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Abstract  

Dietary intake is one of the major routes of human exposure to perfluoroalkyl and/or 

polyfluoroalkyl substances (PFAS). The objective of this study was to measure 

perfluorooctane sulfonic acid (PFOS), perfluorooctanoic acid (PFOA) and perfluorohexane 

sulfonic acid (PFHxS) in organic and conventional egg from Sweden (n=8, consisted of 4 

pooled eggs and 4 individuals) and China (n=9, consisted of 4 pooled eggs and 5 individuals) 

and compare the concentrations of PFAS between the two categories (organic and 

conventional). Also, to evaluate if there was any difference in concentrations of PFAS 

between both countries. In the end, evaluation of tolerable weekly intake of PFOS and PFOA 

due to consumption of egg recommended by the European Food Safety Authority (EFSA) 

was conducted if consuming these eggs would cause any human health risk. Liquid 

chromatography-mass spectrometry (LC-MS/MS) was used to analyze PFOS, PFOA and 

PFHxS in the egg samples.  

In egg samples from China, PFOA was the predominant PFAS; in an organic egg sample 

from Shenzhen with concentration up to 2000 pg/g, making up to 86% of the 3 PFAS. In 

contrast, PFOS had the greatest concentration of all PFAS in egg samples from Sweden and 

was detected in organic egg sample with concentration up to 184 pg/g, making up to 78% of 

the 3 PFAS. PFOA in samples from China was 18 times higher compared to egg samples to 

Sweden; results showed no significant differences in PFAS concentrations in egg samples 

between Sweden and China. In samples from China, concentrations of PFAS had total mean 

of 50 pg/g for PFOS, 373 pg/g for PFOA and 13 pg/g for PFHxS. In Sweden, mean 

concentrations of PFOS, PFOA, and PFHxS were found to be 5, 2, and 1,5 times 

(respectively) higher in organic eggs when compared to conventional. However, significant 

difference was only observed for PFOS in Swedish organic eggs (p<0.05, t-7.96, df=6). The 

different concentrations of contamination between organic and conventional egg could be due 

to the fish powder in organic chicken feed and ingestion of soil through pecking. The result 

suggests that current concentrations of PFOS and PFOA in organic and conventional chicken 

eggs are unlikely to cause any immediate harm to Swedish populations. For Chinese 

population since the consumption of egg has a high risk of exceeding the TWI, the current 

concentration of PFOA in organic chicken eggs may cause harm to the population based on 

TWIs established by EFSA. Further investigation is needed with more samples to be analyzed 

to confirm this point. 

Keywords: PFOS; PFOA; Chicken Egg; LC-MS/MS; Organic egg; Conventional egg 
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Introduction  

Perfluoroalkyl and/or polyfluoroalkyl substances (PFAS) are anthropogenic organic 

compounds, known for their chemical stability because of the strong C-F bonding within the 

molecule (Buck et al., 2011; Kemi, 2015). This stability has made PFAS extremely resistant to 

thermal, biological and chemical degradation in the environment. Due to the ability to repel 

both water and oils, these substances are useful in many industrial and commercial 

applications (Buck et al., 2011; Kelly et al., 2009). These substances have been widely 

produced since 1950s in a large range of products including firefighting products, textile 

impregnating agents, insecticides and coating for food packaging (Buck et al., 2011; Kemi, 

2015; Kelly et al., 2009). The number of PFAS compounds has increased over the recent 

years and in total there are 4730 different PFAS-related substances identified (OECD, 2018).  

The most well-studied PFAS measured in biota and human blood are perfluorooctane 

sulfonic acid (PFOS) and perfluorooctanoic acid (PFOA), the toxicity and ecotoxicity of 

these two substances are the most extensively studied in the PFAS group (Buck et al., 2011; 

Järnberg et al., 2007; Kelly et al., 2009). Between 1980 and 2001, PFOS production was at its 

highest with a production volume of roughly 4500 ton per year (Paul et al., 2010). 

Perfluorohexane sulfonic acid (PFHxS) which belongs to PFAS group and has been used in 

variety of products as well (Stockholm Convention, 2018). The wide usage of all these 

compounds has led to inevitable distribution of PFASs in the environment, such as in air, 

drinking water, river and sewage (Banzhaf et al., 2017; Zhang et al., 2010). Detection of 

these compounds have been reported in human blood and breast milk as well (Sundström et 

al., 2011; Yeung et al., 2008).  

Dietary intake is one of the major exposure pathways of PFOS and PFOA One of the 

important contributors to human diet are chicken eggs, they are sources of many important 

minerals and vitamins such as selenium and Vitamin D (Livsmedelsverket, 2015) In Sweden 

eggs are an important ingredient in many foodstuffs (ibid). The consumption of egg 

corresponds to 11 kg per year which is about 222 eggs per person per year in Sweden 

(Jordbruksverket, 2018). In Chinese diet, chicken eggs are not a major part, but they are still 

an ingredient in many foodstuffs (Wang et al., 2008). According to FAO statistic (2019), egg 

consumption in Hong Kong reached to 14.5 kg per capita, about 290 eggs per person in 2013, 

and in mainland China 18,76 kg per capita, about 375 eggs per person in the same year(ibid).  

4 



5 
 

The European Food Safety Authority (EFSA) established the tolerable weekly intake (TWI) 

for PFOS and PFOA for protection of human health (EFSA, 2018). For PFOS the TWI is 13 

ng/kg body weight per week and for PFOA the TWI is 6 ng/kg body weight per week (ibid). 

The Swedish Environmental Protection Agency guideline value for fish for food consumption 

is 6 ng/g for PFOS (Naturvårdsverket, 2008). 

Aim 

The aim of the present study was to investigate PFOS and related chemicals (PFOA, PFHxS) 

contamination in organic and conventional chicken eggs collected from Sweden. Eggs also 

collected from China for comparison since China has been reported to manufacture and use 

PFOS in some applications. The hypotheses in this study were 1) the concentrations of PFOS 

and related chemicals may be higher in chicken eggs from China compare to Sweden since 

these substances are still manufacturing and in-use in China; and 2) levels of PFOS in eggs 

from organic origin may have higher levels of the conventional raised, because the chicken 

raised in organic farming may have exposed to PFOS from the background environment and 

their feed is organic food. Chicken eggs were collected from supermarket in Sweden (organic 

and conventional) and those from China analyzed for PFOS, PFOA and PFHxS with LC-

MS/MS.  

 

Background 

Perfluoroalkyl and/or polyfluoroalkyl substances (PFAS) 

PFAS are divided into two groups (per) or (poly) fluorinated carbon chain, commonly four to 

fifteen carbon chain long where all hydrogen atoms connected to carbon have been replaced 

by a fluorine atom for perfluorinated compound or some of the hydrogen is replaced with F 

for polyfluorinated compounds  (Kemi, 2015; Järnberg et al., 2007). These highly fluorinated 

substances have a hydrophobic tail made of a perfluorinated part and a hydrophilic 

component (either with a carboxylic acid or sulfonic acid groups) (Kemi, 2015). The 

chemical bond between carbon and fluorine is stable to acids, alkali, oxidation and reduction, 

which as it was mentioned earlier, gives PFAS superior thermal, chemical and biological 

stability (Järnberg et al., 2007; Naturvårdsverket, 2012).  

PFOS and PFOA are stable end products of some PFAS with structure of eight carbon (Buck 

et al., 2011; Kemi, 2015) (Figure 1). PFOS is part of the perfluoroalkyl sulfonic acids 

(PFSAs), while PFOA belongs to the perfluoroalkyl carboxylic acids (PFCAs) (Kemi, 2015). 
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These fluorinated organic acids are more acidic than their non-fluorinated analogues 

(Järnberg et al., 2007), their boiling points are lower compare to the non-fluorinated ones, and 

when it comes to the solubility, the strong bond between carbon-fluorine, strengthen the 

perfluoralkane chain, leading to limited interactions with other molecules (Järnberg, 2007; 

Kemi, 2015).  In other word the fluoroorganic carbon chains in both PFOS and PFOA are 

resistance to acid and base which leave them highly degradable in nature (ibid). 

 

 

Figure 1. Chemical structures of PFOS and PFOA  

 

PFAS contamination and issues 

The persistency of PFOS, PFOA and PFHxS in the environment has resulted in widespread 

environmental contamination (EFSA, 2018; Stockholm Convention, 2018). PFOS and other 

related chemicals do not get captured in the soil layers in the areas with contamination, 

instead they transport through the soil with penetrating surface water (Zafeiraki, 2015). The 

mobility of these substances in the soil layers leads to contamination of groundwater (ibid). 

PFOS and similar compounds do not evaporate once they reach surface water instead, they 

can be taken up by aquatic organisms in which they bioaccumulate along food chain (Kelly et 

al., 2009; Martin et al., 2003). Bioaccumulation of these substances in aquatic and terrestrial 

food chains is one of the main processes making the food contaminated (EFSA, 2018).  

Humans are exposed to PFAS from drinking water, ingestion of indoor dust and the main 

exposure route, food consumption (EFSA, 2018; Zhang et al., 2010). The food-producing 

animals can get exposed to PFAS contamination in the same way as humans (EFSA, 2018). 

In contaminated area, organisms are exposed to PFAS in surface water either directly via 

ambient water or through ingestion of fish and other aquatic organisms (EFSA, 2018). 

According to Järnberg et al. (2007) PFAS were eventually biomagnified in the food chain, 

leading to several toxicological effects. PFOS and PFOA were found in the highest levels in 

food such as fish, seafood and egg (EFSA, 2018). PFAS are very persistence and they are 

easily absorbed into the body (Martin et al., 2003). Unlike other persistent organic 
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contaminants, PFAS do not accumulate in fatty tissues. Instead, they attach to proteins in the 

body and accumulate primarily in the liver, blood, gall bladder and kidney (EFSA, 2018; 

Martin et al., 2003). PFOS and PFOA are easily absorbed in the gastrointestinal tract but they 

do not go through metabolism (EFSA, 2018). The predicted human halving time for PFOS is 

about 5 years and for PFOA are between 2-4 years (ibid). Hepatotoxicity, developmental 

toxicity, immunotoxicity and decreased body weights have been described in animal studies 

as main endpoints of health concern for PFAS toxicity (ibid).  

Sources 

There are many different sources found that can contribute to the PFAS in the environment 

worldwide (EFSA, 2018). A complete screening of all potential sources has not yet been 

performed anywhere in the world (ibid). Some sources of these substances can be found in 

air, snow, aquatic systems, river waters and sediments, marine waters, rainwater, drinking 

water, and wastewater (Banzhaf et al., 2017; UNEP, 2018). Generally, the highest PFAS 

concentrations can be found in groundwater, especially in fire training areas (Banzhaf et al., 

2017; UNEP, 2018). In Sweden these substances are also detected in some lakes and streams, 

this has caused a major problem for drinking water since 50 % of drinking water in Sweden 

comes from groundwater sources (Banzhaf et al., 2017). In China, PFOS and related 

chemicals are still manufacturing and widely being used in industry processes including 

production of metal plating, fire-fighting foams and aviation industries (Xie et al., 2012; Lim 

et al., 2011). These productions have extensively increased since 2003 which has led to the 

main contamination source of PFOS in the environment in China (ibid). 

Regulations 

PFOS has been included in Annex B of the Stockholm Convention for Persistent Organic 

Pollutants (POPs) in 2009 (UNEP, 2012). This has resulted in restrictions in production of 

PFOS substances (EFSA, 2018). Within EU, the most important regulatory framework for 

chemical, REACH (Registration, Evaluation, and Authorization of Chemicals) has prohibited 

PFOS and substances that can be broken down to PFOS (Kemi, 2015). PFOA will be banned 

in the EU next year and the topic has also passed the criteria for being classified as a POP and 

is proposed to be included in the Annex B of the Stockholm Convention (UNEP, 2018; 

Naturvårdsverket, 2019). For PFHxS there is no classification available in EU or globally but 

however, there is a proposal by Norway to list PFHxS under the Convention (UNEP, 2018). 

PFHxS has met the screening criteria specified in Annex D and it has been decided to review 
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the proposal further (ibid). In China there are no restrictions on limitation for PFAS, and 

these substances are still manufacturing (Xia et al., 2012).  

Chicken egg 

As mentioned earlier, chicken eggs are important contributors to human diet with many 

essential minerals and vitamins (Livsmedelsverket, 2015). Between 2000 to 2016, the yearly 

growth rate of egg production in China has been about 0.6 million tonnes per year (FAO, 

2017). In 2016 the egg production was at its highest with 31 million tonnes (ibid). In China 

production of egg continues in order to provide the population with high quality dietary 

protein (Yang et al., 2018). The consumption of egg is expected to increase with the growth 

of population in the urban area (ibid). In Sweden egg production has increased as well over 

the past ten years, by about 35 percent overall (Jordbruksverket, 2018), wholesale weighing 

of eggs in Sweden has increased from about 25,000 tonnes in the mid-1940s to about 85,000 

tonnes in 2010 (ibid). Although reduced production can be noted for some years (ibid). In 

2014, egg production temporary decremented by almost 6 percent due to transition towards 

ecological production (ibid).  

Organic egg 

Chickens producing the organic eggs must be able to move freely in the stable (should be 

free-range) and they must be able to go out into a resting place (pasture) when the weather 

permits (Svenska ägg1; Wall et al., 2016). Chickens should also have access to root crops and 

hey (Wall et al., 2016). The chicken feed must be organic, and it is important that their feed 

consists of all the essential minerals and vitamins. Methionine is an amino acid that is 

essential for chickens, but synthetic amino acids are not allowed in the feed (Anne Fanatico, 

2016). A highly concentrated protein, fish powder, is a great source of methionine for organic 

chickens (ibid). Chickens can eat worms and small insects from the soil or on the floor inside 

the stable as well, the exposure of chickens to the outdoor environment (soil), can make their 

products contaminated with pollutants such as PFAS (Zafieraki et al, 2015). Even though 

there are not much information available on PFASs contamination on organic eggs yet, but 

significant accumulation of PFOS in bird eggs have been shown in studies (Wang et al., 

2008). Consumption of contaminated chicken eggs could put population in the health risks 

(ibid).  
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Conventional egg 

Chickens in free-range housing systems move freely indoors in large stables (Svenska ägg2; 

Wall et al., 2016). The occupancy is a maximum of 9 chickens per square meter of available 

area. The chickens float on the floor and have access to perches in different heights and the 

nest to lay their eggs in. In the stall there is plenty of nest for the chickens, as well as water 

and feed cups (ibid). The chickens eat a well-composed vegetable feed which is from 

conventional products (Wang et al., 2016). Unlike the feed for chickens producing organic 

eggs, artificially synthetic amino acid, methionine is used in the feed for these chickens 

(Anne Fanatico, 2016).  

Material & methods 

Egg sample 

Chicken eggs were collected from Örebro, Sweden (12 eggs from 4 different batches, 

consisting of 2 batches of organic eggs and the other two batches were conventional eggs) 

and Shenzhen (6 eggs from 2 different batches, 1 box organic and 1 box conventional), Hong 

Kong, China (6 eggs from 2 different batches, 1 box organic and 1 box conventional), and 

Beijing, China (2 eggs from 1 organic box). Pooled egg samples were also prepared as 

follow: Örebro (4 pools: 2 pools for conventional and 2 pools for organic; each pool 

contained 3 eggs), Hong Kong (2 pools: one pool for conventional and the other pool for 

organic; each pool contained 3 eggs), Shenzhen (2 pools: one pool for conventional and the 

other pool for organic; each pool contained 3 eggs). The egg samples were purchased from 

local supermarket; they were shipped in room temperature to Örebro University. Both egg 

yolk and egg white were mixed and stored at -18 °C until the analysis. The list of samples is 

presented in Table 1. 

Table 1. Information of the egg samples                             

Location  Sample ID 

Organic 

Sample ID 

Pooled organic*  

Sample ID 

Conventional 

Sample ID  

Pooled Conventional* 

Sweden  SWE-O1 

SWE-O2  

SWE-PO1  

SWE-PO2 

SWE-C1 

SWE-C2 

SWE-PC1 

SWE-PC2 

China  CN- BJ-O1 

CN-HK-O2 

CN-SZ-O3 

CN-HK-PO1 

CN-SZ-PO2 

CN-HK-C1 

CN-SZ-C2 

CN-HK-PC1 

CN-SZ-PC2 

*Each pooled egg consisted of 3 individual eggs 
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Standards and reagents 

In this study 3 PFAS: PFHxS, PFOA, and PFOS were analyzed by using liquid 

chromatography-tandem mass spectrometer (LC-MS/MS). Potassium salts of PFOS and 

PFHxS and PFOA (native calibration standard (CS)), 13C8-PFOS, 13C3-PFHxS, 13C4- PFOA 

(isotopic internal standard (IS)), 13C8-PFOS, 18O2-PFHxS, and 13C4-PFOA (isotopic recovery 

standard (RS)) were purchased from the Wellington Laboratories (Guelph, ON).  

Chemicals 

Acetonitrile (ACN), Ammonia solution (NH4OH 25%), methanol (HPLC grade), sodium 

hydroxide pellets (NaOH) and methanol (MeOH) were from Fisher Chemicals. Ammonium 

acetate (C2H7NO2) was purchased from Sigma Aldrich, and hydrochloric acid (1 N) was 

provided from Scharlab. Oasis weak anion exchange (WAX) SPE cartridges were purchased 

from Waters.  

Sample extraction 

For each sample, 2 g of homogenized egg were spiked with 5 μL of (0.2 ng/µl) IS and sat for 

30 minutes, quality control (QC) sample was spiked with 5 μL of native standard (CS) as 

well. The quality control sample was a conventional egg sample from Sweden which had 

been analyzed and showed no detectable PFAS. Then 5 mL of 200 mM sodium hydroxide 

(NaOH) were added to every sample for alkaline digestion and then left in ultrasonicator for 

20 minutes. For extraction, 1 mL of 1M HCL were added to all samples in order to neutralize 

the solutions and 5 mL ACN was added. The samples were then vortexed for 1 minute, 

sonicated for 15 minutes and centrifuged for 20 minutes at speed of 6000 rpm. The next step 

was to transfer the supernatant to 50 mL PP tubes, then the extraction repeated twice with 4 

mL ACN. After that the samples were diluted to 50 mL with MilliQ water, and diluted extract 

was further clean-up by SPE using Oasis WAX cartridges. SPE started with preconditioning 

of the cartridge with adding 4 mL of 0.1% ammonium/methanol (NH4OH), 4 mL of 

Methanol (MeOH) and 4 mL Milli-Q water at the rate of 2 drops/s. After passing the extracts 

through cartridges, the PP tubes rinsed with 4 mL Milli-Q water and added to the cartridges. 

The next step was to wash PP tubes with 4 mL of 25 mM acetate buffer solution (pH 4) and 

add it to the cartridges. First fractions were eluted from cartridges with 4 mL methanol 

(MeOH) and then discarded, the second fractions eluted by 4 mL of 0.1 % NH4OH/MeOH 

and collected. A further cleanup using ENVI-Carb cartridge is needed. In the extra cleanup 
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process, ENVI-Carb cartridges were washed with 3 mL MeOH, then the extracts were added 

and washed with 1 mL MeOH. The collected extracts were evaporated to 200 µl. After 

evaporation samples were spiked with 5 µl (0.2 ng/µl) (RS) solution and 300 µl water phase. 

The solutions were vortexed and centrifuged in 10 minutes with speed of 5000 rpm. The final 

extracts were transferred to the LC vial for analysis by LC-MS/MS. 

Instrumental analysis 

Liquid chromatography – tandem mass spectrometry (LC-MS/MS)  

After the final extracts were transferred to LC vial for instrument analysis, the samples were 

analyzed by an Acquity Ultraperformance Liquid chromatography (UPLC) system coupled to 

a triple quadruple mass spectrometer (XEVO TQ-S, Waters) with negative ionization mode. 

A BEH C18 column with a size of a 2.1 mm x 100 mm, 1.7 μm had been used for a 

separation.  Mobile phase A was composed of 2 mM ammonium acetate in 70% water, while 

mobile phase B composed of a 2 mM ammonium acetate in 30% methanol, (H2O:MeOH 

70:30).  

Quality Assurance/Quality Control 

Methanol (MeOH) and Milli-Q water (HPLC grade) were used to clean all the 

equipment/apparatuses. Every equipment and the hood in the laboratory were cleaned with 

methanol. Procedural blanks (n=2) consisting of Milli-Q water and one QC sample were 

extracted along with the samples. For the QC sample, 1 ng of native PFOS, PFHxS, and 

PFOA were spiked into the sample and extracted in the same way as other samples; the QC 

sample was one of the egg samples had been analyzed and showed no detectable PFAS. In 

every 10 samples, solvent blank and instrumental QA samples were run through the LC-

MS/MS to check for carry-over and stability of the instrument. No contaminations were 

observed throughout the process since the procedural blanks did not show any peak for 

detectable compounds. The QC samples (n=2) showed recoveries of PFHxS, PFOS and 

PFOA as 75%, 80%, and 60% respectively. Recoveries of mass-labelled standards of PFHxS, 

PFOA and PFOS in the actual samples were found to be 76%, 64%, and 70% respectively. 

The limits of the quantification (LOQs) were based on the lowest point of the calibration 

curve; the LOQs for PFHxS, PFOS, and PFOA were found to be 5 pg/mL for all of them.  

Tolerable weekly intake 

For PFOS the TWI established by EFSA is 13 ng/kg body weight per week and for PFOA the 

TWI is 6 ng/kg body weight per week (EFSA, 2018). In order to assess if the consumption of 
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egg would exceed the tolerable weekly intake for human exposure to PFOS and PFOA, the 

following equation was used: 

 

An average egg is approximately 50 g and an average body weight of a person was assumed 

to be 70 kg for Sweden and for China 65 kg. 

 

Results and Discussion 

PFAS concentrations in egg samples from Sweden and China  

In the present study, a total of 17 egg samples (including both 9 individual and 8 pooled 

samples) from both Sweden and China were analyzed for PFHxS, PFOA and PFOS. The 

concentrations of individual PFAS for the egg samples (individual and pooled) are presented 

in Table 2.  

Table 2. Concentrations of individual PFASs (pg/g) in egg samples from Sweden and China.   

Samples 

ID 

Concentration of 

PFOS (pg/g) 

Concentration of 

PFOA (pg/g) 

Concentration of 

PFHxS (pg/g) 
SWE-O1  163 45 22 

SWE-O2 139 12 18 

SWE-PO1 16 15 19 

SWE-PO2 184 14 9 

SWE-C1 23 10 10 

SWE-C2 18 10 5 

SWE-PC1 50 15 16 

SWE-PC2 36 8 - 

Mean 97 16 14 

Standard 

Deviation 

72 12 6 

CN-BJ-O1 22 13 9 

CN-HK-O2 48 31 7 

CN-SZ-O3 26 2000 26 

CN-HK-PO1 44 26 8 

CN-SZ-PO2 176 1990 18 

CN-HK-C1 30 19 7 

CN-SZ-C2 22 62 23 
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CN-HK-PC1 48 6 7 

CN-SZ-PC2 405 13 - 

Mean 50 373 13 

Standard 

Deviation 
48 721 8 

 

PFAS levels in egg samples from Sweden 

In Sweden all 3 PFAS were detected in all egg samples, except for the conventional pooled 

egg sample (SWE-PC2). PFOS had the highest concentration of all PFAS in all egg samples 

and was detected in organic pooled egg sample (2) with concentration of 184 pg/g. The 

pattern with considerable higher levels of PFOS than of other PFASs was in line with 

previous studies of eggs (Kemi, 2012; Wang et al., 2008; Zafeiraki et al, 2016). The Swedish 

market basket from 2015, the highest concentration detected in egg samples belonged to 

PFOS with mean concentration of 33 (pg/g) (Livsmedelsverket, 2017). Comparison between 

the mean concentration of PFOS of the conventional eggs (31 pg/g) in the current study was 

similar to those of the previous study. 

Organic egg samples had the mean concentrations of 163 pg/g for PFOS, 22 pg/g for PFOA 

and 17pg/g for PFHxS compared to conventional egg samples with mean concentrations of 

32 pg/g for PFOS, 11 pg/g for PFOA and 10 pg/g for PFHxS. The mean concentrations of 

PFOS, PFOA, and PFHxS were found to be 5, 2, and 1.5 times (respectively) higher in 

organic eggs when compared to conventional (Figure 2). However, significant difference was 

only for PFOS (p<0.05, t-7.96, df=6). 
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Figure 2. Mean concentrations of PFAS (pg/g) in individual organic (n=2) and individual conventional 

(n=2) samples in Sweden 

The difference between organic and conventional samples might be due to the difference of 

organic and conventional chicken feed. As it mentioned earlier, chickens need an essential 

amino acid, methionine. In organic chicken feed, fish powder is added instead of artificially 

synthesized. Fish powder could be suspected to be source for PFOS contamination in the 

organic egg samples. Other source of PFAS contamination might have been through feeding 

freely in the field (Wang et al., 2008). Having chicken access to the outside environment, 

especially soil and ingestion of insects and worms from the soil could be one of the sources 

of contamination. As Zafieraki et al., (2015) mentioned, the exposure of chickens to the 

outdoor environment, can make their products contaminated with PFASs. According to 

Brambilla et al. (2015) as well, one of the main contamination sources in eggs is soil. This 

compound (PFOS) can accumulate in chicken and transfer to the eggs at higher 

concentrations (Wang et al., 2008). Keeping chickens in non PFAS contaminated area and 

having commercial feed might reduce PFAS contamination in chicken eggs (Brambilla et al., 

2015). 

PFAS levels in egg samples from China  

In China, all PFHxS, PFOS and PFOA were found in the egg samples (Figure 3). PFOA was 

the highest PFAS in egg samples from China. The highest PFOA concentration was found in 
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an organic egg sample from Shenzhen with concentration of 2000 pg/g. Similar to the results 

from Sweden, having chicken access to the outside environment, especially soil could be the 

main source of contamination (Brambilla et al., 2015). However, previous study from China 

suggested that PFOS was the one with the highest concentration of PFASs in eggs (Wang et 

al., 2008). It is unclear if the high concentration of PFOA in this study was because of the 

specific area where the eggs were collected or if PFOA contamination is the highest of PFAS 

in the city of Shenzhen compared to other cities in China. It is also difficult to conclude that 

PFOA was the highest of all PFAS in eggs from Shenzhen since this study was based on only 

one batch of eggs. Further investigation is needed at this point. 

The mean concentrations of PFASs in organic egg samples were 50 pg/g for PFOS, 652 pg/g 

for PFOA and 13pg/g for PFHxS, respectively; conventional egg samples had mean 

concentrations of 35 pg/g for PFOS, 25 pg/g for PFOA and 12 pg/g for PFHxS, respectively 

(Figure 3). No significant differences between organic egg samples and conventional egg 

samples (p<0,05) from China.  

 

Figure 3. Concentrations of individual PFASs (pg/g) in organic and conventional egg samples from China 

Except the organic egg from Shenzhen, the rest of the samples from both countries appeared 

to have similar pattern of contamination (Figures 2 & 3). Current results are in line with the 

previous studies; chickens which were able to be outside, had higher PFAS contaminations in 
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their eggs compare to the ones with no access to the outside environment (Wang et al., 2008; 

Zafieraki et al., 2015).  

Comparison of PFAS concentrations in egg samples between China and Sweden  

The first hypothesis in this study was that PFAS in egg samples from China might be higher 

than those in Sweden, because PFOS is still manufactured and in-use in China; whereas 

Sweden does not. In Sweden, PFOS was found to be the greatest concentration making up to 

almost 78% of the three PFASs. In contrast, egg samples from China, PFOA was the highest 

concentration of PFAS making up to 86% of all PFAS. Eggs from China showed observable 

higher PFOA concentration than that of Sweden (Table 2); however, no significant difference 

was observed (Figure 4). Other PFAS also showed no significant differences in PFOS and 

PFHxS concentrations between China and Sweden. No significant differences were observed 

for the three PFAS between Sweden and China. However, the egg samples from Shenzhen 

showed much higher PFOA concentrations than the other eggs, which may suggest that PFAS 

contamination found in chicken eggs could depend on the location where the chicken were 

raised. This means if there is no PFAS production site or area using PFAS such as 

firefighting site close to the places where chickens live, then the eggs might not have high 

concentrations of these substances. However, since limited number of egg samples have been 

analyzed, more number of samples may provide a better idea of the situation. 
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Figure 4. PFAS concentrations (pg/g) in organic and conventional chicken egg samples in Sweden (n=8) & 

China (n=9)   

Tolerable weekly intake of PFOS and PFOA due to consumption of egg 

In current study, the average concentrations of PFOS and PFOA in organic egg samples from 

Sweden found to be 125.5 pg/g and 21.5 pg/g, respectively. For conventional egg samples the 

average concentration of PFOS was 31.75 pg/g and for PFOA 10.75 pg/g in samples from 

Sweden. The weekly intake of PFOS and PFOA in organic egg samples were found to be 

0.31 ng/kg per week b.w., and 0.06 ng/kg per week b.w., respectively for a normal Swedish 

person with weight of 70 kg. For conventional egg samples the weekly intake of PFOS was 

0.09 ng/kg per week b.w. and for PFOA was 0.03 pg/kg per week b.w. Since the calculated 

weekly intake of PFOS and PFOA due to consumption of egg for both organic and 

conventional egg samples from Sweden were found below the recommended TWIs; current 

result suggests that the concentrations of PFOS and PFOA in chicken eggs from Sweden are 

unlikely to cause any immediate harm to the Swedish population based on the TWIs 

established by EFSA. 

In China the average concentration of PFOS for organic samples were found to be 63.2 pg/g 

and for PFOA was 812 pg/g. The weekly intake of PFOS and PFOA in organic egg samples 

were found to be 0.34 ng/kg per week b.w. and 4.41 ng/kg per week b.w., respectively for a 

normal Chinese person with weight of 65 kg. For conventional samples the concentration of 

PFOS was 126.25 pg/g and for PFOA 25 pg/g. The weekly intake for PFOS in conventional 

egg samples was 0.68 ng/kg per week b.w. and for PFOA was 0,13 ng/kg per week b.w. for a 

normal Chinese person.  

The current TWI for PFOA (4.4 ng/kg b.w.) in organic eggs has a similar concentration to the 

TWI by EFSA (6 ng/kg b.w.). This could suggest that in China if only organic eggs are 

consumed, then the population would be likely exceeding the TWI; because as mentioned 

earlier, not only humans are exposed to PFAS by consumption of chicken eggs but also 

through drinking water, indoor dust and different food such as fish and seafood. In addition, 

the current TWI is the average of all organic eggs from China which is based on ~7 eggs per 

week. However, if only the organic egg sample from Shenzhen considers (11 ng/kg b.w.), 

then the population in Shenzhen may exceed the TWI based on the egg consumption of 10 

organic eggs per week.  
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Conclusion  

PFOS and related chemicals were found in both organic and conventional eggs from Sweden 

and China. Organic egg samples from both countries had higher PFOS contamination 

compared to conventional egg samples in Sweden. Different concentrations of contamination 

between the two categories could be mainly due to the fish powder in organic chicken feeds 

and intensive contact of chickens producing organic egg, with soil and ingestion of small 

organisms in the outside environment. The results did not show any statically significant 

differences in PFAS concentration in egg samples between Sweden and China; however, 

PFAS concentration, especially PFOA was much higher in egg samples from China 

(especially from one city Shenzhen) compared to Sweden. This difference could be due to the 

ongoing production of PFASs in China, but further investigation is needed. The result of this 

study suggests that current concentrations of PFOS and PFOA in both organic and 

conventional chicken eggs in Sweden are unlikely to cause any immediate harm to Swedish 

population, and for organic chicken eggs from Shenzhen, China, current concentrations 

would probably cause harm to Chinese population based on the TWIs established by EFSA.  
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