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Abstract 
 

A number of environmental contaminants bioaccumulate and biomagnify, and the 

accumulated levels are generally high in organisms at high trophic levels, such as seabirds. 

The herring gull has been used as an indicator species for the contaminant status of the inner 

Oslofjord. However, its role as an indicator of the overall contaminant levels in the fjord has 

been questioned, as the gull has been observed to search for food outside of the fjord.  

 

This study aimed to assess the influence of food source and trophic niche, as well as 

biological variables, on the contaminant status in the herring gull and the maternal transfer to 

eggs. Blood and biometric measurements were collected from female herring gulls from one 

colony in the inner Oslofjord and one colony in the outer Oslofjord, as well as one egg from 

each nest. Stable isotope ratios of carbon (d13C) and nitrogen (d15N) in both blood and eggs 

were quantified to determine the diet source and trophic niche of the two colonies during the 

breeding season.  

 

A more marine signal and a higher trophic niche were found in the outer Oslofjord colony 

compared to the inner Oslofjord colony. The levels of lipid-soluble legacy POPs; 

polychlorinated biphenyls (PCBs), hexachlorobenzene (HCB), and polybrominated diphenyl 

ethers (PBDEs), did not differ between the inner and outer fjord colony and were uncorrelated 

with d13C and d15N. The level of the protein associated perfluoroalkyl substances (PFASs) 

was higher in the outer fjord colony, which is likely linked to local point source exposure 

from the use of fire-fighting foam related to a previously active fire drill area near the outer 

fjord colony. In both colonies, lipophilic contaminants were transferred from mother to egg to 

a higher degree than protein-associated contaminants and metals. PCBs dominated the 

contaminant load in the eggs from both colonies and were considerably higher than that 

observed in the mothers. The lipophilic legacy POPs in herring gull eggs were positively 

correlated with d13C, suggesting increased maternal transfer of lipophilic POPs with a more 

marine diet. No differences in the levels of lipophilic legacy POPs were observed between the 

colonies, indicating similar transfer rate between the females of the two colonies, regardless 

of differences in diet. 
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1 Introduction 
 

1.1 Environmental contaminants 
The industrial revolution marked a turning point in history by providing better living 

standards for the human population through the use of machines for manufacturing, as well as 

manmade chemicals for industrial and household purposes (Becker et al., 2012; Huber et al., 

2015; KEMI, 2015). Although this has created better working and living conditions for 

humans, it has also led to the release of a wide range of contaminants into the environment, 

both manmade chemicals and naturally occurring elements (Azad et al., 2019; Huber et al., 

2015; Ruus et al., 2019). Persistent organic pollutants (POPs) are one example of manmade 

chemicals. These contaminants have been produced both intentionally and unintentionally for 

a range of different purposes, such as in industry, agriculture and in consumer products 

(Letcher et al., 2010).  

 

Some POPs have been investigated for decades. Several of these, such as 

dichlorodiphenyldichloroethylene (DDE), have had adverse effects in wildlife (Huber et al., 

2015; Letcher et al., 2010). These are referred to as “legacy” POPs because their present-day 

contamination is a legacy of previous releases, as they are under current global regulation 

(Riget et al., 2010). The legacy POPs are persistent, bioaccumulative and toxic chemicals 

(PBTs; Lipnick et al., 2001; Riget et al., 2010). Being organic, many POPs are lipophilic 

compounds (Eljarrat & Barcelo, 2003), with typically a long half-life (Jones & de Voogt, 

1999). 

 

A large group of POPs are the organohalogen contaminants (OHCs). OHCs are compounds 

containing at least one halogen atom (fluorine, chlorine, bromine). They are toxic, either by 

themselves or by their biologically active metabolites created through degradation or in vivo 

biotransformation, with adverse effects on both humans and wildlife (Letcher et al., 2010). 

Some of the best known OHC groups are the polychlorinated biphenyls (PCBs) and the 

brominated flame retardants (BFRs), including the polybrominated diphenyl ethers (PBDEs). 

PCBs are highly lipophilic and were previously used in a variety of products, such as in 

sealants, plastics, flame-retardant plasticizers for paints, and for dielectric fluids in 

transformers and capacitors (Borgå et al., 2005; Lipnick et al., 2001). BFRs have been used in 

combustible materials, such as plastics, paper and textiles, in order to meet fire safety 
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regulations (de Wit, 2002). Both PCBs and BFRs are known to biomagnify in ecosystems, 

causing a potential risk to marine top predators (Borgå et al., 2005; de Wit et al., 2006; de Wit 

et al., 2010; Sørmo et al., 2011). 

 

International regulations such as the UNEP Stockholm Convention, which came into force in 

2004, have led to a decline in the emission of POPs globally (EC and EPA, 2009; Helgason et 

al., 2008). This treaty aims to protect human health and the environment from continued 

exposure to POPs (UNEP, 2001). Initially, twelve POPs, known as the “dirty dozen”, were 

placed under restriction by the Stockholm Convention. These include pesticides such as 

dichlorodiphenyltrichloroethane (DDT) and hexachlorobenzene (HCB), and industrial 

chemicals such as PCBs. More recent POPs have also been added to the list and include 

pesticides and industrial chemicals such as PBDEs (i.e. tetra-, penta-, hexa-, and hepta-

bromodiphenyl ether), short-chain chlorinated paraffins (SCCPs), and perfluorooctane 

sulfonic acid (PFOS), its salts and perfluorooctane sulfonyl fluoride (PFOS-F; UNEP, 2009).  

 

Research focusing on chemicals of widespread, emerging concern, i.e. emerging 

contaminants, such as pharmaceuticals and personal care products (PPCPs), cyclic volatile 

methyl siloxanes (cVMS), pesticides, industrial compounds or by-products of these, and food 

additives, has not advanced as far as the research on legacy POPs (Lapworth et al., 2012). 

However, emerging contaminants have received increasing attention in recent years (Buck et 

al., 2011; Huber et al., 2015; Lapworth et al., 2012; Ruus et al., 2019). These emerging 

contaminants of concern are either newly introduced compounds and their metabolites, or 

compounds with previously unrecognized adverse effects on the ecosystem. Moreover, they 

are currently not regulated or included in any routine monitoring programs (Barceló & 

Petrovic, 2008). For example, cVMSs are still being used in personal care products (PCPs) 

and in silicone polymer production. Of the three most extensively used cVMSs (i.e., D4, D5 

and D6), the levels of D5 dominate in PCPs and it is the most widely used cVMS in the 

European Union (EU; Wang et al., 2013). However, D5 was listed on the Norwegian priority 

list in 2006 due to its bioaccumulating, persistent and possible toxic properties, with the aim 

of reducing emissions and use by 2020 (Norwegian Environment Agency, 2017). 

 

Unlike the lipophilic POPs, perfluoroalkyl substances (PFAS) are amphipathic and tend to 

bind to proteins (Jones et al., 2003). PFASs are chemicals with one or more C atoms on which 

all the substituents (present in the nonfluorinated analogues from which they are notionally 
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derived) have been replaced by F atoms, in such a manner that PFASs contain the 

perfluoroalkyl moiety CnF2n+1 (Buck et al., 2011). The exact number of different PFAS 

compounds is not known. By May 2018, researchers had identified 4730 PFAS-related 

structures from patent filing and chemical registries, all of them possibly in commercial use 

(OECD, 2018). PFASs have properties that make them suitable for multiple applications, 

including surface-active agents, cosmetic products, plant protection products, 

textiles/leather/paper impregnation and foam-based fire extinguishing agents (KEMI, 2015). 

Perfluorooctane sulfonate (PFOS), one of the PFAS compounds, is classified as toxic for 

water living organisms and was banned in 2007 (UNEP, 2009). Long-chained perfluorinated 

carboxyl acids (PFCAs) containing 9 – 14 carbon atoms are identified as poorly 

biodegradable. They bioaccumulate in organisms, with long-term effects on health or 

environment. They are substances of very high concern (SVHC) and are on REACH’s 

Candidate List, where REACH is the system for regulating chemicals in Europe (REACH, 

2019).  

 

In addition to the organic compounds, inorganic trace-elements can cause adverse effects 

even at very low levels of exposure. Metals are elements and thus non-biodegradable, and can 

be found throughout the environment (Davidson et al., 2007; Walker et al., 2012). Metals are 

either essential or non-essential to organisms. Essential metals are found in all living 

organisms and play a variety of roles, for example as structural elements or components of 

control mechanisms (e.g. in muscles; Davidson et al., 2007). A deficiency of these metals will 

result in impairment of biological functions. However, essential metals may be toxic to 

organisms when they exceed a certain level (Davidson et al., 2007). Non-essential metals such 

as nickel (Ni), arsenic (As), cadmium (Cd), lead (Pb), and mercury (Hg), have no intended 

function in organisms and may affect an organism by competing with the essential metals at 

active sites of important biological molecules (Walker et al., 2012).  

 

The Agency for Toxic Substances and Disease Registry (ATSDR) and the US Environmental 

Protection Agency (EPA) are responsible for the Substance Priority List (SPL), which 

identifies substances posing the greatest threat to human health due to their known or 

suspected toxicity and potential for human exposure. Based on the SPL from 2017, As, Pb, 

Hg and Cd are ranked as the first, second, third and seventh compound in this list, 

respectively (ATSDR, 2017). Although these elements occur naturally in the environment, 

human activities such as smelting and combustion have led to increased release of these 
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elements into the environment, inducing acute or chronic toxicity to living organisms (Huber 

et al., 2015). Cd, As and Ni are carcinogenic metals that have been associated with DNA 

damage such as base pair mutation and deletion or formation of oxygen radicals (Hartwig, 

2013; Landolph, 1994).  

 

Several metals are bioaccumulative (Huber et al., 2015). Pb, used in many industrial 

applications, can interfere with the biosynthesis of heme, eventually leading to anaemia 

(Lubran, 1980). Cd is of high concern due to its accumulation in the environment and its long 

biological half-life, amplifying its toxicity, such as nephrotoxicity (toxicity in the kidneys; 

Goyer, 1989), in organisms (GESAMP, 1985; Järup et al., 1998). Cd accumulates in aquatic 

organisms (Dubois & Hare, 2009), and has been detected in several gull species such as 

glaucous gulls (Larus hyperboreus) and Iceland gull (Larus glaucoides; Dietz et al., 1996). 

The presence of Cd in the species, usually associated with the gulls’ diet, arises mainly from 

anthropogenic sources, such as mining activities and fuel combustion (Johansen et al., 1991). 

Ni is able to bind to transferrin, one of the major proteins in cellular uptake of the essential 

metal iron (Fe), and thus interferes with Fe transport (Davidson et al., 2007). 

 

Hg enters the biosphere from both natural and anthropogenic sources and is known to be 

potentially toxic (Dietz et al., 2013). International agreements such as the Minamata 

Convention has led to a reduction in the emissions of Hg, but discharges still occur. The 

anthropogenic sources of Hg account for roughly 30% of the Hg emissions into the air, while 

60% is from reemissions of previously released Hg (Amos et al., 2013). Hg exists both in 

organic and inorganic forms: the methylated (organic) form is taken up more efficiently than 

the inorganic form (Walker et al., 2012). Methylmercury is the most toxic form of Hg. It acts 

as a neurotoxin and thereby causes harmful effects on organisms (Dietz et al., 2013). Female 

gulls have shown evidence of Hg transference to their feathers and eggs (Becker et al., 1989; 

Burger & Gochfeld, 1996). This makes the eggs, as well as adult gulls, good indicators of 

metal contamination. In marine ecosystems, organisms at the top of the food chain are of high 

risk of methylmercury exposure due to Hg’s ability to biomagnify (Lehnherr, 2014). 

 

1.2 Monitoring 
International regulations such as the Stockholm Convention have contributed to reducing the 

emissions and use of POPs globally (EC and EPA, 2009; Helgason et al., 2008). 
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Unfortunately, several point sources remain, leading to reemissions of banned or restricted 

contaminants into the ambient air and waters (Berge et al., 2013). POPs have shown to 

bioaccumulate and biomagnify, making their levels evident in organisms high up in the food 

chain, such as marine mammals and seabirds (Furness & Camphuysen, 1997; Letcher et al., 

2010).  

 

In the late 1960s, elevated levels of organic contaminants were detected in herring gull (Larus 

argentatus) eggs from Lake Michigan. Moreover, the herring gull colony presented high 

embryonic mortality, eggshell thinning and low overall reproductive success (Keith, 1966). A 

few years later, the same adverse effects were found in herring gulls in the Canadian Great 

Lakes (Gilbertson & Hale, 1974; Gilbertson & Fox, 1977), which led to the inclusion of 

herring gull adults and eggs as a monitoring species in the Great Lake monitoring programme 

in Canada (Fox et al., 1978; Gilman et al., 1977). The Great Lake monitoring programme has 

found that contaminant levels in herring gull are linked with dietary uptake, and the 

programme uses this species as an indicator of temporal and spatial contaminant levels (EC 

and EPA, 2009; Ewins et al., 1994; Hebert et al., 2000).  

 

1.3 Study species 
The herring gull, being a prominent part of the aquatic bird community (Ewins et al., 1994), 

as well as on the basis of earlier studies (Keilen, 2017; Ruus et al., 2016), was chosen as study 

species for this thesis. The gull was used to examine the levels of several environmental 

contaminants in the females and the maternal transfer to eggs between two colonies in the 

Oslofjord. 

 

The herring gull is a common species along the Norwegian coast, occupying a broad 

ecological niche (Huber et al., 2015) and a high trophic level (TL) in the food web, with an 

estimated value between 3 and 4 based on their marine diet (Sørmo et al., 2011). The gulls are 

opportunistic feeders, feeding on a variety of food items, ranging from marine invertebrates 

and fish, to terrestrial invertebrates, vegetation, other birds, and litter (Sørmo et al., 2011). 

Furthermore, levels of several contaminants in seagull eggs have been shown to reflect their 

maternal contaminant patterns (Verreault et al., 2006), and with the herring gull’s wide 

distribution, their eggs as well as their blood are ideal for monitoring studies (Helgason et al., 

2008; Huber et al., 2015; Ruus et al., 2016).  
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1.3.1 Ecological niche 
Levels of POPs have been linked to trophic position and food source in several gull species 

(Borgå et al., 2001; Haukås et al., 2007; Ruus et al., 2002; Sørmo et al., 2011). The POP 

levels in seabirds are primarily determined by feeding habits and the seabirds’ ability to 

biotransform these contaminants (Borgå et al., 2005).  

 

Stable isotopes of carbon and nitrogen has been used extensively during the last two decades 

as dietary markers to describe feeding habits (e.g. Hobson & Clark, 1992; Ruus et al., 2017). 

Stable isotope analysis can be used to describe the trophic position (d15N) and the dietary 

carbon source (d13C) of the organism (Peterson & Fry, 1987). d15N, which is equivalent to the 

ratio of 15N to 14N, is calculated based on the notion that the heavier 15N isotope is retained in 

the body, while the lighter 14N gets metabolised and excreted (Peterson & Fry, 1987). The 

enrichment of  d15N with each TL is on average 2.4‰ for seabirds (Mizutani et al., 1991). 

The ratio of the two stable isotopes of carbon, 13C and 12C (i.e., d13C), can be used to 

determine the diet’s carbon source, as the carbon isotope composition of animals is 

comparable to that of their diet (Peterson & Fry, 1987). This ratio varies between primary 

producers due to different photosynthetic pathways in plants, i.e., C3 and C4 carbon fixation, 

where C3 plants are more depleted in d13C than C4 plants. Planktonic photosynthesis results in 

a more enriched d13C than for both C3 and C4 plants (Peterson & Fry, 1987). The isotope 

ratios from these plants are retained in consumers and predators, resulting in a lower d13C 

ratio for organisms with more C3 plant intake compared to a more C4 based diet (Vogel & van 

der Merwe, 1977). A lower d13C indicates a diet feeding on terrestrial or freshwater 

organisms, while an animal with a higher d13C is indicative of a marine-based, pelagic diet 

(Elliott et al., 2014).  

 

The turnover rate, the time it takes for 50% of the stable isotopes in the tissue to be replaced 

by the stable isotopes in the diet, is mainly affected by the metabolic rate (Hobson & Clark, 

1992; Tieszen et al., 1983). The turnover rate has been shown to vary widely among different 

tissues: the liver provides a few days’ worth of isotopic information, whole blood a few weeks 

and bone collagen several months (Hobson & Clark, 1992). 
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Being opportunistic feeders, herring gulls may incorporate food items of anthropogenic origin 

when in proximity to urban areas (Burger et al., 1979). Measurements of stable isotopes of 

carbon and nitrogen in the herring gulls can indicate the marine signatures of their diet and 

trophic niche, respectively. As exposure and biomagnification of many contaminants are 

linked to dietary intake, the feeding preferences of herring gulls are essential to understanding 

the contaminant levels and patterns (Hebert et al., 2009).  

 

1.4 The Oslofjord ecosystem 
The city of Oslo is highly inhabited and herring gulls are often observed to be feeding on 

garbage and junk food in this area (Denny & Gaines, 2007). The Oslo metropolitan area has a 

population of 1.5 million people and is the fastest-growing major city in all of Europe, 

population-wise (World Population Review, 2019). Close to the city centre is the Oslofjord. 

This fjord is approximately 107 km long and stretches from Langesund in the south to Oslo in 

the north.  The fjord has been shown to contain a range of contaminants, both inorganic and 

organic (Ruus et al., 2016). Environmental Contaminants in an Urban Fjord (“Urbanfjord”) is 

a monitoring programme conducted for several years by the Norwegian Environment Agency. 

Urbanfjord has documented the levels of various contaminants in a range of species 

representing the Oslofjord community, and modelled food web biomagnification (Ruus et al., 

2015; Ruus et al., 2016; Ruus et al., 2017;  Ruus et al., 2019).  

 

Keilen (2017) compared contaminant levels and stable isotopes in herring gulls from the 

urban inner Oslofjord to a more rural colony in northern Norway. The Oslofjord gulls were 

grouped into marine and terrestrial gulls based on carbon isotope ratios. The levels of 

lipophilic contaminants in the marine gulls and the northern Norway gulls were more similar 

than those between the marine and terrestrial gulls, indicating that these contaminant levels 

are dependent on the dietary signal and not the habitat (Keilen, 2017). Ruus et al. (2017) 

found lower isotope ratios of d13C and d15N in herring gull compared to other marine species 

in the Oslofjord. These findings suggest that the herring gull searches for food outside of the 

fjord, which may include urban areas, and that the inner Oslofjord gulls are not representative 

of the Oslofjord ecosystem. By investigating the contaminant levels in the herring gulls at a 

smaller scale, comparing the inner Oslofjord colony to one located in the outer fjord, the 

contaminant status for the fjord system can be revealed. 
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Egg laying is a major route of contaminant transfer for female seabirds (Hitchcock et al., in 

press; Russell et al., 1999). Much of the energy investment used by the mother during egg 

production is in the form of lipids (Astheimer & Grau, 1990). Lipophilic pollutants with long 

half-lives, such as PCBs, PBDEs and hexachlorobenzene (HCBs), often get eliminated from 

the mother to the offspring by this elimination route (Bjerk & Holt, 1971; Borgå et al., 2004; 

Herzke et al., 2009; Verreault et al., 2006). The levels of several compounds in seagull eggs 

reflect their maternal contaminant patterns (Verreault et al., 2006). Thus, by investigating 

both the adult herring gulls from the Oslofjord and their eggs, the amount and efficiency of 

contaminant transfer to these eggs can be determined.  

 

1.5  Aims and objectives 
The main aim of this master thesis was to determine the contaminant levels in herring gull 

females and their maternal transfer to eggs in two colonies in the Oslofjord: Søndre 

Skjælholmen in the inner fjord and Store Revlingen in the outer fjord. By comparing herring 

gull populations between the inner and outer Oslofjord, differences in both diet and 

contaminant levels between the stations are expected due to dissimilar dietary preferences. 

Contaminants with various properties (e.g., lipophilic, protein-associated) are included in this 

study, so a secondary aim was to investigate the transfer efficiency of these contaminants 

from mother to egg. 

 

The objectives addressed were:  

Objective 1) Investigate diet in the two colonies based on stable isotope ratios of carbon 

(d13C) and nitrogen (d15N) to evaluate whether the inner fjord’s herring gulls are 

representative for the entire Oslofjord system. 

• H1: Due to a more marine diet in the gulls from the outer fjord (Revlingen), they have 

a higher value of d13C compared to the inner fjord (Skjælholmen) gulls.  

• H2: The outer fjord gulls have higher d15N due to a more marine diet than the inner 

fjord gulls, based on previous findings of low d15N in the inner fjord gulls.  

Objective 2) Compare contaminant levels in adult herring gulls between the inner and outer 

Oslofjord to address whether the inner fjord is more contaminated due to its proximity to 

populated areas, or if the outer fjord colony shows higher contaminant levels due to 

bioaccumulation in a marine food web. 
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• H3: The lipophilic legacy POPs that have been banned for many years show higher 

levels in the outer fjord colony. These contaminants bioaccumulate and biomagnify up 

the food web, leading to higher levels of lipophilic POPs with increasing d15N. 

Moreover, the inner fjord colony show higher levels of the more recently banned or 

restricted lipophilic contaminants due to proximity to urban areas more influenced by 

these contaminants from building materials and consumer products.  

• H4: The inner fjord colony have higher levels of PFASs in the inner fjord colony due 

to the use of PFASs such as in consumer products and textiles in urban areas. 

• H5: The metals show higher or lower levels in the gulls from the inner or outer fjord 

colony based on their use and properties. Cd accumulates in aquatic organisms, 

leading to higher levels in the outer fjord colony. Pb, which is often used in building 

materials, will show higher levels in gulls from the inner fjord, closer to industrial 

areas. Hg levels will be higher in the outer fjord colony due to trophic magnification in 

the marine food chain.  

Objective 3) Compare the levels of contaminants transferred from mother to eggs, as well as 

investigate the transfer efficiency of these contaminants and the association with dietary 

preferences of the mothers.  

• H6: The lipophilic contaminants are more efficiently transferred from mother to egg 

than protein associated PFAS and metals, due to much of the energy investment used 

by the mother during reproduction being in the form of lipids.  

• H7: Higher contaminant load of lipophilic contaminants is associated with a more 

marine diet (higher d13C), due to more effective lipid-accumulation with a marine diet.  
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2 Materials and methods 
 

2.1  Study sites 
In May 2017, whole-blood samples from adult female herring gulls, as well as one egg from 

their respective nest, were sampled in two separate island colonies in the Oslofjord; Søndre 

Skjælholmen in the inner Oslofjord and Store Revlingen in the outer Oslofjord (Figure 1). 

The distance in a straight line between the two locations is approximately 51 kilometres.  

 

The Oslofjord has several sills dividing the deeper habitats into interconnected basins. The 

main sill, with a water depth of 19.5 m, is located in Drøbaksundet. This sill separates the 

inner Oslofjord from the outer Oslofjord, making the inner fjord a fairly enclosed body of 

water with consequent restrictions of the water circulations. The inner Oslofjord covers 

approximately 193 km2 and is located within the most densely populated area of Norway 

(Abdullah et al., 1982; Breivik et al., 2004; Powell et al., 2018). 

 
 
Figure 1. Map of the Oslofjord with sample areas highlighted: Søndre Skjælholmen (inner fjord) at the top and 
Store Revlingen (outer fjord) at the bottom. Map from Kartverket.no  
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2.1.1  Søndre Skjælholmen: the inner Oslofjord 
Herring gull blood and eggs from Søndre Skjælholmen (Nesodden municipality, Akershus 

county; 59°51¢14²N 010°43¢48²E, hereinafter referred to as inner fjord) was sampled the 15th 

and 19th of May 2017. Parts of the island are a nature reserve and restricted to the public, 

while the rest of the island is open to the public during the entire year. Søndre Skjælholmen is 

located about 6 km from the Oslo city centre.  

 

2.1.2 Store Revlingen: the outer Oslofjord 
Sampling of herring gull blood and eggs from the outer Oslofjord was conducted the 21st of 

May 2017, on an island called Store Revlingen (hereinafter referred to as outer fjord), Rygge, 

Østfold, Norway (59°23¢50²N 010°38¢06²E). The southern part of this island is a nature 

reserve, and permission to take samples of the gulls was given by the County Governor of 

Østfold. Store Revlingen is located approximately 10 km from Rygge airport. The herring 

gull colony at Revlingen is in close proximity to numerous agricultural fields, and several of 

the birds nesting at Revlingen have been observed to be feeding on worms and other items on 

these fields (Ringmerking.no, 2019). 

 

2.2  Field procedures 
The fieldwork was coordinated as part of the Urbanfjord project and also included another 

MSc project (Thorstensen, 2019). Sampling of whole blood from the birds was done by 

Morten Helberg, University of Oslo (UiO), while the author assisted in the handling of the 

birds. Herring gulls incubating on the nest were caught using a walk-in trap, and then carried 

away from the nesting area to minimise disturbance to other breeding birds.  One blood 

sample were taken from a vein under the wing, and the bird was then released as quickly as 

possible. One egg from each female gull was taken from each nest. Herring gull nest on the 

ground, making the eggs easy to collect. The total sample size of the present project included 

30 blood and 30 egg samples from herring gulls, sampled from 15 different individuals from 

each colony. Approximately 5 mL blood were collected from the wing of each gull. For each 

adult female herring gull, body weight, head length, beak height and wing length were 

measured, and a metal ring were added on one tarsus, and an individual coded color-ring on 

the other. This last ring enables individual identification later in the project. 
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2.2.1 Sex determination 
The sex of the herring gull was determined biometrically in the field. Based on previous sex 

determination studies in herring gulls using DNA, the gulls are treated as females if their head 

length is under 121 mm and as males if over 121 mm (Morten Helberg 2017, pers.com).  

 

2.2.2 Stage determination of eggs 
The eggs were divided into five different stages based on how developed they were, a system 

developed by Kine Bæk (NIVA) for previous Urbanfjord samples. The stages were; 1: 

without any indication of a foetus; 2: small signs of development, such as blood; 3: a clear 

indication of a foetus but no/small signs of feathers; 4: foetus with feathers but still a visible 

vitellus (egg yolk); 5: egg near hatching.  

 

2.2.3 Ethical considerations 
Permission to capture, handle, and take samples from the gulls followed the guidelines set out 

by the Norwegian Animal Welfare Act and were granted by the Norwegian Food Safety 

Authority (FOTS id 12394). In each location, eggs were only collected if the nest had two or 

more eggs. The whole-blood sample size of the females never exceeded 6 mL. Based on 

previous experience (Ruus et al., 2015; Ruus et al., 2016; Ruus et al., 2017), the amount of 

blood taken does not cause any harm to the investigated species.  

 

Sampling was always performed in one area at the time to prevent stressing the birds longer 

than needed. The traps were never kept over the nests for more than 30 minutes without being 

checked to prevent the birds from being too hot or too stressed. The nests were monitored 

using binoculars. The camp where the sampling and measurements were performed was 

located in the shade to keep the birds away from the sun.  
 

2.3 Homogenisation and sample splitting 
Defrosting and homogenisation of the eggs and sample splitting were performed by the author 

and personnel at NIVA. The procedure was carried out in the open air on the roof of the 

building to prevent contamination of siloxanes, and staff involved made sure to wear 

siloxane-free care products at least 24 hours before handling the samples. 
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Each blood sample contained a volume of approximately 5 mL, while the eggs weighed 

approximately 50 g. The eggs were homogenised with a blender. After homogenising, the 

samples were divided into several subsamples for further analyses; 0.1 mL of blood and 0.1 – 

0.2 g of egg to the Institute for Energy Technology (IFE) for stable isotope analysis; 1.0 mL 

of blood and 3.0 - 5.0 g of egg to NILU, Tromsø, for analysis of cyclic volatile methyl 

siloxanes (cVMS) and phosphorous flame retardants; 0.3 mL of blood and 1.0 – 2.0 g of egg 

to NIVA for analysis of PFASs, as well as 0.5 mL of blood and 3.0 – 5.0 g of egg for analysis 

of UV-chemicals. The rest, 1.5 – 3.0 mL of blood and 20.0-30.0 g of egg matrix was sent to 

NILU Forskningsparken, Kjeller, for analysis of lipid-soluble POPs and metals.  
 

2.4  Analysis of stable isotope ratios of carbon and 

nitrogen 
Stable isotope analysis of carbon (d13C) and nitrogen (d15N) were performed by staff at the 

Stabile Isotope Laboratory at the Institute for Energy Technology (IFE), Kjeller, Norway. The 

whole-blood and egg samples were dried overnight at 80°C and subsequently homogenized 

with an agate pestle and mortar. Approximately 1 mg of each sample was transferred into a 

tin capsule. The sample capsules were combusted at 1700°C in the presence of oxygen (O2) 

and chromium (III) oxide (Cr2O3) in a Eurovector EA3028 elemental analyser. NOx was 

reduced to nitrogen gas (N2) at 650°C in the presence of copper (Cu). Residual H2O was 

removed by a magnesium perchlorate Mg(ClO4)2 trap before N2 and carbon dioxide (CO2) 

were separated on a 2 m Poraplot Q gas chromatograph (GC) column. N2 and CO2 were 

transferred directly to a Horizon Isotope Ratio Mass Spectrometer (IRMS) from Nu-

instruments to measure the ratios of heavy to light stable nitrogen (d15N) and carbon (d13C) 

values. Known standards of the chromatographic peak areas were used as a comparison to 

quantify the carbon-to-nitrogen elemental ratio (C:N ratio). Both carbon and nitrogen isotope 

ratios were expressed in d notation, where the d values are the isotope ratio of the sample 

relative to a standard and is expressed in parts per thousand (‰) (Equation 1 and 2).  
 

d13C = ([(13C/12C-)sample/(13C/12C-)standard] - 1) * 1000       (Equation 1) 

 

d15N = ([(15N/14N-)sample/(15N/14N-)standard] – 1) * 1000      (Equation 2) 
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The standards of d13C and d15N were the carbon- and nitrogen isotope ratios of PeeDee 

Belemnite (PDB) marine fossil limestone formation (Vienna) and atmospheric nitrogen (N2), 

respectively. The bird tissues had negative values of d13C and positive values of d15N, 

meaning that they had a lower d13C ratio than PDB and a higher d15N than N2.  

 

2.5 Homogenization and gravimetric lipid determination 

of eggs 
The author homogenized the eggs, while the gravimetric lipid determination of the eggs was 

performed by Inger Christin Steen from NILU (Forskningsparken, Kjeller). 

 

All egg samples were mixed with sodium sulphate (Na2SO4) in a blender to homogenize the 

sample. The samples were kept in a freezer at -20°C for an hour for the Na2SO4 to blend into 

the sample before they were run through the blender one more time. Gravimetric lipid 

determination was done by running two parallels of each sample, each containing 2 g of 

sample. A mixture of 3:1 cyclohexane/acetone solvent was added to each parallel. After a 

couple of days, everything but the lipids had evaporated from the sample, and lipid 

determination was done gravimetrically (Equation 3 and Equation 4). The mean of the two 

parallels was calculated to find the percentage of lipid in each egg sample.  

 
𝐴𝑚𝑜𝑢𝑛𝑡	𝑜𝑓	𝑙𝑖𝑝𝑖𝑑	𝑖𝑛	𝑠𝑎𝑚𝑝𝑙𝑒	(𝑔) = 	𝑆𝑎𝑚𝑝𝑙𝑒	𝑔𝑙𝑎𝑠𝑠	𝑏𝑒𝑓𝑜𝑟𝑒	𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛	(𝑔) −

𝑆𝑎𝑚𝑝𝑙𝑒	𝑔𝑙𝑎𝑠𝑠	𝑎𝑓𝑡𝑒𝑟	𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛	(𝑔)        (Equation 3) 
 

 

𝐿𝑖𝑝𝑖𝑑	% =	 !"#$%&	#(	)*+*,	*%	-."+)/	(1)	×	455
6."+)/	$-/,	(#7	)*+*,	,/&/7"*%.&*#%	(8	1)

      (Equation 4) 

 

2.6  Contaminant analyses 
Analyses of contaminants were conducted at the Norwegian Institute of Air Research (NILU) 

at Kjeller, NILU at the Fram Centre, Tromsø, and the Norwegian Institute of Water Research 

(NIVA). The analyses were performed for both whole blood and eggs of the herring gulls. 

Samples were analysed in groups of 7 or 8 samples and a blank control. The author performed 

homogenisation, extraction and clean-up of the lipophilic contaminants in eggs. Lipid 

determination, sample preparations of PFASs and metals, instrumental analyses and 

quantification of the contaminants was conducted by the staff at NILU and NIVA.  
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2.6.1 Analysis of cyclic volatile methyl siloxanes 
Octamethylcyclotetrasiloxane (D4), deecamethylcyclopentasiloxane (D5), 

dodecamethylcyclohexasiloxane (D6) and M3T (Ph) were analysed by staff at NILU as 

described by Ruus et al. (2019). Products containing cVMSs were avoided for at least 24 

hours prior to collecting blood samples and eggs, to prevent contamination of the samples. 

State-of-the-art clean room and clean bench technologies were used to avoid background 

contaminants, as cVMS are applied in e.g. skin products.  

 

Sample preparation and extraction 

The herring gull samples were extracted using solid-liquid extraction with a biphasic (i.e. 

two-phase) solvent system of acetonitrile and hexane.  

 

Analysis 

The collected extracts were analysed using Concurrent solvent recondensation large volume 

injection gas chromatography mass spectrometry (CSR-LVI-GC-MS). CSR-LVI-GC-MS has 

shown to provide accurate and reproducible results when determining volatile compounds 

such as cVMS (Companioni-Damas et al., 2012).  

 

Limits of detection 

The limits of detection (LODs) and limits of quantification (LOQs) were calculated for each 

sample using the standard method, i.e. the average of the blanks plus 3 and 10 times the 

standard deviation (SD) of the blacks, respectively. Samples were extracted and analysed in 

batches with a minimum of 3 procedural blanks to account for background contamination and 

to calculate both the LOD and LOQ per batch. Procedural blanks were run before and after 

samples to make sure results were above the LOD and not due to background variation.  

 

To investigate potential contamination coming from sample collection and preparation, field 

blanks were used. Each blank contained approximately 3 grams of XAD-2 sorbent in filter 

bags of polypropylene/cellulose. The XAD-2 sorbent was cleaned with a 1:1 mixture of 

hexane/dichloromethane and dried overnight in a clean cabinet. The clean cabinet was 

equipped with a High-Efficiency Particulate Absorber (HEPA) and charcoal filter to prevent 

contamination from indoor air. The filter bags surrounding the XAD-2 sorbent was cleaned by 

ultrasonic treatment (i.e. sonication). After 30 minutes, the hexane was removed and 
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substituted with clean dichloromethane and the field blanks sonicated once more for 30 

minutes. The filter bags were then placed to dry in a clean cabinet overnight in the same way 

as with the XAD-2 sorbent. When the XAD-2 sorbent was dry, it was transferred to filter bags 

and sealed in polypropylene containers to be used for sampling purposes. These were used to 

determine the reference concentrations before sampling. The field blanks were exposed to 

field and sample preparation conditions.  

 

2.6.2 Analysis of per- and polyfluoroalkyl substances 
PFASs were analysed by NIVA (Forskningsparken, Oslo) during Autumn of 2017 (Ruus et 

al., 2019).  

 

Extraction 

The biota samples were homogenized, and 6 ng of each of the isotopic labelled internal 

standards was added before extraction. 7 mL of the extraction solvent acetonitrile was added 

to the sample and placed in an ultrasonic bath for 30 minutes, breaking down and extracting 

the sample. PFAS compounds are amphipathic, showing both lipophilic and hydrophilic 

properties (Jones et al., 2003), and acetonitrile, a polar solvent, has shown to provide good 

recoveries when used as an extraction solvent on these compounds (DeWitt, 2015). The 

sample was then centrifuged and the supernatant extract removed, before the extraction 

procedure was repeated using 5.0 mL of acetonitrile. 

 

Clean-up 

The PFAS extracts were cleaned up using graphitized carbon as an absorbent together with 

acetic acid. 0.4 mL of the extract and 0.2 mL of ammonium acetate were added together. The 

final extract was centrifuged, and a clear supernatant was transferred to an autoinjector vial. 

 

Instrument analysis 

To separate, identify and analyse the different PFAS compounds in the extract, an Acquity 

Ultra-Performance Liquid Chromatography (UPLC) system (Waters Corporation, Milford, 

MA, USA) was used. 7 mL of extract was injected onto a Waters Acquity BEH C18 reversed 

phase column (100 x 2.1 mm, 1.8 µm particles). This column consists of C18-bonded 

stationary phases which are used to separate the target compounds when the sample mixture 

and the mobile phase pass through the particle bed. The compounds in the mixture were 
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separated at a flow rate of 0.5 mL/min using acetonitrile and 5.2 mM ammonium acetate 

(NH4OAc) in water. A binary gradient was applied as follows: 0-1.5 min, 12% of acetonitrile; 

1.5-11 min, linear change to 99% of acetonitrile; 11-13 min, 99% of acetonitrile. The 

separated mixture was then transferred to a detector which sent an electrical signal to a 

computer data station where it was recorded as a peak. 

 

The Xevo G2-S Q-ToF-HRMS instrument (Waters Corporation, Milford, MA, USA), which 

stands for Quadrupole Time-of-Flight High-Resolution Mass Spectrometry, is designed to 

identify, quantify and confirm a range of compounds. Mass spectrometers convert the target 

molecules to a charged (ionized) state, which can be analysed on the basis of their mass to 

charge ratio (m/z) (Pitt, 2009). The instrument uses a negative ion electrospray ionization 

mode (ESI negative mode) as an ion source. Mass spectra are registered in full scan mode 

(mass range m/z 150-1100). Optimized parameters used are described in Appendix A. 

Quantitative analysis was performed employing extracted mass chromatograms from full scan 

recording using the m/z (typical mass tolerance of 0.03 u) for the different analytes. LODs and 

LOQs were calculated for each sample using 3 times and 9 times the signal/noise ratio (z/n), 

respectively.  
 

2.6.3 Analysis of lipid-soluble persistent organic pollutants 
The laboratory analysis on the herring gull blood was done by personnel at NILU, while the 

analysis on the herring gull eggs was done by the author with the help of Inger Christin Steen 

and Silje Eltvik Thomassen from NILU (Forskningsparken, Kjeller). The target compounds 

were short-chained chlorinated paraffins (SCCP), medium-chained chlorinated paraffins 

(MCCP) and decabromodiphenyl ethane (DBDPE), as well as a range of PCBs and PBDEs 

(Ruus et al., 2019).  

 

Extraction 

A mixture of isotope labelled internal standards were added before extraction of the sample, 

for quantification purposes. The exact amount of each internal standard added can be found in 

Appendix B. Internal standards will show up as a chromatographic peak close to the target 

analytes, and by adding a known amount of the internal standard and comparing this to a 

recovery standard it is possible to report the amount of sample lost during the extraction. 

Based on the lipid determination, 4.0 g of each homogenized egg sample from the inner 

Oslofjord was used during the extraction. This method targets a range of persistent organic 
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pollutants (POPs) and uses a 3:1 cyclohexane/acetone mixture as a solvent to extract them. 

The 30 egg samples were divided into 4 groups, where each group consisted of 7 or 8 egg 

samples. One negative control (blank) was included for each group to monitor contamination 

during the analytical process. For each sample, a glass column was filled with a piece of clean 

cotton and cleaned with 6.0 – 8.0 mL of 3:1 cyclohexane/acetone mixture. Based on Equation 

5, an exact amount of the homogenized sample was added to the glass column.   
 

𝐻𝑜𝑚𝑜𝑔𝑒𝑛𝑖𝑧𝑒𝑑	𝑚𝑎𝑠𝑠	𝑓𝑜𝑟	𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛	 = 	 9#&.)	:#"#1/%*;/,	".--	(1)	×	<1	(.%.)=-*-	."#$%&)
481	(>.?	/11	-."+)/		."#$%&)

 (Equation 5) 

 

Glass vials were placed under the glass columns to collect the extracted sample. The internal 

standards were introduced to the columns before the addition of 150.0 mL of solvent (3:1 

mixture of cyclohexane/acetone), flushing the sample out of the bottom of the column. The 

glass columns with the samples were left to run overnight. The following day the sample 

extract, now in a glass vial, was concentrated to a volume of about 0.5 mL using the 

TurboVap 500 (Sotax AG (previously Zymark), Aesch, Switzerland) with an endpoint 

detection technology. The TurboVap consists of a heat bath with nitrogen-flow to concentrate 

the samples. The solvent was changed to n-hexane as a solvent for further elution using a 

silica-column.  
 

Clean-up 

The clean-up procedure was done to remove lipids and other unwanted compounds, which 

started with silica column chromatography. This method uses the polarity of the molecules to 

separate the different compounds. Glass columns were packed with one clean cotton frit in the 

tip. 4.0 g of activated silica (SiO2) was added on top of the cotton frit, which adsorbed the 

unwanted chemicals, followed by about 1 cm Na2SO4. The column was then cleaned with 

30.0 mL of diethyl ether hexane (C10H24O, 10% diethyl ether and 90% n-hexane) before 

adding the concentrated sample followed by 60.0 mL of diethyl ether hexane. After the 

solvent had run through the silica column, the sample was concentrated in the TurboVap, in a 

similar procedure as explained above.  

 

To further clean up the samples, they were treated with sulphuric acid (H2SO4). This 

treatment contributes to the removal of lipids and unwanted compounds. The samples went 

through four rounds of sulphuric acid treatment. N-hexane was added to each of the 0.5 mL 

concentrated samples, to create a total volume of about 2.0 mL. 2.0 – 6.0 mL of sulphuric acid 
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was added, and the samples were left overnight for separation. The following day, the upper 

layer (the hexane fraction) were transferred to a new glass vial and another 2.0 – 6.0 mL of 

sulphuric acid was added and mixed on a Whirlmixer before it was left for one hour for 

separation. The samples were then cleaned a third time, repeating the previous step, and the 

samples were left for 30 minutes for separation. The last sulphuric acid treatment (round four) 

was done in the same way as the third step. After 30 minutes, the n-hexane fraction was 

transferred to new glass vials and concentrated to 0.5 mL on the TurboVap.  
 

A new round of silica column chromatography was repeated in the same way as before, only 

with 6.0 g of activated silica instead of 4.0 g in the glass column and 30.0 mL diethylether 

hexane instead of 60.0 mL as a solvent. The samples were transferred to the TurboVap and 

concentrated to a volume of 0.5 mL. About 2.0 – 6.0 mL of isooctane was added to the 

concentrated sample to change the solvent, before the sample was concentrated to a volume of 

0.5 mL. The samples were then concentrated to a volume of 100.0 µl using nitrogen gas, and 

20.0 µl recovery standard was added to each sample. The compounds were quantified on GC-

HRMS (Waters Autospec) by the staff at NILU.  

 

Limit of detection:  

The LOD and LOQ were calculated for each sample, using the accepted standard method, i.e. 

the average of blanks plus 3 and 10 times the SD for blanks, for LOD and LOQ, respectively.  
 

2.6.4 Analysis of metals 
Metal analysis was performed by NILU Kjeller as described in the Urbanfjord report for 2017 

(Ruus et al., 2019).  

 

Sample preparation 

Samples of herring gull blood and eggs were added to supra pure nitric acid and digested at 

high pressure and temperature in a microwave-based digestion unit (UltraClave, Milestone, 

Italy). A minimum of two blanks were included with each digestion. Reference material 

(traceable to NIST) was digested with the samples.  

 

Instrumental analysis 

Concentrations of Ni, Cd, Hg, Pb, silver (Ag) and Cu were determined using an Agilent 

7700x Inductively Coupled Plasma Mass Spectrometer (ICP-MS). Internal standards were 
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added to all samples, standards and blanks prior to analysis. In addition, chromium (Cr), zinc 

(Zn), As and antimony (Sb) were determined.  

 

Limits of Detection 

The LOD and LOQ were calculated from 3 times and 10 times the SD of blanks, respectively. 
 

2.7  Data treatment and statistical analysis 
2.7.1 Data below limit of detection 
Several of the values from contaminants in both eggs and blood of the herring gulls were 

quantified below the limit of detection (LOD), i.e., non-detects. Non-detects are low-level 

concentrations of pollutants, where the values are between 0 and the LOD. They are often 

reported to be under the analytical threshold (e.g. < 0.01), where the exact value is unknown 

(Helsel, 2005, 2006).  

 

To determine which compounds to include for further statistical analysis, the non-detects 

were counted and summed up, and by investigating the pattern of non-detects (Appendix C), 

the contaminants quantified above LOD in more than 75% of the sample population was 

included. Based on this, 45 out of the 131 contaminants and metals were included in the final 

data set (Table 1). The same cut off value, where each compound had values with LOD > 

75%, was chosen for both whole-blood and eggs to be able to compare these matrices to each 

other.  
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Table 1. Abbreviations and full names of the 45 compounds included in the data analysis. The number in 
brackets behind each PCB congener indicates the number of chlorine substitutions.  
 

Group Abbreviation (group) Analyte 

PCBs PCB-47 (Tetra) 2,2¢,4,4¢-Tetrachlorobiphenyl 

 PCB-66 (Tetra) 2,3¢,4,4¢-Tetrachlorobiphenyl 

 PCB-74 (Tetra) 2,4,4¢,5-Tetrachlorobiphenyl 

 PCB-99 (Penta) 2,2¢,4,4¢,5-Pentachlorobiphenyl 

 PCB-105 (Penta) 2,3,3¢,4,4¢-Pentachlorobiphenyl 

 PCB-118 (Penta) 2,3¢,4,4¢,5-Pentachlorobiphenyl 

 PCB-128 (Hexa) 2,2¢,3,3¢,4,4¢-Hexachlorobiphenyl 

 PCB-138 (Hexa) 2,2¢3,4,4¢,5¢-Hexachlorobiphenyl 

 PCB-153 (Hexa) 2,2¢,4,4¢,5,5¢-Hexachlorobiphenyl 

 PCB-156 Hexa) 2,3,3¢,4,4¢,5-Hexachlorobiphenyl 

 PCB-157 Hexa) 2,3,3¢,4,4¢5¢-Hexachlorobiphenyl 

 PCB-167 (Hexa) 2,3¢,4,4¢5,5¢-Hexachlorobiphenyl 

 PCB-170 (Hepta) 2,2¢,3,3¢,4,4¢,5-Heptachlorobiphenyl 

 PCB-180 (Hepta) 2,2¢,3,4,4¢,5,5¢-Heptachlorobiphenyl 

 PCB-183 (Hepta) 2,2¢,3,4,4¢,5¢,6-Heptachlorobiphenyl 

 PCB-187 (Hepta) 2,2¢,3,4¢,5,5¢,6¢-Heptachlorobiphenyl 

 PCB-189 (Hepta) 2,3,3¢,4,4¢,5,5¢-Heptachlorobiphenyl 

 PCB-194 (Octa) 2,2¢,3,3¢,4,4¢,5,5¢-Octachlorobiphenyl 

 PCB-206 (Nona) 2,2¢,3,3¢,4,4¢,5,5¢,6-Nonachlorobiphenyl 

 PCB-209 (Deca) Decachlorobiphenyl 

PBDEs PBDE-47 2,2¢,4,4¢-Tetrabromodiphenyl ether 

 PBDE-99 2,2¢,4,4¢,5¢-Pentabromodiphenyl ether 

 PBDE-100 2,2¢,4,4¢,6-Penta-bromodiphenyl ether 

 PBDE-153 2,2¢,4,4¢,5,5¢-Hexabromobiphenyl ether 

 PBDE-154 2,2¢,4,4¢,5,6¢-Hexabromodiphenyl ether 

 PBDE-207 2,2¢,3,3¢,4,4¢,5,6,6¢-Nonabromodiphenyl 
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Table 1 continued. Abbreviations and full names of the 45 compounds included in the data analysis. The number 
in brackets behind each PCB congener indicates the number of chlorine substitutions.  

Group Abbreviation (group) Analyte 

PFAS PFUdA (PFCA) Perfluoroundecanoic acid  

 PFDoA (PFCA) Perfluorododecanoic acid 

 PFTrDA (PFCA) Perfluorotridecanoic acid 

 PFTedA (PFCA) Perfluorotetradecanoic acid 

 PFOS (PFSA) Perfluorooctane sulfonate 

Metals Fe Iron 

 Ni Nickel 

 Cu Cobber 

 Zn Zink 

 As Arsenic 

 Ag Silver 

 Cd Cadmium 

 Pb Lead 

 Hg Mercury 

CPs SCCP Short-chained chlorinated paraffin 

 MCCP Medium-chained chlorinated paraffin 

cVMSs D5 Decamethylcyclopentasiloxane 

 D6 Dodecamethylcyclohexasiloxane 

HCBs HCB Hexachlorobenzene 

 
There are several methods of dealing with non-detects in the compounds included further in 

the statistical analyses. The simplest way is through deletion, where data below the LOD are 

replaced by NA. Although these entries do not provide an exact value, they still indicate that 

the value lies somewhere between 0 and the LOD, so deleting them would result in an 

aberrant pattern and also an overestimation of the remaining values (Baccarelli et al., 2005). 

The most common method used today is to substitute the values under the LOD with one-half 

or one over the square root of two times the detection limit (Helsel, 2010). However, this 

method does not consider the distribution of the data, which could result in a different pattern 

than the original data pattern (Helsel, 2010). Kaplan-Meyer analysis is another method to treat 

censored data, which is a non-parametric method and does not assume a specific distribution 

of the data (Helsel, 2010). Kaplan-Meyer has shown to be a useful method for substituting 
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non-detect values, but since it is a distribution-free procedure, it will not work well on data 

having the same LOD-value. For the PFAS compounds analysed, the values under the LOD 

for each compound were the same, excluding Kaplan Meyer as a procedure to deal with 

substituting the non-detects. Distributional methods, on the other hand, assume that the data 

arises from a specified parametric distribution (Baccarelli et al., 2005).  

 

The method chosen to replace the values under the LOD in this thesis was distribution-based 

multiple imputation, which fits a parametric distribution to the data and uses this distribution 

to “draw” a value for each non-detect until a complete dataset is created. To account for the 

uncertainty of replacing the value, the method replaces each non-detect with several values, 

thereby creating multiple datasets containing parameter estimates and covariances. These are 

then combined, and a total variance is computed (Baccarelli et al., 2005). Imputation under 

the normality assumption has become a more frequently used approach during the last two 

decades. These model assumptions are quite restrictive, so by using distributions with other 

symmetry behaviours in the imputation process, one might be able to handle data that is not 

normally distributed, which is the case for the herring gull contaminant data presented here.  

 

The beta distribution, a continuous probability distribution, can take on a variety of 

distributional shapes depending on the shape parameters chosen (Demirtas & Hedeker, 2008). 

The two positive shape parameters, a and b, control the shape of the distribution, which is 

bound on the interval [0,1] (Crawley, 2002). b was set to 1 in the imputation based on the 

shape of the pollutant data in the dataset. By creating an imputation formula in R using 

different shape parameters for a and running the imputation 1000 times, the strength of the 

different a values can be tested and the value causing the least variation can be chosen. Based 

on this, a was set to 5.  

 

The level of significance (a) was set to p = 0.05 during all statistical analyses, which indicates 

that there is a 5% risk (or 1 out of 20) that the difference found is completely attributable to 

chance and not to actual differences in the data (Whitlock & Schluter, 2015). 
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2.7.3 Univariate analysis 
The statistical programme, R studio (version 3.3.3, the R project for statistical computing) 

was used for statistical analysis. The Shapiro Wilk’s test was used to check for normally 

distributed data, while the Fligner-Killeen test was used to test for homogeneity of variance as 

it works on both normally distributed and non-normally distributed data. When normality 

assumptions and assumptions of equal variance were met for a compound, Two-Sample t-

tests were performed. When only normality assumptions and not assumptions of equal 

variance were met, Welch’s t-test was used. When investigating paired samples with normal 

distribution, a paired t-test was performed. This test makes no assumption about the 

homogeneity of variance of the two measurements and can therefore be used on samples with 

both equal and unequal variance as long as the two measurements are normally distributed 

(Whitlock & Schluter, 2015). When the normality assumption was not met, the Wilcoxon 

ranked sum test was performed when comparing sample means between females or between 

eggs, and a paired Mann-Whitney U test when comparing blood and egg samples from the 

same colony.  

 

Analysis of covariance (ANCOVA) was performed to determine a difference between the 

independent variables d15N in blood and Location (i.e. colony), on the dependent variable 

d15N – eggs. The same was performed for isotopic values of carbon, with the independent 

variables d13C – blood and Location, on the dependent variable d13C – eggs.  

 

Log ratios between egg and blood were calculated to determine the transfer efficiency of 

contaminants from mother to egg transferred during reproduction. Log ratios of lipophilic 

contaminants were investigated in lipid weight (lw) due to lipid differences, while PFASs and 

metals were investigated in wet weight (ww). A log ratio of 0 indicates a 1:1 relationship 

between the contaminant levels in females and their eggs.  

 

The 20 PCB congeners included in the statistical analysis were grouped by homologue group 

based on the number of chlorine substitutions per molecule. The three highest chlorinated 

PCBs (from eight to ten chlorine substitutions) were combined to one group (higherCB) in 

this thesis. Thus, the PCB congeners were grouped into 5 groups; tetraCB (4): PCB-47, -66, -

74; pentaCB (5): PCB-99, -105, -118; hexaCB (6): PCB-128, -138, -153, -156-, 157, -167; 

heptaCB (7): PCB-170, -180, -183, -187, -189; higherCB: PCB-194, 206, -209. The PFASs 
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were grouped into perfluorocarboxylic acids (PFCAs): PFDoA, PFTrDA, PFTeDA and 

PFUdA; and perfluoroalkane sulfonates (PFSAs): PFOS. When investigating the levels of 

PFASs, the different compounds were grouped based on their carbon chain length (Table 2).  

 
Table 2. Group names, names and acronyms, names, and carbon chain length of the different PFAS compounds 
analysed in herring gull females and their eggs. Based on values from ITRC (2018) and Wellington Laboratories 
(2012).  
 

PFAS group PFAS contaminants Chain length (No. of fluorinated 
carbons) 

PFCAs (acids) Perfluoroundecanoic acid 
(PFUdA) 

C11 (C10) 

 Perfluorododecanoic acid 
(PFDoA) 

C12 (C11) 

 Perfluorotridecanoic acid 
(PFTrDA) 

C13 (C12) 

 Perfluorotetradecanoic acid 
(PFTeDA) 

C14 (C13) 

PFSAs (sulfonates) Perfluorooctane sulfonate (PFOS) C8 (C8) 

 

Correlation tests 

Correlations of the contaminant levels in the female and her egg were investigated so examine 

whether a higher contaminant load in the mother resulted in a higher contaminant load in the 

egg. Shapiro-Wilk normality test were performed to test for normally distributed groups. 

When the contaminants in each of the groups investigated where normally distributed, 

Pearson’s correlation test were run. When data was not normally distributed, Spearman’s rank 

correlation test, a non-parametric correlation test, was used to investigate the correlation 

between the mother and her egg. Spearman’s test estimates a rank-based measure of both 

variables to calculate a measure of correlation. The Greek letter r (rho) is used to represent 

the correlation between the two variables. r lies between -1 and 1 and has no dimension. A 

negative correlation (towards -1) means that one variable decreases as the other increases, 

whereas a positive correlation (towards 1) indicates that both variables increase or decrease 

together. 0 indicates zero correlation (Whitlock & Schluter, 2015).  
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2.7.5 Body condition index of adult gulls 
Body condition is often used to provide an estimate of an individual’s physiological state 

(Jakob et al., 1996). A body condition index (BCI) was calculated for each of the adult 

herring gulls using a multiple linear regression model. The multiple linear regression model 

uses multivariate data to explain one or more continuous response variables and uses 

explanatory variables to predict the response (Greenacre & Primicerio, 2013). This index can 

be used to control for body mass and body size. Body mass was used as the dependent 

variable and wing length, bill height and head length (body size) as independent variables for 

each individual, based on Fox et al., 2007. The BCI was defined by the residuals from the 

regression line (Jakob et al., 1996). Pearson’s correlation test or Kendall’s correlation test 

were performed on the biometric data to find which parameters correlated the most with 

weight (wing, head or bill height). The correlated variables (wing, head) were used as 

independent variables against the dependent variable, weight, to run the regression. Both wing 

length and head length explained the herring gull weight (R2 = 0.32, p = 0.0007 and R2 = 

0.17, p = 0.01, respectively). A negative BCI indicates a body condition below average, while 

a positive BCI indicates a body condition above average.  

 

2.7.6 Multivariate statistics 
Datasets used in ecotoxicological studies are often large and contain multiple contaminants 

with intercorrelated response variables for each individual. Multivariate analyses can be used 

to examine the intercorrelations among several variables at the same time, by condensing the 

variables to a new set of variables while still retaining the majority of the variance in the 

original dataset. Ordination works to recreate the complex pattern of all the variables in a few 

dimensions. Ordination allows us to visualise the relationship between our variables much 

more easily (Sparks et al., 1999).  

 

Cook’s distance test was performed to find influential outliers and based on the results, one 

egg from the inner Oslofjord (JJP18) and one blood sample from the outer Oslofjord (JJP39) 

were removed before performing both PCA and RDA. One gull from the outer Oslofjord 

(JJP23) did not have any recorded measurements for BCI and was omitted when investigating 

multivariate statistics. BCI was used as an explanatory variable in the associated eggs, so the 

egg collected from the same female (JPP23) was also omitted when performing multivariate 

statistics.  
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Principal component analysis  

Principal component analysis (PCA) was performed on absolute contaminant concentrations 

to investigate correlations and interrelationship to dietary descriptors, location, egg stage, egg 

weight, and BCI. PCA is a multivariate technique that reduces the dimensions in the original 

data set to new uncorrelated (orthogonal) variables, while still retaining as much as possible 

the variation in the original data set. These variables are called principal components (PCs; 

Bro & Smilde, 2014). The first PC (PC1) explains most of the variance in the data set, and the 

following PCs will explain successively less of the total amount of variation (Sparks et al., 

1999).  

 

With PCA, indirect interpretations about the influence of the explanatory variables can be 

made, which provides an overview of the explained variation in the samples. However, PCA 

does not specify which explanatory variables are contributing to the variation observed in the 

samples (Van Wijngaarden et al., 1995). This can be performed with an RDA.   

 

Redundancy analysis 

Redundancy analysis (RDA) is a constrained ordination technique. RDA has the same 

assumptions as PCA, as it identifies orthogonal axes to explain as much of the variation as 

possible (Palmer et al., 2008), but is different in the way that the ordination scales are forced 

to be functions of the observed explanatory variables (Greenacre & Primicerio, 2013). The 

axes are constrained to be linear combinations of the explanatory variables and each axis’ 

eigenvalue is a measure of this variation (Palmer et al., 2008). RDA, followed by post hoc 

tests (permutation tests), was performed to identify significant associations between the 

response variables (contaminants) as functions of the explanatory variables (d13C, d15N, 

location, egg stage, egg weight, BCI).  

 

Due to different lipophilicity of the compounds, lipid % was used as a covariable in both the 

PCA and RDA when examining contaminant levels (ng/g ww). All contaminants were 

log10+1-transformed in both the multivariate analyses. The “vegan” package in R was used 

when conducting PCA and RDA (Oksanen et al., 2019). 
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Post hoc analysis 

Significant relationships between the response variables and the explanatory variables were 

identified using a forward model selection with the ordistep-function in R (R package 

“stats”). In the ordistep function, one first provides a “null” model, i.e. a model without any 

explanatory variables, and global test containing all explanatory variables. A forward model 

selection was then performed, where explanatory variables were added one by one based on 

the results from a Monte Carlo permutation test. The Monte Carlo permutation test checks 

whether the explanatory variables significantly explain the variation in contaminant levels, 

and also if the explanatory variables explain more of the variation than the same number of 

randomly generated explanatory variables. Forward selection uses the AIC criteria (Akaike 

information criterion) and p-values from the Monte Carlo permutation test (set to 999) when 

comparing the variables. The model with the lowest AIC-value was chosen. 
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3 Results 
 

3.1  Biometric data 
Individual herring gull measurements of the biological variables are shown in Appendix D. 

The biometric parameters, BCI, and lipid (%) in females, as well as egg weight and lipid (%) 

in eggs, did not differ between the inner and outer fjord colonies (Table 3, Two Sample t-tests 

and Wilcoxon rank sum tests, p > 0.05). The outer fjord eggs were slightly more developed 

than in the inner fjord eggs, albeit insignificant (Welch’s two-sample t-test, p = 0.44). 

 
Table 3. Biological variables in adult herring gulls (Larus argentatus) and eggs from the inner and outer 
Oslofjord. Data is presented as mean ±  standard deviation (SD) and range (min – max). Hyphen indicates values 
not recorded.  

Mean ± SD 
Min - Max 

Inner Oslofjord Outer Oslofjord 

Females (n = 15) Eggs (n = 15) Females (n = 15) Eggs (n = 15) 

Body mass (g) 896.7 ± 54.8 
770 – 990 

- 913.6 ± 68.2 
820 – 1050 

- 

Bill height (mm) 17.4 ± 0.8 
16.3 – 18.9 

- 17.78 ± 0.8 
16.1 – 19.8 

- 

Wing length (mm) 429.1 ± 7.0 
415 – 438 

- 432.5 ± 12.7 
412 – 457 

- 

Head length (mm) 117.7 ± 1.8 
113.7 – 120.7 

- 117.5 ± 2.8 
110.9 – 120.9 

- 

Body condition 
index (BCI) 

-59.2 ± 42.3 
-73.8 – 91.8 

- 63.1 ± 41.6* 
-60.6 – 99.4 

- 

Lipid (%) 2.28 ± 1.52 
0.60 – 5.30 

8.13 ± 1.21 
5.92 – 9.97 

2.27 ± 1.06 
1.10 – 4.30 

7.09 ± 1.63 
3.98 – 9.30 

Egg stage - 3.3 ± 1.1 
1 – 5 

- 3.6 ± 1.2 
1 – 5 

Egg weight (g)  - 78.54 ± 10.60 
61.80 – 97.78 

- 82.34 ± 7.37 
67 – 90.78 

d13C -24.45 ± 0.35 
-25.18 – -24.02 

-25.79 ± 0.75 
-26.94 – -24.67 

-23.79 ± 1.01 
-24.96 – -21.85 

-24.98 ± 1.15 
-26.61 – -22.97 

d15N 8.43 ± 0.73 
7.39 – 10.17 

8.92 ± 1.08 
6.92 – 10.82 

10.01 ± 1.14 
8.55 – 12.69 

10.89 ± 1.37 
8.83 – 14.37 

C:N ratio 4.10 ± 0.60 
3.41 – 5.30 

7.43 ± 1.33 
4.85 – 9.10 

3.40 ± 0.08 
3.25 – 3.52 

6.861 ± 1.16 
4.81 – 8.33 

*One individual from Store Revlingen did not have measurements for body mass, wing length and head length 
and was excluded for these variables, resulting in n = 14 for these measurements. Three gulls from Revlingen did 
not have bill height measurements, resulting in n = 12 for these measurements.  
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3.2  Stable isotopes 
Individual measurements of the stable isotopes of carbon (d13C) and nitrogen (d15N) are 

shown in Appendix D. The outer fjord females had higher d13C values than the inner fjord 

females. The same trends were observed in eggs, with higher d13C values in eggs from the 

outer fjord compared to the inner fjord eggs (Figure 2, Table 3) (Female: Welch Two Sample 

t-test, p = 0.03 / Egg: Two Sample t-test, p = 0.03). Within each colony, the adult female gulls 

had higher d13C values than the eggs (Paired t-test, p < 0.01).  

 

 
Figure 2. Relationship between stable isotope ratios of carbon (d13C) on the x-axis and nitrogen (d15N) on the y-
axis. Herring gulls (Larus argentatus) from the inner Oslofjord (n = 30) are represented in green, and the outer 
Oslofjord (n = 30) gulls in blue. Whole-blood samples from adult herring gulls are represented as circles and 
eggs as triangles.  
 

The d15N values were higher in the outer fjord colony for both females and eggs (Wilcoxon 

rank sum test, p < 0.01 and Two Sample t-test, p < 0.01, respectively). The d15N values 

between blood and eggs in the inner and outer fjord colony showed higher values in eggs 

compared to the females (Wilcoxon signed ranked test and paired t-test, p < 0.01, 

respectively).  
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The C:N ratio was higher in the inner fjord females compared to the outer fjord females, 

while no difference was observed in the eggs (Welch’s two sample t-test, p < 0.01 and p = 

0.08, respectively). Furthermore, the ratio was higher in the females compared to the eggs for 

both the inner and outer fjord colony (Paired t-tests, p < 0.01).  

 

The eggs were sampled from the nest of each adult herring gull which is reflected by a 

positive correlation between the females and eggs in values of both d15N (Figure 3, p < 0.01, 

R2 = 0.66) and d13C (p < 0.01, R2 = 0.49). Analysis of covariance (ANCOVA) was conducted 

to determine whether the d13C and d15N in females and in eggs differed between the locations 

(colonies), where the results showed that location did not affect the correlation between the 

stable isotope ratios of blood and eggs (p > 0.05).  

 

 
Figure 3. Stable isotope values of nitrogen (d15N) and carbon (d13C) in herring gull (Larus argentatus) females 

(n = 30) and eggs (n = 30) from the inner and the outer Oslofjord. Regression lines are shown as dotted lines and 

confidence intervals as grey areas following the regression line.  
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3.3  Contaminant levels 
Of the 131 individual compounds analysed, 45 were quantified above the LOD and 86 were 

found in less than 75% of the samples. 9 of the 45 compounds included in the statistical 

analysis were metals, while the resulting 36 were OHCs. The OHCs included 20 PCBs, HCB, 

2 cVMSs, 2 CPs, 6 PBDEs, and 5 PFASs (Table 4). Individual contaminants (ng/g ww) of 

PCBs, PBDEs and PFASs detected above the LOD are presented in Appendix F. The metals 

included Fe, Ni, Cu, Zn, As, Ag, Cd, Pb, Hg (Table 5).  

 

The highest OHC levels were observed in the outer fjord and inner fjord eggs, constituting 

41% and 37% of the total OHC load. The mean SOHC was 3.85 and 3.32 times higher in 

eggs than in females from the inner and outer fjord (Wilcoxon signed rank tests, p < 0.01), 

respectively. The levels of OHCs were 1.3 times higher in the females from the outer fjord 

compared to the inner fjord females (Wilcoxon rank sum test, p = 0.03), while only slightly 

higher levels of OHCs were observed in the outer fjord eggs compared to the inner fjord eggs 

(Wilcoxon rank sum test, p = 0.40). 
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Table 4. Organic contaminant levels (ng/g wet weight), quantified in herring gull (Larus argentatus) whole 
blood from females and in their eggs from the inner and outer Oslofjord in 2017. Contaminant levels are 
reported as mean ± standard deviation (SD) and range (min – max).  
 

Mean ± SD 
Min – Max 

Inner Oslofjord Outer Oslofjord 

Females (n = 15) Egg (n = 15) Females (n = 15) Egg (n = 15) 

SCCP 50.3 ± 32.4 
14 – 108 

35.0 ± 24.9 
13 - 91 

30.3 ± 49.0 
5 - 200 

42.0 ± 46.3 
18 - 178 

MCCP 28.3 ± 23.8 
8 – 76 

29.1 ± 19.8 
6 - 68 

38.9 ± 64.6 
6 – 200 

69.6 ± 160 
3 - 630 

HCB 0.423 ± 0.313 
< LOD – 1.27 

3.66 ± 2.61 
0.720 – 9.35 

0.794 ± 2.13 
< LOD – 8.49 

3.03 ± 1.67 
0.848 – 6.66 

åTetraCB 1.54 ± 1.64 
0.220 – 6.18 

15.8 ± 19.6 
0.610 – 65.4 

5.77 ± 17.9 
0.206 – 70.4 

10.0 ± 10.1 
1.37 – 36.2 

åPentaCB 3.71 ± 2.88 
0.658 – 10.2 

53.0 ± 53.9 
3.60 – 213 

11.2 ± 34.5 
0.579 – 136 

37.8 ± 32.5 
7.04 – 111 

åHexaCB 10.4 ± 9.49 
2.69 – 40.8 

132 ± 101 
16.6 – 385 

22.2 ± 57.4 
1.74 – 229 

115 ± 86.6 
25.7 – 317 

åHeptaCB 2.93 ± 2.08 
0.984 – 9.27 

49.0 ± 30.5 
8.94 – 120 

9.83 ± 29.1 
0.561 – 1145 

37.0 ± 25.6 
9.57 – 95.3 

åHigherCB 0.359 ± 0.326 
0.104 – 1.30 

6.07 ± 4.29 
1.35 – 16.1 

1.00 ± 3.03 
0.0531 – 11.9 

3.47 ± 1.98 
0.950 – 8.04 

åPBDE 0.892 ± 1.01 
0.287 – 4.07 

19.0 ± 34.3 
1.59 – 129 

1.10 ± 2.27 
0.146 – 9.24 

6.77 ± 3.54 
1.66 – 12.6 

D5 1.09 ± 0.765 
< LOD – 2.42 

56.1 ± 69.2 
< LOD – 206 

0.493 ± 0.322 
< LOD – 1.21 

111 ± 167 
13.0 – 695 

D6 0.594 ± 0.558 
< LOD – 2.01 

11.9 ± 17.9 
< LOD – 65.5 

1.72 ± 0.713 
0.706 – 3.56 

8.96 ± 4.52 
3.89 – 19.7 

åPFCA 2.64 ± 1.41 
1.46 – 6.42 

3.49 ± 2.78 
1.26 – 12.3 

5.23 ± 2.25 
1.89 – 10.8 

5.11 ± 4.67 
1.15 – 20.7 

PFSA (PFOS) 11.2 ± 7.14 
2.72 – 6.43 

25.6 ± 42.3 
4.17 – 172 

18.7 ± 11.5 
6.45 – 51.4 

38.5 ± 32.2 
4.39 – 126 
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Table 5. Levels of Fe, Ni, Cu, Zn, As, Ag, Pb (µg/g wet weight) and Hg (ng/g wet weight), quantified in herring 
gull (Larus argentatus) whole blood from females and in their eggs from the inner and outer Oslofjord in 2017. 
Contaminant levels are reported as mean ± standard deviation (SD) and range (min – max). 
 

Mean ± SD 
Min – Max 

Inner Oslofjord Outer Oslofjord 

Females (n = 15) Egg (n = 15) Females (n = 15) Egg (n = 15) 

Fe  572 ± 76.8 
458 – 717 

35.1 ± 6.55 
24.3 – 45.6 

566 ± 132 
403 – 884 

33.3 ± 5.49 
23.5 – 44.3 

Ni 0.0584 ± 0.192 
< LOD – 0.109 

0.0309 ± 0.0338 
0.00888 – 0.144 

0.0492 ± 0.0162 
0.0194 – 0.0734 

0.0403 ± 0.0275 
0.00132 – 0.127 

Cu 0.502 ± 0.0826 
0.387 – 0.676 

0.814 ± 0.108 
0.608 – 0.967 

0.501 ± 0.0716 
0.416 – 0.638 

0.785 ± 0.112 
0.642 – 1.07 

Zn 6.27 ± 0.985 
4.95 – 8.22 

15.2 ± 2.55 
11.9 – 20.1 

5.67 ± 1.00 
4.10 – 7.35 

15.7 ± 3.93 
10.0 – 25.7 

As 0.0797 ± 0.097 
0.0109 – 0.328 

0.0541 ± 0.0467 
0.00611 – 0.13 

0.121 ± 0.176 
0.0147 – 0.550 

0.124 ± 0.0483 
0.0336 – 0.251 

Ag 0.000476 ± 0.000720 
1.21 x 10-5 – 0.00300 

0.000555 ± 0.0004 
6.96 x 10-5 – 0.00128 

0.000401 ± 0.000577 
0.000148 – 0.00244 

0.000845 ± 0.000474 
0.000355 – 0.00191 

Cd 0.000938 ± 0.000349 
5.69 x 10-5 – 0.00170 

0.000139 ± 0.0000565 
6.98 x 10-5 – 0.000253 

0.00149 ± 0.000657 
0.000499 – 0.00230 

0.000173 ± 0.0000746 
6.50 x 10-5 – 0.000406 

Pb 0.0912 ± 0.0487 
0.0254 – 0.193 

0.0117 ± 0.0959 
0.00194 – 0.0337 

0.0500 ± 0.0279 
0.0218 – 0.120 

0.00652 ± 0.00259 
0.00306 – 0.0119 

Hg 88.6 ± 67.1 
17.1 – 289 

62.7 ± 40.6 
9.79 – 167 

112 ± 67.2 
25.7 – 288 

84.5 ± 67.5 
25.2 – 226 

 

3.3.1 Organohalogen contaminants and biological variables in females and 

eggs 
OHC levels and biological variables in females (blood) and eggs were investigated in a 

principal component analysis (PCA) (Figure 4). The two first principal components (PC1 and 

PC2) extracted from the PCA explained 60% of the total variation. Significant explanatory 

variables were Matrix (p < 0.01), d15N (p < 0.01) and Location (p = 0.04) (RDA, permutation 

tests, p < 0.05). These variables cumulatively explained 17.5% of the constrained variation in 

the dataset. In the RDA, Matrix, d15N and Location each explained 13.4%, 4.3% and 2.5% of 

the variation, respectively. Given that matrix was a significant explanatory variable, the levels 

in each matrix (whole-blood or eggs) were investigated separately below.  
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Figure 4. Principal component analysis biplot showing the organohalogen contaminant (OHC) concentrations 
(log-transformed contaminant concentrations ng/g ww) in herring gull (Larus argentatus) whole-blood from 
females (inner fjord n=15, outer fjord n=13) and eggs (inner fjord n=15, outer fjord n=14) positioned according 
to their contaminant load. Lipid is used as a covariable. The individual females and eggs from each location are 
represented as points in the plot. Response loadings (contaminants) are represented as black arrows, and 
explanatory passive vectors as purple arrows and boxes (centroids). Significant explanatory variables are marked 
with a yellow box. Being passive, the explanatory variables did not influence the sample scores or the response 
variables. The direction and the length of the arrows indicate increasing concentration and amount of variation, 
respectively. The degree of correlation is indicated by the cosine of the angle between the arrows, where the 
smaller the cosine, the higher correlation there is between the variables. Arrows pointing in the same direction 
are positively correlated, arrows pointing in the opposite direction are negatively correlated, and arrows 
orthogonal to each other are uncorrelated. The amount of variance explained by PC1 and PC2 is shown on the x- 
and y-axis, respectively. 
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3.3.2 Organohalogen contaminants and biological variables in females 
Multivariate analysis was conducted to investigate the variation in the levels of OHCs and the 

association with the explanatory variables; d13C, d15N, BCI, Egg weight, Egg stage, and 

Location. For the female herring gulls, the two first principal components (PC1 and PC2) 

extracted from the PCA of the OHCs explained 57% of the total variation in contaminant 

levels (Figure 5).  

 

All five groups of PCBs, HCB, and the PBDEs BDE-47, -100 and -154 were positively 

correlated, and were separated from the chlorinated paraffins (CPs) and D5 along PC2. The 

CPs and D5 were positively correlated with each other, and negatively correlated with the 

dietary markers d13C and d15N. The PFASs, D6 and BDE-207 were positively correlated with 

both dietary markers and egg stage. The placement of the sample scores indicate higher 

contaminant load of the CPs and D5 in the females from the inner fjord, and of PFASs, BDE-

207 and D6 in the outer fjord females. Levels of D5, and the CPs were higher in the inner 

fjord females, the PFASs, D6 and PBDE-209 were higher in the outer fjord females, while the 

other contaminants were uncorrelated to the explanatory variable Location.  

 

Significant explanatory variables were Location (p = 0.005) and d15N (p = 0.04) (RDA, 

permutation tests, p < 0.05). These significant variables cumulatively explained 17.7% of the 

constrained variation in the dataset. In the RDA, Location and d15N each explained 15.8% and 

8.5% of the variation, respectively. 
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Figure 5. Principal component analysis biplot of the organohalogen contaminant (OHC) levels (log-transformed 
contaminant concentrations ng/g ww) in herring gull (Larus argentatus) whole-blood from females (inner fjord 
n=15, outer fjord n=13). Lipid is used as a covariable. The herring gull individuals are represented as points in 
the plot. Response loadings (contaminants) are represented as black arrows, and explanatory passive vectors as 
purple arrows. Significant explanatory variables are marked with a yellow box. Being passive, the explanatory 
variables did not influence the sample scores or the response variables. The direction and the length of the 
arrows indicate increasing concentration and amount of variation, respectively. The degree of correlation is 
indicated by the cosine of the angle between the arrows, where the smaller the cosine, the higher correlation 
there is between the variables. Arrows pointing in the same direction are positively correlated, arrows pointing in 
the opposite direction are negatively correlated, and arrows orthogonal to each other are uncorrelated. The 
amount of variance explained by PC1 and PC2 is shown on the x- and y-axis, respectively. 
 

 

−0.5 0.0 0.5

−1
.0

−0
.5

0.
0

0.
5

PC1 (31.20%)

PC
2 

(2
6.

06
%

)

BDE−47

BDE−99

BDE−100

BDE−153

BDE−154

BDE−207

SCCP

MCCP

HCB

TetraCB

PentaCB

HexaCB

HeptaCB
HigherCB

D5

D6

PFCA
PFOS

d13C

d15N

BCI

Egg weight

Egg stage

Inner Oslofjord

Outer Oslofjord

Inner Oslofjord

Outer Oslofjord



 38 

Based on the PCA biplot of OHC levels and the grouping of the different contaminants, linear 

regression analysis was performed to illustrate the interrelationship between the contaminants 

SCCP, PCB-153 and PFOS, and the explanatory variables (d13C and d15N) within each 

colony. d13C was not a significant explanatory variable in herring gull females but was 

included in the interrelationship tests to get an indication of whether the contaminants differed 

based on dietary preferences. Analysis of covariance (ANCOVA) was performed to determine 

a difference between the independent variables d13C or d15N and Location, on the dependent 

variable SCCP, PCB-153 or PFOS. The test showed no difference between the contaminant 

levels of SCCP, PCB-153 and PFOS and the dietary markers in the females between the inner 

and outer Oslofjord (p > 0.05).   

 

Correlation tests were performed to test whether contaminant levels showed similar increases 

or decreases in the two colonies (Figure 6). All significance values of the different 

correlations are depicted in Figure 6. The differences in female herring gulls between colonies 

for SCCP and PCB-153 were not of significance, while there was an increase in d13C with 

increasing PFOS in the female gulls from the inner fjord. ANCOVA was performed using 

location as a covariable to investigate differences between colonies for the increase or 

decrease of contaminant levels in female herring gulls. No differences in the increase or 

decrease contaminant levels of SCCP, PCB-153 and PFOS between the two colonies were 

found.  
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Figure 6. Linear regression scatter plots illustrating relationships between the contaminant levels of SCCP, PCB-
153 and PFOS (log-transformed ng/g ww), and explanatory variables d13C and d15N in female herring gulls 
(Larus argentatus). Significance level and regression coefficient is shown for each plot. 95% confidence is 
indicated by the grey area surrounding the dotted black lines.  
 

Organohalogen contaminants levels in females between the colonies 

Differences in the levels of contaminants in females between the inner and outer fjord were 

investigated using t-tests. Differences in levels of the lipophilic contaminants were calculated 

in ng/g lw, while differences in PFAS levels were calculated in ng/g ww. Boxplots illustrating 
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levels of PentaCB, HeptaCB, and HigherCB, as well as the individual contaminants not 

shown in Figure 7, can be found in Appendix F.  

 

No differences in levels of PCBs, both when grouped based on their homologue groups 

(TetraCB, PentaCB, HexaCB, HeptaCB or HigherCB) or when investigated as individual 

congeners (n = 20) were observed in females between the inner and outer fjord (Wilcoxon 

rank sum tests, p > 0.05). The same trends were observed for the levels of HCB and the 

individual PBDEs, with no differences between the colonies (Wilcoxon rank sum tests, p > 

0.05).  

 
Figure 7. Boxplot showing the levels of TetraCB, HexaCB, HCB, BDE-47, SCCP and D6 (ng/g lw) in herring 
gull (Larus argentatus) females (n = 15) and eggs (n = 15) from the inner Oslofjord and females (n = 15) and 
eggs (n = 15) from the outer Oslofjord. Each of the boxes stretch from first to third quartile, with a black 
horizontal line representing the median. The whiskers represent the standard deviation (SD). The points are the 
extreme values (outliers) in each group.  
 

Levels of D5 in females were higher in the inner fjord compared to the outer fjord (Wilcoxon 

rank sum tests, p < 0.05). The levels of D6 were slightly higher in the inner fjord females 

compared to the outer fjord females, albeit not significant (Wilcoxon rank sum tests, p = 

0.25). SCCP had higher levels in females from the inner fjord compared to the outer fjord 

females (Wilcoxon rank sum tests, p < 0.05). No differences in MCCP levels were observed 

in the females between colonies (Wilcoxon rank sum tests, p = 0.59). All PFAS compounds 
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analysed showed higher levels in the outer fjord females compared to the inner fjord females 

(Wilcoxon signed rank test, p < 0.05). 
 

3.3.3 Metal levels in females between colonies 
Differences in the metal levels in females between colonies were investigated in ww. Iron 

(Fe), followed by zink (Zn) and copper (Cu), showed the highest levels in all four groups 

(Table 7). Boxplots showing the levels of Fe, Ni, Zn, Cu and Ag can be found in Appendix F. 

 

No differences between the levels of Arsenic (As) was observed within or between eggs and 

females from the two colonies (Figure 8, Wilcoxon rank sum tests, p > 0.05). The cadmium 

(Cd) levels were higher in the outer fjord colony compared to the inner fjord colony 

(Wilcoxon rank sum test, p = 0.02). Lead (Pb) levels were higher in the inner fjord females 

compared to the outer fjord females (Welch’s two-sample t-test, p < 0.01). No differences in 

mercury (Hg) levels were observed in females between the colonies (Wilcoxon rank sum test, 

p > 0.05). Of the essential metals, no differences in the levels of Fe, Ni, Cu, Zn or Ag in 

females was observed between colonies (Welch Two Sample t-tests, p > 0.05).  

 

 
Figure 8. Boxplot showing different metal levels in herring gull (Larus argentatus) females (n = 15) and eggs (n 
= 15) from the inner Oslofjord and females (n = 15) and eggs (n = 15) from the outer Oslofjord. Levels of 
arsenic (As), cadmium (Cd), and lead (Pb) are presented in µg/g, while mercury (Hg) is reported in ng/g.  
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3.3.4 Organohalogen contaminants and biological variables in eggs 
The two first principal components (PC1 and PC2) extracted from the PCA of the OHCs 

explained 58% of the total variation (Figure 9). Significant explanatory variables were d15N (p 

= 0.03) and d13C (p = 0.04) (RDA, permutation tests, p < 0.05). A biplot presenting the RDA 

ordination with the significant explanatory variables can be found in Appendix E. These 

explanatory variables cumulatively explained 13.7% of the constrained variation in the 

dataset. In the RDA, d15N and d13C each explained 8.9% and 8.3% of the variation, 

respectively. All OHCs showed increasing levels from left to right along PC1. By 

investigating the PCA visually, PFASs and chlorinated paraffins were positively correlated 

with each other and the explanatory variable d15N and egg stage. Furthermore, the PBDEs, 

PCBs, HCB and SCCP were positively correlated and were increasing with increasing d13C.  
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Figure 9. Principal component analysis biplot showing the organohalogen contaminant (OHC) levels (log-
transformed contaminant concentrations ng/g ww) in herring gull (Larus argentatus) eggs (inner fjord n=15, 
outer fjord n=14) positioned according to their contaminant load. Lipid is used as a covariable. The herring gull 
individuals are represented as points in the plot, where the green points represent the gulls from the inner fjord 
and the blue points are the gulls from the outer fjord. Response loadings (contaminants) are represented as black 
arrows, and explanatory passive vectors as purple arrows and boxes (centroids). Significant explanatory 
variables are marked with a yellow box. Being passive, the explanatory variables did not influence the sample 
scores or the response variables. The direction and the length of the arrows indicate increasing concentration and 
amount of variation, respectively. The degree of correlation is indicated by the cosine of the angle between the 
arrows, where the smaller the cosine, the higher correlation there is between the variables. Arrows pointing in 
the same direction are positively correlated, arrows pointing in the opposite direction are negatively correlated, 
and arrows orthogonal to each other are uncorrelated. The amount of variance explained by PC1 and PC2 is 
shown on the x- and y-axis, respectively. 
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Based on the PCA biplot of OHC concentrations in herring gull eggs and how the different 

contaminants were grouped, linear regression analysis was performed to illustrate the 

interrelationship between the contaminants SCCP, PCB-153 and PFOS, to the explanatory 

variables (d13C and d15N) within each colony (Figure 10). There was no correlation between 

the dietary markers and SCCP (p > 0.05). There was an intercorrelation between PCB-153 

d13C (p = 0.048), showing an increase in PCB-153 with increasing d13C. Similar trends were 

observed between PCB-153 and d15N, but these were not significant (p = 0.07). PFOS and 

d15N showed an increase in contaminant levels with increasing d15N values (p = 0.006). No 

such trends were observed between PFOS levels and d13C.  

 

ANCOVA was performed using location as a covariable to investigate differences between 

the colonies in the increase or decrease of contaminant levels in the herring gull eggs. 

Location was not a significant explanatory variable but was included on the basis that it was 

an explanatory variable for the herring gull females. No differences in the increase or 

decrease in contaminant levels of SCCP, PCB-153 and PFOS in the eggs between the two 

colonies were observed.  
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Figure 10. Linear regression scatter plots illustrating relationships between the individual contaminants SCCP, 
PCB-153 and PFOS (log transformed ng/g ww), and explanatory variables d13C and d15N in herring gull (Larus 
argentatus) eggs from the inner and outer Oslofjord. Significance level and regression coefficient is shown for 
each plot. 95% confidence is indicated by the grey area surrounding the dotted black lines.  
 

Organohalogen contaminants levels in eggs between colonies 

Differences in the levels of contaminants in eggs between the inner and outer fjord were 

investigated using t-tests. Differences in levels of the lipophilic contaminants were calculated 

in ng/g lw, while differences in PFAS levels were calculated in ng/g ww. Boxplots illustrating 

levels of PentaCB, HeptaCB, and HigherCB, as well as the individual contaminants not 

shown in Figure 7, can be found in Appendix F. 

 

No differences in levels of PCBs, both when grouped based on their homologue groups 

(TetraCB, PentaCB, HexaCB, HeptaCB or HigherCB) or when investigated as individual 

congeners (n = 20) was observed in the eggs between the inner and outer fjord (Wilcoxon 
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rank sum tests, p > 0.05). The levels of HCB and the individual PBDEs were similar between 

the colonies (Wilcoxon rank sum tests, p > 0.05). The D5 levels were higher in eggs from the 

outer fjord compared to the inner fjord eggs (Wilcoxon rank sum tests, p < 0.05). An opposite 

trend was observed for the levels of D6, with higher levels in the inner compared to the outer 

fjord eggs (Figure 7, Wilcoxon rank sum tests, p < 0.05). No differences in SCCP and MCCP 

levels were observed in the eggs between the colonies (Wilcoxon rank sum tests, p > 0.05).  

 

As observed in the female herring gulls, the PFAS levels were higher in the outer fjord eggs 

compared to the inner fjord eggs, with considerably higher levels of PFUdA. PFTrDA and 

PFOS were higher in the outer fjord eggs compared to the inner fjord eggs (Figure 11, 

Wilcoxon signed rank test, p < 0.05). The levels of PFDoA, and PFTeDA were also higher in 

the outer fjord gulls, while not to the same extent as the other three PFASs (Wilcoxon signed 

rank test, p > 0.05). 

 

 
Figure 11. Boxplot showing different concentrations of PFAS compounds (ng/g ww) in herring gull (Larus 
argentatus) females (n = 15) and eggs (n = 15) from the inner Oslofjord and females (n = 15) and eggs (n = 15) 
from the outer Oslofjord. Each of the boxes stretch from first to third quartile, with a black horizontal line 
representing the median. The whiskers represent the standard deviation (SD). The points are the extreme values 
(outliers) in each group. The lines at the top of the boxplot indicate if the differences between the two locations 
are significant or not, where significant results are shown as “*” signs. Note different scales.  
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3.4 Contaminant patterns 
The contaminant pattern of the OHCs and the non-essential metals were investigated together 

(Figure 12). The contaminant levels in the inner fjord females were dominated by Pb (25.7%), 

followed by Hg (23.2%), As (20.9%) and S2CP (20.6%). The most prevalent contaminants in 

the outer fjord females were As (27.7%), followed by Hg (25.7%), S2CP (15.9%), and Pb 

(12.5%). The inner fjord eggs had a higher lipophilic contaminant load, with S20PCB (45.3%) 

followed by S2cVMS (12.0%) and S2CP (11.4%) being the most prevalent. The outer fjord 

eggs showed similar patterns, where S20PCB (29.0%) dominated, followed by S2CP (15.9%), 

As (17.7%) and S2cVMS (17.2%).  

 

 
Figure 12. Relative contribution (%) of åCP, åPCB, åPBDE, åcVMS, åPFAS, As, Cd, Pb and Hg (ng/g ww) 
in herring gull (Larus argentatus) females (blood) and eggs from the inner and outer Oslofjord colonies (n = 15 
in each of the four groups). åCP include the compounds SCCP and MCCP. åPCB include the PCB congeners -
47, -66, -74, -99, -105, -118, -128, -138, -153, -156, -157, -167, -170, -180, -183, -187, -189, -194, -206, and -
209. åPBDE include the BDE compounds -47, -99, -100, -153, -154, and -207. åcVMS include D5 and D6. 
åPFAS include the PFCA compounds PFDoA, PFTrDA, PFTeDA and PFUdA and the PFSA compound PFOS. 
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The pattern of PCB groups was similar in both blood and eggs in both colonies (Figure 13). 

HexaCB followed by PentaCB and HeptaCB dominated the contaminant pattern. The lowest 

levels of PCBs were the HigherCB. TetraCB were the second least prevalent group. Of 

å20PCBs, PCB-153 was the dominating congener, followed by PCB-138 in both blood and 

eggs for both colonies. 

 

 
Figure 13. Relative contribution (%) of PCBs (based on ng/g lw) in herring gull (Larus argentatus) females 
(blood) and eggs from the inner and outer Oslofjord colonies (n = 15 in each of the four groups) from 2017. The 
PCBs are grouped based on number of chlorine substitutions on the PCB molecule. TetraCB include the PCB 
congeners -47, -99 and -74. PentaCB include the PCB congeners -99, -105, -118. HexaCB include the congeners 
-128, -138, -153, -156-, 157, -167. HeptaCB include PCB-170, -180, -183, -187, -189. HigherCB include the 
PCB congeners -194, 206, -209. Values are calculated and presented as the relative contribution of each 
contaminant group of the total contaminant load of the contaminant group (åPCBs). 
 

å6PBDEs (Figure 14) was dominated by BDE-47 in all groups except in the eggs from the 

inner Oslofjord, where BDE-99 dominated. The second most abundant was BDE-99 from the 

outer fjord colony and in blood from the inner fjord. The second most abundant in the eggs 

was BDE-47. Overall, the PBDE pattern in the four groups was relatively similar. BDE-154 

was the least prevalent PBDE compound in all four groups.  
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Figure 14. Relative contribution (%) of PBDEs (ng/g lw) in herring gull (Larus argentatus) females (blood) and 
eggs from the inner and outer Oslofjord (n = 15 in each of the four groups). Values are calculated and presented 
as the relative contribution of each contaminant of the total contaminant load of the contaminant group 
(åPBDE).  
 

PFOS was the most abundant å5PFAS in all four groups (Figure 15). PFTrDA was the second 

most prevalent PFAS in the outer fjord colony and in eggs from the inner fjord. PFDoA was 

the second most prevalent PFAS compound in blood from the inner fjord. PFUdA was the 

least abundant PFAS in the inner fjord colony and in the outer fjord eggs, while PFTeDA was 

the least prevalent compound in blood from the outer fjord.  

 
Figure 15. Relative contribution (%) of PFASs (ng/g ww) in herring gull (Larus argentatus) females (blood) and 
eggs from the inner and outer Oslofjord colonies (n = 15 in each of the four groups) from 2017. Values are 
calculated and presented as the relative contribution of each contaminant of the total contaminant load of the 
contaminant group (åPFAS). 
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3.5 Maternal transfer of contaminants 
3.5.1 Correlations between mother and egg 
Correlation tests between mother and egg were conducted in lipid normalised levels for the 

lipophilic contaminants to account for the lipid differences between the matrices, while 

PFASs and metals were investigated in ww. Of the PCBs, only PCB-209 (ng/g lw) in blood 

and eggs from the inner Oslofjord correlated positively (Spearman’s rank correlation test, ρ = 

0.61, p = 0.018). No correlation was observed between mother and egg in the levels of CPs (p 

> 0.05). The levels of D5 were positively correlated between blood and eggs in the inner and 

outer fjord colonies (Spearman’s rank correlation test, ρ = 0.80, p < 0.01, and ρ = 0.78, p < 

0.01, respectively). Of the PBDEs, levels of BDE-154 and BDE-107 showed a positive 

correlation between blood and eggs in the inner fjord colony (Spearman’s rank correlation 

test, ρ = 0.61, p = 0.02 and ρ = 0.6, p = 0.01, respectively). There was no correlation in the 

PFASs levels between blood and eggs (Spearman’s rank correlation test, p > 0.05). Of the 

metals, Hg levels were positively correlated between blood and eggs in the inner and outer 

fjord (Spearman’s rank correlation tests, ρ = 0.87, p < 0.01 and ρ= 0.72, p < 0.01, 

respectively).  

 

3.5.2 Organohalogen contaminants between females and eggs  
Differences in contaminant levels in lipophilic contaminants were investigated on a lw basis, 

while PFASs and metals were investigated on a ww basis. Log ratios of contaminant levels 

between eggs and whole-blood were used as a measure of transfer efficiency of the individual 

contaminants and metals, where 0 indicates a 1:1 relationship in the contaminant levels 

between mother and egg.  

 

Polychlorinated biphenyls 

The levels of TetraCB were higher in eggs compared to blood in the inner fjord colony 

(Pairwise Mann-Whitney U test, p = 0.03, Figure 7). No differences were observed between 

eggs and blood in the outer fjord colony (Pairwise Mann-Whitney U tests, p = 0.73). Within 

the individual congeners of TetraCB, PCB-47 had higher levels in eggs compared to blood 

(Pairwise Mann-Whitney U tests, p < 0.05) in the inner and the outer fjord colonies. PCB-74 

did not show any difference between female and eggs within the colonies (Pairwise Mann-

Whitney U tests, p = 0.93). The levels of PCB-66 were higher in eggs than in blood from the 
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inner fjord colony (Pairwise Mann-Whitney U tests, p < 0.05), but not in the Revlingen 

colony (Pairwise Mann-Whitney U test, p = 0.12). 

 

Both the inner and outer fjord colonies had higher levels of PentaCB in eggs than in blood 

(Pairwise Mann-Whitney U tests, p = 0.01 and 0.02, respectively). Within the individual 

congeners of PentaCB, levels of PCB-99 and -118 were higher in eggs compared to blood 

(Pairwise Mann-Whitney U tests, p < 0.05) in both the inner and the outer fjord colony. 

Levels of PCB-105 were higher in eggs than in females from the inner fjord (Pairwise Mann-

Whitney U test, p < 0.05), but not between blood and eggs in the outer fjord colony (Pairwise 

Mann-Whitney U test, p > 0.05). 

 

Levels of HexaCB (Figure 7) were higher in eggs compared to blood in the inner and outer 

fjord colony (Pairwise Mann-Whitney U tests, p = 0.02 and 0.03, respectively). Levels of the 

individual congeners of HexaCB (PCB-128, -138, -153, -156, -157 and -167) were higher in 

eggs compared to blood (Pairwise Mann-Whitney U tests, p < 0.05) in both colonies.  

 

Levels of the HeptaCBs were higher in the inner fjord and outer fjord eggs compared to blood 

samples from the same colonies (Pairwise Mann-Whitney U tests, p < 0.01 and 0.02, 

respectively). Similar to the HexaCB group, each individual congener of HeptaCB had higher 

levels in eggs compared to blood (Pairwise Mann-Whitney U tests, p < 0.05) in both colonies. 

The levels of HigherCB were higher in eggs than in blood, both in the inner fjord and in the 

outer fjord colony (Mann-Whitney U tests, p < 0.01 and 0.01, respectively). All three 

compounds within the group HigherCB (PCB-194, -206 and -209) were higher in eggs than in 

blood in each colony (Pairwise Mann-Whitney U tests, p < 0.05).  

 

The egg:wholeblood ratio was similar between the different PCB congeners in each colony 

and was that of the most efficiently transferred lipophilic contaminants (Figure 16). 

Egg:wholeblood ratios of contaminants not displayed here can be found in Appendix G.  

 

Polybrominated diphenyl ethers  

The levels of BDE-47, -99, -100, -153, and -154 (ng/g lw) were higher in eggs compared to 

whole-blood in each of the two colonies (Pairwise Mann-Whitney U tests, p < 0.05). The 

inner fjord females showed higher levels of BDE-207 compared to their eggs (Pairwise 

Mann-Whitney U tests, p < 0.05), while no such differences were observed for the outer fjord 
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mothers compared to their eggs (Pairwise Mann-Whitney U tests, p = 0.25). As with the 

PCBs, the egg:wholeblood ratio was similar between the different PBDEs.  
 

HCB, cyclic volatile methyl siloxanes, and chlorinated paraffins 

HCB levels was higher in eggs compared to blood in herring gulls from the outer fjord 

(Pairwise Mann-Whitney U tests, p < 0.05). No difference was observed between blood and 

eggs in the inner fjord colony (Pairwise Mann-Whitney U tests, p = 0.15). D5 and D6 were 

detected in both blood and eggs from the two colonies, with significantly higher levels 

(Pairwise Mann-Whitney U tests, p < 0.05) in the eggs compared to the females in both 

colonies.  

 

The transfer efficiency of short- and medium-chained chlorinated paraffins (SCCP and 

MCCP) was lower than the other lipophilic contaminants (Figure 16). Both CPs showed 

higher levels in blood compared to eggs in the inner fjord colony (Pairwise Mann-Whitney U 

tests, p < 0.05), but not for the outer fjord colony (Pairwise Mann-Whitney U tests, p = 0.14 

and p = 0.06, respectively).  

 

 
Figure 16. Log ratios of herring gull (Larus argentatus) females and eggs from the inner (n = 15) and outer (n = 
15) Oslofjord colony for selected OHCs, presented as mean ratios (± SE). Ratios were based on mean 
concentrations (ng/g lw). The horizontal line (log ratio = 0) indicates a 1:1 relationship. 
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Per- and polyfluoroalkyl substances 

Higher levels of PFDoA were observed in the outer fjord females compared to their eggs 

(Figure 10, Pairwise Mann-Whitney U test, p < 0.05). No difference was observed between 

the inner fjord females compared to their eggs for any of the PFAS compounds (Pairwise 

Mann-Whitney U test, p > 0.05). The egg:wholeblood ratios of the PFAS compounds differed 

between the two locations with overall higher ratios in the inner fjord colony compared to that 

of the outer fjord (Figure 17).  

 

 
Figure 17. Log ratio of PFASs (ng/g ww) between herring gull (Larus argentatus) females and eggs in a) the 
inner Oslofjord (n = 15), and b) the outer Oslofjord (n = 15), presented as mean ratios (± SE). The PFCAs are 
ordered based on chain length (from shortest to longest), and the PFSA (PFOS) is placed to the far right. The 
horizontal line (log ratio = 0) indicates a 1:1 relationship. 
 

3.5.3 Metal levels between mother and egg 
As observed in the females, Fe followed by Zn and Cu were the three most prevalent metals 

in eggs from both colonies. The 4th and 5th most prevalent metals in eggs from the inner fjord 

were Hg and As, respectively. The opposite was observed in the outer fjord eggs, where the 

4th most prevalent was As and the 5th Hg. The four least prevalent in eggs from both colonies 

were (in decreasing order) Ni, Pb, Ag and Cd.  
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No differences between the levels of As were observed between females and eggs from the 

two colonies (Pairwise Mann-Whitney U tests, p > 0.05). Cd levels were higher in females 

compared to eggs in both colonies (Pairwise Mann-Whitney U tests, p < 0.01), while no 

differences were observed in eggs between the two colonies (Wilcoxon rank sum test, p = 

0.19). Levels of Pb were higher in females compared to eggs in the inner and outer fjord 

colonies (Pairwise Mann-Whitney U test and paired t-test, p < 0.01), while no differences 

between the Pb levels in eggs between the two colonies were observed (Wilcoxon rank sum 

test, p = 0.12). Hg levels were higher in the inner fjord females compared to their eggs, while 

no clear differences were observed between eggs and females in the outer fjord colony 

(Pairwise Mann-Whitney U tests, p < 0.01 and p = 0.09, respectively). No differences in Hg 

levels were observed in eggs between the colonies (Wilcoxon rank sum test, p > 0.05).  

 

Of the essential metals, the levels of Fe were higher in females compared to blood from both 

colonies, while no differences were observed in eggs between colonies (Paired t-test and 

Welch Two Sample t-test, p < 0.01 and p = 0.42, respectively). The levels of Ni were higher 

in females compared to eggs from the inner fjord colony, while no differences were observed 

in between females and eggs in the outer fjord colony (Pairwise Mann-Whitney U tests, p < 

0.01 and p = 0.17, respectively). The levels of Ni were higher in the outer fjord eggs 

compared to the inner fjord eggs (Wilcoxon rank sum test, p = 0.03). Cu levels was higher in 

eggs compared to females in both colonies (Paired t-tests, p < 0.01), while no differences 

were observed in Cu levels in eggs between colonies (Welch Two Sample t-test, p = 0.47). 

Similarly, the levels of Zn were higher in eggs compared to females in both colonies (Paired 

t-tests, p < 0.01) with no differences in eggs between colonies (Welch Two Sample t-test, p = 

0.71). The levels of Ag were higher in the eggs from the outer fjord colony compared to the 

eggs from the inner fjord colony , while no differences in Ag levels was observed between 

mothers and offspring (Wilcoxon rank sum test and Pairwise Mann-Whitney U tests, p < 0.01 

and p > 0.05). 

 

The egg:wholeblood ratio in metals was not as high as for the lipophilic contaminants (Figure 

18). For the essential metals, the ratio was higher for Cu and Zn compared to Fe and Ni. For 

the non-essential metals, As and Ag showed higher egg:wholeblood ratios than Cd, Pb and 

Hg.  
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Figure 18. Log ratio between herring gull (Larus argentatus) females and eggs of the different metals. Iron (Fe), 
nickel (Ni), copper (Cu), zink (Zn), arsenic (As), silver (Ag), cadmium (Cd), lead (Pb) are in µg/g ww, while 
mercury (Hg) is in ng/g ww. The results are presented as mean ratios (± SE). The metals are positioned based on 
number of atoms, from lowest to highest. Ratios are shown for both a) the inner Oslofjord (n = 15) and b) the 
outer Oslofjord (n = 15) colonies. The black dotted vertical lines separate the essential (to the left) from the non-
essential (to the right) metals. The horizontal line (log ratio = 0) indicates a 1:1 relationship.  
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4 Discussion 
 

This study aimed to assess the influence of food source and trophic niche, as well as 

biological variables, on the contaminant status in herring gulls and the maternal transfer to 

their eggs. To answer this, the levels of organohalogen contaminants (OHCs) were quantified 

in herring gull females and their eggs in two colonies in the Oslofjord. In addition, dietary 

markers and biometric data were investigated. 

 
4.1 Ecological niche 
Ruus et al. (2017) found lower stable isotope ratios of carbon (d13C) and nitrogen (d15N) in 

herring gulls from the inner fjord compared to other marine species. In accordance with their 

findings, this present study discovered higher d13C and d15N in both females and eggs in the 

outer fjord compared to the inner fjord colony. As expected from H1 and H2, the results found 

in this study indicate that the inner fjord gulls have a more terrestrial diet and occupy a higher 

trophic niche compared to the outer fjord gulls.  

 

Keilen (2017) revealed differences in the d13C values of female herring gulls within the 

Skjælholmen colony from the inner Oslofjord and divided these gulls into marine and 

terrestrial gulls. In the present study, the d13C variation between individuals in each colony 

was not as substantial, and the two colonies were investigated as two groups; inner and outer 

Oslofjord. The terrestrial and marine Oslofjord gulls from Keilen (2017) had mean d13C 

values of -24.2‰ and -21.8‰ and mean d15N values of 8.6‰ and 11.5‰ d15N, respectively. 

These values are higher than those recorded in the inner Oslofjord females from the present 

study, with mean d13C values of -24.5‰ and d15N values of 8.4‰. These results suggest diet 

differences between the individual herring gulls within the same colony. Gull species have 

shown flexibility in their niche width and with dietary shifts in the absence of their main prey 

(González-Solís et al., 1997). Thus, these inter-annual differences between breeding seasons 

indicate a variation in each individual’s diet specialisation or its availability of prey, as 

previously suggested by Leat et al. (2019).  

 

d13C and d15N were positively correlated between mother and egg in each colony, suggesting 

that the isotopic ratio of the mother reflects that of the egg. No differences in correlation 
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concerning the stable isotopes were observed between the two colonies. The lack of 

correlation difference between colonies, together with the higher d13C and d15N in the outer 

fjord colony might suggest that the sequestering of the isotopes from mother to egg is similar, 

regardless of the diet source. 

 

As well as a difference in d13C and d15N values between the inner and outer fjord colonies, 

lower d13C and higher d15N were found in eggs compared to females in both colonies. The 

higher d13C in the females indicates a more marine diet in the females compared to the eggs. 

Based on previous experience in capturing herring gulls in the Oslofjord combined with the 

egg development stages, the eggs were confirmed to be far along in their development. Thus, 

the difference in the stable isotopic values could be explained by differences in the diet of the 

female herring gulls from egg-laying compared to the time of blood sampling. The herring 

gull mothers might be feeding on more terrestrial food items before egg-laying and switching 

diets when they start nesting. A diet shift during egg-laying has previously been observed in 

the Eurasian dipper (Cinclus cinclus) and the American dipper (Cinclus mexicanus), where 

the females of the American dipper switched to feeding at a higher trophic level (TL) during 

egg-laying (Morrissey et al., 2010). 

 

Another possible reason for the difference between the d13C values in the females compared 

to the eggs could be that the eggs arise from maternal tissues with other carbon isotope 

signatures than the ones observed in whole-blood. d13C and d15N differ between tissues in 

birds (Caut et al., 2009), which is further supported by the results found in the present study. 

Eggs are made up of nutrients derived from the diet of the adult females, so the values of d13C 

and d15N in the eggs should be related to those of the mother. Hobson (1995) found higher 

values of d13C and d15N in the eggshell yolk, albumen, and membranes of the eggs of the 

Japanese Quail (Coturnix japonica) relative to their diet and linked these findings to 

differences in biochemical and metabolic processes involved in tissue synthesis. Moreover, 

the differences in isotopic values in the two types of matrices could be explained by 

differences in lipid percentages. The C:N ratio in both whole blood and eggs was measured, 

revealing higher ratios for eggs than blood in both colonies. A C:N ratio over 3.5 suggests a 

presence of lipids. Lipids are around 6-7‰ depleted of 13C relative to proteins, which might 

confound the interpretation (Sweeting et al., 2006). Whole-blood and eggs from both colonies 

in this study revealed mean C:N ratios over 3.5, suggesting the presence of lipids, which 
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might explain the d13C differences between blood and eggs, and also the differences observed 

between the females in each of the colonies.  

 

4.2 Contaminant levels between colonies 
The Urbanfjord programme has investigated the levels of OHCs in both herring gull females 

and their eggs from the inner Oslofjord for several years. The levels of PCBs, HCB, PBDEs, 

CPs and PFASs in the present study are similar to previous findings by the Urbanfjord 

programme from 2014, 2015 and 2016 (Ruus et al., 2015; Ruus et al., 2016; Ruus et al., 

2017).  

 

As mentioned, legacy persistent organic pollutants (POPs) bioaccumulate and biomagnify up 

the food web, leading to higher POP levels with increasing d15N. Due to legislation (UNEP, 

2009), and the following emission decline of POPs globally (EC and EPA, 2009), we 

expected (H3 and H4) the levels of the lipophilic legacy POPs (i.e., PCBs, HCB and PBDEs) 

and the more recently added PFOS, to be higher in the colony with the highest d15N values.  

 

4.2.1 Lipophilic legacy persistent organic pollutants 
Keilen (2017) found higher levels of lipophilic POPs in herring gulls from northern Norway 

and the marine Oslofjord gulls compared to the terrestrial inner Oslofjord gulls, linking these 

contaminant levels to diet. In contrast to the results found by Keilen (2017) and to our 

hypothesis (H3), the PCBs, HCB and the majority of PBDEs did not correlate with the dietary 

markers (d13C and d15N) in the females or differ between the two colonies. The lack of 

correlation between the dietary markers and the lipid soluble legacy POPs contradicts 

previous studies, e.g. Leat et al. (2019), linking increasing levels of POPs in seabirds to 

increasing levels of d13C and d15N. Furthermore, the lack of correlation between these 

variables in the present study might be a result of differences in the individuals’ prey 

specialisation or prey availability (Leat et al., 2019). It could also be explained by different 

turnover rates between contaminant levels and dietary markers. d13C and d15N in blood 

represent a short dietary accumulation of 3-4 weeks (Bearhop et al., 2002; Quillfeldt et al., 

2010), which in this case was during the time of the breeding season. Blood contaminant 

levels reflect a more extended timeframe and could be influenced by the gulls’ overwintering 

location (Baert et al., 2013; Borgå et al., 2005). 
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Despite the ban on PCBs, HCB and PBDEs (UNEP, 2001), considerable amounts of these 

contaminants may still discharge from urban sources such as waste landfills and building 

materials (Herzke et al., 2009). High levels of POPs have been linked to point sources from 

highly urbanised areas such as the inner Oslofjord (Ruus et al., 2017), possibly explaining the 

similarities in the contaminant levels between the inner and outer fjord colony, regardless of 

higher d15N in the outer fjord herring gulls. Also, several herring gulls have been observed on 

garbage dumps outside of Moss, close to the outer fjord colony (pers. comm. Morten 

Helberg), where they might be exposed to other levels of these contaminants than expected 

from the marine food web in the outer fjord. The marginal differences in biometric variables 

between colonies and between blood and eggs suggest that these will not influence the 

contaminant levels between colonies or matrices. 

 

Polychlorinated biphenyls 

The PCBs were grouped based on the number of chlorine substitutions in the molecule. 

Higher chlorinated PCB congeners are more bioaccumulative compared to the lower 

chlorinated PCBs, but they are also present at lower levels in the environment and adsorb to 

particles and soil to a higher degree (McFarland & Clarke, 1989). Moreover, these properties 

make the higher chlorinated PCBs less available to organisms. PCB congeners with lower 

chlorination tend to be more efficiently metabolised and eliminated from organisms 

(McFarland & Clarke, 1989). When the octanol-water partition coefficient (KOW) reaches a 

certain point (log KOW > 7), the assimilation efficiency decreases, which was shown to be the 

case for hepta-, octa and nonaCBs (Fisk et al., 1998). These results are consistent with the 

ones found in this study, where the levels of hexaCBs are higher than hepta- and higherCB in 

females and eggs from both colonies. A maximum level of hexaCBs and lower levels of the 

higher chlorinated PCBs have been observed in glaucous gulls, black-legged kittiwakes (Rissa 

tridactyla) and alcids (Borgå et al., 2001; Borgå et al., 2005). Borlakoglu and Walker (1989) 

observed the same pattern in several piscivorous seabirds. Although the higher chlorinated 

PCBs are more bioaccumulative and the outer fjord colony had a higher d15N, no differences 

in the levels of PCB-groups between colonies were discovered, which might be explained by 

the continued discharge of PCBs from urban sources (Herzke et al., 2009). 

 

Hexachlorobenzene 

HCB has been used for a variety of purposes in industry and agriculture, such as a porosity 

control agent, a fungicide and as a wool preserving agent (Becker et al., 2012). HCB has 
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higher volatility and a lower KOW compared to other POPs (Barber et al., 2005), making it 

able to travel through air, water and sediment through multiple evaporation and deposition 

steps. This is often referred to as the ‘grasshopper effect’, where POPs evaporate from lower, 

warmer latitudes, and deposit at higher latitudes (Wania & Mackay, 1996). Keilen (2017) 

reported higher levels of HCB with increasing latitude and with increasing TL. Similarly, 

Kelly et al. (2007) found a strong positive relationship between increasing levels of HCB and 

TL in an Arctic food web. Although this present study found a higher value of d15N in the 

outer Oslofjord colony, no such relationships in the levels of HCB were discovered between 

the inner and outer Oslofjord colonies. Variability in the HCB levels was high for both 

females and eggs, possibly explaining the lack of a relationship between d15N and HCB 

between the two colonies.   

 

Polybrominated diphenyl ethers 

The levels of BDE-47 and BDE-99 in the inner fjord eggs in the present study were higher 

than the levels of the same compounds in herring gull eggs from more remote colonies in 

northern Norway (Sklinna and Røst; Huber et al., 2015), suggesting an urban influence of 

these legacy POPs. Urban PBDE exposure as well as bioaccumulation in the outer fjord 

colony due to higher d15N values might be the reason for the similar values observed in the 

herring gull females in the two colonies.  

 

4.2.2 Cyclic volatile methyl siloxanes 
The inner and outer Oslofjord is separated by a sill near Drøbak. Because of this sill, together 

with the semi-enclosed nature of the Oslofjord, substances from wastewater discharges below 

the pycnocline, i.e. the layer where the density gradient is greatest, will get trapped. 

Furthermore, higher levels of cyclic volatile methyl siloxanes (cVMSs) have been linked to 

proximity to human settlements, acting as point sources (Warner et al., 2010). It was therefore 

expected that the levels of cVMSs would be higher in the inner fjord close to highly urbanised 

areas compared to the outer fjord (H3). Powell et al. (2018) found higher levels of the cVMSs 

D4, D5 and D6 in surface sediments from the inner Oslofjord compared to the outer 

Oslofjord, with exposure levels 2, 32 and 7 times higher for D4, D5 and D6, respectively. 

Furthermore, they found the highest cVMS lipid-normalised levels in biota (i.e. zooplankton, 

benthic macroinvertebrates, shellfish and finfish) from the inner Oslofjord. In the present 

study, the levels of D5 were, as expected (H3), highest in the inner fjord female gulls, while 
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the levels of D6 did not show any clear difference in females between the colonies. D5 has 

been shown to bioaccumulate in the Lake Mjøsa food web from Norway with a trophic 

magnification factor (TMF) above 1 (Borgå et al., 2012), while the TMF for both D5 and D6 

in the Oslofjord benthopelagic food web was below 1 (Powell et al., 2018). This might be 

explained by variability in TMFs in different food webs (Borgå et al., 2012). Thus, the higher 

levels of D5 in the inner fjord might be a result of exposure from urban areas.  

 

Levels of D5 in female gulls from the Oslofjord have decreased during the last four years, 

with a mean of 7.10 ng/g ww in 2014, 4.53 ng/g ww in 2015 and 2.72 ng/g ww in 2016 (Ruus 

et al., 2015; Ruus et al., 2016; Ruus et al., 2017), suggesting that the reduction in production 

of this contaminant affects the levels in the gulls. However, mean levels of D5 in herring gull 

eggs in this study were 47 times higher than observed in herring gull eggs from more remote 

colonies in northern Norway (Sklinna and Røst; Huber et al., 2015), suggesting exposure from 

urban areas. D6 levels has shown a decrease in females, with blood levels in female herring 

gulls from inner fjord going from 2.55 ng/g ww in 2014 to 1.95 ng/g ww in 2015 and 0.19 

ng/g ww in 2016. However, this study found higher levels of D6 in females than reported in 

2016 (1.72 ng/g ww in the inner fjord and 0.55 ng/g ww in the outer fjord), indicating that the 

downward trend previously observed in females is not certain.  

 

4.2.3 Chlorinated paraffins 
Both of the chlorinated paraffins (CPs) SCCP and MCCP are on Norway’s national priority 

list of contaminants that will be phased out, and there has been no registered use of SCCP in 

Norway since 2004. The compounds may still be found in the environment through emissions 

from older products still in use and their presence in imported products (Norwegian 

Environment Agency, 2018). Despite the ban, the levels of SCCP and MCCP in the Oslofjord 

females show no signs of decline during the last four years (Ruus et al., 2015; Ruus et al., 

2016; Ruus et al., 2017). Considering that use of SCCP and MCCP is not restricted in the rest 

of the EU, the non-declining levels in the gulls might be explained by imported or old 

products containing these compounds. Furthermore, as expected (H3), the levels of SCCP and 

MCCP were higher in the female gulls from the inner fjord compared to the outer fjord, with 

no correlation with the dietary markers. Thus, the higher levels in the inner fjord gulls might 

be explained by higher levels of CPs closer to urban areas. 
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4.2.4 Perfluoroalkyl substances 
Despite the ban in using PFOS in fire-fighting foam in 2007 (UNEP, 2009), PFOS showed the 

highest levels of the perfluoroalkyl substances (PFAS) compounds in both blood and eggs 

from both colonies. These results are consistent with previous studies of PFAS, where PFOS 

is the predominant PFAS in the samples studied (Gebbink et al., 2011; Kallenborn & Berger, 

2004; Verreault et al., 2005), owing to the highly bioaccumulative properties of PFOS (Kelly 

et al., 2009). The levels of the different PFAS compounds did not show any correlation 

between number of carbon atoms in the carbon chain in blood or eggs from the two locations.  

However, only four PFCAs and one PFSA were included in the statistical analysis, which 

might be too small a sample size to observe any trends in chain lengths.  

 

The levels of the lipophilic legacy POPs did not differ in females or eggs between the inner 

and outer Oslofjord colony. However, contrary to expectations (H4), the PFAS levels were 

higher in the outer fjord females compared to the inner fjord females. Rygge airport near the 

Revlingen colony has been used as a fire drill area for several decades, where the fire-fighting 

foams are an important point source of PFAS into the environment (Melnes & Mariussen, 

2017). Fire-fighting foams containing PFAS have presumably been used at Rygge since the 

1970s (Amundsen et al., 2016), but the exact PFAS mixture in these foams during the last 40-

50 years is unknown. In 2007, fire-fighting foams containing PFOS were removed from the 

area and from 2015, all foams containing PFOS mixtures were replaced by Re-Healing 

Foams, which are PFAS-free (Amundsen et al., 2016). The spread of the PFAS compounds 

has resulted in levels two times higher than the environmental quality standard (EQS), i.e. the 

limit for environmental disturbances, for fish in the Vansjø Lake (Amundsen et al., 2016). 

The lake flows into the Mosselva river, before entering the Oslofjord and is therefore in close 

vicinity to the outer fjord colony. Thus, PFAS from fire-fighting foam is suggested to be the 

reason for the elevated levels of PFAS in the herring gulls from the outer fjord compared to 

the inner fjord females.  

 

Higher levels of PFAS were observed in blood and eggs with higher d13C and d15N. However, 

the increase in PFAS levels may not be correlated with d15N but could instead be explained by 

local PFAS exposure from the Rygge fire drill area. Higher levels due to local PFAS exposure 

are supported by other findings, such as elevated levels of PFAS in snow bunting 

(Plectrophenax nivealis) from two populated settlements, (Longyearbyen and Barentsburg), 
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compared to an abandoned Pyramiden area (Warner et al., 2019). Furthermore, higher PFAS 

levels have been found in soil and run-off water from fire-fighter training facilities in 

Longyearbyen, linking this to local source exposure (Skaar et al., 2019).  

 

These results suggest that outer fjord colony presents a more local source of PFAS exposure 

than the Oslofjord ecosystem as such, and that when investigating the PFAS compounds in 

the Oslofjord system, herring gulls from the inner fjord do not provide a representative picture 

of the Oslofjord ecosystem. 

 

4.2.5 Metals 
Even though Arsenic (As) was the most prevalent contaminant in the outer fjord females, no 

differences in As levels in females between the inner and outer Oslofjord were observed. 

These findings are in agreement with Borgå et al. (2006), who found no potential for 

bioaccumulation of As in seabirds from the Barents Sea, and with Vizuete et al. (2019), 

stating that As is not of concern in terms of bioaccumulation in the food web. Cadmium (Cd) 

levels were higher in the outer fjord females compared to the inner fjord females, as expected 

(H5), as Cd accumulates in aquatic organisms (Dubois & Hare, 2009).  

 

Mercury (Hg) was the second most prevalent contaminant in the female herring gulls. 

Contrary to expectations (H5), no differences in Hg levels were observed in females between 

the colonies. Hg, especially its methylated form (Sundberg et al., 1999), can bioaccumulate in 

both terrestrial, freshwater and marine food webs around the world (Campbell et al., 2005; 

Jarman et al., 1996), resulting in higher levels with higher d15N. The contradictory results 

could be explained by the limited range in d15N values in females between the Oslofjord 

colonies. Similar results have been observed in the Central Barents Sea food web, where no 

correlation between Hg levels and TL was linked to a narrow trophic range in the food web 

(Borgå et al., 2006). 

 

Pb occurs naturally in the environment from multiple sources such as volcanic activity and 

erosion. However, the majority of Pb is related to human activities (e.g. industry, gasoline, 

and agriculture) and is a common contaminant in industrial and urban areas. The most 

considerable rise in levels of Pb occurred between 1950-2000, attributable to the increased 

use of leaded gasoline (Abadin et al., 2007). The use of Pb in gasoline was eliminated under 
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the Clean Air Act by EPA in 1996 (EPA, 1996), leading to a reduction of this metal in the 

environment (Abadin et al., 2007). However, the present study showed that Pb is still present 

in urban areas. Pb dominated the contaminant load in the herring gull females from the inner 

fjord and the levels were higher than observed in the females from the outer fjord. Previous 

studies further support these results, finding higher levels of Pb in the house sparrow (Passer 

domesticus) and the common blackbird (Turdus merula) with increasing urbanisation (Bichet 

et al., 2013; Meillère et al., 2016).  

 

It is important to consider where the majority of each metal can be found in the body, as 

whole-blood might not reflect the real body burden of each metal. For example, 

approximately 90% of the total Cd body burden is present in the liver and the kidney (Friberg 

et al., 1974). Dietz et al. (1996) investigated levels of Cd in ten seabird species and reported 

much higher levels of Cd in the kidney compared to liver, and lowest levels of Cd in muscle. 

These results might suggest that the levels of Cd detected in the herring gull blood in this 

thesis do not reflect the overall body burden of this contaminant.  

 

4.3 Maternal transfer 
Differences in contaminant levels could arise from differences in the egg-laying sequence 

between the chosen eggs. Becker and Sperveslage (1989) investigated organochlorine 

differences in the egg-laying sequence of herring gulls and found higher levels in the third 

eggs compared to the first ones (13-17%), linking this to increasing body fat conversion 

during egg production due to high energy demands. Furthermore, they found intra-clutch 

differences in the levels of Hg, but unlike the organochlorines, the highest levels were 

observed in the first egg laid compared to subsequent eggs (Becker et al., 1989; Becker, 

1992). Becker and Sperveslage (1989) found larger inter-clutch differences compared to intra-

clutch variation and concluded that each egg does reflect the mother. Furthermore, Verreault 

et al. (2006) investigated intra-clutch variability and found no differences between the first 

and the third laid egg in levels of åPCB, åOC and åPBDE. These results suggest that a 

randomised study, such as the one performed in the present study where eggs were collected 

at random from each nest, will even out the effect of the intra-clutch variability and not create 

any bias in contaminant levels between the eggs.  
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When investigating the correlations between mother and egg of the PCBs, only PCB-209 

showed a positive correlation between mother and egg. The same trends were observed in 

PFASs and for several of the other contaminants, suggesting that higher level of contaminants 

in the mother does not indicate higher levels in the egg.  

 

4.3.1 Lipophilic legacy persistent organic pollutants 
The levels of PCBs in this study made up a more substantial proportion of the total 

contaminant load in eggs compared to the female gulls in both colonies, indicating that these 

lipophilic POPs are efficiently transferred to eggs. In addition, the majority of PBDEs were 

higher in eggs compared to females. These results were expected (H6) and is supported from 

previous studies investigating maternal transfer of PCBs, showing how lipophilic 

contaminants get transferred from mother to egg during reproduction (Bjerk & Holt, 1971; 

Verreault et al., 2006). Verreault et al. (2006) investigated the maternal transfer of OHCs in 

glaucous gulls and found maternal transfer to favour contaminants with lower KOW and/or less 

persistent compounds. The results of this thesis reveal contrasting results, with a higher 

maternal transfer efficiency of HeptaCB and HigherCB with a higher KOW compared to the 

less chlorinated PCBs.  

 

HCB levels were higher in eggs from the outer fjord colony, while no differences were found 

for HCB levels in the inner fjord colony, indicating that a larger quantity of lipophilic 

contaminants get transferred with a more marine diet. There was a positive correlation 

between the levels of PCBs, HCB and PBDEs and d13C in eggs, further indicating that more 

of these contaminants are transferred with a more marine diet, as expected (H7). However, no 

differences were discovered between colonies, indicating that the dietary differences in the 

mothers do not affect the transfer efficiency of these legacy POPs. 

 

4.3.2 Cyclic volatile methyl siloxanes 
While levels cVMSs were higher in eggs compared to females in both colonies, the maternal 

transfer efficiency to eggs was higher for D5 than for D6 in both colonies. Similar results in 

eggs have been observed in glaucous-winged gulls (Larus glaucescens), California gulls 

(Larus californicus) and herring gulls from different colonies across Canada, where D5 was 

the most abundant cVMS, followed by D6 (Lu et al., 2017). Furthermore, levels of D5 

followed by D6 dominated the cVMSs in bird eggs from northern Norway (Sklinna and Røst; 



 66 

Huber et al., 2015). D5 has a log KOW value of 5.2, compared to D6 with a value of 6.33, 

indicating that a higher log KOW is not indicative of higher levels of cVMSs in gull eggs.  

 

Another interesting discovery was the contrasting increase and decrease in the levels of 

cVMSs between mothers and eggs of the herring gulls from the inner fjord colony. The levels 

of D5 in the inner Oslofjord female gulls have decreased during the last four years, while the 

levels of D5 in the gull eggs from the same colonies show opposite trends, from 61.39 ng/g 

ww in 2014 over to 88.8 ng/g ww in 2015 to 205.43 ng/g ww in 2016 (Ruus et al., 2015; Ruus 

et al., 2016; Ruus et al., 2017). However, the D5 levels from the inner fjord eggs from this 

study were somewhat lower than observed in 2016, with a mean value of 56.12 ng/g ww. The 

conflicting results in D5 levels between mother and eggs could be explained by dietary 

differences in the mothers, as this study revealed both a more marine signal (d13C) and a 

different trophic niche (d15N) in the gulls from the outer fjord compared to the gulls from the 

inner fjord. Furthermore, the D5 levels were approximately four times higher in the outer 

fjord eggs compared to the inner fjord eggs, which suggests an increase in D5 with an 

increasing d15N, as expected (H7). These findings are further supported by the results in 

herring gull eggs from the same colony in 2016, with mean D5 levels of 205.43 ng/g ww and 

a d15N value of 10.0‰ (Ruus et al., 2017), both higher than observed in our colony. Thus, 

these results might suggest that D5, a lipophilic contaminant, is more efficiently transferred 

with a more lipid-rich and marine diet such as in the outer fjord gulls.  

 

The same contrasting results in the two different matrixes can be seen for the levels of D6, 

with increasing levels in the herring gull females from 2014 to 2016 and decreasing levels in 

eggs during the same time period. However, the increase in D6 was not as substantial as 

observed for D5, with levels in eggs ranging from 10.29 ng/g ww in 2014, to 11.2 ng/g ww in 

2015 and 13.62 ng/g ww in 2016 (Ruus et al., 2015; Ruus et al., 2016; Ruus et al., 2017). 

Moreover, the results of this current study revealed higher levels of D6 in the inner fjord eggs 

compared to the outer fjord eggs, which contradicts H7 of increasing maternal transfer of 

lipophilic contaminants with a more marine signal (higher d13C). However, the difference in 

levels of D6 between the inner and outer fjord eggs, being less substantial than the difference 

the levels of D5, might be explained by differences in an individual’s prey specialisation 

(Leat et al., 2019). 
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4.3.3 Chlorinated paraffins 
Even though the CPs are classified as persistent and bioaccumulative (REACH, 2019), the 

mother-to-egg transfer efficiency of SCCP and MCCP was lower than observed for the other 

lipophilic contaminants. The egg:wholeblood ratio for both CPs were higher in the outer fjord 

gulls, suggesting increasing levels of these lipophilic contaminants with increasing d15N, and 

thus with a more marine and lipid-rich diet. However, there was no correlation with SCCP to 

d13C or d15N values in the eggs, indicating that an increase in d15N are not contributing to the 

higher levels of CPs transferred to the eggs in the outer fjord. However, as discussed above, 

differences in an individual’s prey specialisation might contribute to these observed results. 

 

4.3.4 Perfluoroalkyl substances 
Except for the PFAS compounds PFUdA and PFDoA in the outer fjord colony, the levels of 

PFASs in both colonies were higher in the eggs compared to the females, suggesting that a 

considerable amount is transferred from mother to egg during reproduction. However, the 

levels were lower for the PFAS compounds compared to the majority of the lipophilic 

compounds, as expected (H6). PFASs are amphipathic, binding to both serum albumin and 

lipoproteins (Armitage et al., 2013; Beesoon & Martin, 2015; Ng & Hungerbühler, 2014). 

Lipids constitute around 20-30% of the total egg mass (Astheimer & Grau, 1990). Protein is a 

limiting resource during egg production, possibly explaining this difference in maternal 

transfer ratios between the solely lipophilic and more protein-associated compounds (Bolton 

et al., 1993). The maternal transfer is likely to have a weaker effect on protein-associated 

compounds such as PFASs and Hg than lipophilic pollutants such as PCBs (Hitchcock et al., 

in press).   

 

As expected from H7, the increase in the protein-associated PFASs did not increase with a 

more marine diet (higher d13C). However, in contrast to expectations (H7), when using PFOS 

as an indication of the PFAS levels, higher PFAS levels were positively correlated with d15N, 

suggesting that more PFAS gets transferred with a more marine diet. These results might be 

confounded by the higher PFAS levels in the outer fjord females as a result of local PFAS 

exposure, and not reflect a higher maternal transfer efficiency. Even though the PFAS levels 

were higher in the outer fjord colony, the egg:wholeblood ratios were higher in the inner fjord 

colony. As mentioned, proteins are a limiting resource in egg production (Bolton et al., 1993). 

Thus, if the herring gulls in the outer Oslofjord have less or equal the amount of proteins to 
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transfer to the eggs, as well as having higher levels of PFAS in their blood due to higher 

exposure, the result will be a lower egg:wholeblood ratio, as observed here. 

 

Another possible explanation for this ratio discrepancy between colonies could be the 

influence of detection replacements when substituting the values under the LOD. Several 

values were under the LOD in both the inner fjord herring gull blood and eggs for the PFAS 

compounds PFUdA, PFDoA, PFTrDA and PFTeDA. The imputation method used when 

substituting these values uses the distribution of the data to replace the non-detects with new 

values, and even though this method is one of the most robust ones to use on these kinds of 

data sets, the exact values are not known. Substituting data could create a pattern different 

from the one observed if the real values were known.  

 

4.3.5 Metals 
The eggs had lower levels of Cd, Pb, and Hg than in blood of the female gulls, which is 

consistent with previous findings by Burger and Gochfeld (1996). Hg, especially its 

methylated form, binds to proteins (Sundberg et al., 1999), which are a limiting resource in 

egg reproduction (Bolton et al., 1993). The majority of Hg is sequestered in the albumen of 

eggs (Brasso et al., 2012; Heinz & Hoffman, 2004). Potential food limitations might affect the 

levels of Hg transferred from mother to egg, as some species acquire resources for albumen 

production exclusively from their local diet and not from endogenous body reserves (Hobson 

et al., 2015). Thus, the resources available in the mother at the time of albumen production 

might explain the mother-to-egg transfer ratio of Hg being below 1. These findings are 

consistent with results found by Hitchcock et al. (in press) where the authors found overall 

higher levels of PCBs and PFOS in male compared to female birds. The Hg levels between 

the sexes were similar, suggesting a less efficient maternal transfer of Hg compared to the 

lipophilic POPs (Hitchcock et al., in press). In the current study, levels of the essential metal 

Fe were higher in females than eggs. Fe is part of the haemoglobin molecule in red blood cells 

(Tymoczko et al., 2015), which is linked to this substantial difference. There were no 

differences between the levels of As in females and eggs, while the levels of Cu and Zn were 

higher in eggs than in females. Cu and Zn are essential metals needed for biological functions 

essential for the growth of future offspring (Davidson et al., 2007). 

 

These results suggest that some of the contaminant burdens in the adult female gulls are 

offloaded to eggs during reproduction, especially the lipophilic contaminants. The eggs 



 69 

appear to depollute the female’s body, particularly the lipophilic contaminants for which the 

egg:wholeblood ratio was higher than observed for PFASs and metals. These results are 

supported by Hitchcock et al. (in press), who found lower levels of PCBs in females than in 

males during incubation. 
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5 Conclusions 
 

The present study of environmental contaminants in herring gull found a more marine signal 

and a higher trophic niche in the outer Oslofjord colony compared to the inner Oslofjord 

colony. In addition, lower carbon and higher nitrogen isotopic values were found in eggs 

compared to blood, which might be explained by differences in the isotopic ratios in the 

mothers before and after egg-laying.  

 

The levels of the lipophilic legacy POPs did not differ between the inner and outer colony and 

were uncorrelated with the dietary markers, which contradicts the expectations that the levels 

of these contaminants would increase with increasing d15N. Even though these contaminants 

have been banned for several years, considerable amounts may still discharge from urban 

sources such as waste landfills and building materials, possibly explaining the similarities 

between the colonies. Higher levels of PFASs were observed in the outer fjord colony 

compared to the inner fjord colony, which was linked to local exposure from a previously 

used fire drill area near the outer fjord colony.  

 

In both colonies, lipophilic contaminants were transferred from mother to egg to a higher 

degree than protein-associated contaminants and metals. PCBs dominated the contaminant 

load in the eggs from both colonies and their levels considerably higher than observed in the 

mothers. The legacy POPs (PCBs, HCB and PBDEs) in herring gull eggs were correlated with 

d13C, suggesting that a higher contaminant load gets transferred with a more marine diet. 

However, no differences between colonies was observed for d13C and the levels of 

contaminants transferred, indicating that the transfer rate is similar between the females in the 

two colonies even though the diet is different.  
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6 Future perspectives  
 

The contaminant load in herring gull females was investigated using whole-blood. This 

matrix may not be the best indicator of the total contaminant load in the gulls, as the 

contaminants have different properties (e.g. lipophilic, protein-associated). Investigating the 

contaminant load in feathers as well as whole-blood would provide a better picture of the 

contaminant burden, as gulls are known to sequester some contaminants in their feathers. In 

addition, protein values in both whole-blood and eggs should be measured to identify whether 

protein limitations could be the reason for the difference in protein-associated contaminants 

between the two colonies.  

 

Differences in stable isotopes of carbon and nitrogen before and after egg-laying have been 

observed in other bird species. Thus, samples before and after egg-laying should be collected 

in the herring gull to be able to tell whether they switch to a more marine or terrestrial diet 

during the breeding period.  

 

A C:N ratio higher than 3.5, as observed in the present study, suggests the presence of lipids, 

and lipid correction is recommended. To avoid a depletion of d13C in tissues in lipid-rich 

matrices, lipid extraction prior to stable isotope analysis should be performed.   
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Appendices 
Appendix A: Optimized parameters for the Q-ToF-HRMS instrument 
during PFAS analysis. 
 
Table A1: Optimized parameters used for the The Xevo G2-S Q-ToF-HRMS instrument (Waters). 
 

Parameters Settings 

Capillary voltage 0.7 kV 

Desolvation temperature 500°C 

Source temperature 120°C 

Nitrogen desolvation gas flow 800 L/h 

 

Appendix B: Internal standards for lipophilic contaminant analysis. 
 
Table B1: Amount of internal standard added to each glass column during the extraction phase.  
 

Name Volume (µl) 

PCBI 20 

PBDEI 20 

DBDPE 20 

CPI 20 

PESTI 50 
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Appendix C: Number of detected values for each contaminant analysed.  

 
Figure C1. Dot chart representing the number of detected values for all the different contaminants analysed. The 
cut-off value was set to “the peak”, shown by the vertical and horizontal lines at 75%. All compounds with 
detected values under 75% were removed and not used for further analysis. 
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Table C1. Number of detected values over LOD from highest to lowest in all the 60 samples taken from herring 
gull (Larus argentatus) females and eggs from the inner and outer Oslofjord. Values under 75% LOD (from 45 
detected values and below, i.e. PFHxS) were not used in the statistical analyses.  
 

Contaminant Number of detected values over LOD 

PFOS 60 

Hg 60 

Pb 60 

Cd 60 

As 60 

Zn 60 

Cu 60 

Fe 60 

BDE-99 60 

PCB-194 60 

PCB-47 60 

MCCP 60 

SCCP 60 

BDE-47 59 

PCB-206 59 

PCB-156 59 

PCB-66 59 

HCB 59 

PCB-180 58 

PCB-170 58 

PCB-128 58 

BDE-100 57 

PCB-167 57 

PCB-157 57 

PCB-153 57 

PCB-138 57 

PCB-118 57 

PCB-105 57 

PCB-99 57 

PFTrDA 56 

PCB-187 56 
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Table C1 continued. Number of detected values over LOD from highest to lowest in all the 60 samples taken 
from herring gull (Larus argentatus) females and eggs from the inner and outer Oslofjord. Values under 75% 
LOD (from 45 detected values and below, i.e. PFHxS) were not used in the statistical analyses.  
 

Contaminant Number of detected values over LOD 

PCB-74 56 

PCB-183 55 

Ni 53 

PCB-209 53 

PFDoA 52 

D6 52 

BDE-153 50 

Ag 49 

PCB-189 49 

BDE-207 48 

PFUdA 47 

PFTeDA 47 

D5 46 

BDE-154 46 

PFHxS 42 

PBDE-183 41 

PCB-52 41 

PCB-28 41 

PFDA 40 

PCB-123 40 

PCB-114 39 

BDE-197 38 

Cr 37 

BDE-49 37 

BDE-209 34 

PCB-149 33 

PCB-101 33 

PCB-141 32 

PeCB 31 

Dechlorane plus syn 31 
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Table C1 continued. Number of detected values over LOD from highest to lowest in all the 60 samples taken 
from herring gull (Larus argentatus) females and eggs from the inner and outer Oslofjord. Values under 75% 
LOD (from 45 detected values and below, i.e. PFHxS) were not used in the statistical analyses.  
 

Contaminant Number of detected values over LOD 

BDE-206 30 

Dechlorane plus anti 30 

BDE-196 29 

BDE-119 29 

BDE-28 29 

BDE-202 28 

PCB-31 27 

PCB-18 24 

Dechlorane-603 24 

BDE-85 22 

TBA 21 

BDE-138 20 

Sb 19 

BDE-66 18 

D4 17 

X8-2FTS 16 

BDE-126 13 

BDE-184 12 

PCB-33 12 

PFDS 11 

PFHpS 11 

PFNA 10 

PFOA 10 

M3T-Ph 10 

OC 8 

BDE-17 6 

BDE-71 3 

PCB-122 3 

BDE-77 2 

Dechlorane-602 2 
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Table C1 continued. Number of detected values over LOD from highest to lowest in all the 60 samples taken 
from herring gull (Larus argentatus) females and eggs from the inner and outer Oslofjord. Values under 75% 
LOD (from 45 detected values and below, i.e. PFHxS) were not used in the statistical analyses.  
 

Contaminant Number of detected values over LOD 

X6-2FTS 1 

PFOSA 1 

PFHpA 1 

PCB-37 1 

EHMC 0 

BP3 0 

etFOSAA 0 

meFOSAA 0 

X4-2FTS 0 

eFOSE 0 

meFOSE 0 

etFOSA 0 

meFOSA 0 

PFDoS 0 

PFNS 0 

X8Cl-PFOS 0 

PFPS 0 

PFBS 0 

PFHxA 0 

PFPA 0 

BDE-191 0 

BDE-156 0 

Dechlorane-601 0 

Dechlorane-604 0 

Dibromaldrin 0 
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Appendix D: Table of biological data 
Table D1. Biometric data for each herring gull (Larus argentatus) female from the inner Oslofjord 
(Skjælholmen) (n=15) and outer Oslofjord (Revlingen) Oslofjord (n=15).  
 

Location Colour 
ring 

Species Sex Wing length 
(mm) 

Weight 
(g) 

Head 
length 
(mm) 

Bill 
height 
(mm) 

BCI 

Søndre Skjælholmen J5549 Herring gull F 432 930 117.4 16.8 33.71 

Søndre Skjælholmen JCL23 Herring gull F 418 870 120.5 17.8 -60.61 

Søndre Skjælholmen JCL59 Herring gull  F 427 770 110.9 16.3 -42.74 

Søndre Skjælholmen JCL67 Herring gull F 427 870 115.7 17.2 -3.19 

Søndre Skjælholmen JCL68 Herring gull F 437 890 120.9 18.9 -52.06 

Søndre Skjælholmen JCL72 Herring gull F 430 990 117 18.3 99.42 

Søndre Skjælholmen JCP52 Herring gull F 422 930 117.8 18.4 32.05 

Søndre Skjælholmen JJP01 Herring gull F 426 885 118.8 16.85 -26.90 

Søndre Skjælholmen JJP03 Herring gull F 434 910 118.4 17.6 0.44 

Søndre Skjælholmen JJP05 Herring gull F 436 965 120.8 16.7 24.54 

Søndre Skjælholmen JJP06 Herring gull F 437 860 117.2 16.7 -35.46 

Søndre Skjælholmen JJP07 Herring gull F 438 950 120.4 17.7 13.90 

Søndre Skjælholmen JJP18 Herring gull F 429 830 113.6 NA -17.42 

Søndre Skjælholmen JJP19 Herring gull F 429 900 117.4 17.7 4.72 

Søndre Skjælholmen JJP21 Herring gull F 415 900 115.8 17.1 29.60 

Store Revlingen J884A Herring gull F 430 1000 119.7 18.1 91.81 

Store Revlingen JJP33 Herring gull F 440 NA NA NA NA 

Store Revlingen JJP24 Herring gull F 440 935 116.5 16.1 -24.61 

Store Revlingen JJP25 Herring gull F 447 1050 118.2 18.2 58.61 

Store Revlingen JJP27 Herring gull F 428 900 117.7 17.3 -0.46 

Store Revlingen JJP28 Herring gull F 429 830 119.2 NA -73.84 

Store Revlingen JJP32 Herring gull F 429 925 118.2 17.5 20.19 

Store Revlingen JJP34 Herring gull F 439 935 119 17.35 -17.36 

Store Revlingen JJP35 Herring gull F 414 875 113.7 17.7 38.31 

Store Revlingen JJP36 Herring gull F 440 960 117.8 17.6 1.65 

Store Revlingen JJP39 Herring gull F 415 820 118.1 17.65 -17.25 

  



 89 

Table D1 continued. Biometric data for each herring gull (Larus argentatus) female from the inner 
(Skjælholmen) (n=15) and outer (Revlingen) Oslofjord (n=15).  
 

Location Colour 
ring 

Species Sex Wing length 
(mm) 

Weight 
(g) 

Head 
length 
(mm) 

Bill 
height 
(mm) 

BCI 

Store Revlingen JJP41 Herring gull F 443 955 115.8 17.5 -19.79 

Store Revlingen JJP42 Herring gull F 426 845 116.5 18.3 -46.96 

Store Revlingen JJP46 Herring gull F 438 930 120.7 19.8 -15.88 

Store Revlingen JJP47 Herring gull F 412 830 116.8 18 5.98 
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Table D2: Biological measurements showing values for lipid %, egg weight (g), and egg stage in individual eggs 
from Skjælholmen (n=15) and Revlingen (n=15).  
 

Location 

Colour 

ring  Lipid % Egg weight (g) 

 

Egg stage 

Søndre Skjælholmen J5549 9.82 88.2 1 

Søndre Skjælholmen JCL23 7.9 62.43 4 

Søndre Skjælholmen JCL59 8.96 79.97 3 

Søndre Skjælholmen JCL67 8.12 84.52 2 

Søndre Skjælholmen JCL68 9.5 86.66 2 

Søndre Skjælholmen JCL72 7.7 85 4 

Søndre Skjælholmen JCP52 7.15 68.39 4 

Søndre Skjælholmen JJP01 8.1 74.21 3 

Søndre Skjælholmen JJP03 6.85 80.75 4 

Søndre Skjælholmen JJP05 6.77 72.86 4 

Søndre Skjælholmen JJP06 8.8 91.48 3 

Søndre Skjælholmen JJP07 9.97 69.47 4 

Søndre Skjælholmen JJP18 7.82 74.52 4 

Søndre Skjælholmen JJP19 6.82 97.78 2 

Søndre Skjælholmen JJP21 5.92 61.8 5 

Store Revlingen J884A 6.25 87.44 4 

Store Revlingen JJP23 7.4 87.82 4 

Store Revlingen JJP24 6.45 80.83 4 

Store Revlingen JJP25 3.98 90.37 5 

Store Revlingen JJP27 7.9 86.94 1 

Store Revlingen JJP28 4.6 88.3 5 

Store Revlingen JJP32 8.25 81.36 3 

Store Revlingen JJP34 5.34 90.25 4 

Store Revlingen JJP35 5.81 75.81 5 

Store Revlingen JJP36 8.6 84.08 3 

Store Revlingen JJP39 7.96 67 3 

Store Revlingen JJP41 9.15 89.15 2 

Store Revlingen JJP42 9.3 80.28 2 

Store Revlingen JJP46 7.1 71.93 5 

Store Revlingen JJP47 8.2 73.54 4 
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Table D3. Stable isotope values of carbon (d13C) and nitrogen (d15N) and C:N ratios in herring gull (Larus 
argentatus) females and their eggs from the inner (Skjælholmen, n=30) and outer (Revlingen, n=30) Oslofjord.  
 

Fargering Matrix Location d13C d15N C:N ratio 

J5549 Blood Søndre Skjælholmen -24.36 10.17 5.02 

JCL23 Blood Søndre Skjælholmen -24.71 7.74 3.41 

JCL59 Blood Søndre Skjælholmen -25.18 7.39 4.49 

JCL67 Blood Søndre Skjælholmen -24.05 8.41 3.49 

JCL68 Blood Søndre Skjælholmen -24.87 9.09 5.30 

JCL72 Blood Søndre Skjælholmen -24.27 7.73 3.58 

JCP52 Blood Søndre Skjælholmen -24.11 8.47 4.00 

JJP01 Blood Søndre Skjælholmen -24.16 9.06 3.66 

JJP03 Blood Søndre Skjælholmen -24.68 7.67 3.89 

JJP05 Blood Søndre Skjælholmen -24.24 8.08 3.93 

JJP06 Blood Søndre Skjælholmen -24.79 9.19 4.93 

JJP07 Blood Søndre Skjælholmen -24.38 8.48 4.43 

JJP18 Blood Søndre Skjælholmen -24.19 8.36 3.71 

JJP19 Blood Søndre Skjælholmen -24.02 8.70 3.67 

JJP21 Blood Søndre Skjælholmen -24.74 8.10 3.97 

J5549 Egg Søndre Skjælholmen -25.15 10.79 8.35 

JCL23 Egg Søndre Skjælholmen -26.13 7.70 7.94 

JCL59 Egg Søndre Skjælholmen -26.94 6.92 9.10 

JCL67 Egg Søndre Skjælholmen -26.37 8.91 8.86 

JCL68 Egg Søndre Skjælholmen -26.11 9.73 9.00 

JCL72 Egg Søndre Skjælholmen -25.62 9.26 6.53 

JCP52 Egg Søndre Skjælholmen -26.03 7.80 7.94 

JJP01 Egg Søndre Skjælholmen -26.50 8.80 8.17 

JJP03 Egg Søndre Skjælholmen -25.39 8.97 5.93 

JJP05 Egg Søndre Skjælholmen -24.73 8.13 6.32 

JJP06 Egg Søndre Skjælholmen -26.23 9.81 6.88 

JJP07 Egg Søndre Skjælholmen -26.85 8.27 8.85 

JJP18 Egg Søndre Skjælholmen -24.67 10.82 6.57 

JJP19 Egg Søndre Skjælholmen -25.35 8.93 6.23 
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Table D3 continued. Stable isotope values of carbon (d13C) and nitrogen (d15N) and C:N ratios in herring gull 
(Larus argentatus) females and their eggs from the inner (Skjælholmen, n=30) and outer (Revlingen, n=30) 
Oslofjord. 
 

Fargering Matrix Location d13C d15N C:N ratio 

JJP21 Egg Søndre Skjælholmen -24.81 8.94 4.85 

J884A Blood Store Revlingen -21.85 12.27 3.49 

JJP23 Blood Store Revlingen -24.58 8.81 3.38 

JJP24 Blood Store Revlingen -23.32 9.63 3.25 

JJP25 Blood Store Revlingen -22.26 10.58 3.40 

JJP27 Blood Store Revlingen -24.76 9.66 3.46 

JJP28 Blood Store Revlingen -23.72 9.63 3.45 

JJP32 Blood Store Revlingen -24.09 9.99 3.48 

JJP34 Blood Store Revlingen -23.77 10.45 3.43 

JJP35 Blood Store Revlingen -24.96 9.34 3.34 

JJP36 Blood Store Revlingen -24.21 9.18 3.37 

JJP39 Blood Store Revlingen -24.14 9.56 3.36 

JJP41 Blood Store Revlingen -22.08 12.69 3.26 

JJP42 Blood Store Revlingen -24.78 9.64 3.52 

JJP46 Blood Store Revlingen -23.58 10.20 3.41 

JJP47 Blood Store Revlingen -24.70 8.55 3.43 

J884A Egg Store Revlingen -24.02 11.83 6.60 

JJP23 Egg Store Revlingen -26.61 8.83 7.85 

JJP24 Egg Store Revlingen -25.17 9.96 5.67 

JJP25 Egg Store Revlingen -22.97 12.68 5.70 

JJP27 Egg Store Revlingen -25.96 10.54 6.86 

JJP28 Egg Store Revlingen -23.86 9.83 5.20 

JJP32 Egg Store Revlingen -25.71 11.06 7.77 

JJP34 Egg Store Revlingen -23.89 10.17 4.95 
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Table D3 continued. Stable isotope values of carbon (d13C) and nitrogen (d15N) and C:N ratios in herring gull 
(Larus argentatus) females and their eggs from inner (Skjælholmen, n=30) and outer (Revlingen, n=30) 
Oslofjord. 
 

Fargering Matrix Location d13C d15N C:N ratio 

JJP35 Egg Store Revlingen -24.41 10.80 4.81 

JJP36 Egg Store Revlingen -26.01 11.98 8.16 

JJP39 Egg Store Revlingen -25.53 10.24 6.63 

JJP41 Egg Store Revlingen -23.30 14.37 7.36 

JJP42 Egg Store Revlingen -25.80 9.63 7.02 

JJP46 Egg Store Revlingen -25.11 10.62 6.22 

JJP47 Egg Store Revlingen -26.32 10.79 8.33 
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Appendix E: Principal component analysis and redundancy analysis  

 
Figure E1. RDA showing the explanatory environmental variables location, d13C and d15N. The points in the plot 

are the individual adult herring gulls (Larus argentatus). The black arrows are the contaminants, while the purple 

arrows are the explanatory variables.  
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Figure E2. RDA showing the explanatory environmental variables d13C and d15N. The points in the plot are the 

individual adult herring gulls (Larus argentatus). The black arrows are the contaminants, while the purple 

arrows are the explanatory variables.  
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a) Concentration of metals in adult herring gulls  b) Concentration of metals in herring gull eggs 

  
Figure E3. Principal component analysis showing the concentrations of the metals As, Hg, Cu, Cd, Fe, Zn, Ni, 

Ag, and Pb (log10-transformed concentrations, µg/g ww) in a) adult female herring gulls (Larus argentatus) (n = 

30) and b) herring gull eggs (n = 30). The herring gull individuals are represented as points in the plot, where the 

green points represent the gulls from the inner fjord and the blue points are the gulls from the outer fjord. 

Response loadings (contaminants) are represented as black arrows, and explanatory passive vectors as purple 

arrows. Being passive, the explanatory variables did not influence the sample scores or the response variables. 

The direction and the length of the arrows indicate increasing concentration and amount of variation, 

respectively. The degree of correlation is indicated by the cosine of the angle between the arrows, where the 

smaller the cosine, the higher the correlation between the variables. Arrows pointing in the same direction are 

positively correlated, arrows pointing in the opposite direction are negatively correlated, and arrows orthogonal 

to each other are uncorrelated.  
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Appendix F: Contaminant levels of individual contaminants 
Table F1. Mean ± standard deviation (SD) and range (Min – Max) organic contaminant concentrations (ng/g 
ww) in herring gull (Larus argentatus) females and their eggs from the inner and outer Oslofjord.  
 

 Inner Oslofjord Outer Oslofjord 

Mean ± SD 
Min – Max 

 
Females n=15 

 
Egg n=15 

 
Females n=15 

 
Egg n=15 

PCB-47 0.25 ± 0.18 
0.05 – 0.60 

3.59 ± 3.78 
0.18 – 14.70 

0.85 ± 2.56 
0.04 – 10.10 

2.70 ± 2.53 
0.43 – 8.89 

PCB-66 0.83 ± 0.97 
0.07 – 3.63 

7.98 ± 10.65 
0.27 – 37.10 

3.47 ± 11.11 
0.11 – 43.60 

4.55 ± 4.70 
0.60 – 17.20 

PCB-74 0.46 ± 0.52 
0.09 – 2.00 

4.26 ± 5.48 
0.16 – 19.30 

1.45 ± 4.23 
0.04 – 16.70 

2.75 ± 2.83 
0.35 – 10.10 

PCB-99 1.24 ± 0.93 
0.29 – 3.40 

17.74 ± 17.44 
1.39 – 70.00 

4.20 ± 12.96 
0.19 – 51.00 

13.76 ± 11.62 
2.49 – 40.30 

PCB-105 0.62 ± 0.51 
0.02 – 1.55  

9.30 ± 10.45 
0.47 – 40.40 

2.03 ± 6.42 
0.08 – 25.20 

6.08 ± 5.62 
1.06 – 19.40 

PCB-118 1.84 ± 1.46 
0.35 – 5.26 

26.00 ± 26.12 
1.74 – 103.00 

5.00 ± 15.15 
0.31 – 59.70 

17.92 ± 15.34 
3.49 – 53.60 

PCB-128 0.48 ± 0.40 
0.12 – 1.73 

6.69 ± 5.28 
0.65 – 21.70 

1.42 ± 4.04 
0.07 – 16.00 

5.81 ± 4.76 
1.08 – 17.30 

PCB-138 3.70 ± 3.36 
0.76 – 14.50 

46.56 ± 36.24 
5.69 – 142.00 

8.40 ± 22.09 
0.60 – 88.00 

39.61 ± 30.61 
8.40 – 111.00 

PCB-153 5.75 ± 5.37 
1.71 – 23.00 

73.31 ± 55.51 
9.53 – 204.00 

11.35 ± 28.24 
1.00 – 113.00 

64.93 ± 48.02 
15.20 – 177.00 

PCB-156 0.23 ± 0.19 
0.06 – 0.80 

3.16 ± 2.36 
0.41 – 9.55 

0.58 ± 1.64 
0.04 – 6.50 

2.44 ± 1.91 
0.55 – 6.77 

PCB-157 0.05 ± 0.05 
0.02 – 0.20 

0.69 ± 0.54 
0.07 – 2.11 

0.13 ± 0.38 
0.01 – 1.52 

0.55 ± 0.43 
0.11 – 1.56 

PCB-167 0.14 ± 0.15 
0.03 – 0.62 

1.74 ± 1.45 
0.20 – 5.23 

0.33 ± 0.97 
0.02 – 3.82 

1.82 ± 0.99 
0.33 – 3.54 

PCB-170 0.45 ± 0.38 
0.13 – 1.63 

4.20 ± 2.56 
0.53 – 10.10 

1.20 ± 3.62 
0.06 – 14.30  

4.39 ± 3.57 
0.89 – 13.50 

PCB-180 1.37 ± 1.01 
0.50 – 4.43 

19.84 ± 11.78 
3.31 – 43.90 

4.68 ± 14.48 
0.22 – 57.00 

15.26 ± 10.70 
4.13 – 40.00 

PCB-183 0.26 ± 0.15 
0.09 – 0.59 

6.28 ± 4.32 
0.90 – 17.90 

1.02 ± 2.80 
0.07 – 11.10 

4.33 ± 3.16 
1.12 – 12.20 
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Table F1 continued. Mean ± standard deviation (SD) and range (Min – Max) organic contaminant concentrations 
(ng/g ww) in herring gull (Larus argentatus) females and their eggs from Skjælholmen and Revlingen.  
 

 Inner Oslofjord Outer Oslofjord 

Mean ± SD 
Min – Max 

 
Females n=15 

 
Egg n=15 

 
Females n=15 

 
Egg n=15 

PCB-187 0.81 ± 0.56 
0.19 – 2.48 

18.27 ± 12.60 
4.12 – 50.20 

2.84 ± 7.95 
0.20 – 31.50 

12.71 ± 8.22 
3.19 – 28.80 

PCB-189 0.03 ± 0.03 
0.01 – 0.14 

0.39 ± 0.26 
0.08 – 0.88 

0.08 ± 0.21 
0.01 – 0.82 

0.28 ± 0.20 
0.08 – 0.77 

PCB-194 0.21 ± 0.16 
0.07 – 0.65 

4.46 ± 3.34 
0.91 – 12.80 

0.59 ± 1.77 
0.03 – 6.98 

2.31 ± 1.15 
0.68 – 4.89 

PCB-206 0.08 ± 0.08 
0.03 – 0.32 

0.93 ± 0.73 
0.19 – 2.91 

0.26 ± 0.80 
0.01 – 3.16 

0.61 ± 0.49 
0.14 – 1.91 

PCB-209 0.07 ± 0.09 
0.01 – 0.32 

0.68 ± 0.73 
0.09 – 2.35 

0.15 ± 0.46 
0.01 – 1.80 

0.54 ± 0.43 
0.13 – 1.45 

BDE-47 0.33 ± 0.29 
0.09 – 1.00 

6.14 ± 8.68 
0.36 – 34.30 

0.51 ± 1.20 
0.06 – 4.83 

3.13 ± 2.08 
0.51 – 7.86 

BDE-99 0.26 ± 0.46 
0.04 – 1.81 

6.75 ± 15.06 
0.33 – 53.90 

0.18 ± 0.27 
0.04 – 1.14 

1.56 ± 1.03 
0.46 – 3.66 

BDE-100 0.10 ± 0.10 
0.02 – 0.31 

1.71 ± 2.43 
0.12 – 9.80 

0.11 ± 0.23 
0.01 – 0.93 

0.91 ± 0.61 
0.15 – 2.35 

BDE-153 0.07 ± 0.09 
0.01 – 0.35 

1.84 ± 3.68 
0.10 – 14.00 

0.10 ± 0.29 
0.01 – 1.13 

0.46 ± 0.26 
0.17 – 1.15 

BDE-154 0.04 ± 0.04 
0.01 – 0.13 

0.62 ± 0.75 
0.06 – 2.82 

0.09 ± 0.30 
0.01 – 1.17 

0.31 ± 0.23 
0.07 – 0.91 

BDE-207 0.10 ± 0.14 
0.01 – 0.57 

1.95 ± 3.97 
0.07 – 14.00 

0.10 ± 0.18 
0.02 – 0.64 

0.41 ± 0.37 
0.03 – 1.49 

PFUdA 0.41 ± 0.11 
0.27 – 0.66 

0.60 ± 0.33 
0.28 – 1.51 

1.15 ± 0.41 
0.47 – 2.10 

1.00 ± 0.60 
0.21 – 2.46 

PFDoA 0.85 ± 0.73 
0.21 – 3.01 

0.87 ± 1.05 
0.10 – 2.42 

1.41 ± 0.73 
0.59 – 2.89 

1.09 ± 1.47 
0.15 – 6.26 

PFTrDA 0.72 ± 0.24 
0.32 – 1.14 

1.06 ± 0.69 
0.37 – 2.77 

1.64 ± 0.65 
0.40 – 3.33 

1.76 ± 1.24 
0.42 - 5.51 

PFTeDA 0.66 ± 0.50 
0.15 – 2.16 

1.00 ± 0.86 
0.36 – 3.61 

1.02 ± 0.63 
0.38 – 2.52 

1.26 ± 1.51 
0.38 – 6.49 
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Figure F1. Concentrations of three of the PCB groups: PentaCB, HeptaCB, and HigherCB (ng/g lw) in herring 
gull (Larus argentatus) females (n = 15) and eggs (n = 15) from the inner Oslofjord and females (n = 15) and 
eggs (n = 15) from the outer Oslofjord. Each of the boxes stretch from first to third quartile, with a black 
horizontal line representing the median. The whiskers represent the standard deviation (SD). The points are the 
extreme values (outliers) in each group. Note different scales. 
 

 
Figure F2. Concentrations of the different PCB congeners (ng/g lw) in TetraCB (PCB-47, -66, -74) in herring 
gull (Larus argentatus) females (n = 15) and eggs (n = 15) from the inner Oslofjord and females (n = 15) and 
eggs (n = 15) from the outer Oslofjord. Each of the boxes stretch from first to third quartile, with a black 
horizontal line representing the median. The whiskers represent the standard deviation (SD). The points are the 
extreme values (outliers) in each group. Note different scales. The bar overlying the boxplots in each plot shows 
whether there is a significant difference between the locations or not, where “NS” means “not significant”. 
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Figure F3. Concentrations of the different PCB congeners (ng/g lw) in PentaCB (PCB-99, -105, and -118) in 
herring gull (Larus argentatus) females (n = 15) and eggs (n = 15) from the inner Oslofjord and females (n = 15) 
and eggs (n = 15) from the outer Oslofjord. Each of the boxes stretch from first to third quartile, with a black 
horizontal line representing the median. The whiskers represent the standard deviation (SD). The points are the 
extreme values (outliers) in each group. Note different scales. The bar overlying the boxplots in each plot shows 
whether there is a significant difference between the locations or not, where “NS” means “not significant”. 
  

 
Figure F4. Concentrations of the different PCB congeners (ng/g lw) in HexaCB (PCB-128, -138, -156, -157, and 
-167) in herring gull (Larus argentatus) females (n = 15) and eggs (n = 15) from the inner Oslofjord and females 
(n = 15) and eggs (n = 15) from the outer Oslofjord. Each of the boxes stretch from first to third quartile, with a 
black horizontal line representing the median. The whiskers represent the standard deviation (SD). The points 
are the extreme values in each group. Note different scales on the axes. The bar overlying the boxplots in each 
plot shows whether there is a significant difference between the colonies (locations) or not, where “NS” means 
“not significant”.  
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Figure F5. Concentrations of the different PCB congeners (ng/g lw) in HeptaCB (PCB-170, -180, -183, -187, 
and -189) in herring gull (Larus argentatus) females (n = 15) and eggs (n = 15) from the inner Oslofjord and 
females (n = 15) and eggs (n = 15) from the outer Oslofjord. Each of the boxes stretch from first to third quartile, 
with a black horizontal line representing the median. The whiskers represent the standard deviation (SD). The 
points are the extreme values (outliers) in each group. Note different scales. The bar overlying the boxplots in 
each plot shows whether there is a significant difference between the locations or not, where “NS” means “not 
significant”.  
 

 
Figure F6. Concentrations of the different PCB congeners (ng/g lw) in HigherCB (PCB-194, -206, and -209) in 
herring gull (Larus argentatus) females (n = 15) and eggs (n = 15) from the inner Oslofjord and females (n = 15) 
and eggs (n = 15) from the outer Oslofjord. Each of the boxes stretch from first to third quartile, with a black 
horizontal line representing the median. The whiskers represent the standard deviation (SD). The points are the 
extreme values (outliers) in each group. Note different scales. The bar overlying the boxplots in each plot shows 
whether there is a significant difference between the locations or not, where “NS” means “not significant”.  
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Figure F7. Concentrations of the PBDEs BDE- 99, -100, -153, -154, and -207 (ng/g lw) in herring gull (Larus 
argentatus) females (n = 15) and eggs (n = 15) from the inner Oslofjord and females (n = 15) and eggs (n = 15) 
from the outer Oslofjord. Each of the boxes stretch from first to third quartile, with a black horizontal line 
representing the median. The whiskers represent the standard deviation (SD). The points are the extreme values 
(outliers) in each group. Note different scales.  
 

 
Figure F8. Concentrations of MCCP and D5 (ng/g lw) in herring gull (Larus argentatus) females (n = 15) and 
eggs (n = 15) from the inner Oslofjord and females (n = 15) and eggs (n = 15) from the outer Oslofjord. Each of 
the boxes stretch from first to third quartile, with a black horizontal line representing the median. The whiskers 
represent the standard deviation (SD). The points are the extreme values (outliers) in each group. Note different 
scales. The bar overlying the boxplots in each plot shows whether there is a significant difference between the 
locations or not, where “NS” means “not significant”.  
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Figure F9. Concentrations of the different metals. Fe, Ni, Cu, Zn, and Ag (µg/g) in herring gull (Larus 
argentatus) females (n = 15) and eggs (n = 15) from the inner Oslofjord and females (n = 15) and eggs (n = 15) 
from the outer Oslofjord. Each of the boxes stretch from first to third quartile, with a black horizontal line 
representing the median. The whiskers represent the standard deviation (SD). The points are the extreme values 
(outliers) in each group. Note different scales.  
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Appendix G: Maternal transfer 

   
Figure G1: Log ratios of egg:wholeblood in herring gulls (Larus argentatus) from the inner and outer Oslofjord 
colony for the PCB groups TetraCB, PentaCB, HexaCB, HeptaCB and HigherCB, presented as mean ratios (± 
SE). Ratios were based on mean concentrations (ng/g lw). The horizontal line indicates a 1:1 relationship. 
 

 
Figure G2. Ratios of egg:wholeblood in herring gulls (Larus argentatus) for the PBDEs, HCB, SCCP, MCCP, 
D5 and D6 presented as mean ratios (± SE). Ratios were based on mean concentrations (ng/g lw). The red 
horizontal indicates a 1:1 relationship. 
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Figure G3.  Correlation between blood and eggs in herring gulls (Larus argentatus) of different PFAS homologs 
(ng/g ww). Significance value and correlation coefficient are listed above each plot.   
 

 
Figure G5. Correlation between herring gull (Larus argentatus) blood and eggs of different metals, where Fe, Ni, 
Cu, Zn, As, Ag, Cd and Pb are reported in µg/g ww and Hg in ng/g ww. Significance value (p) and correlation 
coefficient (r) are listed above each plot. Correlation lines are listed when the values are normally distributed. 


