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ABSTRACT 

 

We live in a time were plastic and plastic products are all around us, taking part in our 

everyday life. Several chemical additives can be present in plastic products, such as plastic 

bottles, and can have a big impact on development, as well as on the endocrine system in 

adults by the binding to, and disturbance of, the estrogen receptor (ER) in cells. 

 

This study has focused on a number of different plastic bottles made from different types of 

plastic and with variations in size and scope of use. The aim of the study was to see if any 

estrogenic substances leached from the bottles into water. Non-ionic water was added to the 

plastic bottles, and the bottles were kept at 70°C for 72 hours. The estrogenic activity in the 

water was determined with the U2OS-luc assay and expressed as bioassay-derived estradiol 

equivalents (Bio-EEQ).  

 

A difference in Bio-EEQ could be detected between the bottles and the tree plastic types used 

in the study. The polypropylene (PP) bottle gave the highest Bio-EEQ of 0.5 pg/ml, whereas 

High Density Polyethylene (HDPE) gave 0.3 pg/ml and Polyethylene Terephthalate (PET) 

0.04 pg/ml. These results indicate that there is a small leakage of estrogenic substances from 

the plastic bottles. Further study is needed to determine whether or not the estrogenic activity 

in the water could have any significant biological effect in humans. 

 

 

 

 

 

 

 

 

Keywords: xenoostrogen, plastics, ER-Calux 
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SAMMANFATTNING 

Vi lever i en tid där plast och plastprodukter finns överallt runt omkring oss och har en stor 

del i vår vardag. Många kemiska ämnen kan återfinnas i plastprodukter, såsom plastflaskor, 

och kan ha en stor inverkan inte bara på den växande kroppen hos barn utan även ge 

endokrina störningar hos vuxna människor. Detta kan till exempel ske genom att ämnen kan 

binda till och påverka östrogenreceptorn (ER) i cellerna. 

Den här studien fokuserar på plastflaskor gjorda av olika typer av plast och med varierande 

storlek och användningsområde. Syftet med studien var att se huruvida några östrogena 

substanser kunde lakas ut i vatten som förvarades i flaskorna. Flaskorna fylldes med 

avjoniserat vatten och förvarades i 70°C i 72 timmar. Östrogenaktiviteten i vattnet mättes 

sedan i en cellbaserad testmetod, kallad U2OS-luc assay, där den samlade biologiska effekten 

av alla östrogena ämnen kan mätas. Effekten uttrycks som bioassay-derived estradiol 

equivalents (Bio-EEQ).   

Vatten från polypropenflaskan (PP) gav det högsta Bio-EEQ på 0,5 pg/ml medan 

högdensitetspolyeten (HDPE) gav 0,3 pg/ml och polyetylentereftalat (PET) ett Bio-EEQ på 

0,04 pg/ml. Dessa resultat indikerar att plastflaskorna läcker ut små mängder östrogenlika 

ämnen. Vidare studier behöver göras för att avgöra huruvida detta läckage utgör någon risk 

för människor.  

 

 

 

 

 

 

 

 

Nyckelord: xenoöstrogen, plast, ER-Calux 

http://sv.wikipedia.org/wiki/Polyetylentereftalat


4 
 

1. INTRODUCTION  

We live in a time were plastic and plastic products are all around us, taking part in our 

everyday life. Plastic is used worldwide because of its many qualities and because it is easy to 

mold into pretty much any form, and we trust it well enough to use it on an everyday basis. 

But when using a plastic bottle, old or new, we don’t expect it to have any effects on us or our 

body, and although the products may have recommendation as how to use them, it’s not 

always done according to the restrictions given. 

1.1 PLASTICS 

Plastics are made of one or several polymers, that is, long chain-like molecules made up of 

carbon atoms that help give the plastic its characteristics. The polymers are made up of 

smaller compounds, called monomers (P&K, 2010). To determine if the plastic is going to be 

hard or soft, compact or flexible, a number of other substances are added to the polymers.  

 

Plastic and plastic product, such as drinking bottles, have been shown to emit chemicals that 

have estrogenic activity (EA) that in turn has an endocrine effect in the body, causing various 

diseases (Yang et al., 2011). Studies have been done that show that the leakage of these 

estrogenic chemicals from plastic increases with temperature (heat).  

 

There are many different types of plastic whose features differ and give the plastic its special 

characteristics. In this study, five plastic bottles were investigated made out of three different 

types of plastic; High Density Polyethylene (HDPE), Polypropylene (PP) and Polyethylene 

Terephthalate (PET). 

 

1.1.1 High Density Polyethylene (HDPE)  

High Density Polyethylene (HDPE) can be found in many plastic products, but is most 

common in bottles and food containers (Ceresna, 2013). It belongs to the family of 

polyethylene (PE) plastics that have flexible properties that allows it to be used in most 

products, where the HDPE is the most rigid one (UL IDES, 2013) and withstands 

temperatures up to around 110°C for a longer period of time (Dynalab, 2013).  
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1.1.2 Polypropylene (PP) 

Polypropylene (PP) is a type of plastic that can be found in many containers made for food 

and in bottles made for drinks. This type of plastic is made to be able to be heated in the 

microwave since they are stable and have a high melting point (López-Buendía et al., 2013) 

around 130°C (Maier and Calafut, 1998). It is a cheap material that is easy to manufacture 

(Xiea et al., 2011). 

 

1.1.3 Polyethylene Terephthalate (PET) 

Polyethylene Terephthalate (PET) is the plastic type most people will recognize as this type of 

plastic is what PET-bottles (such as Coca-Cola bottles) are made of. The reason that the PET 

plastic is one of the most common plastic types is that it can handle higher temperatures 

without melting or deforming (Livsmedelsverket, 2013 and P&K, 2010) and has a melting 

point of 254,5°C (PP INC, 2013).  

 

1.2 ESTROGEN AND ESTROGENIC SUBSTANCES 

Estrogen is a hormone present in the body and it is the main female sex hormone. It has many 

important regulatory functions, such as promoting or stimulating skeletal growth by inducing 

the release of growth hormones (GH’s) (Ritzén et al., 2000). Estrogen also has a major part in 

the processes of puberty, a stage in life where many changes of the body occur. The exposure 

to estrogen or estrogenic substances (xenoestrogen) can lead to endocrine diseases, and 

studies have also shown that it could increase the risk for breast cancer (Safe & Papineni, 

2006). 

Estrogen works by binding as a ligand to the estrogen receptor (ER) on the cell. Two types of 

ER are known: α and β (Lannigan, 2003). The ER is activated when a ligand (estrogen) binds 

to the receptor in the cytosol or on the cell surface and stimulates the activation of a signal 

pathway throughout the cell. This pathway will in turn activate a cascade of other signaling 

molecules that will carry out and produce a response and finally give a physiological effect in 

the body. 

 

Estradiol is an estrogenic hormone that is synthesized from testosterone present in the body 

and it plays a big role in the reproduction system, the control of cell death (apoptosis), in 

maintaining homeostasis and in the metabolism (Zhang & Trudeau, 2006).  
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Bisphenol A (BPA) is an estrogenic industrial chemical that is considered an endocrine 

disrupting chemical (EDC) and has been found in 93% of the population in the US (Cooper, 

2011). In 1993 BPA was discovered to leak out from bottles - among them baby bottles- and 

other products made of polycarbonate (PC) plastics. This raised a concern about BPA and the 

endocrine effects it could give on those exposed to it. A study made on baby bottles showed 

an increase in the leakage of BPA with higher temperature, and even bottles who had been 

used for a period of six month started to leak more BPA the higher the temperature they were 

exposed to (Sung-Hyun et al., 2010). 

 

By exposure to xenoestrogens, or substances that increase or promote the estrogenic activity 

within the body, the receptors can give a different signal than intended. This in turn can lead 

to either an over- or underactivity of the estrogenic response and cause change in the 

development of the body, or endocrine-related diseases (Deroo & Korach, 2006). 

 

1.3 THE U2OS-LUC BIOASSAY 

 

When a cell is exposed to a substance with estrogenic activity the substance is going to bind 

as a ligand to the ER in the cell. This mechanism is employed in the U2OS-luc bioassay. The 

activated receptor will then go through a transformation change where a Heat Shock Protein 

(HSP) will detach and leave the ligand-receptor complex. The complex then binds the 

estrogen responsive elements (EREs) on DNA, this in turn will stimulate the expression of 

ER-responsive genes, leading to translation of new polypeptides and resulting in an estrogenic 

response. In this particular cell line (human bone cell line U2OS), a luciferase gene has been 

inserted in the genome and the ER-ligand complex will act as a transcription factor for this 

gene. Thus the luciferase production will reflect the binding and activation of ER by ligands. 

By exposing the cells to chemicals an estimate of their estrogenicity can be obtained. 

 

1.4 THE LUCIFERASE REACTON 

 

The assay (U2OS-luc) uses cells that have been permanently transfected with a luciferase-

gene, and by exposing the cells for possible estrogenic substances extracted from the samples 

(plastic bottles), the assay detects any luciferase activity given by the sample in the form of 

light, or photons, which in turn allows for calculations (Bio-EEQ). In this assay human bone 
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cancer cells were used and the luciferase activity was measured using a luminescence plate 

reader. 

In the luciferase reaction a photon is produced that can be measured as light. The mechanism 

for this reaction takes place in the cell were luciferase, a substance that allows for 

bioluminescence reactions to take place, is present (Wilson, 2006). When adding the 

luciferase (in this study the Steady Lite reaction kit was used) it acts as a catalyst and enables 

the luciferin in the cell to be oxidized (InterPro, 2013). This oxidation will in turn produce 

photons that then can be measured in a luminescence plate reader. The more light produced 

by the cells, the higher the estrogenic response for the ligands (in this study the ER ligands 

from the plastic samples) they have been exposed to. The more light produced by the cells, 

the more luciferin has been produced by the cells, which is proportional to the concentration 

and agonistic potency of the ER agonists that have activated the system. This means that the 

light production in the cells corresponds to the combined ER agonistic effect of all ER 

agonists in the water from the plastic bottles. 

1.5 AIMS OF THIS STUDY 

 

The focus of this study was to find out if any estrogenic substances can be extracted from the 

different types of plastic bottles used and to see if there is any significant difference in the 

estrogenic response between the different types of plastic that they are made of.  

This was done by extraction of the plastic bottles using water as a solvent at a temperature of 

70°C for 72 hours and testing these plastic extracts in the U2OS-luc assay with human bone 

cancer cells to measure the luciferase activity and calculate the estrogenic potential in the 

extracts. 

1.5.1 HYPOTHESES  

The hypotheses are that the bottles will give estrogenic response that is related to the type of 

plastic they are made of. There is also a hypothesis that there will be a difference between the 

used and new sport bottles. They are made of the same plastic type (High Density 

Polyethylene (HDPE)) but one has been used (Sportkompaniet) whereas the other is brand 

new (Intersport). A higher response from the new and unused bottle is expected since the used 

one has had the possibility to leak its chemical substances to water during a long time span. 
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There is also a hypothesis that the two baby bottles will differ from each other in estrogenic 

activity. Like the sport bottles they are both made from the same types of plastic 

(Polypropylene (PP)), but one is transparent (Esska) whilst the other is pink (Munchkin). 

Since the plastic has been dyed it will be interesting to see if this will have any effect on the 

result.   
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2. METHOD AND MATERIAL 

In this study a total of six samples were analyzed, where one was a control sample in an 

Erlenmeyer flask (made out of glass) and the other five were the different plastic bottles. The 

control sample was tested in order to measure any possible estrogenic effect in the water and 

thus did not come from the plastic bottle. Different types of bottles and different types of 

plastic were tested (table 1). 

 

Table 1: The bottles used in the study; brands, type of plastic, volume and the volumes used in 

the water extraction. 

Type of bottle Brand Type of plastic Total volume Sample volume 

Sport-bottle 

(black) 

Intersport High Density 

Polyethylene 

(HDPE) 

500 ml 250 ml 

Sport-bottle 

(gray) 

Sportkompaniet High Density 

Polyethylene 

(HDPE) 

365 ml 182.5 ml 

Baby bottle 

(pink) 

Munchkin Polypropylene 

(PP) 

125 ml 62.5 ml 

Baby bottle 

(transparent) 

Esska Polypropylene 

(PP) 

125 ml 62.5 ml 

PET-bottle Coca-Cola Polyethylene 

Terephthalat 

(PET) 

250 ml 125 ml 

Control Erlenmeyer 

flask (glass) 

- 75 ml 37.5 ml 

 

All the tools and material where pre-washed with acetone and dichloromethane and left to dry 

before use. 
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2.1 SAMPLES AND EXTRACTION METHODS  

All the plastic bottles except for one of the sport-bottles (Sportkompaniet) and the PET-bottle 

(Coca-Cola) where new and had never been used before. The reason why a used sport-bottle 

was included in the study was to see if there could be any significant difference between the 

two sport bottles if one was brand new whereas the other had been used frequently for a 

period of approximately three years. 

2.1.1 BOTTLE EXTRACTION  

The bottles where all carefully washed with deionized water. The bottles where then filled 

with deionized water (table 1) and put in a heat cabinet in 70°C for 72 hours.  

After 72 hours in the heat cabinet the bottles were taken out and set to cool off in room 

temperature for one hour. The water samples where then poured into Erlenmeyer flasks (E-

flasks) that had been pre-washed with acetone and dichloromethane. 

 

2.1.2 LIQUID-LIQUID EXTRACTION AND WATER REMOVAL 

The estrogen-like compounds were extracted from the water by a liquid-liquid extraction by 

shaking with 25 ml dichloromethane. The extraction was done three times.  

The dichloromethane extracts were filtered through columns containing 30 g sodium sulphate 

(NaSO4) to remove any water remains. After the water samples had eluted through the 

columns, the columns were eluted with 20 ml dichloromethane, followed by 20 ml n-hexane 

to make sure that all of the extracted chemicals had been washed out of the columns.  

 

The hexane and dichloromethane was then evaporated by the use of a rotatory evaporator 

until approximately 5 ml of the solvent remained. The extracts were then transferred to 8 ml 

vials and further vaporized under a gentle stream of nitrogen gas to 0.5 ml. The samples were 

finally transferred into 2 ml vials into 25 µl DMSO. The remaining solvent was vaporized 

from the 2 ml vials until only the sample and the DMSO remained. The DMSO-vials were put 

in the freezer to await further testing.  
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2.2 THE BIOASSAY AND CALCULATION OF THE BIO-EEQ 

 

When doing the U2OS-luc assay cells are first grown and seeded in 96-plate wells. The cells 

are exposed to the samples for 24 hours.  

 

The cells were grown in culturing medium in a culturing flask and cultured in a CO2 incubator 

in 37°C at 7.5% CO2 and 100% humidity.  

 

Before each passage the cells were checked in the microscope. The medium was then 

removed and the cells were washed with 10 ml PBS (without MgCl2 or CaCl2) to get rid of 

any debris but without damaging the cells. To de-attach the cells from the flask wall 2 ml 

trypsin was added to wash the surface, and then 1.5 ml was removed, leaving the remaining 

0.5 ml to react with the cells. The reaction was stopped by adding 10 ml culturing medium. 

Five ml culturing medium was added to a new culturing flask together with 5 ml of cell 

suspension from the old trypsinized flask. The culturing flask was then stored in a CO2 

incubator for four days at 37°C at 7.5% CO2 until the next passage.  

 

In preparation for analysis, the cells were seeded in 96-well plates. The procedure was as 

described in the culturing step, but instead of culturing medium, 10 ml of assay medium was 

added. The cells were counted with a Neubauer counting chamber (six squares were counted) 

by adding 8 µl cell suspension from the culturing flask to each side of the chamber, and then 

the cells were plated at a density of 10x104 cells per well. To calculate the ratio between the 

cell suspension and the assay medium added to the wells, three formulas were used: 

 

1. 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑐𝑜𝑢𝑛𝑡𝑒𝑑 𝑐𝑒𝑙𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 =  ∑𝑐𝑜𝑢𝑛𝑡𝑒𝑑 𝑐𝑒𝑙𝑙𝑠
6

 

 

2. 𝑉𝐶𝑒𝑙𝑙𝑠 = 𝑇𝑜𝑡𝑎𝑙 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐴𝑠𝑠𝑎𝑦 𝑀𝑒𝑑𝑖𝑢𝑚 ∙100 000
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑐𝑜𝑢𝑛𝑡𝑒𝑑 𝐶𝑒𝑙𝑙𝑛𝑢𝑚𝑏𝑒𝑟 ∙10 000

  

 

3. 𝑉𝐴𝑠𝑠𝑎𝑦 𝑀𝑒𝑑𝑖𝑢𝑚 =  𝑉𝑇𝑜𝑡𝑎𝑙 − 𝑉𝐶𝑒𝑙𝑙𝑠  
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The calculated volumes were added to a Falcon tube and 100 µl of the cell suspension was 

added to each well. In the outer wells 200 µl PBS was added. The plate was stored in the CO2 

incubator in 37°C at 7.5% CO2 for 24 hours. After 24 hours the cells were checked in the 

microscope before the medium was removed and replaced with 100 µl of fresh assay medium 

to each well. The plates were then cultured in the CO2 incubator under the same condition as 

in the previous steps.    

 

After another 24 hours the cells were exposed to the samples extracted from the plastic 

bottles. Sample dilutions, 5 different concentrations with a dilution factor of 5, were prepared 

in culture medium and added to the cells in triplicate wells. On each plate, a standard curve 

for 17β-estradiol was produced with three replicates per concentration and DMSO as a 

solvent control.  Five concentrations where prepared were the highest concentration were 

mixed by taking 3µl of the prepared sample and 747 µl medium. The second concentrations 

were mixed by taking 100 µl from concentration 1 and 400 µl medium. Concentration 3 was 

done by taking 100 µl from concentration 2 and so on until five concentrations were obtained. 

Before the exposure of 100 µl of standard or sample to the cells, the assay medium was 

removed from the 96-well plates. The final DMSO concentration in all wells was 0.4 %.The 

plates were then incubated for 24 hours in the CO2 incubator under the same conditions as 

before.  

The medium was removed from the 96-well plate and then 25 µl PBS (with MgCl2 and CaCl2) 

and 25 µl of the reaction buffer Steady Lite was added to each well. The plates were left in 

darkness for 15 minutes for the enzymatic reaction to take place. The samples were then 

transferred to a white 96-well plate by adding 30 µl of the suspension to each well before the 

luciferase activity was measured in a luminescence plate reader.          

 

To quantify whether or not the extracts from the plastic bottles would activate the U2OS-luc 

assay an estradiol equivalent reference calculation method was used. In calculating the 

bioassay-derived estradiol equivalents (Bio-EEQ) for each of the samples the following 

equation were used: 

Bio − EEQ =
17𝛽 − 𝑒𝑠𝑡𝑟𝑎𝑑𝑖𝑜𝑙 𝐸𝐶50

𝐸𝑥𝑡𝑟𝑎𝑐𝑡 𝑆𝑎𝑚𝑝𝑙𝑒 𝐸𝐶5017𝛽 − 𝑒𝑠𝑡𝑟𝑎𝑑𝑖𝑜𝑙
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The 17β-estradiol EC50 is the concentration for 17β-estradiol at 50% of the maximum effect of 

the estradiol, and extract sample at 50% of the maximum effect of estradiol. 
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3. RESULTS 

 

The highest estrogenic effect was found for the baby bottle (Munchkin) with a Bio-EEQ of 

0.5 pg/ml and the lowest measured value was observed for the PET-bottle with a Bio-EEQ of 

0.04 pg/ml, whereas the sport bottle (Intersport) gave a Bio-EEQ of 0.3 pg/ml. 

 

Figure 1-3 shows the concentration response curves of the luciferase activity given by the 

standard 17β-estradiol and the plastic samples in the U2OS-luc assay. All three samples had a 

17β-estradiol maximum induction factor (MIF) higher than 10. Although five different bottles 

were studied, only three of the samples could provide concentration response curves that 

allowed a Bio-EEQ to be calculated. The tree samples where the Bio-EEQ could be calculated 

represent the tree different plastic types used in the study; High Density Polyethylene 

(HDPE), Polypropylene (PP) and Polyethylene Terephthalate (PET). The Bio-EEQ is 

summarized in Table 2 and Figure 4.    

 
Figure 1: Concentration (pg/ml) response curve of luciferase activity by 17β-estradiol and the 

sport-bottle (Intersport) sample made of HDPE after 24 hours of exposure in the U2OS-luc 

assay. Each point shows the average luminescence and standard deviation for three wells. 
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Figure 2: Concentration (pg/ml) response curve of luciferase activity by 17β-estradiol and the 

baby bottle (Munchkin) sample made of PP after 24 hours of exposure in the U2OS-luc assay. 

Each point shows the average luminescence and standard deviation for three wells. 
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Figure 3: Concentration (pg/ml) response curve of luciferase activity by 17β-estradiol and the 

PET-bottle sample after 24 hours of exposure in the U2OS-luc assay. Each point shows the 

average luminescence and standard deviation for three wells. 

 

Table 2: An overview of the calculated Bio-EEQ for the bottles used in the study. For two of 

the samples (the sport-bottle (Sportkompaniet) and the baby bottle (Esska)) no Bio-EEQ 

could be calculated.     

Type of bottle Brand Type of plastic Bio-EEQ 

Sport-bottle 

(black) 

Intersport High Density 

Polyethylene 

(HDPE) 

0.3 pg/ml 

Sport-bottle 

(gray) 

Sportkompaniet High Density 

Polyethylene 

(HDPE) 

No Bio-EEQ could 

be calculated 

Baby bottle (pink) Munchkin Polypropylene (PP) Bio-EEQ: 0.5 pg/ml 

Baby bottle 

(transparent) 

Esska Polypropylene (PP) No Bio-EEQ could 

be calculated 

PET-bottle Coca-Cola Polyethylene 

Terephthalat (PET) 

0.04 pg/ml 
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Figure 4: The Bio-EEQ obtained from the different samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

0

0,1

0,2

0,3

0,4

0,5

0,6

Sport bottle Intersport (HDPE) Baby bottle Munchkin (PP) PET-bottle (PET)

Bi
o-

EE
Q

 (p
g/

m
l) 

Bio-EEQ 



18 
 

4. DISCUSSION 

The highest estrogenic effect was found in the PP-plastic with a Bio-EEQ of 0.5 pg/ml and the 

lowest measured value was observed for the PET-plastic with a Bio-EEQ of 0.04 pg/ml, 

whereas the HDPE-plastic gave a Bio-EEQ of 0.3 pg/ml. This was somewhat expected as the 

PET plastic is made to withstand higher temperatures (around 254.5°C) compared to the other 

two who have melting points around 110°C (HDPE) and 130°C (PP). It is likely that it will 

take a higher temperature before the chemicals in the PET-bottle will be released into the 

solution, but it cannot be excluded that the PET material contains less estrogenic compounds. 

 

For the two samples that did not give a result that allowed a Bio-EEQ to be calculated the 

reason to why this is are unclear. The samples were treated exactly like all the others, and 

were made in triplicates and run two times each. These two samples were excluded from the 

study, because no concentration-response relationship was obtained for either samples or 

standards in these runs. The reason for the low response could be that these plastic bottles 

simply did not give any estrogenic response in the assay, but something went wrong during 

the tests as the results of the standard could not be used.  

The sport bottle from Sportkompaniet had been used for a longer period of time, compared to 

the sport bottle from Intersport that was purchased only for this study. The baby bottles were 

both new and made of the same type of plastic, though the baby bottle from Munchkin was 

made of pink plastic whereas the other one (Esska) was made of clear plastic. It would have 

been interesting to see if the different bottles with the same scope of use would have given a 

different result in comparison to each other. The hypothesis was that the used sport bottle 

(Sportkompaniet) would give a lower response in the assay than the new one (Intersport) 

because it is likely that the old bottle had leached estrogenic compounds during its use. With 

the baby bottles the Munchkin bottle was suspected to give a higher response compared to the 

Esska bottle due to the fact that the plastic used to make the Munchkin bottle was colored and 

the pink color leaked in to the water during the extraction. Although there is nothing 

indicating that the pink color will give any estrogenic response per se, the fact that the baby 

bottles differed in this point of view raised the question as to whether any difference could be 

measured. But since no results could be obtained from neither the used sport bottle 

(Sportkompaniet), nor the baby bottle (Esska), this theory cannot be studied without repeated 

tests.      
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Some problems occurred with the control sample and in spite of the sample being tested in 

triplicates and the assay was done three times no reliable result could be obtained. This makes 

it difficult to determine how much estrogen the bottles were leaking. What can be discussed is 

the difference between the bottles (shown in Figure 4), as the Bio-EEQ was higher in the 

baby-bottle (Munchkin) than in the PET-bottle. 

Kubeabo et al. (2009) did a similar study where they tested the migration of bisphenol A 

(BPA) from different types of baby bottles and reusable polycarbonate drinking bottles. Using 

water with 10% and 50% ethanol as a food simulant they treated the bottles at 40°C for 8, 24 

and 240 hours. Some bottles were held at 60°C for 2, 22, 94 and 238 hours, and one line of 

drinking bottles was also held at 4°C for 24 hours. The results showed an increase of BPA 

migration with higher temperature and a longer time span. In conclusion the study found that 

the time and temperature controlled how much BPA migrated from the bottles made of 

polycarbonate (PC) plastic, whereas the non-PC bottles in comparison only leached traces of 

BPA. 

In one study, 30 PET-bottles were tested using mineral water as solution to test the migration 

of estrogenic compounds. By using a yeast assay with a human estrogen receptor they 

analyzed the extracts and found that 90% of the bottles did not leak any appreciable levels of 

estrogenic activity (Pinto and Reali, 2008).  

 

In a related study, Martin Wagner and Jörg Oehlmann (2009), tested 20 types of mineral 

water in different containers made of PET, glass or coated paperboard in an in vitro system 

with a human estrogen receptor. They were able to show that 60% of the mineral water 

samples were contaminated with estrogenic like substances by leakage from the plastic.  

 

When looking at other studies of estrogenic substances in plastic, the results indicate that 

there in fact is a leakage of estrogenic chemicals just as the results of this study shows. None 

of the studies made gives the chemical identity of the estrogenic substances or what biological 

effect these chemicals could have, but by using the bioassay method in combination with 

chemical analysis the quantity and identity of the substances that do leak out from the material 

can be detected and measured.  

 

 

 



20 
 

5. CONCLUSIONS 

 

The plastic bottles in this study leached estrogenic substances and a difference in EEQs could 

be detected between the bottles. Although nothing other than water was used as solvent the 

bottles did release substances that gave response in the U2OS-luc assay. 

Although some values could be determined, further study is needed to be able to tell in which 

quantities the plastic bottles leak estrogenic substances and if this leakage can result in 

significant effects in the body. More tests will have to be done to determine why two of the 

samples did not give a result like the others. It is hard to tell with absolute certainty to which 

effect the estrogenic activity derived from the bottles will have until more data is obtained. 
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