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Abstract 
Persistent organic pollutants such as polychlorinated biphenyls (PCBs), DDT and polybrominated 
diphenyl ethers (PBDEs) tend to accumulate in biota and are transferred through the aquatic food 
web, which result in a high accumulation in marine mammals. In recent years various novel flame 
retardants (nBFRs), which have replaced the banned PBDEs, have also started to occur in the 
environment. These nBFRs have similar properties as PBDEs, such as long-range transport and 
accumulation in biota. The purpose with this study was to evaluate a method by using pre-packed 
silica columns for quantification of PCBs, DDT, PBDEs and nBFRs in seal blubber, in order to facilitate 
the pre-treatment and decrease the time. To elute the different POPs from the pre-packed silica 
column; hexane, toluene and dichloromethane were used in different stages. By using this method 
levels of PCB and DDT were determined. For DDT the concentration was 8.28 ng/g lipid and 8.94 ng/g 
lipid for the two samples that was analysed, and the analysis of the PCBs showed a higher trend for 
the higher chlorinated PCBs. As the pre-packed silica columns are a relative new method. Further 
studies are therefore needed on these columns to further improve the sample clean-up and 
fractionation of the different POPs in environmental samples. 

Keywords:  Ringed seal, Baltic Sea, Persistent Organic Pollutants, Sample pre-treatment  
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Sammanfattning  
Persistenta organiska föroreningar såsom polyklorerade bifenyler (PCB), DDT och polybromerade 
difenyletrar (PBDE) tenderar att ackumuleras i biota och överförs genom den marina näringskedjan. 
Detta resulterar i en hög ackumulering i marina däggdjur. Under senare år har nya flamskyddsmedel 
(nBFR) börjat förekomma i miljön, detta är på grund av förbudet av de många PBDE så har nya 
flamskyddsmedel ersätts de "gamla" PBDE. nBFRs har liknande egenskaper som PBDE, såsom 
långväga transporter och att de ackumuleras i biota. Syftet med denna studie är att utveckla en 
metod genom att använda färdigförpackat kiseloxid kolonner för kvantifiering av PCB, DDT, PBDE och 
nBFRs i säl späck. Detta görs för att förbehandlingen ska var mindre tidskrävande och mer effektivt. 
För att eluera ut de olika ämnena från den färdig packade kiseldioxid kolumnen så användes hexan, 
toluen och diklormetan i olika steg. Genom att använda denna metod så bestämdes halter av PCB 
och DDT. För DDT var koncentrationen 8,28 ng/g fett och 8,94 ng/g fett i de två prover som 
analyserades, och analysen av PCB visade en högre trend för de högre klorerade PCBerna. 
Färdigförpackat kiseldioxid kolonner är en relativt ny metod och många protokoll för olika ämnen är 
inte fullt utvecklad för att få bästa resultat. Ytterligare studier behövs därför utföras på dessa 
kolumner för att ytterligare förbättra provrening och fraktionering av de olika POPs i miljöprover. 

Keywords: Vikare, Östersjön, persistenta organiska föroreningar, prov-förbehandling 
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1 Introduction 

1.1 Persistent organic pollutants 
Persistent organic pollutants (POPs) are a group of environmental contaminants that include certain 
organohalogen pesticides, industrial chemicals and by-products that have been produced 
unintentionally from different types of industrial and combustion processes. There are specific 
properties that characterized a POP, such as being highly toxic, persistent towards environmental 
degradation and being semi-volatile which facilitates long-range transport through air and water to 
remote areas where the chemical never have been used and bioaccumulate in tissues. Once released 
into the environment, POPs will distribute to different environmental compartments depending on 
their physical-chemical properties. When POPs are present in water they will distribute between the 
water phase, colloids and particles. One of the main transport pathways for POPs to the water phase 
is through the atmospheric deposition between the air-sea interface and this contributes with 
diffusive vapour exchange and dry particles deposition. Another important feature that influences 
why POPs end up in the marine environment is through binding of particles that can be found at the 
bottom sediment around different industries and municipal effluents (Wenning et al. 2014). 
Furthermore, POPs can be transferred through the aquatic food web and result in high accumulation 
in marine mammals that situates at the top of the food chain. Bioaccumulation depends on both 
physicochemical factors of the different compounds and the metabolic activity of the organism 
(Routti et al. 2005). The lipophilic nature of many POPs often leads to accumulation in tissues that 
has a high content of lipids, for example adipose tissues. Older marine mammals have been found to 
accumulate higher amounts of POPs compared to younger once. POPs can also be transferred to 
offspring via nursing through the milk. Terrestrial animals usually have a higher detoxification system 
in comparison to marine mammals, and thus marine mammals could be more affected by high 
contaminant load. Their high lipid content also serves as a depository for the lipophilic compounds 
(Nyman et al. 2003). The environmental levels of some of the POPs such as polychlorinated biphenyls 
(PCBs) and dichlorodiphenyltrichloroethane (DDT) reached their highest peak during the late 1970s, 
after which these chemicals became banned in most countries since high levels were found to be 
associated with negative effects in aquatic ecosystems (Nyman et al. 2002). The POPs levels will vary 
with gender, age and the health status of the marine mammal and the contamination levels tend to 
accumulate with age in some cases (Nyman et al. 2003). Due to the fact that POPs pose a risk for 
both the human health and the environment, in May 1995 the United Nations Environment 
Programme governing council proposed a global action towards twelve initial POPs (Table 1). The 
Stockholm Convention on Persistent Organic Pollutants was adopted on 22 May 2001 but entered in 
force on 17 May 2004 (Stockholm convention, 2008). When the Stockholm convention entered into 
forced it was signed by almost all countries in the world except USA, Italy, Haiti, Israel, Iraq, 
Uzbekistan, Turkmenistan, South Sudan, Equatorial Guinea, Bhutan, Malaysia and Timor-Leste. There 
is a continuous process of addition of new compounds that are found to have the characteristic POPs 
properties, and Table 2 shows the list of nine new POPs that was added to the convention in May 
2009 (Stockholm convention, 2008). 
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Table 1. The initial 12 POPs that was included into the Stockholm Convention 

The initial 12 persistent organic pollutants 
• Pesticides: DDT, dieldrin, aldrin, endrin, mirex, heptachlor, chlordane, toxaphene and 

hexachlorobenzene 
• Industrial chemicals: Polychlorinated biphenyls and hexachlorobenzene 
• By-products: Hexachlorobenzene, polychlorinated dibenzo-p-dioxins and polychlorinated 

dibenzofurans (PCDD/PCDF) and PCB 
 

Table 2. Nine new POPs added to the Stockholm convention in 2009 

The nine new persistent organic pollutants 
• Pesticides:  Lindane, pentachlorobenzene, alpha hexachlorocyclohexane and beta 

hexachlorocyclohexane 
• Industrial chemicals: Pentabromodiphenyl ether, tetrabromodiphenyl ether,  

perfluorooctane sulfonic acid, its salts and perfluorooctane sulfonyl fluoride, 
pentachlorobenzen, hexabromobiphenyl, hexabromodiphenyl ether   heptabromodiphenyl 
ether  

• By-products: Pentachlorobenzene, alpha  hexachlorocyclohexane and beta 
hexachlorocyclohexane 

 

Brominated flame retardants (BFRs) such as polybrominated diphenyl ethers (PBDEs) have been used 
worldwide in many different products to prevent fires. The high usages together with their POPs 
properties have led to a global contamination. After the ban of PBDEs, new flame retardants have 
been used as replacements. These have different chemical structure but they principally act in the 
same way as the old ones, and research carried out on some of these novel BFRs (nBFRs) have shown 
that they can be long-ranged transported to remote regions and can cause negative health effects on 
humans and wildlife (Covaci et al. 2011, Papachlimitzou et al. 2012).   

Many POPS are difficult to analyse since they often are present at low concentration in the 
environment and they could also be present as a mixture of different congeners and isomers. These 
compounds can be present in the environment at as little as sub-picogram per gram up to microgram 
per gram levels. To meet the requirement of detection limits, selectivity and accuracy, state-of-the-
art instruments must be used. Complex sample preparation is required to remove co-extractable 
organic matrix compounds which are often time consuming. E.g. for routine dioxin analysis, the 
sample preparation that is required to prepare one batch of samples takes at least two days. When 
the clean-up is done in a multilayer silica column where the silica must be baked in an oven for at 
least 24, hours and then the preparation of the different column layers could also be time consuming 
(Yang et al. 2010). Previous methods using pre-packed silica columns (Cape Technologies) have 
proven to be effective in saving time in the sample preparation step and it may also decrease the 
background contamination (Yang et al. 2013). Furthermore, by having one sample preparation 
method for different compound groups, both time and money could be saved. Furthermore, usage of 
sample amount could be minimized, which is important if you have very little sample matrix to work 
with.   
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In this study a sample clean-up method using pre-packed columns was evaluated for the 
simultaneous sample preparation of polychlorinated biphenyls, organohalogen pesticides, 
polybrominated diphenyl ethers and novel brominated flame retardants. Selected seal blubber 
samples from the Baltic Sea were then processed using a method used by Yang et al. (2010) and Yang 
et al. (2013) and quantified for these compounds.  

1.1.1 Polychlorinated biphenyls  
Polychlorinated biphenyls are a group of industrial chemicals that have been used since the 1930s. 
PCBs have been used in a variety of industrial processes such as dielectrics in transformers and large 
capacitors, heat exchanged fluids, additives in paint, carbonless copy paper and also in plastics. 
When PCBs enter into the environment they tend to be associated with organic material in sediment, 
soil and biological tissue, due to their high hydrophobicity. Exposure of high levels of PCB can lead to 
extensive alterations in liver enzymes, hepatomegaly (liver enlargement) and dermatological diseases 
such as skin rashes and chloracne (WHO, 2008). PCBs are in general very stable in the environment, 
are semi-volatile at room temperature and can be soluble in most organic solvents. Another 
environmental concern is their extreme resistance to both biological and chemical breakdown (WHO, 
2008). 

1.1.2 Organohalogen Pesticides  
Organohalogen pesticides (OCPs) are a collective name for different chemicals that have mostly been 
used in agriculture and include different types of herbicides, insecticides, fungicides and many more. 
One of the most known pesticides is DDT (dichlorodiphenyl trichlorethane) see fig 1 for chemical 
structure. DDT was used during the World War II to prevent soldiers and civilians being infected by 
typhus, malaria and other diseases that could easily be spread by insects. In different developing 
countries DDT is still used to control the mosquitos that spread malaria (UNEP, 2005). DDT has very 
low acute toxicity and some effects that have been found in different species of animals are thinning 
of eggshell and alteration in the gonadal development which produce the sperm and the egg. DDT 
has also been shown to cause effects on the liver and-, central nervous system, possess estrogenic 
and antiandrogenic effects, and in some cases causing cancer (WHO, 2008).  

DDT enters the environment through the water, soil and the air. Most DDT found in the environment 
today is a result of past usage, although there are still some countries that use DDT to keep the 
malaria problem under control. When DDT start to break down it forms DDE (dichlorodiphenyl 
dichloroethylene) and DDD (dichlorodiphenyl dichloroethane), this is the result of the action from 
microorganisms (see Fig 1) (ATSDR 2002).                 

 

Figure 1 the chemical structure of DDT, DDE and DDD 
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Another common organohalogen pesticide is chlordane which was used to control termites and as an 
insecticide on different agricultural crops. Chlordane is very persistent and can remain in the soil for 
many years. It has different effects in different species and can be carcinogenic in humans 
(Stockholm convention, 2008). Exposure to chlordane can cause acute effects such as gastrointestinal 
distress and neurological symptoms like tremors and seizures. Chronic effects often arise from 
inhalation of chlordane and it can cause different effects on the nervous system (EPA, 2013).         

1.1.3 Polybrominated diphenyl ethers 
Flame retardants can be found in plastics, textiles, electronic devices and many other different 
materials to prevent and delay fires. Flame retardants can be additives that are mixed into polymers 
without any chemical bonds to the material, and this can result in the release of these compounds 
from the surface and eventually end up in the environment (de Wit 2002). Flame retardants that 
contain halogens will interact with the gas phase during combustion. This leads to formation of high 
energy hydroxide and hydrogen radical that will be removed by the bromine released from the 
different flame retardant coated on the material. Many brominated compounds have this particular 
thermal characteristics and this is due to the weak bonds between the carbon and bromine. 
Furthermore, many brominated flame (BFRs) retardants are persistent and lipophilic and can 
bioaccumulate in the food web. In 1992, the global production of brominated flame retardants 
reached up to around 150 000 metric tons/year, where forty percent was in North America and 25% 
was in Europe (de Wit 2002).  

 

Figure 2 structural similarities between PCBs and PBDEs 

Polybrominated diphenyl ethers (PBDEs) are one of the major BFRs that were used in products, and 
have some structural similarities to PCBs (see Fig 2), which result in that they have some properties 
that are similar. The basic structure of PBDE is two phenyl rings that are connected with oxygen. 
Depending on the degree of bromination it can result in up to 209 different congeners (Rahman et al. 
2001). The effects of the technical mixture pentaBDE (consisting of tetra- to hexabrominated-
congeners) have been studied in rats and rodents and it has shown to exhibit low acute toxicity. 
Clinical tests of pentaBDE have shown different effects such as diarrhoea, reduction in growth, 
piloerection (goose bumps), reduced activity, tremors of the forelimbs, red stains around both the 
eyes and the nose and a constant chewing (Darnerud 2003). Furthermore, a continuous exposure to 
pentaBDE has been shown to cause morphological effects on both the hepatic and thyroid size, and 
histology. It can also affect thyroid hormones important for the development of vital organs such as 
the brain. High doses of pentaBDE have been shown to in some cases to cause fetal and maternal 
toxicity (Darnerud 2003).  

 



 

9 
 

OctaBDE (hexa- to nonabrominated-congeners) also have a low acute toxicity, but exposure to high 
levels can cause effects on the thyroid, kidneys, the haematological system and necrosis on the liver. 
Fetal effects that can also arise from exposure of octaBDE including reduction in weight and 
malformation of the limbs (Darnerud 2003). Exposure to decaBDE (nona- to decabrominated-
congeners) can cause eye irritation and chemosis which is oedema of the mucous membrane of the 
eyeball and on the eyelid. It can also lead to thyroid hyperplasia, enlargement of the liver and hyaline 
degeneration in the kidney. Studies of carcinogenic effects have been carried out on rats and mice 
and have shown some indication of tumour development, although only at very high doses of 
decaBDE (Darnerud 2003).   

In a study conducted by Rotander et al. (2012) they analysed different types of marine mammals 
from the Artic and North Atlantic regions during 1986 to 2009. Here they saw that the highest levels 
of PBDE could be found in the pilot whale and white-sided dolphin that were sampled during the late 
1990s and the beginning of the 2000s. The lowest levels of PBDE were found in ringed seal and fin 
whales. The reason for this is that fin whales are macroplanktophages and feed at mid-trophic levels. 
From the pooled samples of ringed seal blubber and other marine mammals, Rotander et al. (2012) 
saw that the highest levels of PBDE were found in the most recent year and this could be due to an 
increase of the production of technical PBDE around the world. Ringed seal from West Greenland 
showed differences in PBDE congeners #28, #66 and #153 in 2000 compared to 1986, but no other 
concentration trends could be observed from the same sampling area between 1984 and 2004. A 
rapid increase of PBDE concentration in ringed seal was seen between 1982 and 2005 in West 
Greenland and 1981 and 2002 in the Canadian Artic. Blubber samples from ringed seal from the 
Baltic Sea was collected between 1981 and 1988 had a total concentration of 350 ng PBDE/g lipid 
(sum of BDE#47,BDE#99 and BDE#100)(de Wit 2002).          

1.1.4 Novel brominated flame retardants   
The stricter regulation on the usages of PBDEs has led to the production of the other brominated 
flame retardants with similar structures and commercial functions. However, the similar physical-
chemical properties and high production volumes of these “novel” brominated flame retardants 
(nBFR) have also led to widespread environmental contamination. Most of these acts are substitutes 
for the “old” flame retardants such as PBDEs, but it has been found that they could also be 
persistent, toxic and bioaccumulative (Papachlimitzou et al. 2012). Some of the nBFRs have also been 
found in the Arctic, which implies that they can be long-range transported to remote areas (Covaci et 
al. 2011). There are more than 75 different aromatic, aliphatic and cyclo-aliphatic compounds that 
are used as brominated flame retardants. The nBFR can be used in a wide range of different products 
such as foams, plastics and fabrics (Papachlimitzou et al. 2012). Some of the nBFR include 
pentabromobenzene (PBBZ), perbromobenzene (HBBZ) which has been used as an additive to plastic 
and electronic goods and can also be formed during photolysis or pyrolysis of PBDE-209. 
Decabromodiphenyl ethane or 1,2-bis(pentabromodiphenyl) ethane (DBDPE) is an additive in styrene 
polymers, wire engineering resins, cables and elastomers (Norden 2011). 2-ethylhexyl-2,3,4,5-
tetrabromobenzoate (TBB)  , 1,2-bis(2,4,6-tribromophenoxy) ethane (BTBPT), tetrabromobisphenol 
A-bis(2,3-dibromopropylether) (TBBPA-DBPE), hexachlorocyclopentadienyldibromo-cyclooctane 
(HCDBCO)  and bis(2-ethylhexyl)-3,4,5,6-tetrabromo-phthalate (TBPH or BEHTBP)  (Covaci et al. 
2011). Appendix 8.1 shows for the chemical structure of some selected nBFRs.  
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1.2 Baltic Sea and ringed seal 
The Baltic Sea is almost entirely enclosed and the only connection with the North Sea is through a 
very narrow and shallow opening between Sweden and Denmark, and it has been estimated to take 
around ten year for all the water to be completely exchanged (Roots et al. 2005). The Baltic Sea is 
surrounded by many heavily industrialized countries and has therefore received high loads different 
types of pollutants (Roots et al. 2005). The influx of freshwater from different rivers and other 
sources from the nine countries that borders the Baltic Sea is much greater than the influx of salt 
water from the North Sea and leads to that the Baltic sea is the world’s largest brackish waters 
(HELCOM 2010). The species found in the Baltic Sea is already very sensitive because of the brackish 
water, which means that they could be more easily affected by different environmental pollution 
(HELCOM 2010). Different POPs such as PCBs and DDT have been discovered in tissue sample of 
wildlife in the Baltic Sea such as seals (Nyman et al. 2003). It has been considered that PCBs and DDT 
are still one of the most relevant environmental factors that can cause the most damage to the Baltic 
Sea seal population.  
 
A specific species, the ringed seal (Phoca hispida), can mostly be found around the Artic but even in 
more southern parts, such as in the Baltic Sea. The ringed seal is dependent on the ice and snow for 
their survival. To be able so survival the cold temperature and harsh weather the ringed seal have a 
very thick layer of lipid rich blubber.  Some critical biological factors that affect the accumulation of 
POPs include age and gender; older ringed seals and males have been shown to accumulate more 
POPS (Sareisian 2014). One reason for this is that female seal transfer POPs to their offspring during 
reproduction and lactation. Female ringed seals differ from other pinnipeds as they also feed during 
lactation, which result in low mobilisation of different compounds that is associated with lipids 
(Sareisian 2014). The Baltic ringed seal feed on different species of fish and the main diet consists of 
European smelt (Osmerus eperlanus) which account up to 34% of the daily diet. Ringed seal can also 
feed on three-spined stickleback (Gasterosteus aculeatus aculeatus) 15%, viviparous blenny (Zoarces 
viviparous) 13%, sand goby (Pomatoschistus minutus) 5%, ruffe (Gymnocephalus cernuus) 3% and 
vendace (Coregonus albula) 2%. This was determined by Routti et al (2005) through an analysis of the 
stomach and gut content of Baltic ringed seal. The diet of Baltic seals can vary and this is due to the 
fact that seals empty there stomach in the spring which result in that the gut consist of the remains 
of different species of fish. The ringed seal can also ingest a large quantity of benthic crustaceans, 
which may cause a difference in PCB levels when compared with other marine mammals (Roots et al. 
2005)  

1.3 Analytical methodology of POPs 
When analysing POPs it is important to use the most suitable method for extraction, preparation and 
instrumental techniques, to reach the acceptable accuracy and uncertainty that is required for the 
data quality objectives. Different factors such as speed of the analysis, cost, sensitivity and selectivity 
need to be considered when choosing the right analytical method. Contaminants that are found at 
very low levels usually require a more complex method, with larger sample amount and a more 
extensive clean-up (O´Sullivan et al. 2014). The first step in analysing POPs is the extraction, which is 
one of the most important steps in the process due to that it removes matrices which can interfere 
with the analysis.  
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When analysing aqueous and other types of liquid samples it is often extracted by using liquid/liquid 
extract or solid-phase extraction (SPE). SPE is a technique where a stationary phase is used in a 
cartridge or disc to extract nonpolar and polar compounds such as dioxins, polychlorinated biphenyls 
or perfluorinated and polyfluorinated substances from polar liquids. When analysing solid matrices 
such as soil/sediment, vegetation and biota, Soxhlet extraction is the most commonly used 
extraction method, where a Dean Stark device is used to separate the solid sample from nonpolar 
solvent. Pressurized liquid extraction, microwave-assisted extraction and sonication can also be used 
for the extraction of solid matrices (O´Sullivan et al. 2014). Prior to the clean-up, many sample 
extracts need to be concentrated which can be carried out by nitrogen, a rotary evaporator, 
automated evaporative concentration or Kuderna-Danish concentration. It is important to select the 
right method to avoid any losses of the analyte and also low bias. The clean-up step must be capable 
of selective removal of large amounts of organic material, while keeping as much as possible of the 
analyte of interest. The clean-up is often done by combining silica and alumina to remove matrices 
and interfering compounds that can co elute together with the analyte (O´Sullivan et al. 2014). 

For the best quantification of POPs, the compounds need to be separated from each other and the 
most used chromatographic methods are gas-chromatography or liquid-chromatography depending 
on the properties of the analyte. Selectivity and sensitivity are crucial when selecting the 
instrumental analytical procedure, due to that many mass spectrometers can either be low- or high-
resolution (O´Sullivan et al. 2014). Examples of low-resolution mass spectrometers are quadrupole 
and quadrupole ion trap instrument. The quadrupole instruments consist of four parallel rods where 
both a direct current and radio frequency voltages are applied. The disadvantage with quadrupole 
instruments is that they are limited to unit mass resolution measurement. The advantages are that is 
has better linear dynamic range (4-6 orders of magnitude), is easy to use and has a low operating 
cost (O´Sullivan et al. 2014). Quadrupole instruments can also be linked together to form a tandem 
quadrupole which consist of three quadrupoles also called mass spectrometry/ mass spectrometry 
(MS/MS).  Tandem quadrupole can be run in multiple reaction monitoring (MRM) were only a few 
ions are generated from the precursor ion, this leads to higher selectivity. The disadvantages with 
tandem quadrupole are that they are more complicated to tune, operate and setup compared to a 
single quadrupole. The quadrupole ion trap is an enclosed system where the quadrupole rods are 
joined together, this can provide MS/MS spectra due to selected masses can be ejected and collide 
with an inert gas. The negative with quadrupole ion trap is that space charge effects can arise and 
samples with higher concentration can overload the ion trap which will lead to incorrect quantitative 
analysis (O´Sullivan et al. 2014). An example of a high resolution instrument is a magnetic sector 
instrument. The magnetic sector instrument has a strong magnet which can deflect the different 
ions, which can lead to higher sensitivity, selectivity and dynamic range (6-7 orders of magnitude) 
compared to the different low resolution instrument. A magnetic sector can be operated on many 
different POPs such as PCB and pesticides (O´Sullivan et al. 2014). 

2 Method 

2.1 Method development  
Prior to the analysis of the samples, the method that Yang et al. (2010) and Yang et al. (2013) 
proposed was optimized to be more suitable for PBDEs, organohalogen pesticides, nBFRs and PCBs.  
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This was carried out by two different test procedures where 13C labelled standards (Table 3) from the 
various compounds were added to pre-packed columns (Cape Technologies USA, South Portland, 
Maine).  The first procedure was carried out as a combination of the Yang et al. (2010) method and 
the Yang et al (2013) method. Using this method two different fractions were collected. The first 
fraction contains the mono-ortho substituted PCBs and PBDEs, and the second fraction contains non-
ortho substituted planar PCBs and dioxins. In a second experiment, also the first eluate from the 
column (normally not analysed) was collected to investigate potential elution of different POPs in this 
fraction. All extracts were analysed with an Agilent 7890A (Santa Clara, California, USA) gas 
chromatograph coupled to an atmospheric pressure chemical ionization mass spectrometer (Xevo 
TQ-S) from Waters, Milford, USA.  

2.2 Extraction of sample  

2.2.1 Homogenisation of biological tissue  
The samples were weighed, 3.08 g (seal sample from 2005) and 2.5 g (seal sample from 2013) and 
homogenised together with anhydrous sodium sulphate until they looked dry (1:10 ratio of sample: 
sodium sulphate) . This resulted in a ratio of 1:10 sample to sodium sulphate. After each sample, the 
mortar and pestle were first washed with detergent and then rinsed with ethanol, n-hexane and 
dichloromethane.  After the homogenisation, around 10 g of the homogenate was taken out and 
weighted for extraction and fat content determination. 

2.2.2 Fat content determination 
Open glass columns were pre-cleaned with ethanol, hexane and dichloromethane and a small 
amount of glass wool was attached at the end of the column. A small amount of sodium sulphate 
was added to the column and then 10 g of the homogenate. The internal standards (Appendix 8.2) 
were added before starting the elution. The analytes and lipids content in the homogenate was 
eluted with n-hexane/dichloromethane (1:1), four times the column height (around 50 ml) into a pre 
weighed round bottom flask. After extraction, the extracts were evaporated by using a rotary 
vacuum evaporator and reweighted until a constant weight was obtained on a precision scale with 
four decimals (Precisa Instruments Ltd, Switzerland). The lipid content was calculated by the formula: 
 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 − 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑏𝑏𝑎𝑎𝑎𝑎𝑏𝑏𝑎𝑎𝑎𝑎
𝑆𝑆𝐹𝐹𝑆𝑆𝑆𝑆𝐹𝐹𝑆𝑆 𝑤𝑤𝑆𝑆𝑤𝑤𝑤𝑤ℎ𝑡𝑡

× 100% 

2.3 Clean-up 
The clean-up was carried out by using disposable columns from Cape Technologies (South Portland, 
Maine), which consist of 15 mm (internal diameter) columns with neutral and acidic silica layers 
coupled with ultra-clean carbon columns. These were connected with 15 mm pressure caps, needle 
funnels and spring rack to attach the silica columns. The whole system was pressurized by nitrogen 
gas at around 0.5-0.7 bar.  

The sample pre-treatment method used was based on the protocol for PCBs, PBDEs and PCDD/Fs 
reported by Yang et al (2013) and Yang et al (2010). According to Yang et al (2013) and Yang et al 
(2010) the waste fraction should contain 30 ml hexane, but when an analysis was performed on the 
waste fraction it showed that some of the compounds also eluted in the waste. Therefor the amount 
of hexane wash was lowered to 5 ml.       
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The carbon column was placed on an empty column with the non-angled cut surface upwards and 
was then washed with 10 ml toluene, 10 ml dichloromethane and 30 ml hexane. The carbon column 
should be kept wet, and it was therefore very important to fill up the carbon column with hexane. 
The silica column was washed with 10 ml DCM and 30 ml hexane; also the silica column should be 
kept wet. The carbon column was then connected to the silica column with the non-angled cut 
surface upwards (Fig 3).  

The sample was added to the silica column and 5 ml of hexane was added, the system was 
pressurized and this fraction was eluted as waste (W). Afterwards, 20 ml of hexane was added and 
the eluate was collected (Fraction 1), until the solvent reached the neutral silica layer. The carbon 
column was transferred to a clean and empty column with the non-angled cut surface facing 
upwards. Then 20 ml of hexane, 10 ml of hexane:dichloromethane  (15:85) and 10 ml of DCM were 
added and the eluate was collected in the same beaker as used before (Fraction1). The carbon 
column was flipped with the angled side attached to the empty glass column, and 30 ml toluene was 
added and the eluate was collected as Fraction 2. The eluates were evaporated and the remaining 
small volume containing the analytes was transferred to an 8 ml amber glass vial and 25 µl of 
tetradecane was added to prevent any losses of the analyte. The round bottom flask was washed 
several times with hexane to ensure that all analytes have been transferred to the 8 ml vial. The vial 
was further evaporated by a gentle stream of nitrogen in order to reduce the volume before 
transferring the analytes to a GC-vial. When only a drop was remaining (presumably the 
tetradecane), the analytes were transferred to the GC-vial and then the 8 ml vial was rinsed with 
hexane three times (3x1.5 ml). The recovery standards (Appendix 8.2) were added to the GC-vial and 
evaporated down to around 25 µl. A simplified picture of the clean-up procedure is shown below  

 

Figure 3 The clean-up step by step. The carbon column and the silica column are washed individually with different 
solvent. The sample and hexane are added and eluted (W= waste). More solvent are added and eluted in the same round 

bottom flask (F=fraction)    

2.4 APGC set-up 
GC/MS is often used for volatile, non-polar and thermally stable compounds and the ionization often 
occurs under vacuum by using chemical ionization (CI) or electron ionization (EI). Electron ionization 
is the most commonly used ionization source in GC/MS. EI can cause major fragmentation of 
different molecules, which leads to that the molecular ion [M]•+ can be absent from the EI spectra. CI 
is a much softer ionization, which result in a better sensitivity and selectivity and also less matrix 
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interference, compared to EI. When atmospheric pressure ionization was introduced to GC/MS it 
improved the analytical capacity (Waters 2013). The APGC provides ultra-trace targeting 
quantification and fully characterisation of complex samples. Due to that the APGC uses a soft 
ionization technique it leads to less fragmentation, which can lead to higher sensitivity and specificity 
(Waters 2013). The ionization can be controlled to promote ionization via charged transfer, where N2 
is first ionized, which generates N2

+ and N4
+-ions. Further ion-molecule reactions will result in a more 

efficient ionization which can lead to elimination of different neutral contaminates that can produce 
noise (Waters 2015).  

2.5 Instrumental analysis  
The analysis of the different POPs was carried out on an APGC which were coupled to a mass 
spectrometer with a resolution >1000. The ionization was set to positive ionization mode and 
nitrogen gas (370 ml/min) was used as make-up gas to transfer the compounds into the ionization 
source. The analysis was performed in multiple reaction mode (MRM) for better sensitivity and 
selectivity of the different POPs. The column that was used for the analyses was a DB-5MS, 30m 
x0.250 mm, 0.25 µm (Agilent Technologies, Inc.). This column is suitable for temperature from -60 to 
325/350°C. All the injections were carried out in splitless mode.  Different compound groups required 
different parameter settings for the gas chromatograph and the mass spectrometer, and these are 
found in Appendix 8.6. A detailed summary of the analysed extracts included in this study are seen in 
Table 3.  

Table 3 List of all experiments and samples that was analysed with APGC  

Method development 
First experiment Waste Fraction 1 Fraction 2 

Mix of PCB and PBDE 
standards run on four 

cape tech columns 

  
x 

 
x 

Second experiment    
PCB x x x 

nBFR x x x 
Pest x x x 
PBDE x x x 

Mix of all  x x x 
Blank x x x 

Analysis of seal sample  
Seal blubber from 2005  x x*  
Seal blubber from 2013 x x*  

Blank x x*  
* The first and second fraction was combined for the analysis of the samples  

2.6 Chemicals regents and standard solution   
Solvents used for the analysis were purchased from various companies; Ethanol from VWR (Radnor, 
USA), n-hexane from Merck Chemicals (Darmstadt, Germany) and dichloromethane and tolusene 
from Fluka (Steinheim, Germany). Anhydrous sodium sulphate and tetradecane came from Sigma-
Aldrich (St. Louis, Missouri, USA) and 8-micron glass wool was obtained from Corning Incorporated 
(New York, USA). Different 13Carbon labelled standard solutions were used for the analysis and were 
purchased from various companies.  The internal standard and the recovery standard for planer PCB 
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and PCB were obtained from Cambridge Isotope Laboratories (Massachusetts, USA), the internal 
standard and recovery standard for PBDE and nBFR were obtained from Wellington Laboratories, 
(Southgate, Canada). The pesticide internal standard came from Cambridge Isotope Laboratories 
(Massachusetts, USA).  A detailed content of all compounds and the concentration of the internal 
standard and recovery standards can be found in Appendix 8.2   

3 Results  
Two seal blubber samples were extracted and analysed with the method described above. The 
quantification method was limited to a selective number of target compounds listed in Appendix 8.3 

The fat content determination showed that the sample from 2005 consists of 15.3% fat and the 
sample from 2013 consists of 10.8% fat. The different seal blubber samples had an initial weight of 
3.08 g (2005) and 2.5 g (2013).  

Due to the high amount of hexane that was used to wash the column after the sample was added, 
some concerns was raised that maybe some of the analysts was eluted in the waste fraction. Due to 
this that waste fraction was analysed and this showed that some of the persistent organic pollutants 
could be found in the waste. To avoid any losses of the analyte, the amount of hexane was lowered 
from 30 ml to 5 ml. The analysis of the different fractions showed that compounds that should have 
eluted in the first fraction (F1) also came out in the second fraction (F2). The analysis of 13C labelled 
PBDEs showed that for PBDE#154 about 38% also eluted in the second fraction, 36% for PBDE#153, 
3% for BDE#184 L. The analysis of 13C labelled PCBs showed that the mono-ortho PCBs ended up in 
the second fraction (F2) with about 80% for PCB#105, 75% for PCB#156 and 75% for PCB#118. The 
result from the analysis of 13C labelled nBFRs showed that around 70% of PBBZ ended up in the 
second fraction (F2).   

This study shows that it is possible to extract both organohalogen pesticides and novel brominated 
flame retardant by using the Cape Technology columns, where Yang et al (2013) and Yang et al 
(2010) only tested to extract dioxins/furans (PCDD/Fs), dioxin-like polychlorinated biphenyls 
(DIPCBs), polybrominated diphenyl ethers (PBDEs) and polychlorinated naphthalenes (PCNs).    

Two seal samples were analysed for the different compounds using the modified sample pre-
treatment protocol. Unfortunately, the chromatographic separation was poor when the seal samples 
were analysed for PBDEs, and only BDE#154 was detected with sufficient confidence above limit of 
detection. For this PBDE congener, the seal sample from 2005 showed a concentration of around 2.4 
ng/g lipid and for the sample from 2013 it was around 3.9 ng/g lipid. Poor chromatographic 
separations also occurred during the analysis of nBFR, and only PBBZ and HBBZ were quantified, see 
Appendix 8.4 for chromatograms of the quantified compounds. The seal sample from 2005 had 
concentration of 1.4 ng/g lipid (PBBZ) and 0.6 ng/g lipid (HBBZ) and the seal sample from 2013 had 
concentration of 0.6 ng/g lipid (PBBZ) and 0.2 ng/g lipid (HBBZ). The result for the analysis of 
organohalogen pesticides showed that the concentration of DDT is still high in both samples, around 
8 ng/g lipid for the sample from 2005 and around 9 ng/g lipid for the sample from 2013. The total 
concentration for the sum of pentachlorinated-PCBs was 590 ng/g lipid for the 2005 sample and 
around 2500 ng/g lipid (2013), for the sum of hexa-PCB around 340 ng/g lipid (2005) and 1170 ng/g 
lipid (2013), for the sum of hepta-PCB around 230 ng/g lipid (2005) and 1500 ng/g lipid (2013), for 
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the sum of octa-PCB around 130 ng/g lipid (2005) and 590 ng/g lipid, for the sum of nona-PCB around 
12 ng/g lipid (2005) and 40 ng/g lipid (2013) and for the sum of deca-PCB was around 5 ng/g lipid 
(2005) and 16 ng/g lipid (2013). The LOD for PCBs and pesticides was calculated as three times the 
noise in the blank sample and normalized against average lipid content for comparison to seal 
samples. The value of LOD for the PCBs was calculated as 2.66 and for pesticides as 0.13. The result 
for the organohalogen pesticides and the PCB congeners are shown in Table3.     
 
 Table 3 Results from the analysis of pesticides and PCB in ng/g lipid 

 2005 (ng/g lipid) 2013 (ng/g lipid) Recovery 2005 
(%) 

Recovery 2013 
(%) 

Pesticides    
HCB 1.73 1.01   
o,p-DDD 0.49 0.33   
p,p-DDT 8.28 8.94   
trans (y)-Chlordane 0.31 0.14   
cis (a)-Chlordane 0.28 0.17   
PCB congeners   
PCB #18 (tri-PCB) <LOD 8.42   
PCB #74 (tetra- PCB) 100 342   
PCB #79 (tetra- PCB) <LOD 512   
PCB #81 (tetra- PCB) <LOD 44.0   
PCB #95 (penta- PCB) 37.7 134   
PCB #101 (penta- PCB) 115 639 79.4 16.8 
PCB #99 (penta- PCB) 126 714   
PCB #87 (penta- PCB) 31.3 <LOD   
PCB #110 (penta- PCB) 57.6 243   
PCB #123 (penta- PCB) 10.2 28.9   
PCB #118 (penta- PCB) 146 586* 139 34.4 
PCB #105 (penta- PCB) 58.8 198 143 47.3 
PCB #114 (penta- PCB) 5.60 12.4   
PCB #126 (penta- PCB) <LOD <LOD   
PCB #153 (hexa- PCB) 98.5 288 202 75.4 
PCB #138 (hexa- PCB) 71.5 323 217 72.1 
PCB #156 (hexa- PCB) 132 444 107 20.7 
PCB #157 (hexa- PCB) 41.5 118   
PCB #178 (hepta- PCB) 29.7 67.8   
PCB #187 (hepta- PCB) 73.6 284   
PCB #174 (hepta- PCB) 14.5 30.8   
PCB #180 (hepta- PCB) 120 440 255 58.9 
PCB #170 (hepta- PCB) <LOD 655 7.5 26.7 
PCB #189 (hepta- PCB) <LOD 20.7   
PCB #202 (octa- PCB) 15.7 8.87 109 21.4 
PCB #203 (octa- PCB) 49.8 272   
PCB #195 (octa- PCB) <LOD 69.5   
PCB #194 (octa- PCB) <LOD 246 99.0 17.3 
PCB #205 (octa- PCB) 71.0 <LOD   
PCB #206 (nona- PCB) 12.0 40.2 113 19.8 
PCB #209 (deca- PCB) 5.35 16.4 104 18.7 

*The peak was oversaturated, see Appendix 8.4 for chromatogram  
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4 Discussion 
The fat content determination that was performed in this study shows very low lipid content. One 
reason for this was that the samples might contain other tissues other than blubber. This was noticed 
during the homogenization that the sample was stringy which could be connective tissues. In a study 
conducted by Severinsen et al (2000), the average lipid content from blubber samples was around 
87.3±4.8%. The reason for the high lipid content could be that Severinsen et al (2000) used another 
method to elute the fat. They eluted the fat two times with cyclohexane and acetone using an 
ultrasonic homogenizer, where as in this study the fat was eluted with a 1:1 mix of n-
hexane/dichloromethane in open glass columns.  Furthermore, variation in fat content can also 
depend on where in the body the fat samples were taken. If the sample was taken around the 
abdominal area, there will be a higher fat content in comparison to sample taken around the 
sternum. The reason is that the stomach is made up of more fat to protect that major organs and 
higher fat content is usually associated with higher levels of POPs.  

The method development for the column from Cape Technologies was first carried out by the 
methods suggested by Yang et al (2013) and Yang et al (2010), in which both procedures were able to 
separate mono-ortho PCBs and PBDE in the first fraction and the non-ortho PCB in the second 
fraction. A carbon column is often used to remove planar PCB which can interfere with the analysis of 
dioxins. Due to that no dioxin analysis was performed during this study, the carbon column could 
have been removed during the clean-up process. By not using the carbon column during the clean-up 
it will lead to faster elution, since the carbon column increases the back pressure and slows down the 
elution. Due to that carbon columns were used during this study it could be one reason why no result 
or very low concentration was obtained from the analysis of PCB#77, #126 and #169. In this study, 
the PCB analysis showed that this was not achieved. The first fraction should contain mono-ortho 
PCBs and PBDEs and the second fraction should contain non-ortho planar PCBs and dioxins according 
to Yang et al (2013) and Yang et al (2010). In this study the separation was not as efficient as above 
mentioned studies and some compounds expected to elute in the second fraction eluted already in 
the first fraction. The result that was obtained from the method development also showed at there 
are very large fractions of PBDEs in the second fraction, which was different from the referred 
studies. For PBDE#154 around 38% was found in the second fraction, 36% for PBDE#153, 3% for 
PBDE#184 and 45% for PBDE#138. Furthermore, result that was obtained for the nBFRs showed that 
71% of PBBZ ended up in the second fraction. No result could be obtained on the elution profile of 
the pesticides in different fractions since that no 13C labelled pesticide standard was added in the 
preliminary test. As many of the different compound eluted in both the first and second fraction, it 
was determined that both fractions were combined in the subsequent analysis. In the second part of 
the method development, the waste fraction was also analysed, to see if the washing step was 
successful or if some analytes could end up in the waste fraction. When the waste fraction was 
analysed it showed that many compound were also detected in the fraction. Due to this, the amount 
of hexane that was used for the washing step was lowered from 10 ml to 5 ml. When only 5 ml of 
hexane was used it gave much better result.  

The poor results for the PBDEs and nBFRs may be due the fact that the samples were not sufficiently 
cleaned during the sample preparation step, and this led to contamination of the GC column and 
transfer line to the mass spectrometer. The transfer line can easy get dirty as it is made of 
deactivated silica. In this case the transfer line does not heat up evenly, which leads to that the 
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columns can get burned and leads to poor chromatogram. Contamination of the column and the 
transfer line can lead to poor chromatographic separation, especially for later eluting peaks. This was 
apparent as standards were analysed both in the beginning before the analysis of the seal samples 
and once again at the end of the analysis (Fig 4). This showed a clear difference between the 
standards runs, where the first run of the standard showed good peak separation, while the last run 
of the same standards showed a poor peak separation and also lower intensities (Fig 4). A 
comparison of the chromatograms between the different runs can be found in Appendix 8.5. By 
looking at the different chromatograms (Appendix 8.5) it was clear that PBDEs and nBFRs were much 
more sensitive to these changes. This was the main reason why reliable results were only obtained 
for the pesticides and PCB and not for the PBDEs and nBFRs. No result from the different blanks were 
included in this study due to some minor human errors, where no internal standard or recovery 
standard were added to the blanks. Furthermore, the analysis of the nBFRs was unsatisfactory as the 
nBFR method that was used was not fully optimized for the recovery standards. 

 

 

Figure 4 Example of a good and poor chromatogram of PBDE standard 

According to Yang et al (2013) and Yang et al (2010), mono-ortho PCBs should have ended up in the 
first fraction (F1). For example PCB#105 81% ended up in the second fraction of the total amount, 
75% for PCB#156 and 75% for PCB#118. The analysis of PCBs (Fig 5) and DDT (Fig 6) in the ringed 
seals shows that there is still a problem with those compounds in the Baltic Sea. It was mainly the 
non-dioxin-like PCB and the metabolites of DDT (DDE and DDD) that were still present in the seals. 
One reason to this could be that the ringed seal have a better metabolism towards the non-ortho 
and mono-ortho PCB (Routti et al. 2005). This could be explained by the low accumulation of the 
non- ortho and mono-ortho PCB as CYP1A, which is involved in the metabolism of these compounds, 
is expressed at higher levels in the Baltic seal. CYP1A belongs to the cytochrome P450 enzymes that 
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are involved in phase I biotransformation of different exogenous compounds. When the CYPs are 
involved in the metabolism it will result in alteration in toxicity of the parent compound.  

Due to the high levels of PCBs and DDT in the ringed seal it is likely that they cannot metabolise these 
compounds in a proper way (Nyman et al. 2000). It has been shown in many studies that there is an 
increase of the higher chlorinated PCB congeners (Routti et al. 2005, Boon et al. 1994, Hoekstra et al. 
2003, Hop et al.2002). In order to compare the PCB profiles among the seal samples, a homolog 
profile based on the total of congeners with the same chlorination degree was constructed as seen in 
Figure 4. This shows that the two samples from 2005 and 2013 almost have the same homologue 
profile. There was a slight difference for penta PCB and hexa-PCB, with lower relative abundance of 
hexa-PCB in the 2013 sample compared to 2005, and an increase in penta-PCB compared to from 
2005.  

 

Figure 5 Percent of the total concentration of different PCB homologues that could be found in both seal samples 

 

Figure 6 Percent of the concentration of different pesticides 
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5 Conclusions 
This study shows that it is possible to use Cape Technology columns for the clean-up for different 
POPs. The seal was an application to test how well the clean-up was, this shows that there is still a 
serious problem with PCBs and DDT in the ringed seal of the Baltic Sea.  High levels of POPs could 
cause a negative effect on the seal population, which could result in disturbance of the ecosystem. 
DDT has been shown to cause alteration to the development of the sperm and egg. When the 
reproduction system becomes affected in both the male and the female seal it could result in less 
offsprings being born. By having a faster and efficient pre-treatment and analytical method, it could 
be easier to acquire quicker results which can lead to faster improvements regarding the current 
problem of different POPs that can be found in the Baltic Sea and the ringed seal. Due to the problem 
with the analysis of PBDEs and nBFRs, no reliable result could be obtained. As both PBDEs and nBFRs 
are used worldwide and has been shown to be long-ranged transported, they are almost bound to 
end up in the ocean. Other studies that has focused on the analysis of PBDEs has shown high levels of 
this flame retardants in the aqueous ecosystem, which could also affect marine mammals in a 
negative way.  

The pre-packed silica columns (Cape Technologies) used in this study have a good potential to make 
the clean-up much easier and less time consuming. For example, in routine dioxin analysis, the 
sample preparation that is required to prepare one batch of samples could take at least two days. 
When the clean-up is done in a multilayer silica column, the silica must be baked in an oven for at 
least 24 hours and the preparation of the different column layers is also time consuming. By using 
the Cape Technologies columns the clean-up for dioxins and PCBs could be performed in less than 
one day.  As the pre-packed silica columns (Cape Technologies) are a relative new method, many 
protocols for different compounds are not fully developed to receive the best result. Further studies 
are therefore needed on these columns to further improve the sample clean-up and fractionation of 
the different POPs in environmental samples.      
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8 Appendices  

8.1 Chemical structure of nBFR 

 

 
 
 
 
 
Decabromodiphenyl ethane 

 

 
 
 
1,2-bis(2,4,6-tribromophenoxy) ethane 

 

 
 
 
 
2-ethylhexyl-2,3,4,5-tetrabromobenzoate 

 

 
 
 
 
 
Tetrabromobisphenol A-bis(2,3-
dibromopropylether) 
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Hexachlorocyclopentadienyldibromo-
cyclooctane 

 

 

 
 
 
 
 
 
 
Bis(2-ethylhexyl)-3,4,5,6-tetrabromo-
phthalate 

 

 
 
 
Pentabromobenzene 

 

 
 
 
 
Perbromobenzene 

8.2 13C standards – internal standard and recovery standard  
  

Internal standards (IS) 
13C IS Planar PCBs  
Congener  Concentration (pg/µl) 
#77 10 
#126 10 
#169 10 
13C IS PCB-mix 
Congener  Concentration (pg/µl) 
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#28 30 
#52 30 
#70 30 
#101 30 
#105 30 
#118 30 
#138 30 
#153 30 
#156 30 
#170 30 
#180 30 
#194 30 
#202 30 
#206 30 
#209 30 
13C IS PBDE  
Congener  Concentration (pg/µl) 
#28 L 200 
#47 L 200 
#99 L 200 
#100 L 200 
#153 L 200 
#154 L 200 
#183 L 200 
13C IS nBFR 
Congener  Concentration (pg/µl) 
13C PBBZ 200 
M6 M BDE#47 200 
13C BTBPE 200 
13C DBDPE 200 
13C BDE#209 200 
13C IS-Pest 
Compound  Concentration (pg/µl) 
Alpha-BHC 10 
Hexachlorobenzene 10 
Lindane  10 
Beta-BHC 10 
Delta-BHC 10 
Heptachlor 10 
Aldrin 10 
Oxychlordane  10 
cis-heptachlor epoxide 10 
2,4´-DDE 10 
trans-chlordane (gamma) 10 
trans-nonachlor 10 
4,4´-DDE 10 
Dieldrin 10 
2,4´-DDD 10 
Endrin 10 
2,4´- DDT  10 
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cis-nonachlor  10 
4,4´-DDD 10 
4,4´-DDT 10 
Mirex  10 

Recovery standards (RS) 
13C RS PCBs  
Congener  Concentration (pg/µl) 
#81 31.65 
#114 30.65 
#178 30.90 
13C RS PBDE  
Congener  Concentration (pg/µl) 
#77 L 200 
#138 L 200 

 

8.3 12C standards  
Table 4 the compounds marked bold were the those that was quantified  

12C standards  
12C nBFR mix A – Wellington Laboratories, Southgate,  Canada   
Congener  Concentration (pg/µl) 
pTBX 150 
PBEB 150 
PBT 150 
DPTE 150 
PBBZ 150 
aTBCO 150 
bTBCO 150 
ab TBECH  150 
gd TBECH 150 
HBBZ 150 
Me TBBA 150 
PBBA 150 
HCDBCO 150 
EHTBB 150 
BEHTBP 150 
12C nBFR mix B – Wellington Laboratories, Southgate,  Canada   
Congener  Concentration (pg/µl) 
BTBPE 200 
OBIND 200 
MeOBDES 200 
2PMBDE68 200 
6MBDE47 200 
5MBDE47 200 
4PMBDE49 200 
5PMBDE100 200 
4PMBDE103 200 
5PMBDE99 200 
4PMBDE101 200 
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BDE#209 200 
12C pest mix – Dr. Ehrenstorfer, Augsburg, Germany  
Congener  Concentration (pg/µl) 
Alderin 10 
cis-Chlordane (alpha) 10 
Trans-Chlordane (gamma) 10 
Oxy-Chlordane  10 
2,4-DDD 10 
4,4-DDD 10 
2,4-DDE 10 
4,4-DDE 10 
2,4-DDT 10 
4,4-DDT 10 
Dieldrin 10 
alpha-Endosulfan 10 
beta-Endosulfan 10 
Endrin 10 
alpha-HCH 10 
beta-HCH 10 
gamma-HCH 10 
delta-HCH 10 
epsilon-HCH 10 
Heptachlor-exo-epoxide (Isomer B) 10 
Heptachlor-endo-epoxide (Isomer A) 10 
Hexachlorobenzene  10 
Isodrin  10 
Methoxychlor 10 
Mirex 10 
2,4,4-Trichlorobiphenyl 10 
2,2,5,5-Tetrachlorobiphenyl 10 
2,2,4,5,5-Pentachlorobiphenyl 10 
2,2,3,4,4,5-Hexachlorobiphenyl 10 
2,2,4,4,5,5-Hexachlorobiphenyl 10 
2,2,3,4,4,5,5-Heptachlorobiphenyl 10 
12C PCB mix – Cambridge Isotope Laboratories, Massachusetts, USA  
Congener  Concentration (pg/µl) 
#1  200 
#3  200 
#4  200 
#8  200 
#9  200 
#10  200 
#11  200 
#12  200 
#15  200 
#18  100 
#19  100 
#28  100 
#31  100 
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#33  100 
#35  100 
#37  100 
#38  100 
#44  100 
#49  100 
#52  100 
#54  100 
#57  100 
#66  100 
#70  100 
#74  100 
#77 (ortho) 100 
#78  100 
#79  100 
#81 (ortho) 100 
#87  100 
#95  100 
#99  100 
#101  100 
#104  100 
#105 (mono) 100 
#110  100 
#111  100 
#114 (mono) 100 
#118 (mono) 100 
#123 (mono) 100 
#126 (ortho) 100 
#138  100 
#149  100 
#153  100 
#155  100 
#156 (mono) 100 
#157 (mono) 100 
#162  100 
#167  100 
#169 (ortho) 100 
#170  100 
#174  100 
#178  100 
#180  100 
#187  100 
#188  100 
#189 (mono) 100 
#194  100 
#195  100 
#199  100 
#202  100 
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#203  100 
#205  100 
#206 100 
#208  100 
#209 100 
12C PBDE mix – Wellington Laboratories, Southgate,  Canada   
Congener  Concentration (pg/µl) 
BDE-1  20 
BDE-2  20 
BDE-3  20 
BDE-7  20 
BDE-10 20 
BDE-15 20 
BDE-17 20 
BDE-28 20 
BDE-30 20 
PBEB 20 
HBBZ 20 
BDE-47 40 
BDE-49 40 
BDE-66 40 
BDE-71 40 
BDE-77 40 
BDE-85 40 
BDE-99 40 
BDE-100 40 
BDE-119 40 
BDE-126 40 
BDE-138 40 
BDE-139 40 
BDE-140 40 
BDE-153 40 
BDE-154 40 
BDE-156 40 
BDE-169 40 
BB-153 40 
BTBPE 40 
BDE-171 80 
BDE-180 80 
BDE-183 80 
BDE-184 80 
BDE-191 80 
BDE-196 80 
BDE-197 80 
BDE-201 80 
BDE-203 80 
BDE-204 80 
BDE-205 80 
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BDE-206 200 
BDE-207 200 
BDE-208 200 
BDE-209 200 
DBDPE 400 

8.4 Quantification of POPs 
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8.5 Comparison of standards  
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8.6 Instrumental setting for APGC 

8.6.1 PBDE 
 

Settings on the APGC for PBDEs 
Initial temperature  
Maximum temperature 

180 °C 
330 °C 

Rate (Deg °C/min) 
Final Temperature (Deg °C) 

3.50 (first) 
190 
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Hold time (min) 
Total time (min) 

0.00 
4.86 

Rate (Deg °C/min) 
Final Temperature (Deg °C) 
Hold time (min) 
Total time (min) 

6.50 (second) 
300 
5.00 

26.78 
Back inlet 
Inlet mode  
Inlet type  

Pulsed splitless 
Split/splitless 

Column 
Inlet mode Constant flow 
Inlet initial flow 2.000 ml/min 
Inlet initial pressure  6.9 kPa 
Gas type Helium 

 

Function 1 for analysis  of PBDEs 
Scans in function  467     
Cycle time (secs) Automatic      
Inter Scan delay (secs) Automatic      
Inter Channel Delay (secs) Automatic      
Span (Da) 0,000     
Start and End time (mins) 2,510 to 6,700     
Ionization mode  AP+     
Data type Sim or MRM data     
Function type  MRM of 4 channels  
Chan Reactions Dwell (secs) Cone Volt. Col. Energy Delay (secs)   Compound 
1 : 248,00 > 141,20 0,130 30,0 20,0 Auto MonoBDE 
2 : 250,00 > 141,20 0,130 30,0 20,0 Auto MonoBDE 
3 : 327,90 > 168,10 0,130 30,0 19,0 Auto DiBDE 
4 : 329,90 > 168,10 0,130 30,0 20,0 Auto DiBDE 

Function 2 for analysis  of PBDEs 
Scans in function  407     
Cycle time (secs) Automatic      
Inter Scan delay (secs) Automatic      
Inter Channel Delay (secs) Automatic      
Span (Da) 0,000     
Start and End time (mins) 6,700 to 10,060     
Ionization mode  AP+     
Data type Sim or MRM data     
Function type  MRM of 4 channels  
Chan Reactions  Dwell (secs) Cone Volt. Col. Energy Delay (secs) Compound 
1 : 405,80 > 246,00 0,120 30,0 24,0 Auto TriBDE 
2 : 407,80 > 249,00 0,120 30,0 24,0 Auto TriBDE 
3 : 417,80 > 258,00 0,120 30,0 24,0 Auto 13C TriBDE 
4 : 419,80 > 260,00 0,120 30,0 24,0 Auto 13C TriBDE 

Function 3 for analysis  of PBDEs 
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Scans in function  285     
Cycle time (secs) Automatic      
Inter Scan delay (secs) Automatic      
Inter Channel Delay (secs) Automatic      
Span (Da) 0,000     
Start and End time (mins) 10,060 to 15,590     
Ionization mode  AP+     
Data type Sim or MRM data     
Function type  MRM of 4 channels  
Chan Reactions  Dwell (secs) Cone Volt. Col. Energy Delay (secs) Compound 
1 : 405,80 > 246,00 0,150 30,0 26,0 Auto TeBDE 
2 : 407,80 > 249,00 0,150 30,0 26,0 Auto TeBDE 
3 : 417,80 > 258,00 0,150 30,0 26,0 Auto 13C TeBDE 
4 : 419,80 > 260,00 0,150 30,0 26,0 Auto 13C TeBDE 

Function 4 for analysis of PBDEs 
Scans in function  314     
Cycle time (secs) Automatic      
Inter Scan delay (secs) Automatic      
Inter Channel Delay (secs) Automatic      
Span (Da) 0,000     
Start and End time (mins) 13,000 to 15,590     
Ionization mode  AP+     
Data type Sim or MRM data     
Function typ  MRM of 4 channels  
Chan Reactions  Dwell (secs) Cone Volt. Col. Energy Delay (secs) Compound 
1 : 405,80 > 246,00 0,120 40,0 27,0 Auto PeBDE 
2 : 407,80 > 249,00 0,120 40,0 27,0 Auto PeBDE 
3 : 417,80 > 258,00 0,120 40,0 27,0 Auto 13C PeBDE 
4 : 419,80 > 260,00 0,120 40,0 27,0 Auto 13C PeBDE 

Function 5 for analysis of PBDEs 
Scans in function  904     
Cycle time (secs) Automatic      
Inter Scan delay (secs) Automatic      
Inter Channel Delay (secs) Automatic      
Span (Da) 0,000     
Start and End time (mins) 15,590 to 25,600     
Ionization mode  AP+     
Data type Sim or MRM data     
Function typ  MRM of 8 channels  
Chan Reactions  Dwell (secs) Cone Volt. Col. Energy Delay (secs) Compound 
1 : 643,50 > 481,70 0,080 30,0 28,0 Auto HxBDE 
2 : 643,50 > 483,70 0,080 30,0 28,0 Auto HxBDE 
3 : 653,50 > 493,70 0,080 35,0 25,0 Auto 13C HxBDE 
4 : 655,50 > 495,70 0,080 35,0 25,0 Auto 13C HxBDE 
5 : 721,40 > 561,60 0,080 35,0 35,0 Auto HpBDE 
6 : 721,40 > 563,60 0,080 35,0 35,0 Auto HpBDE 
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7 : 733,40 > 573,60 0,080 30,0 25,0 Auto 13C HpBDE 
8 : 733,40 > 575,60 0,080 30,0 25,0 Auto 13C HpBDE 

 

8.6.2 Pesticides and PCBs  
Settings on the APGC for Pesticides and PCBs 

Initial temperature  
Maximum temperature 

180 °C 
330 °C 

Rate (Deg °C/min) 
Final Temperature (Deg °C) 
Hold time (min) 
Total time (min) 

3.50 (first) 
260 
0.00 

24.86 
Rate (Deg °C/min) 
Final Temperature (Deg °C) 
Hold time (min) 
Total time (min) 

6.50 (second) 
300 
0.00 

31.01 
Back inlet 
Inlet mode  
Inlet type  

Pulsed splitless 
Split/splitless 

Column 
Inlet mode Constant flow 
Inlet initial flow 2.000 ml/min 
Inlet initial pressure  6.9 kPa 
Gas type Helium 

 

Function 1 for analysis of Pesticides and PCBs 
Scans in function  461     
Cycle time (secs) Automatic      
Inter Scan delay (secs) Automatic      
Inter Channel Delay (secs) Automatic      
Span (Da) 0,000     
Start and End time (mins) 0,000 to 7,800     
Ionization mode  AP+     
Data type Sim or MRM data     
Function type  MRM of 16 channels      
Chan Reactions  Dwell (secs) Cone Volt. Col. Energy Delay (secs) Compound 
1 : 248,00 > 141,20 0,030 30,0 20,0 Auto HCH 
2 : 250,00 > 141,20 0,030 30,0 20,0 Auto HCH 
3 : 327,90 > 168,10 0,030 30,0 30,0 Auto DDE 
4 : 329,90 > 168,10 0,030 30,0 25,0 Auto TriPCB 
5 : 248,00 > 141,20 0,030 30,0 25,0 Auto TriPCB 
6 : 250,00 > 141,20 0,030 30,0 25,0 Auto 13C TriPCB 
7 : 327,90 > 168,10 0,030 30,0 20,0 Auto Heptachlor 
8 : 329,90 > 168,10 0,030 30,0 30,0 Auto HCB 
9 : 248,00 > 141,20 0,030 30,0 30,0 Auto HCB 
10 : 250,00 > 141,20 0,030 30,0 25,0 Auto TeCB 
11 : 327,90 > 168,10 0,030 30,0 25,0 Auto TeCB 
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12 : 329,90 > 168,10 0,030 30,0 25,0 Auto 13C TeCB 
13 : 248,00 > 141,20 0,060 30,0 35,0 Auto PeCB 
14 : 250,00 > 141,20 0,060 30,0 35,0 Auto PeCB 
15 : 327,90 > 168,10 0,030 30,0 20,0 Auto Heptachlor 
16 : 329,90 > 168,10 0,060 30,0 35,0 Auto 13C PeCB 

Function 2 for analysis of Pesticides and PCBs 
Scans in function  220     
Cycle time (secs) Automatic      
Inter Scan delay (secs) Automatic      
Inter Channel Delay (secs) Automatic      
Span (Da) 0,000     
Start and End time (mins) 11,500 to 15,000     
Ionization mode  AP+     
Data type Sim or MRM data     
Function type  MRM of 15 channels      
Chan Reactions  Dwell (secs) Cone Volt. Col. Energy Delay (secs) Compound 
1 : 235,00 > 165,00 0,060 20,0 30,0 Auto o,p DDD/ p,p DDT 
2 : 237,00 > 165,00 0,060 20,0 30,0 Auto o,p DDD/ p,p DDT 
3 : 326,00 > 256,00 0,060 30,0 35,0 Auto PeCB 
4 : 328,00 > 258,00 0,060 30,0 35,0 Auto PeCB 
5 : 338,00 > 268,00 0,060 30,0 35,0 Auto 13C PeCB 
6 : 345,00 > 276,00 0,060 20,0 10,0 Auto Diedrin 
7 : 345,00 > 281,00 0,060 30,0 10,0 Auto Endrin 
8 : 360,00 > 290,00 0,060 30,0 35,0 Auto HeCB 
9 : 362,00 > 292,00 0,060 30,0 35,0 Auto HeCB 
10 : 372,00 > 302,00 0,060 30,0 35,0 Auto 13C HeCB 
11 : 380,00 > 277,00 0,060 20,0 20,0 Auto Diedrin 
12 : 380,00 > 345,00 0,060 20,0 20,0 Auto Endrin 
13 : 394,00 > 324,00 0,060 30,0 35,0 Auto HpCB 
14 : 396,00 > 326,00 0,060 30,0 35,0 Auto HpCB 
15 : 408,00 > 336,00 0,060 30,0 35,0 Auto 13C HpCB 

Function 3 for analysis of Pesticides and PCBs 
Scans in function  282     
Cycle time (secs) Automatic      
Inter Scan delay (secs) Automatic      
Inter Channel Delay (secs) Automatic      
Span (Da) 0,000     
Start and End time (mins) 7,800 to 11,500     
Ionization mode  AP+     
Data type Sim or MRM data     
Function type  MRM of 20 channels      
Chan Reactions  Dwell (secs) Cone Volt. Col. Energy Delay (secs) Compound 
1 : 290,00 > 220,00 0,030 30,0 25,0 Auto TeCB 
2 : 292,00 > 222,00 0,030 30,0 25,0 Auto TeCB 
3 : 304,00 > 234,00 0,030 30,0 25,0 Auto 13C TeCB 
4 : 316,00 > 246,00 0,030 30,0 30,0 Auto DDE 
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5 : 318,00 > 248,00 0,030 30,0 30,0 Auto DDE 
6 : 326,00 > 256,00 0,030 30,0 35,0 Auto PeCB 
7 : 328,00 > 258,00 0,030 15,0 35,0 Auto PeCB 
8 : 329,00 > 195,00 0,030 30,0 20,0 Auto Isodrin 
9 : 338,00 > 268,00 0,030 20,0 35,0 Auto 13C PeCB 
10 : 345,00 > 276,00 0,030 30,0 20,0 Auto Diedrin 
11 : 345,00 > 281,00 0,030 20,0 10,0 Auto Endrin 
12 : 353,00 > 253,00 0,030 10,0 10,0 Auto Heptachlorepoxid 
13 : 353,00 > 263,00 0,030 15,0 20,0 Auto Heptachlorepoxid 
14 : 364,00 > 195,00 0,030 30,0 20,0 Auto Isodrin 
15 : 373,00 > 266,00 0,030 30,0 30,0 Auto Chlordane  
16 : 375,00 > 268,00 0,030 20,0 30,0 Auto Chlordane  
17 : 380,00 > 277,00 0,030 20,0 20,0 Auto Diedrin 
18 : 380,00 > 345,00 0,030 20,0 20,0 Auto Endrin 
19 : 407,00 > 300,00 0,030 30,0 15,0 Auto Nona-chlordane  
20 : 409,00 > 302,00 0,030 30,0 15,0 Auto Nona-chlordane  

Function 4 for analysis of Pesticides and PCBs 
Scans in function  847     
Cycle time (secs) Automatic      
Inter Scan delay (secs) Automatic      
Inter Channel Delay (secs) Automatic      
Span (Da) 0,000     
Start and End time (mins) 15,000 to 31,000     
Ionization mode  AP+     
Data type Sim or MRM data     
Function type  MRM of 15 channels      
Chan Reactions  Dwell (secs) Cone Volt. Col. Energy Delay (secs) Compound 
1 : 360,00 > 290,00 0,060 30,0 35,0 Auto HeCB 
2 : 362,00 > 292,00 0,060 30,0 35,0 Auto HeCB 
3 : 372,00 > 302,00 0,060 30,0 35,0 Auto 13C HeCB 
4 : 394,00 > 324,00 0,060 30,0 35,0 Auto HpCB 
5 : 408,00 > 326,00 0,060 30,0 35,0 Auto HpCB 
6 : 427,70 > 336,80 0,060 30,0 35,0 Auto 13C HpCB 
7 : 429,70 > 357,80 0,080 30,0 35,0 Auto OCB 
8 : 429,70 > 359,80 0,080 30,0 35,0 Auto OCB 
9 : 441,80 > 371,80 0,080 30,0 35,0 Auto 13C OCB 
10 : 461,70 > 391,80 0,080 30,0 35,0 Auto NoCB 
11 : 463,70 > 393,80 0,080 30,0 35,0 Auto NoCB 
12 : 475,80 > 405,80 0,080 30,0 35,0 Auto 13C NoCB 
13 : 497,70 > 427,80 0,080 30,0 35,0 Auto DeCB 
14 : 499,70 > 429,80 0,080 30,0 35,0 Auto DeCB 
15 : 509,70 > 439,80 0,080 30,0 35,0 Auto 13C DeCB 

 

8.6.3 nBFR 
Settings on the APGC for nBFRs 
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Initial temperature  
Maximum temperature 

180 °C 
330 °C 

Rate (Deg °C/min) 
Final Temperature (Deg °C) 
Hold time (min) 
Total time (min) 

3.50 (first) 
190 
0.00 
4.86 

Rate (Deg °C/min) 
Final Temperature (Deg °C) 
Hold time (min) 
Total time (min) 

8.00 (second) 
300 
7.00 

25.61 
Back inlet 
Inlet mode  
Inlet type  

Pulsed splitless 
Split/splitless 

Column 
Inlet mode Constant flow 
Inlet initial flow 2.000 ml/min 
Inlet initial pressure  6.9 kPa 
Gas type Helium 

 

Function 1 for analysis of nBFRs 
Scans in function  649     
Cycle time (secs) Automatic      
Inter Scan delay (secs) Automatic      
Inter Channel Delay (secs) Automatic      
Span (Da) 0,000     
Start and End time (mins) 3,50 to 8,920     
Ionization mode  AP+     
Data type Sim or MRM data     
Function type  MRM of 4 channels      
Chan Reactions Dwell (secs) Cone Volt. Col. Energy Delay (secs) Compound 
1 : 471,60 > 392,70 0,120 Tune 31,0 Auto PBBZ 
2 : 473,60 > 394,70 0,120 Tune 31,0 Auto PBBZ 
3 : 477,60 > 398,70 0,120 Tune 30,0 Auto 13C PBBZ 
4 : 479,60 > 400,70 0,120 Tune 30,0 Auto 13C PBBZ 

Function 2 of analysis of nBFRs 
Scans in function  372     
Cycle time (secs) Automatic      
Inter Scan delay (secs) Automatic      
Inter Channel Delay (secs) Automatic      
Span (Da) 0,000     
Start and End time (mins) 8,920 to 12,800     
Ionization mode  AP+     
Data type Sim or MRM data     
Function type  MRM of 6 channels      
Chan Reactions  Dwell (secs) Cone Volt. Col. Energy Delay (secs) Compound 
1 : 495,70 > 337,90 0,100 Tune 26,0 Auto 13C TeBDE 
2 : 497,70 > 337,90 0,100 Tune 26,0 Auto 13C TeBDE 
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3 : 549,50 > 470,60 0,100 Tune 30,0 Auto HBBZ 
4 : 551,50 > 472,60 0,100 Tune 30,0 Auto HBBZ 
5 : 557,50 > 476,60 0,100 Tune 32,0 Auto 13C HBBZ 
6 : 559,50 > 478,60 0,100 Tune 32,0 Auto 13C HBBZ 

Function 3 analysis of nBFRs 
Scans in function  268     
Cycle time (secs) Automatic      
Inter Scan delay (secs) Automatic      
Inter Channel Delay (secs) Automatic      
Span (Da) 0,000     
Start and End time (mins) 12,800 to 15,300     
Ionization mode  AP+     
Data type Sim or MRM data     
Function type  MRM of 6 channels      
Chan Reactions  Dwell (secs) Cone Volt. Col. Energy Delay (secs) Compound 
1 : 513,70 > 355,90 0,090 Tune 22,0 Auto 5MBDE47/4PMBDE49 
2 : 513,70 > 419,80 0,090 Tune 32,0 Auto 2PMBDE68/6MBDE47 
3 : 515,70 > 355,90 0,090 Tune 22,0 Auto 5MBDE47/4PMBDE49 
4 : 515,70 > 421,80 0,090 Tune 32,0 Auto 2PMBDE68/6MBDE47 
5 : 525,70 > 367,90 0,090 Tune 25,0 Auto M6 MBDE 47 
6 : 527,70 > 367,90 0,090 Tune 25,0 Auto M6 MBDE 47 

Function 4 for analysis of nBFRs 
Scans in function  244     
Cycle time (secs) Automatic      
Inter Scan delay (secs) Automatic      
Inter Channel Delay (secs) Automatic      
Span (Da) 0,000     
Start and End time (mins) 15,300 to 17,850     
Ionization mode  AP+     
Data type Sim or MRM data     
Function typs  MRM of 6 channels      
Chan Reactions  Dwell (secs) Cone Volt. Col. Energy Delay (secs) Compound 
1 : 593,60 > 433,80 0,100 Tune 27,0 Auto EFGH 
2 : 595,60 > 435,80 0,100 Tune 26,0 Auto EFGH 
3 : 605,60 > 511,70 0,100 Tune 30,0 Auto M6 MBDE 100 
4 : 607,60 > 493,70 0,100 Tune 30,0 Auto M6 MBDE 100 
5 : 653,60 > 493,70 0,100 Tune 28,0 Auto 13C HxBDE 
6 : 655,60 > 495,70 0,100 Tune 28,0 Auto 13C HxBDE 

Function 5 for the analysis of nBFRs 
Scans in function  244     
Cycle time (secs) Automatic      
Inter Scan delay (secs) Automatic      
Inter Channel Delay (secs) Automatic      
Span (Da) 0,000     
Start and End time (mins) 17,850 to 25,000     
Ionization mode  AP+     
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Data type Sim or MRM data     
Function type MRM of 4 channels      
Chan Reactions  Dwell (secs) Cone Volt. Col. Energy Delay (secs) Compound 
1 : 685,60 > 356,80 0,100 Tune 15,0 Auto BTBPE 
2 : 687,60 > 358,80 0,100 Tune 15,0 Auto BTBPE 
3 : 699,60 > 362,80 0,100 Tune 12,0 Auto 13C BTBPE 
4 : 701,60 > 364,80 0,100 Tune 12,0 Auto 13C BTBPE 
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