastic ingestion groups. Nor was there a significant difference between contaminant levels in 
liver tissue from Faroese and Norwegian fulmars. In general, ingested plastics does not appear 
to be a significant exposure vector for the contaminants adsorbed to plastics in fulmars. For 
adsorbed chemicals, the natural diet of the fulmars seems to be the most important source of 
exposure. However, from our analyses it is not possible to make a conclusion for plastic 
additives and degradation products. Such substances should be a focus for further research 
efforts.  
 
 

6 Acknowledgements 
 
The authors wish to thank Signe Christensen-Dalsgaard, Maria Dam, Kirstin Fangel, Arntraut 
Götsch, Magdalene Langset, Therese Haugdahl Nøst, Bergur Olsen and Susanne Kühn for 
their help and contributions.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



20 
 

7 References 
 
Alaee M., Arias P., Sjödin A. and Bergman Å. An overview of commercially used brominated flame retardants, their 
applications, their use patterns in different countries/regions and possible modes of release. Environment International, 29 
(2003), 683-689.  
 
Andrady A.L. Microplastics in the marine environment. Marine Pollution Bulletin, 62 (2011), 1596-1605.  
 
Anker-Nilssen T., Bakken V., Strøm H., Golovkin A.N., Bianki V.V., Tatarinkova I.P. The Status of Marine Birds Breeding 
in the Barents Sea Region. Norwegian Polar Institute Research Report, 113 (2000). 
 
Avery-Gomm S., O’Hara P.D., Kleine L., Boews V., Wilson L.K. and Barry K.L. Northern fulmars as biological monitors of 
trends of plastic pollution in the eastern North Pacific. Marine Pollution Bulletin, 64 (2012), 1776-1781.  
 
Azzarello M.Y. and Van Vleet E.S. Marine birds and plastic pollution. Marine Ecology – Progress Series, 37 (1987), 295-
303.  
 
Barnes D.K.A. Biodiversity: Invasions by marine life on plastic debris. Nature, 416 (2002), 808-809.  
 
Bergmann M., Gutow L. and Klages M. (eds). Marine Anthropogenic Litter. Springer, Berlin (2015), 447pp.  
 
Braune B.M., Mallory M.L., Butt C.M., Mabury S.A. and Muir D.C.G. Persistent halogenated organic contaminants and 
mercury in northern fulmars (Fulmarus glacialis) from the Canadian Arctic. Environmental Pollution, 158 (2010), 3513-
3519.  
 
Brigham L. Marine protection in the Arctic cannot wait. Nature, 478 (2011), 157.  
 
Carpenter E.J., Anderson S.J., Harvey G.R., Miklas H.P. and Peck B.B. Polystyrene Spherules in Coastal Waters. Science, 
178 (1972), 749-750.  
 
Derraik J.G.B. The pollution of the marine environment by plastic debris: a review. Marine Pollution Bulletin, 44 (2002), 
842-852. 
 
Eriksen M., Lebreton L.C.M., Carson H.S., Thiel M., Moore C.J., Borerro J.C., Galgani F., Ryan P.G. and Reisser J. Plastic 
Pollution in the World’s Oceans: More than 5 Trillion Plastic Pieces Weighing over 250,000 tons Afloat at Sea. PLoS ONE, 9 
(2014), e111913.  
 
Fendall L.S. and Sewell M.A. Contributing to marine pollution by washing your face: Microplastics in facial cleansers. 
Marine Pollution Bulletin, 58 (2009), 1225-1228.  
 
Foster K.L., Mallory M.L., Hill L. and Blais J.M. PCB and organochlorine pesticides in northern fulmars (Fulmarus 
glacialis) from a High Arctuc colony: Chemical exposure, fate, and transfer to predators. Environmental Toxicology and 
Chemistry, 30 (2011), 2055-2064.  
 
Fry D.M., Fefer S.I. and Sileo L. Ingestion of plastic debris by Laysan Albatross and Wedge-tailed Shearwaters in the 
Hawaiian Islands. Marine Pollution Bulletin, 18 (1987), 339-343.  
 
Gregory M.R. Environmental implications of plastic debris in marine settings – entanglement, ingestion, smothering, 
hangers-on, hitch-hiking and alien invasions. Philosophical Transactions of the Royal Society B, 364 (2009), 2013-2025. 
 
Herzke D., Anker-Nilssen T., Nøst T.H., Götsch A., Christensen-Dalsgaard S., Langset M., Fangel K. and Koelmans A.A. 
Negligible Impact of Ingested Microplastics on Tissue Concentrations of Persistent Organic Pollutants in Northern Fulmars 
off Coastal Norway. Environmental Science and Technology, 50 (2016), 1924-1933.  
 
Heslenfeld P. et al. EcoQO handbook: handbook for the application of ecological quality objectives in the North Sea. OSPAR 
biodiversity series, 307 (2009). London.  
 
Hidalgo-Ruz V., Gutow L., Thompson R.C. and Thiel M. Microplastics in the Marine Environment: A Review of the 
Methods Used for Identification and Quantification. Environmental Science and Technology, 46 (2012), 3060-3075. 
 
International Maritime Organization, 
http://www.imo.org/en/OurWork/Environment/PollutionPrevention/Garbage/Pages/Default.aspx, accessed 14:28 04.04.2016. 
 
Karlsson M., Ericson I., van Bavel B., Jensen J.-K. and Dam M. Levels of brominated flame retardants in Northern Fulmar 
(Fulmarus glacialis) eggs from the Faroe Islands. Science of The Total Environment, 367 (2006), 840-846.  
 

http://www.imo.org/en/OurWork/Environment/PollutionPrevention/Garbage/Pages/Default.aspx


21 
 

Kerr R.A. Ice-Free Arctic Sea May Be Years, Not Decades, Away. Science, 337 (2012), 1591.  
 
Knudsen L.B., Borgå K., Jørgensen E.H., van Bavel B., Schlabach M., Verreault J. and Gabrielsen G.W. Halogenated 
organic contaminants and mercury in northern fulmars (Fulmarus glacialis): levels, relationships to dietary descriptors and 
blood to liver comparison. Environmental Pollution, 146 (2007), 25-33.  
 
Kühn S. and van Franeker J.A. Plastic ingestion by the northern fulmar (Fulmarus glacialis) in Iceland. Marine Pollution 
Bulletin, 64 (2012), 1252-1254.  
 
Kühn S., Bravo Rebolledo E.L. and van Franeker J.A. Deleterious effects of litter on marine life. In: Bergmann M., Gutow L. 
and Klages M. (eds). Marine Anthropogenic Litter. Springer, Berlin (2015), pp 75-116.  
 
Lang J.R., Allred B.M., Peaslee G.F., Field J.A. and Barlaz M.A. Release of Per-and Polyfluoroalkyl Substances (PFASs) 
from Carpet and Clothing in Model Anaerobic Landfill Reactors. Environmental Science and Technology, (2016), 
DOI: 10.1021/acs.est.5b06237. 
 
Llorca M., Farré M., Karapanagioti H.K. and Barceló D. Levels and fate of perfluoroalkyl substances in beached plastic 
pellets and sediments collected from Greece. Marine Pollution Bulletin, 87 (2014), 286-291.  
 
Mallory M.L. Marine plastic debris in northern fulmars from the Canadian high Arctic. Marine Pollution Bulletin, 56 (2008), 
1501-1504.  
 
Mallory M.L. and Braune B.M. Tracking contaminants in seabirds of Arctic Canada: Temporal and spatial insights. Marine 
Pollution Bulletin, 64 (2012), 1475-1484.  
 
Mallory M.L., Braune B.M. and Forbes M.R.L. Contaminant concentrations in breeding and non-breeding northern fulmars 
(Fulmarus glacialis L.) from the Canadian high arctic. Chemospherem 64 (2006), 1541-1544.  
 
Mallory M.L., Robertson G.J. and Moenting A. Marine plastic debris in northern fulmars from Davis Strait, Nunavut, 
Canada. Marine Pollution Bulletin, 52 (2006), 813-815.  
 
Mallory M.L., McLaughlin J.D. and Forbes M.R. Breeding status, contaminant burden and helminth parasites of Northern 
Fulmars Fulmarus glacialis from the Canadian high Arctic. Ibis, 149 (2007), 338-344.  
 
Martin J.W., Smithwick M.M., Braune B.M., Hoekstra P.F., Muir D.C.G. and Mabury S.A. Identification of Long-Chain 
Perfluorinated Acids in Biota from the Canadian Arctic. Environmental Science and Technology, 38 (2004), 373-380.  
 
Mato Y., Isobe T., Takada H., Kanehiro H., Ohtake C. and Kaminuma T. Plastic Resin Pellets as a Transport Medium for 
Toxic Chemicals in the Marine Environment. Environmental Science and Technology, 35 (2001), 318-324.  
 
Mehlum F. and Gabrielsen G.W. The diet of high-arctic seabirds in coastal and ice-covered pelagic areas near the Svalbard 
archipelago. Polar Research, 12 (1993), 1-20.  
 
Moore C.J. Synthetic polymers in the marine environment: A rapidly increasing, long-term threat. Environmental Research, 
108 (2008), 131-139. 
 
Moser M.L. and Lee D.S. A Fourteen-Year Survey of Plastic Ingestion by Western North Atlantic Seabirds. Colonial 
Waterbirds, 15 (1992), 83-94.  
 
Muir D.C.G. and de Wit C.A. Trends of legacy and new persistent organic pollutants in the circumpolar arctic: Overview, 
conclusions, and recommendations. Science of The Total Environment, 408 (2010), 3044-3051.  
 
OSPAR Commission. Litter in the Marine Environment – Plastic Particles in Fulmar Stomachs 2011. OSPAR, (2011), 
EIHA14/A502.  
 
OSPAR Commission. Guidelines for monitoring of plastic particles in stomachs of fulmars in the North Sea area. OSPAR, 
(2015), EIHA15/5/12 Add. 1. 
 
OSPAR Commission. Explanatory note for the data reporting format for the OSPAR common indicator on plastic particles in 
fulmars’ stomachs. OSPAR, (2015), 2pp.  
 
Pettit T.N., Grant G.S. and Whittow G.C. Ingenstion of Plastics by Laysan Albatross. The Auk, 98 (1981), 839-841.  
 
Pierce K.E., Harris R.J., Larned L.S. and Pokras M.A. Obstruction and Starvation Associated with Plastic Ingestion in a 
Northern Gannet Morus bassanus and a Greater Shearwater Puffinus gravis. Marine Ornithology, 32 (2004), 187-189.  
 



22 
 

Provencher J.F., Gaston A.J. and Mallory M.L. Evidence for increased ingestion of plastics by northern fulmars (Fulmarus 
glacialis) in the Canadian Arctic. Marine Pollution Bulletin, 58 (2009), 1078-1096.  
 
Ricca M.A., Miles A.K. and Anthony R.G. Sources of organochlorine contaminants and mercury in seabirds from the 
Aleutian archipelago of Alaska: Inferences from spatial and trophic variation. Science of The Total Environment, 406 (2008), 
308-323.  
 
Rios L.M., Moore C. and Jones P.R. Persistent organic pollutants carried by synthetic polymers in the ocean environment. 
Marine Pollution Bulletin, 54 (2007), 1230-1237.  
 
Rios L.M., Jones P.R., Moore C. and Narayan U.V. Quantitation of persistent organic pollutants adsorbed on plastic debris 
from the Northern Pacific Gyre’s “eastern garbage patch”. Journal of Environmental Monitoring, 12 (2010), 2226-2236.  
 
Robards M.D., Piatt J.F. and Wohl K.D. Increasing frequency of plastic particles ingested by seabirds in the subarctic North 
Pacific. Marine Pollution Bulletin, 30 (1995), 151-157.  
 
Rochman C.M., Hoh E., Hentschel B.T. and Kaye S. Long-Term Field Measurement of Sorption of Organic Contaminants to 
Five Types of Plastic Pellets: Implications for Plastic Marine Debris. Environmental Science and Technology, 47 (2013), 
1646-1654.  
 
Ryan P.G., Connell A.D. and Gardner B.D. Plastic ingestion and PCBs in seabirds: Is there a relationship? Marine Pollution 
Bulletin, 19 (1988), 174-176.  
 
Ryan P.G., Moore C.J., van Franeker J.A. and Moloney C.L. Monitoring the abundance of plastic debris in the marine 
environment. Philosophical Transactions of the Royal Society B, 364 (2009), 1999-2012.  
 
Shah A.S., Hasan F., Hameed A. and Ahmed S. Biological degradation of plastics: A comprehensive review. Biotechnology 
Advances, 26 (2008), 246-265. 
 
Sheavly S.B. and Register K.M. Marine Debris & Plastics: Environmental Concerns, Sources, Impacts and Solutions. Journal 
of Polymers and the Environment, 15 (2007), 301-305.  
 
Talsness C.E. Overview of toxicological aspects of polybrominated diphenyl ethers: A flame-retardant additive in several 
consumer products. Environmental Research, 108 (2008), 158-167.  
 
Tanaka K., Takada H., Yamashita R., Mizukawa K., Fukuwaka M. and Watanuki Y. Accumulation of plastic-derived 
chemicals in tissues of seabirds ingesting marine plastics. Marine Pollution Bulletin, 69 (2013), 219-222. 
 
Teuten E.L., Saquing J.M., Knappe D.R.U., Barlaz M.A., Jonsson S., Björn A., Rowland S.J., Thompson R.C., Galloway 
T.S., Yamashita R., Ochi D., Watanuki Y., Moore C., Viet P.H., Tana T.S., Prudente M., Boonyatumanond R., Zakaria M.P., 
Akkhavong K., Ogata Y., Hirai H., Iwasa S., Mizukawa K., Hagino Y., Imamura A., Saha M. and Takada H. Transport and 
release of chemicals from plastics to the environment and to wildlife. Philosophical Transactions of the Royal Society B, 364 
(2009), 2027-2045. 
 
Thompson R.C., Moore C.J., vom Saal F.S. and Swan A.H. Plastics, the environment and human health: current consensus 
and future trends. Philosophical Transactions of the Royal Society B, 364 (2009), 2153-2166.  
 
Tourinho P.S., Ivar do Sul J.A. and Fillmann G. Is marine debris ingestion still a problem for the coastal marine biota of 
southern Brazil? Marine Pollution Bulletin, 60 (2010), 396-401.  
 
Trevail A.M. Plastic Ingestion and the Associated Physiological Effects in Northern Fulmars, Fulmarus glacialis, From 
Spitsbergen, Svalbard, in the European Arctic. University of Southampton, (2014), Msc thesis.  
 
Trevail A.M., Gabrielsen G.W., Kühn S. and van Franeker J.A. Elevated levels of ingested plastic in a high Arctic seabird, 
the northern fulmar (Fulmarus glacialis). Polar Biology, 38 (2015), 975-981.  
 
UNEP. UNEP Year Book 2011: Emerging issues in our global environment. United Nations Environment Programme, 
(2011), Nairobi, 79pp.  
 
van Franeker J.A. Save the North Sea fulmar-litter-EcoQO Manual Part 1: Collection and dissection procedures. Alterra 
Rapport 672, (2004), Wageningen, Texel, Netherlands. URL: http://edepot.wur.nl/40451 
 
van Franeker J.A., Blaize C., Danielsen J., Fairclough K., Gollan J., Guse N., Hansen P-L. Heubeck M., Jensen J-K., Le 
Guillou G., Olsen B., Olsen K-O., Pedersen J., Stienen E.W.M. and Turner D.M. Monitoring plastic ingestion by the northern 
fulmar Fulmarus glacialis in the North Sea. Environmental Pollution, 159 (2011), 2609-2615. 
 



23 
 

van Franeker J.A. and the SNS Fulmar Study Group. Fulmar Litter EcoQO monitoring along Dutch and North Sea coasts – 
Update 2010 and 2011. IMARES Report C076/13 (2013), IMARES, Texel, 61pp.  
 
van Franeker J.A. and Law K.L. Seabirds, gyres and global trends in plastic pollution. Environmental Pollution, 203 (2015), 
89-96.  
 
Vander Pol S.S., Becker P.R., Kucklick J.R., Pugh R.S., Roseneau D.G. and Simac K.S. Persistent Organic Pollutants in 
Alaskan Murre (Uria spp.) Eggs: Geographical, Species, and Temporal Comparisons. Environmental Science and 
Technology, 38 (2004), 1305-1312. 
 
Vorkamp K., Christensen J.H., Glasius M. and Riget F. Persistent halogenated compounds in black guillemots (Cepphus 
grylle) from Greenland – levels, compound patterns and spatial trends. Marine Pollution Bulletin, 48 (2004), 111-121.   
 
Weimerskirch H., Chastel O., Cherel Y., Henden J.A. and Tveraa T. Nest attendance and foraging movements of northern 
fulmars rearing chicks at Bjørnøya Barents Sea. Polar Biology, 24 (2001), 83-88.  
 
Yamashita R., Takada H., Fukuwaka M. and Watanuki Y. Physical and chemical effects of ingested plastic debris on short-
tailed shearwaters, Puffinus tenuirostris, in the North Pacific Ocean. Marine Pollution Bulletin, 62 (2011), 2845-2849.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



24 
 

Appendix A 
 
The samples were analysed for the following polychlorinated biphenyls (PCBs) congeners in 
both datasets: PCB-28/31, PCB-52, PCB-99, PCB-101, PCB-105, PCB-118, PCB-138, PCB-
153 and PCB-180. Additionally, the samples from the Norwegian fulmar dataset was analysed 
for PCB-170, PCB-183, PCB-187, PCB-189 and PCB-194. 
 
Samples from both datasets were analysed for polybrominated diphenyl ethers (PBDEs): 
PBDE-28, PBDE-47, PBDE-99, PBDE-100, PBDE-138, PBDE-153, PBDE-154 and PBDE-
183. The samples from the Norwegian dataset were also analysed for PBDE-196, PBDE-197, 
PBDE-206, PBDE-207 and PBDE-209.  
 
The samples from both datasets were analysed for o,p’-DDT, p,p’-DDT, p,p’-DDD, o,p’-DDE 
and p,p’-DDE. The samples from the Faroese dataset were also analysed for 
hexachlorobenzene (HCB), α-hexachlorocyclohexane (HCH), β-HCH, γ-HCH, heptachlor, 
oxy-chlordane, trans-chlordane, cis-chlordane, trans-nonachlor, cis-nonachlor and mirex.  
 
For metabolites and organophosphate flame retardants, only samples from the Faroe Islands 
dataset were analysed: PCP, 4-OH-PCB107, 4-OH-PCB120, 4-OH-PCB130, 3-OH-PCB153, 
4-OH-PCB146, 3-OH-PCB138, 4-OH-PCB163, 4-OH-PCB187, 4-OH-PCB172, 4’-OH-
PCB193, 3-MeSO-PCB49, 4-MeSO-PCB49, 3-MeSO-PCB52, 4-MeSO-PCB52, 3-MeSO-
PCB91, 4-MeSO-PCB91, 3-MeSO-PCB101, 4-MeSO-PCB101, 3-MeSO-PCB87, 3-MeSO-
PCB110, 4-MeSO-PCB110, 3-MeSO-PCB132, 3-MeSO-PCB149, 4-MeSO-PCB149, 4-
MeSO-PCB132, 3-MeSO-PCB141, 4-MeSO-PCB141, 3-MeSO-PCB174, 4-MeSO-PCB174, 
4-OH-HpCS, 2-OH-BDE68, 6-OH-BDE47/55, 5-OH-BDE47, 4-OH-BDE49, 5-OH-BDE100, 
4-OH-BDE103, 5-OH-BDE99, 4-OH-BDE101, 3-MeSO2-DDE. Organophosphate flame 
retardants were also analysed for the Faroese dataset only, in the “absent” and “high” groups: 
TEP, TCEP, TPrP, TCPP, TiBP, BdPhP, TPP, DBPhP, TnBP, TDCPP, TBEP, TCP, EHDP 
and TEHP.  
 
Perfluoroalkyl and polyfluoroalkyl substances (PFASs) were analysed in both datasets and 
summarized in Table A1 below. Three PFASs were only analysed for in one dataset, and are 
indicated in the table. 
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Table A1: A summary of the perfluoroalkyl and polyfluoroalkyl substances (PFASs) analysed in 
muscle and liver samples from northern fulmars (Fulmarus glacialis) caught in the Faroe Islands 
(2011) and Norway (2012-2013). The last two columns of the table indicate analytes which were only 
analysed for in one dataset. If the row is blank for the last two columns, the analyte was analysed for 
in both datasets.  
 

Group Abbreviation Analyte 

Only 
Faroe 

Islands 
Only 

Norway 

     n:2 fluorotelomer sulfonic acids 6:2 FTS 6:2 fluorotelomer sulfonic acid 
  

 
8:2 FTS 8:2 fluorotelomer sulfonic acid 

 
x 

Perfluoroalkane sulfonamides PFOSA Perfluorooctane sulfonamide     
Perfluoroalkane sulfonic acids PFBS Perfluorobutane sulfonic acid     

 
PFPS Perfluoropentane sulfonic acid x 

 
 

PFHxS Perfluorohexane sulfonic acid 
  

 
PFHpS Perfluoroheptane sulfonic acid 

  
 

brPFOS Branched perfluorooctane sulfonic acid 
  

 
PFOS Perfluorooctane sulfonic acid 

  
 

PFNS Perfluorononane sulfonic acid x 
 

 
PFDcS Perfluorodecane sulfonic acid 

  Perfluoroalkyl carboxylic acids PFBA Perfluorobutanoic acid     

 
PFPA Perfluoropentanoic acid 

  
 

PFHxA Perfluorohexanoic acid 
  

 
PFHpA Perfluoroheptanoic acid 

  
 

PFOA Perfluorooctanoic acid 
  

 
PFNA Perfluorononanoic acid 

  
 

PFDcA Perfluorodecanoic acid 
  

 
PFUnDA Perfluoroundecanoic acid 

  
 

PFDoDA Perfluorododecanoic acid 
  

 
PFTrDA Perfluorotridecanoic acid 

    PFTeDA Perfluorotetradecanoic acid     
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Appendix B 
 
o,p’-DDT, p,p’-DDT, o,p’-DDE, PBDE-138, α-, β-, and γ-HCH and heptachlor were 
eliminated for all three groups in the Faroe dataset. Additionally, it excluded PBDE-28, 
PBDE-99, PBDE-100, PBDE-153, PBDE-154 and PBDE-183 in the absent group; and 
PBDE-28, PBDE-99, PBDE-100, PBDE-154 and PBDE-183 in the high group.  
 
For metabolites and PFASs, only the absent and high groups were analysed. 4-OH-HpCS, 4-
OH-PCB120, 4-OH-PCB130, 2-OH-BDE68, 6-OH-BDE47/55, 5-OH-BDE47, 4-OH-BDE49, 
5-OH-BDE100, 4-OH-BDE103, 5-OH-BDE99, 4-OH-BDE101, 3MeSOPCB49, 
4MeSOPCB52, 4MeSOPCB49, 6:2 FTS, PFOSA, PFBS, PFPS, PFHxS, PFHpS, brPFOS, 
PFNS, PFDcS, PFBA, PFPA, PFOA, PFDoDA, PFTeDA were excluded for both the absent 
and high group. 4-OH-PCB163, 3MeSOPCB52, 4MeSOPCB91, 3MeSO2DDE, 
3MeSOPCB110, 3MeSOPCB132, 3MeSOPCB174, PFHxA were excluded in the high group. 
4-OH-PCB107 was excluded in the absent group.   
 
Organophosphate flame retardants were analysed for the “absent” and “high” groups for the 
Faroe Islands fulmars. For TEP, TCEP, TPrP, TiBP, BdPhP, TPP, DBPhP, TnBP, TDCPP, 
TCP, EHDP and TEHP all individuals had values below LOD. For TCPP and TBEP some 
individuals had values above the detection limit, but more than 70% were below the limit and 
thus excluded.  
 
For the Norway dataset, PBDE-138, PBDE-183, PBDE-196, PBDE-197, PBDE-206, PBDE-
207 and PBDE-209 were excluded from all three groups for muscle tissue and for liver tissue. 
Additionally, PBDE-119 was eliminated from the liver tissue group. For all groups in both 
tissue matrices, o,p’-DDT was excluded from analyses and o,p’-DDD was excluded for the 
muscle tissue groups. 6:2 FTS, PFBS, PFHpS, PFDcS, PFBA, PFPA, PFHxA, PFHpA, 
brPFOS were eliminated for all groups. PFOA was exluded for the high group and 8:2 FTS 
for the low group, respectively.  
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