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Abstract 

Organohalogen compounds are produced in large-scale for numerous purposes, such 

as pesticides, flame retardants and industrial chemicals, or as unintentional bi-

products from combustion processes and production of other chemicals. However, 

humans are not the only significant producers of organohalogen compounds in this 

planet. In the 1970s, approximately 200 halogenated natural products had been 

identified. Some 50 years later, that number has reached over 4700. A variety of 

species have the ability to produce halogenated compounds, frequently to create a 

chemical defence. Numerous species of algae, marine sponges, tunicates, bacteria, as 

well as some terrestrial plants and insects have the ability to synthesize halogenated 

compounds. Some naturally produced organohalogens have been found to 

bioaccumulate and are present in significant concentrations in high trophic levels.  

 

Many marine environments, such as the Baltic Sea, are currently under pressure due 

to factors like climate change, eutrophication and pollution. Naturally produced 

organohalogen compounds could serve as an additional stressor. There is still a need 

to find and characterize what organohalogens are being produced by natural sources. 

 

The aim of this thesis work was to identify naturally produced organohalogen 

compounds in algae. A total of 15 species of algae from the Baltic Sea and the 

Swedish west coast were analysed for halogenated compounds using a non-target 

approach. After excluding compounds that are known to be of anthropogenic origin, 

39 features containing halogens remained. Out of these, 8 compounds could be 

tentatively identified and their structures suggested. Three compounds are natural 

products commonly associated with algae, namely 2,4-dibromophenol, 2,4,6-

tribromophenol and 2,4,6-tribromoanisole. None of the other compounds identified 

have, to the best of the author’s knowledge, been found in algae from the Baltic sea 

before. Tentatively identified compounds were dibromoindole, dibromocarbazole, 

tetrabromomethylindole, tribromocarbazole and tribromomethylindole. Further 

investigations are necessary to confirm if the assigned structures are correct. 
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MS Mass Spectrometry 
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1. Introduction 

1.1 Organohalogen Compounds 

Organohalogen compounds (OHCs) have in many ways become a symbol of 

environmental pollution. Man-made chemicals have been found in places far from 

their place of origin, all the way from the polar bears in the Arctic to several 

kilometres up in the stratosphere (Grimvall and Leer, 1995). 

Large-scale production of OHCs started in the first half on the 20th century. The 

purpose of the chemicals was to improve people’s lives; pesticides and insecticides 

prevented crops from being destroyed and diseases from spreading. One well-known 

example of an OHC is DDT, which was used to prevent spreading of malaria and 

typhus and whose discoverer was rewarded with the Nobel Prize. However, not 

everybody was convinced that DDT was doing more good than harm. Public 

awareness was raised regarding the negative effects of DDT through several 

publications and books such as the renowned “Silent Spring” by Rachel Carson 

(Carson, 1963). In Sweden the white-tailed eagle was seriously endangered during the 

70s, which has been connected to the levels of DDT and PCB in the environment 

(Brunström and Larsson, 2008). However the population has started to recover, which 

also holds true for many other species of seabirds around the Baltic Sea (Brunström 

and Larsson, 2008). In present time, DDT, PCBs and many other OHCs are either 

banned or restricted due to their persistent and toxic properties.  

1.2 Naturally Formed Organohalogen Compounds 

For a long time it was believed that mankind was responsible for the vast majority of 

the production of OHCs (Gribble, 2003, Grimvall and Leer, 1995). In the 1970s 

around 200 naturally produced organohalogen compounds (NHCs) were known to 

mankind (Gribble, 2003). More recent research have shown that marine and terrestrial 

plants, insects, animals and bacteria produce a wide array of organohalogens, from 

simple chloroform and bromoform to highly complex structures (Gribble, 1999). In 

present time, more than 4700 naturally produced organohalogens have been 

discovered, most of them containing chlorine and/or bromine (Wagner et al., 2009, 

Gribble, 2010).  

1.2.1 Origin 

Separating naturally produced organohalogens from anthropogenic is not always a 

straightforward process, especially since some natural products are similar or even 

identical to man-made chemicals. Brominated anisoles and phenols are for example 

synthesized for the purpose of flame retardants, and also produced by several marine 

organisms (Vetter, 2006). Polychlorinated dibenzo-p-dioxins and polychlorinated 

dibenzofurans (PCDD/Fs) are bi-products from combustion of chlorine-containing 

waste and production of chemicals, but are also produced during forest and bush fires 

(Gribble, 1994).  

Another example of a compound were determination of origin can be ambiguous is 

hydroxylated polybrominated diphenyl ethers (OH-PBDEs). OH-PBDEs have both 

been identified as being metabolites of PBDEs (a group of brominated flame 

retardants), and as natural product from e.g. red algae (Malmvärn et al., 2005, 
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Löfstrand et al., 2011, Chen et al., 2006, Hakk et al., 2006). One key to determine the 

source is the position of the hydroxyl-group. In naturally produced OH-PBDEs the 

hydroxyl-group is usually positioned in ortho-position in relation to the diphenyl ether 

oxygen bond, while hydroxyl-groups in metabolites are positioned in meta- or para-

position (see figure 1) (Malmvärn et al., 2005, Löfstrand et al., 2011, Athanasiadou et 

al., 2008). Moreover, bromines in the non-hydroxylated ring of naturally produced 

OH-PBDEs are commonly located in meta and/or para position, although there are 

some known exceptions to this rule (Malmvärn, 2007).  The reason behind this specific 

halogenation pattern is the function of the enzyme bromoperoxidase (BPO), which 

catalyses bromination of phenols predominantly in ortho and/or para relative to the 

hydroxyl group (Tee et al., 1989). Another way to distinguish between anthropogenic 

and naturally produced OHCs is to determine the 14C content. This is possible since 

man-made OHCs, with few exceptions, are synthesised from petrochemicals, which 

have a different 14C-fingerprint compared to natural products (Teuten et al., 2005). 

Using this method, Teuten et al. could show that two MeO-PBDEs found in blubber 

from True’s beaked whale were of natural origin.  

 

Figure 1.  Schematic figure of OH-PBDE, with positions labelled in relation to diphenyl ether bond. 

As mentioned earlier, producers of NHCs include plants, insects, animals and bacteria. 

Marine organisms appear to be the most diligent producers of NHCs (Gribble, 2003, 

Vetter and Gribble, 2007). Marine plants produce a number organohalogens, from 

simple halocarbons to complex structures. In one of many comprehensive reviews of 

marine natural products by Faulkner (2002) several brominated compounds 

synthesized by algae, sponges, bacteria and tunicates are described. Many brominated 

natural products show cytotoxic and/or antimicrobial properties (Faulkner, 2002).   
 

1.2.2 Occurrence in the Baltic Sea 

Occurrence of naturally produced organohalogens in the Baltic Sea have been 

investigated in numerous publications. (Malmvärn et al., 2005) found several OH-

PBDEs and MeO-PBDE present in both the red algae Ceramium tenuicorne and blue 

mussels (Mytilus edulis). The OH-PBDEs and MeO-PBDEs were concluded to be of 

natural origin due to the ortho-positions of the hydroxyl/methoxy group. Malmvärn et. 

al also found that levels of PBDEs in the same algae samples were two magnitudes 

lower than concentration of OH-PBDEs, which also could point to a natural origin 

since metabolites rarely are present in much higher concentrations than then parent 

compound (Malmvärn et al., 2008).   

An additional indicator of natural production of organohalogenated compounds is the 

seasonal variation. Löfstrand et al. (2006) found seasonal variation of OH-PBDEs, 

MeO-PBDEs and polybrominated dibenzo-p-dioxins (PBDDs) in red algae (Ceramium 

tenuicorne), green macroalgae (Cladophora glomerata) and blue mussels from the 

Baltic Sea. Total levels of OH-PBDEs, MeO-PBDEs and PBDDs increased from May 
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to June and decreased through August and October, with OH-PBDEs showing the 

highest increase in June followed by MeO-PBDEs and PBDDs (Löfstrand et al., 2011, 

Löfstrand, 2011). On a congener level, PBDDs had a higher seasonal variation with 

increasing number of bromines from mono- to tetra-brominated. Furthermore, levels of 

PBDEs remained more or less constant over the season, which makes it less likely that 

OH-PBDEs or MeO-PBDEs are transformation products of anthropogenic compounds.  

NHCs have also been detected in higher trophic levels. Fish, shellfish and mussels 

from different parts of the Baltic Sea, from the Swedish west coast and from Swedish 

freshwater lakes were analysed for PBDDs (di- to tetra-substituted), polychlorinated 

dibenzo-p-dioxins and polychlorinated dibenzofurans (PCDD/Fs) by Haglund et al. 

(2007). Di-, tri-, and tetraBDDs were detected in coastal/marine species but not in 

species from freshwater lakes, which further supports the theory that PBDDs are 

natural products since geographical distribution differs from that of the anthropogenic 

PCDD/Fs (Haglund et al., 2007).  

As already established, OH-PBDEs and MeO-PBDEs have been found in blue mussels 

from the Baltic Sea (Malmvärn et al., 2005, Löfstrand et al., 2011). Dalhberg et al. 

(2016) investigated levels of bromophenols, bromoanisoles, OH-PBDEs and MeO-

PBDEs in long-tailed ducks (Clangula hyemalis), wintering in the Baltic Sea and 

primarily feed on blue mussels. The dominating congeners in both mussels and long-

tailed duck were 6-MeO-BDE47 and 2’-OH-BDE47, however were levels 

considerably lower in long-tailed ducks compared to blue mussels indicating to 

bioaccumulation (Dahlberg et al., 2016). In contrast, results from a study of marine 

biota from the coast of Chile suggested that MeO-PBDEs can accumulate in the food 

chain (Barón et al., 2013). Also here 6-MeO-BDE47 was the dominating congener for 

all trophic levels, followed by 2’-MeO-BDE68. Differences between species on the 

same trophic levels could be observed, likely due to differences in uptake and 

metabolism. However, the general trend was an increase in concentration with 

increasing trophic level (Barón et al., 2013). This is not the only report on 

bioaccumulation of NHCs. In a review by Vetter (2006), halogenated dimethyl-2,2′-

bipyrroles (HDBPs) and heptachloro-1′-methyl-1,2′-bipyrrole (Q1), 2’-MeO-BDE68 

and 6-MeO-BDE47 are described as compounds of concern due to bioaccumulation in 

higher trophic levels. 

1.2.3 Biological function & toxicity 

The biological function of NHCs is not completely clear. Many NHCs exhibit 

antimicrobial, antifungal or cytotoxic properties, making it likely that they are part of a 

chemical defence (Faulkner, 2002, Gribble, 2003). Species that cannot evade predators 

by speed or agility, like for example marine sponges, can synthesize toxic or foul-

tasting compounds to scare away their enemies. Some species lack the ability to 

synthesize NHCs themselves, but create a chemical defence by preying on others that 

do (Gribble, 2004). Whitfield et al. (1999) suggested that bromophenols present in 

algae can serve as a defence against fungal and bacterial infections, and as an 

antifeedant to scare away grazers. It has also been reported that algae produce 

halocarbons in response to oxidative stress. Abrahamsson et al. (2003) investigated the 

relation between increased temperatures and increased production of simple 

halocarbons (such as bromoform and chloroform). The results indicated that the 

production of halocarbons is correlated with the production of hydrogen peroxide 

(H2O2), and that some species increased production of halocarbons in response to 
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higher temperatures. Since H2O2 can be toxic to algae, it is possible that BPO scavenge 

H2O2 to avoid toxic concentrations, and thereby create organohalogens (Malmvärn, 

2007, Abrahamsson et al., 2003).  

The biological function of OH-PBDEs appear to be ambiguous. Regarding their 

toxicity there are indications that some congeners could be endocrine disruptors. 6-

OH-BDE47 can bind to the plasma thyroid hormone transport protein transthyretin 

(TTR), and thereby displace the natural ligand; thyroxine (Legler and Brouwer, 2003). 

Another bromophenolic compound, 2,4,6-tribromophenol, have even higher affinity 

for TTR than thyroxine itself (Legler and Brouwer, 2003).  

PBDD/Fs have a similar biological effect as their chlorinated analogues, PCDD/Fs. As 

reviewed by Birnbaum et al. (2003), in the limited studies performed PBDD/Fs exhibit 

reproductive effects, teratogenesis, immunotoxicity, decreases in vitamin A and 

thyroxine, enzyme induction and lethality. The similar responses between PBDD/Fs 

and PCDD/Fs is due to their common mode of action, namely binding to the Ah-

receptor (also called dioxin receptor) (Birnbaum et al., 2003).  

Another group of NHCs that have been reported as Ah-receptor ligands are brominated 

indoles (albeit to a much lower extent than the most toxic PCDD, 2,3,7,8-tetraCDD) 

(Degroot et al., 2015). Several studies have shown that monobrominated indoles are 

toxic to zebra fish (Danio rerio) embryos (Kammann et al., 2006, Reineke et al., 2006) 

which could be of relevance for sensitive fish populations.  

1.3 Analytical Approaches 

1.3.1 Non-target analysis 

Technological advances in the detection of compounds separated by gas or liquid 

chromatography (GC and LC) has given rise to the field of non-target analysis (also 

called non-target screening). In particular, high-resolution mass spectrometers 

(HRMS) are important tools to identify unknown compounds, since exact mass 

provides valuable information to correctly assign a molecular formula (Krauss et al., 

2010). Currently, time-of-flight (TOF) and Orbitrap mass spectrometers are top 

choices due to their ability to provide full spectrum scans at sufficient sensitivity (Diaz 

et al., 2012).  

In contrast to non-target screening, target analysis seeks to identify and quantify a 

selected number of compounds using reference standards to match mass and retention 

time (Blum, 2018, Diaz et al., 2012). Tandem mass spectrometry (MS/MS) is used to 

fragment selected precursor ions and detect selected product ions. Since fragmentation 

is dependent on the structure of the precursor ion, MS/MS provides excellent 

selectivity which is highly useful when performing targeted analysis (Diaz et al., 

2012). In the field of liquid chromatography an additional category of analysis is 

included: suspect screening (Diaz et al., 2012, Veenaas et al., 2018, Krauss et al., 

2010). Suspect screening is performed when there are a number of compounds of 

interest, but reference standards are unavailable (Krauss et al., 2010, Veenaas et al., 

2018). Still, some information that can facilitate the identification process of the 

suspects is existing, such as molecular formula or structure (Krauss et al., 2010). To 

confirm the presence of a tentatively identified compound from a suspect screening, 

one needs to perform a target analysis using a reference standard (Veenaas et al., 2018, 

Krauss et al., 2010).  
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While target analysis and suspect screening requires information on the compounds to 

be detected, non-target screening does not. However, tentative identification of 

compounds in complex environmental samples using a non-target approach can be 

challenging, and some sort of restrictions can be necessary (Krauss et al., 2010). 

The process of confirming the identification of a compound includes several steps, and 

it is not always possible to reach 100% certainty. Schymanski et al. (2014) developed a 

system of five levels to express the level of confidence in an identification. For non-

target analysis, the process starts at level 5 where a mass if interest is identified (see 

table 1).  If a molecular formula can be assigned equivocally, either by using fragment 

information, isotope pattern or other spectral information, the confidence moves up to 

level 4. On level 3, evidence can exist for possible structures but there is not enough 

information to unambiguously decide one structure only. Highly scored structures 

from database searches and/or in silico fragmentation can be tentative candidates, or 

structures that due to other factors are likely. On level 2 it is possible to propose an 

exact structure, either by a) an unambiguous match from a spectral data library search, 

or by b) exclusion of all other structures using the experimental data available. To 

reach level 1 the structure must be confirmed with a reference standard to match 

retention time, MS spectra and MS/MS fragmentation.  

Table 1. Confidence levels for identification if unknowns as proposed by Schymanski et al., (2014).  

 Description Data requirement 

Level 1 Confirmed structure  

(by reference standard) 

MS, MS/MS, retention time, reference 

standard 

Level 2 Probable structure 

a: by library match  

b: by diagnostic evidence 

 

MS, MS/MS, library MS/MS 

MS, MS/MS, experimental data 

Level 3 Tentative candidate(s) MS, MS/MS, experimental data 

Level 4 Molecular formula  MS, isotopic pattern 

Level 5 Mass of interest MS 

 

It should be noted that identification workflows for LC-HRMS and GC-HRMS are 

slightly different. For GC-HRMS, election ionization (EI) can be used to produce 

reproducible fragmentation patterns (Blum, 2018, Veenaas et al., 2018). This is not the 

case for LC-HRMS since soft ionization techniques are employed (e.g. electron spray 

ionization, ESI), usually yielding a molecular ion and possibly adducts but no 

characteristic fragmentation patterns (Blum, 2018). With GC-EI-HRMS, fragmentation 

patterns are used to search in libraries such as NIST (containing >200 000 substances) 

to tentatively identify compounds (Schymanski et al., 2015). Also, soft ionization 

techniques such as low energy EI or chemical ionization (CI) can be used to identify 

the molecular ion. The mass of the molecular ion is used to determine the molecular 

formula, and the molecular formula is used to find a tentative structure using online 

databases such as ChemSpider (www.chemspider.com/), PubChem 

(www.pubchem.ncbi.nlm.nih.gov/) or SciFinder (www.scifinder.cas.org) (Blum, 

2018).  

For this specific project, the analytical approach is somewhere in-between non-target 

and suspect screening. The approach cannot be aid to be “truly” non-target since only 

halogenated compounds are of interest. However the experimental setup aims to find 

http://www.chemspider.com/
http://www.pubchem.ncbi.nlm.nih.gov/
http://www.scifinder.cas.org/
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and characterize as many halogenated compounds as possible, which is in line with the 

non-target approach.  

1.3.2 Extraction and clean-up procedures 

When performing non-target screening it is essential to minimize the loss of analytes 

during clean-up, whilst removing as much interfering matrix as possible. Because the 

compounds of interest are yet unknown, destructive clean-up steps should be avoided. 

A literature search was conducted to find suitable clean-up procedures. Of interest 

were methods used for exhaustive extraction of organohalogens from biota matrices, as 

well non-destructive removal of co-extracted matter.  

Several extraction methods are mentioned in literature. Homogenization with different 

mixtures of solvents such as n-hexane, acetone and methyl tert-butyl ether (Malmvärn 

et al., 2005, Malmvärn et al., 2008, Löfstrand et al., 2010), isopropanol, n-/isohexane 

and diethyl ether (Liu et al., 2014, Dahlgren et al., 2016) are all adaptions of the Jensen 

method (Jensen et al., 2003) used to extract NHCs from algae and mussels. Pressurized 

liquid extraction (PLE) was used for non-target screening of halogenated compounds 

in dolphin blubber and marine sponges, followed by clean-up using gel permeation 

chromatography (GPC) and deactivated silica gel (Hauler and Vetter, 2015). PLE was 

also used by (Lacorte et al., 2010) in combination with GPC and florisil columns for 

detection of PBDEs, OH-PBDEs and MeO-PBDEs. Soaking of algae in methanol was 

utilized by (Haraguchi et al., 2010) for detection of NHCs, and was further developed 

by Bidleman (2018, unpublished) using methanol/dichloromethane 2:1 followed by a 

partitioning of the NHCs and algal pigments into dichloromethane. The soaking 

method with methanol/dichloromethane was selected for this project due to its 

straightforwardness and apparent exhaustive extraction of NHCs.  

After extraction, additional clean-up steps are necessary to remove matrix that could 

interfere with the analysis. Columns with different types of pre-treated silica are 

prevalently used, often in a combination of acid impregnated and neutral activated 

silica (Malmvärn et al., 2005, Haglund et al., 2007, Löfstrand et al., 2010, Liu et al., 

2014). Since acid-treated silica could be destructive for sensitive compounds, a neutral 

activated silica column was selected for this project.  

If there are lipids present in the sample matrix, these should preferably be removed 

before the silica column due to the low fat retaining capability of silica gel (Dirtu et al., 

2012). GPC is a non-destructive technique to remove lipids, and has been used in 

studies investigating NHCs in marine biota (Vetter et al., 2007, Vetter and Jun, 2003, 

Hauler and Vetter, 2015, Hoh et al., 2009). For the purpose of this study, GPC was 

mainly used to remove large pigments present in the matrix.   

1.4 Hypothesis & Objectives 

Organohalogen compounds (OHCs) are not only produced by algae in tropical marine 

environments, but also in the cold waters of the Baltic Sea and Skagerrak. Some 

naturally produced OHCs are bioaccumulating or even biomagnifying and can be 

found in higher organisms such as mussels and fish.  

There were several objectives to this thesis. Firstly, methods for exhaustive extraction 

of NHCs and non-selective removal of co-extracted matter were developed. Next, 

advanced instrumental techniques were evaluated to find, characterize and identify 
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NHCs. The developed method was used to characterize the occurrence of naturally 

produced organohalogens in algae.  

2. Popular scientific summary 

Organohalogen compounds (OHCs) are often associated with environmental pollution. 

Chemicals such as DDT, PCBs and various brominated flame retardants have all been 

restricted due to their toxicity to humans and the environment. Large-scale production 

of OHCs began in the first half of the 20th century. However, nature started 

synthesizing OHCs millions of years earlier. Marine organisms such as algae, sponges, 

fungi and tunicates produce a wide array of simple and complex naturally produced 

organohalogen compounds (NHCs), some of which are believed to be a part of a 

chemical defence. Terrestrial plants, insects, animals and bacteria can also be 

producers of NHCs, although to a lesser extent compared to marine organisms. 

Currently over 4700 NHCs have been identified. Some of them are identical or similar 

to man-made chemicals. And just as man-made OHCs, some of them could be toxic to 

humans and the environment.  

The health state of the Baltic Sea has been declining due to pollution, eutrophication 

and oxygen depletion. These factors, together with climate change could have a 

negative impact on the sensitive marine environment in ways we cannot predict. It is 

important to monitor the levels of both man-made and natural substances in all levels 

of the food chain, from mussels and fish to predatory birds and humans. Moreover, we 

need to map which compounds are naturally produced, investigate their properties and 

possible toxicity. The study of NHCs could provide new knowledge on how to prevent 

man-made chemicals from causing new environmental disasters as NHCs in general 

are readily degraded in the environment. On the other hand, NHCs that are not 

degraded could add stress on an environment that is already under pressure.  

This work aimed to find and characterize NHCs in algae from the Baltic Sea and the 

Swedish west coast. A total of 8 brominated compounds suspected to be natural 

products were tentatively identified, of which 5 have, to the best of my knowledge, not 

been identified in algae from the Baltic Sea before. More work is necessary to confirm 

the identifications.  

3. Social and ethical aspects 

The oceans are sensitive and complex environments. A huge number of marine, 

airborne and terrestrial species depend on the oceans to provide them with food. 

Humans are no exception, according to the World Wildlife Fund as many as 3 billion 

people rely on fish as their primary source of protein. It is important that we keep track 

of the health status of the marine environment, as well as the organisms living of it. A 

number of environmental stressors are affecting the oceans, such as climate change, 

pollution and overfishing.  The Baltic Sea is no exception from this. Due to levels of 

dioxins and PCBs, the National Food Agency of Sweden recommends children, young 

adults and pregnant women to not eat fish from the Baltic Sea more than 2-3 times per 

year. The fish populations of the Baltic Sea has gone through substantial changes 

during the last 30 years. Some species of predatory fish has been reduced by 75%, 

while populations of plankton feeding prey fish have doubled (Brunström and Larsson, 

2008). Although it has not been proven that the changes are the result of pollution 

alone (Brunström and Larsson, 2008), we still need to monitor both ‘established’ and 
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emerging pollutants to prevent further adverse effects. A changing environment could 

lead to changes in the production of naturally produced organohalogens (NHCs). Some 

NHCs are known to be toxic and could bioaccumulate, just as anthropogenic 

organohalogens. NHCs have repeatedly been found in marine mammals and birds of 

prey (Vetter, 2006), which further supports the standpoint that we need to monitor 

natural products as well.  

4. Experimental 

4.1 Chemicals and reagents 

Methanol (LiChrosolv, hypergrade for LC-MS), n-hexane (Suprasolv, for GC-ECD), 

dichloromethane (SupraSolv, for GC-ECD and FID), silica gel 60 (0,063-0,200 mm) 

and potassium hydroxide (pellets EMPLURA) were purchased from Merck, 

Darmstadt, Germany. Reference standards of OH-PBDEs were prepared by Göran 

Marsh, Stockholm University. Crystalline 2,4-dibromophenol, 2,4,6-tribromophenol 

and pentabromophenol were obtained from Sigma-Aldrich (Missouri, USA).  

4.2 Method 

Samples of algae were obtained from the Institution of Ecology and Environmental 

Science, Umeå University. A list of species and sample locations can be seen in table 

2. Sample locations are marked in figure 2. 

Algae samples were thawed, excess water wiped off with laboratory tissues and weight 

in cleaned aluminium foil (approximately 5 g per sample). The algae were cut into 

smaller pieces using a scissor and placed in pre-cleaned scint jars. The algae were 

soaked in 12 mL of methanol/dichloromethane 2:1 and placed in a refrigerator for 7 

days.  

After soaking, the extracts were transferred to 50 mL Falcon tubes. The algae were 

rinsed with 2x 4 mL methanol which were combined with the extracts. The extracts 

were then split into two for subsequent extraction. To each Falcon tube, 24 mL 

deionized water and 1.2 mL saturated KCl were added. Thereafter, 8 mL DCM was 

added and inverted 30 times. The tubes were then centrifuged at 4700 rpm for 5 

minutes to separate the organic phase for the water phase. The DCM fraction was 

transferred to a glass tube and extraction with DCM was repeated one more time. 

Organic phases from the same algae samples were combined and the extracts were 

transferred into n-hexane and evaporated to 2 mL using a Büchi Syncore Polyvap 

(Büchi, Switzerland).  

The extracts were divided into two, one part for extraction of phenolic compounds and 

one part for analysis of neutral compounds. Extracts for analysis of neutral NHCs were 

subsequently fractionated using gel permeation chromatography using an Agilent 1260 

Infinity II System (details can be found in Appendix I). The fractions were evaporated 

and transferred into 1 mL n-hexane.  

Glass columns (16 mm i.d.) were plugged with glass wool and prepared with ca 13 g 

of activated silica gel (300°C, 3h). The silica columns were conditioned with ca 40 mL 

n-hexane. To each extracts, approximately 2 g of activated silica was added to create a 

slurry. The slurries were added to the silica columns and eluted in 3 fractions: i) 160 

mL n-hexane, ii) 100 mL DCM/n-hexane 1:1, iii) 100 mL DCM. The fractions were 
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evaporated and transferred to GC vials and adjusted to a final volume of 200 µL. The 

samples were spiked with 200 ng of deuterated phenanthrene before analysis using 

a7250 Q-TOF GC/MS (Agilent Technologies, USA) with a 15m x 0.250 mm x 0.25 

µm DB5-MS UI column. Details on GC and MS parameters can be found in Appendix 

I.   

For analysis of the phenolic compounds, the phenols were isolated by partitioning of 

the n-hexane extract in 1,5 mL of KOH (0,5 M in 50% methanol). The partitioning was 

repeated and the alkaline fractions were recombined. pH of the extracts was adjusted to 

pH 4 using 0,5 M HCl.  Aliquots (300 µL) of the samples were analysed using a 6560 

Ion Mobility Q-ToF LC-MS equipped with and electrospray source (Agilent 

Technologies, USA) and a C18 column (Kinetex, 150 x 2.1 mm, 2.6 µm, Phenomenex, 

USA) with MilliQ water/methanol mixture (additional details can be found in 

Appendix I). Standards of 2,6-dibromophenol, 2,4-dibromophenol, 2,4,6-

tribromophenol  

(10 pg/µl and 500 pg/µl, respectively), 2'-OH-BDE68, 6-OH-BDE47, 6-OH-BDE90, 

6-OH-BDE99, 6-OH-BDE85, 2-OH-BDE123, 6-OH-BDE137 (10 pg/µl and 100 fg/µl, 

respectively) were prepared and analysed on the same instrumental setup. Data 

processing used Mass Hunter Qualitative Analysis software.  

 

Figure 2. Map over sampling locations L1, L2 and L3. 
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Table 2. List of samples including sampling date, group, name of species, Swedish name of species and 

the sampling location code. Sampling locations are marked in figure x and described more in detail in 

appendix.  

Sampling date Group Species Location Sample id. 

July 2017 Brown algae Ectocarpus siliculosus L1 B6 

July 2017 Red algae Ceramium tenuicorne L2a A2 

July 2017 Brown algae Chorda filum L2a A1 

July 2017 Red algae Polysiphonia fucoides  L2a B7 

July 2017 Brown algae Dictyosiphon chordaria L2b B9 

July 2017 Brown algae Dictyosiphon foeniculaceus L2b B8 

July 2017 Brown algae Stictyosiphon tortilis  L2b A6 

July 2017 Brown algae Fucus radicans  L2c A5 

July 2017 Red algae Furcellaria lumbricalis  L2c A4 

July 2017 Brown algae Pylaiella littoralis  L2c A3 

July 2017 Brown algae Ascophyllum nodosum L3a B3 

July 2017 Brown algae Chorda filum L3a A9 

July 2017 Brown algae Fucus vesiculosus L3a B2 

July 2017 Brown algae Laminaria digitata L3a B5 

July 2017 Green algae Ulva lactuca L3a B4 

July 2017 Red algae Ceramium virgatum L3b A8 

July 2017 Red algae Furcellaria lumbricalis L3b A7 

July 2018 Brown algae Fucus vesiculosus L3c B1 

 

5. Results and discussion 

5.1 GC/MS 

After instrumental analysis, Mass Hunter Qualitative Analysis software was used to 

find and identify halogenated compounds. Since 79Br/81Br are common fragments of 

brominated compounds, these could be found by filtering the spectras on m/z 79 or 81. 

The characteristic isotope distribution of bromine (51% 79Br and 49 % 81Br) were used 

to determine how many bromines were present. If a molecular ion could be identified 

the m/z was used to find a molecular formula using Mass Hunter Qualitative Analysis 

Molecular Formula tool. Searches in online databases (www.chemspider.com/, 

www.pubchem.ncbi.nlm.nih.gov/ and www.scifinder.cas.org/) were thereafter 

performed for molecular formulas appearing most promising  

A total of 37 features with a bromine trace were observed. Three of the compounds 

were identified as anthropogenic compounds, those being decaBDE, octaBDE and 

octaBDF. For 22 of the features only 79Br/81Br could be observed. Consequently, it 

was not possible to determine the m/z for the molecular ion. Low energy-EI was 

performed to elucidate the identity of the unknown compounds, however the results 

from the analysis did not provide any additional information. A total of 7 features were 

tentatively identified and assigned a structure. Additionally, two masses of interest 

http://www.chemspider.com/
http://www.pubchem.ncbi.nlm.nih.gov/
http://www.scifinder.cas.org/
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were found for which a structure could not be determined. Suspected NHCs are listed 

in table 3. Mass spectra for tentatively identified compounds and masses of interest can 

be found in Appendix II. 

The most prevalent compound (found in all samples) was a tribromoanisole. 2,4,6-

tribromoanisole (TBA) has repeatedly been found in marine biota, such as mussels, 

cod, long-tailed ducks and shag (Dahlberg et al., 2016, Vetter et al., 2007). Although 

there are some anthropogenic sources, 2,4,6-TBA has been found in red algae (Flodin 

and Whitfield, 2000). However, it is not completely clear if TBA is produced by the 

algae itself or by methoxylation of tribromophenol by microorganisms associated with 

algae (Vetter, 2006). Moreover, dibromophenol and tribromophenol were identified, 

most likely to being 2,4-dibromophenol (DBP) and 2,4,6-tribromophenol (TBP). There 

is plenty of support that 2,4-DBP and 2,4,6-TBP are natural products, given their 

prevalent occurrence in marine algae, mussels and fish (Whitfield et al., 1999, Gribble, 

1999, Flodin and Whitfield, 1999, Dahlberg et al., 2016). The specific substitution 

pattern of 2,4,6-TBA, 2,4-DBP and 2,4,6-TBP is also in line with the function of 

bromoperoxidase, which has been found in several species of algae (Flodin and 

Whitfield, 1999, Moore and Okuda, 1996, Gribble, 1999).  

A compound with the formula C12H6Br3N is the best match for a molecular ion with 

the m/z 404.801, which was found in 3 red and 1 brown algae. All of the samples in 

which the m/z 404.801 was found were collected less than 4 km from each other (L2, 

Gävlebukten, see figure 2). Searches in online databases yielded only two possible 

structures: 1,2,3-tribromo-9H-carbazole and 1,3,6-tribromo-9H-carbazole (figure 3). 

Of these two only the latter has, to the best of my knowledge, been found in nature, 

although references on brominated carbazoles in nature are fairly limited.  No 

information on brominated carbazoles in the Baltic Sea could be found in literature. 

Investigations of spatial and temporal trends of halogenated carbazoles in sediments of 

the Upper Great Lakes suggested some congeners could be from natural origin while 

other from anthropogenic (Guo et al., 2017). 1,3,6-tribromo-9H-carbazole was 

mentioned as a probable anthropogenic compound by Guo et al. (2017). 1,3,6,8-

tetrabromocarbazole has been found in sediments of Lake Michigan pre-dating 1900, 

which could point towards brominated carbazoles being, at least partly, of natural 

origin (Zhu and Hites, 2005). More investigation is needed to confirm the 

identification and origin of 1,3,6-tribromo-9H-carbazole. 

 

Figure 3. Suggested structure of m/z 404.801; 1,3,6-tribromo-9H-carbazole. 

In two of the samples where tribromocabazole was present, dibromocarbazole was 

tentatively identified as well. One dibromocarbazole (3,6-substituted) was found in 

sediments from the Great Lakes by Guo et al. (2017).  
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Several indoles were tentatively identified. A molecular ion with the m/z 446.706 was 

identified in five of the samples (see Appendix IV). A possible structure is 2,3,5,6-

tetrabromo-1-methylindole (figure 4). It has previously been found in the red algae 

Chondrophycus papillosus and Laurencia brongniartii (species not included in this 

study) (Sun et al., 2011, Liu and Gribble, 2002, Carter et al., 1978).  

 

Figure 4. Tentative structure for m/z 446.706; 2,3,5,6-tetrabromo-1-methylindole. 

Peaks containing the molecular ion m/z 366.801 were identified in 2 red algae and 2 

brown. A possible molecular formula is C9H6Br3N. Top results from online database 

searches were three congeners of tribromo-1-methylindole and one 2,5,6-tribromo-3-

methyl-1H-indole (see figure 5). Since peaks at three different retention times (see 

figure 6) contained the m/z 366.801 it is possible that several congeners could be 

present in at least 3 of the samples. Previously, two tribromo-1-methylindoles (2,3,6- 

and 2,3,5-substitued) has been identified in the red algae Laurencia brongniartii 

(Carter et al., 1978). Several bromoindoles were identified by Ji et al. (2007) in the red 

algae Laurencia similis. The indoles identified were 2,3,5- tribromo-1-methylindole 

(figure 5B), 3,5,6-tribromo-1-methylindole (figure 5C), 3,5,6-tribromo-1H-indole, 

2,3,6-tribromo-1H-indole and 2,3,5,6-tetrabromo-1H-indole (Ji et al., 2007). 2,3,5- 

tribromo-1-methylindole (figure 5C) was also found in the red algae Nitophyllum 

marginata from the Mandapam coast in India (Sridevi et al., 2003). In this work, 

bromoindoles were found in both red and brown algae. Red algae Furcellaria 

lumbricalis and brown algae Pylaiella littoralis contained 4 bromoindoles each, while 

red algae Polysiphonia fucoides contained 3 bromoindoles (see Appendix IV for 

detailed information). 

 

 

Figure 5. Possible structures of compound with molecular formula C9H6Br3N. A: 2,3,6-tribromo-1-

methylindole. B: 2,3,5-tribromo-1-methylindole. C: 3,5,6-tribromo-1-methylindole. D: 2,5,6-tribromo-3-

methyl-1H-indole. 
 

A. 

D. 

B. 

C. 
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Figure 6. Extracted ion chromatogram of sample A3. Arrows indicate peaks with m/z 366.801, 

tentatively identified as a either a congener of tribromo-1-methylindole or 2,5,6-tribromo-3-methyl-1H-

indole. 

Dibromoindole was tentatively identified in both samples of the red algae specie 

Furcellaria lumbricalis (m/z 274.874). 3,6-dibromoindole has been found in low 

concentrations in sediment from the Baltic Sea (Reineke et al., 2006). To identify 

which congener is present here comparison with a reference standard is necessary.  

A mass of interest was found that could not be matched to a molecular formula, at m/z 

289.828 (labelled U6). It was present in 6 samples and eluted shortly after 2,4,6-

tribromophenol. Due to low intensity it is difficult to interpret the isotope pattern. It 

cannot be excluded that m/z 289.828 is the fragment of a heavier molecular ion. 

However, given the relatively short retention time U6 is most likely a volatile 

compound in the weight range of di- and tribromophenol.  

Another brominated compound, here named U22, was found in 5 of the samples, 2 red 

and 3 brown algae all from location L2. It has an m/z at 382.932 and isotope 

distribution indicate presence of 2 bromines (see figure 18 in Appendix II). U22 could 

not be matched to a molecular formula. 

 

 

Table 3. Compounds identified in algae at different levels of confidence. m/z: Most intense mass of the molecular 

ion . RT: Retention time. N: Number of samples compound was identified in. Confidence lvl: Indicated the level of 

confidence in the identification (see section 1.3.1).  

 
2,4-Dibromo-

phenol 

2,4,6-

tribromo-

phenol 

2,4,6-

Tribromo-

anisole 

2,3,5,6-

tetrabromo-1-

methylindole 

Dibromo-

indole 

m/z 249.859 329.774 343.784 446.706 274.874 

RT (min) 3.78 4.52 4.36 10.8 5.69 

N 8 9 18 5 2 

Confidence lvl. 2 2 2 3 3 

 

Tribromo-

metylindole 

Tribromo-

metylindole 

Tribromo-

metylindole 

Dibromo-

carbazole 
 

m/z 366.801 366.803 366.801 324.891 
 

RT (min) 7.92 9.03 8.18 9.81  

N 4 3 1 2  

Confidence lvl. 3 3 3 3  



14 

 

 
Tribromo-

carbazole 

Tribromo-

carbazole 
U6 U22  

m/z 402.801 402.801 289.828 382.932  

RT (min) 12.6 14.5 4.87 13.2  

N 4 1 6 5  

Confidence lvl. 3 3 5 5  

 

A principal component analysis (PCA) was performed using SIMCA (Umetrics, 

Sartorius Stedim Data Analytics) to see if there was a connection between type of 

algae (brown, red and green) and content of NHCs. However the model created 

performed poorly and was unable to explain the variation in the data. This could be 

due to the fact that many compounds were detected in just one or two samples, or that 

there is a low correlation between species of the same type. Attempts to create models 

based on sampling location were also unsuccessful. Detailed information is available 

in Appendix IV.  

5.2 LC/MS 

Analysis on LC/MS was performed to detect phenolic compounds present in algae. 

Due to instrumental problems the analysis got delayed and a complete non-target data 

processing could not be performed in the time frame of the project. However, a suspect 

screening was done which revealed the presence of two compounds, eluting with one 

minute in between, with the same mass and isotope distribution as pentabrominated 

OH-PBDE, in three brown algae and one red algae. Moreover, two peaks with mass 

and isotope distribution identical to tetrabrominated OH-PBDE was found in one red 

algae, also with one minute difference in retention time. Although the identified 

compounds appear to have a molecular formula identical to OH-PBDEs the retention 

times could not be matched to any of the known OH-PBDEs. In facts, the two 

unknown compounds eluted over five minutes earlier than reference compounds of 

pentabrominated OH-PBDEs. Database searches of the molecular formulas in 

PubChem, Chemspider and SciFinder suggested brominated biphenols as an 

alternative structure. No references on brominated biphenols in algae was found. 2,2'-

dihydroxy-3,3',5,5'-tetrabromobiphenyl has been identified as a product of a marine 

bacteria and a possible a bactericidal antibiotic against methicillin-resistant 

Staphylococcus aureus (MRSA) (Isnansetyo and Kamei, 2003). More investigation is 

needed to determine the structures of C12H6Br4O2 (named U25 and U26) and 

C12H5Br5O2 (named U27 and U28). Mass spectra and information on scoring and 

retention times can be found in Appendix II and IV.  

5.3 Future outlook 

As mentioned, confirmation of the tentative identifications are necessary to conclude if 

the assigned structures are correct. Since no attempt to quantify the levels of NHCs 

was done here, that would be part of subsequent experiments. Additional experiments 

are also necessary to identify the unknown compounds. Since levels of NHCs appeared 

to be rather low, repeated experiments using a larger amount of sample is 

recommended. Analysis by GCxGC/MS could yield new information on the contents 

of the samples by additional separation of compounds that could be co-eluting on the 

15m column. 
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Additionally, more work is needed for developing a method for the phenolic 

compounds. There are two options for further method development; either to optimize 

the method for LC/MS analysis or work on a protocol for derivatization and analysis 

by GC/MS. LC/MS would most likely provide better sensitivity and lower detection 

limits since derivatization might not be 100% efficient. An ideal situation would be to 

do both in order to capture a wide range of analytes.  

Future experiments should include samples from a higher trophic levels to investigate 

possible trophic transfer of the NHCs found in algae. A method for analysis of NHCs 

in mussels was developed during the project, unfortunately there was not sufficient 

time perform analysis of “real” samples.  

To elucidate the origin of brominated carbazoles a study comparing spatial and 

temporal trends is suggested. Sediment cores could provide valuable information on 

time trends and geographical distribution.  

6. Conclusion 

A method for non-target detection of naturally produced organohalogens in algae was 

developed and tested in action. A total of 15 compounds were tentatively identified in 

algae from the Baltic Sea and the Swedish west coast. Three of the compounds, 2,4-

dibromophenol 2,4,6-tribromophenol and 2,4,6-tribromoanisole are common 

halogenated natural products and could be expected to be present in several species of 

algae. The remaining 12 compounds, dibromoindole, dibromocarbazole, 

tetrabromomethylindole, tribromocarbazole, tribromomethylindole and brominated 

biphenols have to the best of my knowledge not been identified in algae from the 

Baltic Sea before. Although brominated indoles are known to be natural products, 

brominated carbazoles have not unambiguously been assigned a natural origin. A 

mixed origin should not be ruled out. More work is needed to confirm or reject the 

candidate structures and to identify the many unknown compounds present. A lot of 

previous research on NHCs in algae from the Baltic Sea has focused on OH-PBDEs, 

MeO-PBDEs and PBDDs. It is clear that a broader search for NHCs in the Baltic Sea 

could is necessary to yield new information on which halogenated compounds are 

present and their possible environmental impact.  
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Appendix I – Instrument Parameters 

GPC parameters 

The instrument was a 1260 Agilent Infinity II, consisting of a quaternary pump (Quat 

Pump VL), autosampler (PrepALS), a variable wavelength detector (VWD) and a 

fraction collector (FC-PS).  

The column setup consisted of a guard column (PLgel 50 x 7,5 mm) followed by two 

HPLC columns; a PLgel 5µm 100Å 300 x 7,5 mm and a PLgel 5µm 50Å 300 x 7,5 

mm, all from Agilent Technologies.  

The sample volume injected was 500 µl and the mobile phase consisted of n-

hexane/dichloromethane 1:1 with a flow of 1 ml/min. Detection was done at 250 nm 

and 210 nm. The fraction collector was set to collect one fraction at minute 15-17, and 

one second fraction at minute 17-40.  

GC/MS Parameters 

The instrument used was an Agilent 7250 Q-TOF GC/MS. A PTV injector was 

operated in pulsed splitless mode at 90°C. Sample volume injected was 1 µL. The 

carrier gas was nitrogen and the gas flow 1.1 ml/min. Separation was achieved on a 

15m x 0.250 mm DB-5MS Ultra Inert with 0.25 µm film thickness.  

The oven program was set to a starting temperature of 60°C followed by a temperature 

ramp of 40°C/min up to 140°C, then 10°C/min up to 300°C, which was held for 1 min. 

Transfer line temperature was 300°C. The instrument was equipped for chemical 

ionization using methane gas. Ion source temperature was 150°C and emission current 

50µA. The mass range was set to 35-1000 amu at an acquisition rate of 3.0 spectras/s.  

LC/MS Parameters 

The instrument consisted of a 1260 Infinity II autosampler, a quaternary pump, a 

thermostatic column compartment coupled to a 6560 Ion Mobility Q-ToF LC-MS 

equipped with and electrospray source (Agilent Technologies, USA). The 

chromatographic separation was achieved on a C18 column (Kinetex, 150 x 2.1 mm, 

2.6 µm, Phenomenex, USA) with MilliQ water/methanol mixture. The gradient started 

with 10% methanol, increased to 95% within 20 min and held for 5 min with a 0.5 

mL/min flow. The column was re-equilibrated to initial condition (9:1 MilliQ water/ 

methanol) for five min. The column temperature was set to 40°C during runs and re-

equilibration. The injection volume was 50 µL.  

The source parameters were: gas temperature at 225 °C, gas flow at 5 L/min, Nebulizer 

at 30 psig, Sheath gas temperature at 350°C and at a flow of 12 L/min, VCap at 

2000V, nozzle voltage at 1000V, fragmentor at 275 V and the octopole at 750 V. 

Targeted MS/MS were acquired, within a range of 50-1700 m/z (both MS and 

MS/MS) at the speed of 4 spectra/s (MS) and 3 spectra/s (MS/MS). 
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Appendix II – Mass spectra 

GC/MS 
Below are mass spectra that were used for tentative identification of the compounds 

listed in table 3.  

 

 

Figure 7. 2,4-Dibromo-phenol 3.82 min 

 

 

Figure 8. 2,4,6-tribromo-phenol, 4.51 min 

 

 

Figure 9. 2,4,6-Tribromo-anisole, 4.35 min 
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Figure 10. Dibromo-indole, 5.69 min 

 

 

Figure 11. Dibromocarbazole, 9.81 min 

 

 

Figure 12. 2,3,5,6-tetrabromo-1-methylindole, 10.77 min 
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Figure 13. Tribromo-carbazole (1), 12.58 min 

 

 

Figure 14. Tribromo-carbazole (2), 14.47 min 

 

 

Figure 15. Tribromo-metylindole (1), 7.93 min. 
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Figure 16. Tribromo-metylindole (2), 9.03 min 

 

 

Figure 17. Tribromo-metylindole (3), 8.18 min 

 

 

Figure 18. U6, 4.87 min. 
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Figure 19. U22, 13.22 

LC/MS 
 

 

Figure 20. U25 with adduct CH3COO- 

 

Figure 21. U25 with adduct HCOO- 
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Figure 22. U26 with adduct HCOO- 
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Appendix III – Principal Component Analysis 
 

A PCA-X model was created using Simca 15 (Umetrics, Sartorius Stedim Data 

Analytics AB). The aim was to see if there was any separation of classes based on 

content of halogenated natural products. As can be seen in figure 23 there is a slight 

separation on the second component, however as the summary of fit (figure 24) shows 

the model performed poorly on both reproducibility and predictivity. Attempts were 

made to improve the model by removing possible outliers, however this did not give 

any improvements.   

 

 
Figure 23. Score scatter plot with samples coloured according to sample type.  

 

 
Figure 24. Summary of fit.  
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Appendix IV – Detailed sample information 
Table 4. Detailed information on species and sample location. 

Nr Type Species 
Swedish 

name 
Sampling location Lat. North Long. East 

A1 Brown 
Chorda filum (L.) 

Stackh. 
Molnslick 

Gst. Hille p. Älghällan 

(L2a) 
60°46'08" 17°20'56" 

A2 Red 
Ceramium tenuicorne 

(Kützing) Waern 
Ullsläke 

Gst. Hille p. Älghällan 

(L2a) 
60°46'08" 17°20'56" 

A3 Brown 
Pylaiella littoralis (L.) 

Kjellm. 
Sudare 

Gst. Hille p. 

Trödjehällan (L2c) 
60°48'21" 17°21'21" 

A4 Red 

Furcellaria lumbricalis 

(Hudson) J.V. 

Lamouroux 

Fjäderslick 
Gst. Hille p. 

Trödjehällan (L2c) 
60°48'21" 17°21'21" 

A5 Brown 

Fucus radicans 

Bergström & 

L.Kautsky 

Gyllenskägg 
Gst. Hille p. 

Trödjehällan (L2c) 
60°48'21" 17°21'21" 

A6 Brown 
Stictyosiphon tortilis 

(Gobi) Reinke 
Smalskägg 

Gst. Hille p. 

Skrammelhararna (L2b) 
60°47'29" 17°22'51" 

A7 Red 

Furcellaria lumbricalis 

(Hudson) J.V. 

Lamouroux 

Krulltrassel 
Bh. Tjärnö p. Sydkoster. 

Rörvik (L3b) 
58°52'09" 11°08'33" 

A8 Red 
Ceramium virgatum 

Roth 
Smaltång 

Bh. Tjärnö p. Sydkoster. 

Rörvik (L3b) 
58°52'06" 11°03'34" 

A9 Brown 
Chorda filum (L.) 

Stackh. 
Kräkel 

Bh. Tjärnö p. Saltö 

(L3a) 
58°52'06" 11°03'34" 

B1 Brown Fucus vesiculosus L. Trådslick 
Bh. Tjärnö p. Saltö 

(L3a) 
58°52'06" 11°03'34" 

B2 Brown Fucus vesiculosus Knöltång 
Bh. Tjärnö p. 

Ramsökalven (L3c) 
58°50,427' 11°00,3234' 

B3 Brown 
Ascophyllum nodosum 

(L.) Le Jol. 
Sudare 

Bh. Tjärnö p. Saltö 

(L3a) 
58°52'06" 11°03'34" 

B4 Green Ulva lactuca L. Blåstång 
Bh. Tjärnö p. Saltö 

(L3a) 
58°52'06" 11°03'34" 

B5 Brown 
Laminaria digitata 

(Huds.) J.V.Lamour. 
Finger-tare 

Bh. Tjärnö p. Saltö 

(L3a) 
58°52'06" 11°03'34" 

B6 Brown 
Ectocarpus siliculosus 

(Dillwyn) Lyngb. 
Havssallat 

Ång. Nordmaling p. 

Lill-Svarthällan (L1) 
63°27'43" 19°48'11" 

B7 Red 
Polysiphonia fucoides 

(Hudson) Greville 
Grovsläke 

Gst. Hille p. Älghällan 

(L2a) 
60°46'08" 17°20'56" 

B8 Brown 

Dictyosiphon 

foeniculaceus (Huds.) 

Grev. 

Kräkel 
Gst. Hille p. 

Skrammelhararna (L2b) 
60°47'29" 17°22'51" 

B9 Brown 
Dictyosiphon 

chordaria Aresch. 
Blåstång 

Gst. Hille p. 

Skrammelhararna (L2b) 
60°47'29" 17°22'51" 
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Table 5. Identified phenolic compounds. C12H6Br4O2: U25 & U26. C12H5Br5O2: U27 and U28. RT: 

Retention time. Formula match score: Generated by Mass Hunter Qualitative Analysis software scoring 

mass accuracy, isotope pattern fit and spacing score, 0 is worst possible and 100 best possible fit. Mass 

accuracy error: Error in relation to theoretical mass.  

Sample Formula 
Compound 

name 
RT (min) 

Formula 

Match Score 

Mass accuracy 

error (ppm) 

A9 C12H5Br5O2  
U25 16.24 70 1,77 

U26 17.30 71 1,76 

B1 C12H5Br5O2 
U25 16.17 98 0,30 

U26 17.13 96 0,22 

B3 C12H5Br5O2 
U25 16.31 100 1,76 

U26 17.31 100 1,32 

B7 

C12H5Br5O2 
U25 16.31 100 1,76 

U26 17.31 100 1,32 

C12H6Br4O2 
U27 15.42 99 0,86 

U28 19.47 99 0,83 
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Table  6. Full list of peaks containing bromine trace, but for which no molecular ion could be identified (with the exception of U5 and U22, for 
which no structure could be assigned). RT: Retention time (minutes). Y: Compound present. 
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Table  7. Full list of compounds tentatively identified. RT: Retention time (minutes). Y: Compound present. 



 

 

 

 

 
 

 
 
 

 

Department of Chemistry 

S-901 87 Umeå, Sweden 

Telephone +46 90 786 50 00 

Text telephone +46 90 786 59 00 

www.umu.se 

 
 


