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Sammanfattning 

Xenoöstrogener är kemiska föreningar, med utomkroppsligt ursprung, som kan ta sig in i cellerna 

och interagera med östrogenreceptorer (ER) och framkalla en östrogen fysiologisk respons. 

Många kemiska tillsatser som används vid tillverkning av plast kan agera som xenoöstrogener. 

Det är känt att en del av dessa tillsatser kan läcka från plasterna. Då dessa plaster används som 

matlådor för uppvärmning i mikrovågsugn eller vid matförvaring, kan dessa tillsatser läcka från 

plasten och hamna i maten. I detta projekt har simulerad mat, i form av avjoniserat vatten med 10 

% etanol, tillagats i sex olika plastbehållare, samtliga gjorda av polypropen, i en ugn under 100°C 

i 15 minuter. Tre av dessa sex plastbehållare var matlådor ämnade till uppvärmning i ugn och 

mikrovågsugn. De andra tre plastlådorna var provisoriska matlådor från diverse plastbehållare 

ämnade till att förvara mat i kyl och frys. Den östrogena aktiviteten i de olika proven uppmättes 

med en biologisk cellbaserad test kallad ER-CALUX. Resultaten uppmättes i 17β-estradiol 

equivalenter (Bio-EEQ) i enheten pg/ml. Syftet med detta projekt är att undersöka huruvida dessa 

plastbehållare läcker xenoöstrogener som kan mätas med en ER-CALUX, och att jämföra 

resultaten med andra toxikologiska studier, samt att undersöka ifall det finns någon skillnad i Bio-

EEQ nivåer mellan plastbehållarna ämnade för uppvärmning i mikrovågsugn mot dem som var 

ämnade för kyl och frys. Resultaten från detta projekt indikerar att de flesta av dessa 

plastbehållare läcker östrogena föreningar som kan mätas med i ER-CALUX, även från de 

plastbehållare som skulle klara uppvärmning i mikrovågsugn. Lyckligtvis, i jämförelse med andra 

toxikologiska studier, är dessa Bio-EEQ nivåer från matproven tillagade i plastbehållare 

förhållandevis låga. Emellertid går det inte att helt ignorera de skadliga effekterna som dessa 

xenoöstrogener kan ha på prenatalt exponerade barn, eftersom tidigare studier visat att även 

väldigt låga doser av xenoöstrogener kan, vid prenatal exponering, orsaka missbildningar i de 

reproduktiva organen och skada fertiliteten. 

Nyckelord:  Xenoestrogens, toxicology, ER-Calux assay, oestrogenic additives in thermoplastics 
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Abstract 

Xenoestrogens are compounds, foreign from the body, that can enter cells and interact with the 

estrogen receptors (ER) to produce an estrogenic response. Many additives used in plastics are 

compounds with estrogenic activity. Some of these additives are known to slowly leach from the 

plastics. When using plastic containers as lunchboxes for reheating or food storage, these 

additives can leach from the plastics and end up in the food. In this project, food simulates were 

cooked in six different thermoplastic containers, made of polypropylene, in an oven at 100 °C for 

15 minutes. Three of the thermoplastic containers were lunchboxes marketed to be able to 

withstand cooking in a microwave. The other three were provisional lunchboxes made from 

various food storing containers originally made for refrigeration purposes.  The estrogenic activity 

in the different samples was measured using an ER-CALUX in vitro assay. The results were 

measured in 17β-estradiol equivalent (Bio-EEQ) values in pg/ml. The purpose of this project was 

to investigate whether or not these plastic containers leach xenoestrogens that can be measured 

with an ER-CALUX assay, and compare the results with the results from other existing 

toxicological studies, and also to see if there is a difference in Bio-EEQ levels between the plastic 

containers made for microwave usage and those made for refrigerated purposes. The results from 

this project indicate that most of these plastic containers do leach estrogenic compounds that can 

be detected in the ER-CALUX, even the ones made for microwave usage. Fortunately, compared 

to other toxicological studies, the Bio-EEQ levels in these food samples cooked in plastic 

containers are low. However the potential adverse effects in prenatally exposed children cannot be 

ignored as other studies have shown that very low levels of xenoestrogens are enough to 

potentially cause a disturbance in the reproductive development and fertility. 

 

Key terms:  Xenoestrogens, toxicology, ER-Calux assay, oestrogenic additives in thermoplastics 
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1. Introduction 

1.1 Thermoplastics and additives 

Polypropylene, polyethylene, and styrene acrylonitrile (SAN) are common type of thermo-

plastics, linear hydrocarbon polymers and monomers, with properties such as high durability and 

good heat resistance (Schardein, J.L. 2000). These properties makes them suitable for a wide 

range of commercial uses, such as for food packaging and storage, along with many other uses. 

Additives are needed to protect the polymer during the processing (Bart, Jan C.J. 2005). Additives 

such as heat stabilizers, antiacids, plasticizers, lubricant agents. are added to further enhance the 

properties of the plastic for commercial uses. Unfortunately these additives are not always 

completely stable and experiments have shown that some of these additives can be extracted from 

the finished product after the thermal processing (El Mansouri, et. Al 1998). When these plastics 

are used as food containers, these additives can leach from the plastics and into the food (Brotons, 

J. A., et. Al 1995). The release of these compounds increases at higher temperatures and if the 

surface or coating is scratched and discoloured (Brede C. et al 2003). 

Urine samples collected from populations around the world show that these compounds do in fact 

exist in our bodies (Calafat et. Al 2005). Many of these additives can be found in nature. However 

some of them, such as bisphenol A, exist in such small amounts in the environment that the 

majority of the human exposure of bisphenol A must be from food-intake (Brotons, J. A., et. Al 

1995).  

1.2 Xenoestrogens 

Bisphenol A along with many of the other additives used in plastics has been confirmed as 

endocrine disruptors, and can interfere with many hormonal activities and hurt development and 

reproduction in animals and humans (Jobling S. et al 1995; Colborn T, Clement C. 1992). In a 

study of dental materials in 1996 by Olea et al concerns about the resin-based materials used in 

dentistry were raised as the material released compounds that appeared to have estrogenic activity. 

This led to further studies by Schafer et al in 1999. Schafer and his co-workers grew breast cancer 

cells, which is known to proliferate under estrogenic stimulation, and were able to stimulate these 

cells to proliferate by exposing them with Bisphenol A, thus confirming that Bisphenol A indeed 

has estrogenic activity in vitro. Because of this and other studies the European Commission 

published a directive (2011/8/EU) restricting the use of Bisphenol A in infant feeding bottles 

because of their potential harmful effects. 
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However, as mentioned, Bisphenol A is not the only additive that has estrogenic activities. Butyl 

benzyl phthalate is another xenoestrogen with similar estrogenic effect. Just as Bisphenol A, butyl 

benzyl phthalate along with other xenoestrogens can stimulate proliferation of mammary cells 

(Fernandez, S.V. and Russo, J. 2010). And just as natural oestrogens are thought to have a key 

role in the initiation and promotion of breast cancer; xenoestrogens are also suspected of having 

the potential to initiate breast cancer (Soto AM, Sonneschein C. 1985: Fernandez, S.V. and Russo, 

J. 2010). 

It is clear that the potential harmful effects of xenoestrogens could cause serious problems to 

human health and reproductive function. Diethylstilbestrol (DES) is a synthetic estrogen that was 

given to pregnant women between the years 1940-1970 in the belief that it would reduce the risk 

of miscarriages. Unfortunately the children that were prenatally exposed to DES suffered an 

increased risk of reproductive abnormalities such as hypospadias and tumours in the reproductive 

organs (Sharpe R, Skakkebaek N 1993; Palmer, J. et al 2001). The daughters prenatally exposed 

to DES would suffer higher frequencies of malformed uterus and genitals. Later as adults, these 

women would suffer increased occurrences of infertilities, more difficulties getting pregnant, and 

more miscarriages and spontaneous abortions (Palmer, J. et al 2001). When testing animals with 

xenoestrogens, similar abnormalities are observed in these animals (Colborn T, Clement C 1992; 

Sharpe R, Skakkebaek N 1993). In a study, mice were prenatally exposed by styrene trimmers, 

additives with estrogenic effects known to leach from polystyrene food containers (Ohyama K. et 

al. 2007). The mice were divided into different groups subjected to different styrenes, ST-1, ST-3, 

and ST4 in different concentrations ranging from 10 µg/kg bodyweight per day up to 1000µg/kg 

bodyweight per day. The results were quite alarming as all the groups showed decreasing 

testicular sizes of the males. The decrease was proportional to the doses given (Oyama K. et al. 

2007). Furthermore the results showed that follicle stimulating hormone balance were disrupted, 

luteinizing hormone levels were significantly decreased. The results suggest that these 

xenoestrogens could cause serious adverse effects on genital development and endocrine balance, 

when prenatally exposed. 

So there is reason to suspect that these xenoestrogens can have similar adverse effects on human 

reproduction. Over the past 30-50 years there has been a strong increase of these xenoestrogens in 

the environment and in foods and beverages. As the estrogenic exposure has risen, so has the 

occurrence of these reproductive abnormalities in the general population. During this time the 

average sperm count has dropped to about half (Sharpe R, Skakkebaek N 1993). There is reason 

to suspect that there is a correlation between the increase of these xenoestrogens and the increase 

of reproductive abnormalities and infertility. 
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1.3 ER-CALUX assay  

The Estrogen Receptor-mediated Chemical Activated Luciferase reporter gene-eXpression assay 

(ER-CALUX) is an in vitro assay used to measure the sum of all estrogenic activity in a sample 

with the use of cells transfected with luciferase reporter genes (Legler et al 1999). These cells are 

of the U2-OS-luc human osteosarcoma cell line. These cells have the estrogen-receptor α (ERα). 

After the estrogenic compound has entered the transfected cells, it will bind to the ER (Fig 1) and 

induce transcription of luciferase, which can be measured, as the emitted light is proportional to 

the amount of luciferase. 

 

 

Figure 1 (Legler et al 1999). The mechanism of estrogenic transduction occurs when the oestrogen enters the 

cell and activates the ER by binding to it, causing the heat shock protein 90 to disassociate from the ER complex. 

The ER will homodimerize and enter the nucleus and bind to estrogen-response-elements (ERE) on the DNA 

sequence. 

The lights emitted from these cells were measured by a VICTOR Light Luminescence Plate 

Reader, were the emitted lights were measured in counts per second (CPS). If the transfected cells 

are exposed by the prepared samples at different concentrations, a concentration-CPS curve can 

be plotted. 

By exposing the transfected cells to a known oestrogen, 17β-estradiol, the estrogenic activity of 

the samples can be converted into 17β-estradiol equivalent (EEQ) units. 
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1.4 Objective  

The purpose of this study is to examine the potential migration of estrogenic active compounds 

from various plastic containers when cooking in an oven, and compare the results with other 

toxicological studies. Finding and identifying any particular estrogenic compound is not the focus 

in this study, as it is not feasible to find all the estrogenic compounds in the sample and identify 

the estrogenic mechanism of each compound working together in a mix. Instead, a bioassay will 

be applied to measure the total effect of all known and unknown estrogenic compounds in the 

sample, which makes the results of the assay more biologically relevant as the assay more closely 

imitates the estrogenic transduction in the cells of the body. The bioassay used will be the in vitro 

Estrogen Receptor mediated Chemical Activated Luciferase gene eXpression assay (ER-

CALUX). 

For this study six different thermoplastic containers were tested. Three containers were 

specifically made to withstand cooking in a microwave and oven temperatures of up to 120 °C. 

The other three were various food containers designed to store food in refrigerated temperatures.  

The hypothesis was that the thermoplastic containers designed for refrigeration purposes would 

release higher amounts of estrogenic active compounds than the containers designed to withstand 

higher temperatures. 

1.5 Thermoplastic containers 

 Six different thermoplastic containers used for food storage and/or containment were 

selected. 

 Fixa Matförvaring and Willys Microburk, are plastic containers made of polypropylene. 

They are used for food storage and reheating. They are both claimed to withstand 

microwave heating and oven temperatures up to 120°C. 

 Gastromax Frysburk, is a plastic box made for cold food storage. The container is made of 

polypropylene and the lid is made of polyethene. It is claimed to handle microwave 

heating, and temperatures from -40°C to 120°C 

 ICA storage Jar, is a small plastic container made of styrene acrylonitrile. There were no 

specifics about its durability. 

 Suprafos Unipak, is a common plastic container used to storage different food items at 

refrigerated temperatures. It is made of polypropylene. No specifics about its durability. 

 GB-glasslåda, is a plastic box used to store ice-cream. It is made of polypropylene. No 

specifics were available about its durability. 
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2. Methods and materials 

Lab equipment such as plastic bottles, pipettes, and test tubes can leach biologically active 

compounds that can affect results (Margaret M. 2008). Because of this, precautions were made to 

use chemical liquids that had not been stored in plastic containers. All ethanol, n-hexane and 

dichloromethane in this study were taken from glass bottles. 

All reusable glass-equipment in this lab was cleaned with ethanol and n-hexane, and if needed, 

dichloromethane.  

2.1. Thermoplastic containers 

Due to the varying sizes of the plastic containers, each container was filled with a volume in 

relation to their inner surface. The volume to surface ratio of 0.75ml per cm2 was chosen 

following an adapted recommendation from FDA (FDA, guidance and regulation. 2002; 2007). 

To simulate food, 10% ethanol with distilled water was used, also per FDA recommendation. 

Label name Container 

surface cm2 

Volume 10% 

ethanol 

Type of plastic 

GastroMax Frysburk 362.25 272 Polypropylene 

container, with a 

polyethene lid. 

Fixa Matförvaring 461 346 Polypropylene 

Willys Microburk 160 120 Polypropylene 

ICA Storage Jar 126.4 94.8 styrene acrylonitrile 

Suprafos Unipak 284.5 213 Polypropylene  

GB-glasslåda 764 573 Polyprolylene  

Control  Not 

measured 

125 Glass 

Table 1. The label name, inner surface area of each container and how much volume of 10% ethanol each 

container was filled with.  

The containers were washed with water and ethanol, and filled with each respective volume of 

10% ethanol. To simulate microwave-cooking, as per FDA guidance, an oven at 100°C for 15 

minutes is a good substitute (FDA, guidance and regulation. 2002; 2007).  For this study an air 

ventilated oven was used, which had some problems loosing heat when the oven was opened. So 

an adapted time-frame was used for this study. It took 15 minutes for the oven to reach 90°C and 

then the containers were left in an additional 15 minutes as the temperature slowly climbed 
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towards 100°C. Thus the containers were inside the oven for a total of 30 minutes, 15 of which 

were the temperature was over 90°C. 

The containers were left to cool, and then the liquids were transferred to separate E-flasks. 

2.2. Liquid-liquid separation 

A liquid-liquid separation was used to transfer the leached compounds from the ethanol-water 

solution into a non-polar solution, dichloromethane. Dichloromethane (25ml)was added to the 

liquids. The E-flasks were lightly shaken and left to stand until two clear layers were formed. The 

dichloromethane will sink to the bottom, containing most of the leached compounds. The ethanol-

water mixture was transferred to different E-flasks and mixed again with 25 ml dichloromethane. 

This procedure was repeated two times, making a total of 75ml dichloromethane per sample. 

It is unavoidable that some water will be left in the dichloromethane. To remove the final water, 

the dichloromethane was filtered through a glass coulomb with glass wool and 30g of Na2SO4. 

After the liquids have run through, each column was filtered with 10 ml of additional 

dichloromethane two times, and 20ml of n-hexane, to ensure that as much as possible of the 

compounds eluted through the filter. 

2.3. Evaporation 

With the use of a Rotavapor, the liquid-samples are evaporated in 30-35°C down to about a 

volume of 1ml. At this point hopefully all the dichloromethane should have evaporated, and only 

n-hexan remains with the leached compounds. The liquid samples were pipetted from the E-flasks 

down to 8ml vials. To ensure that none of the sample is lost in the work up, the E-flasks were 

rinsed with n-hexane three times, and pipetted over to the 8ml vials. 

The 8ml vials were then placed under a stream of nitrogen gas, until the liquids evaporated 

enough to fit into a 2ml vial. Before the liquid-sample was added, 25µl of DMSO were added to 

the 2ml vials. DMSO (dimethyl disulfoxide) is an organic solvent, with very low toxicity, that 

functions as a carrier of lipophilic compounds that can transfer the xenoestrogens to the oestrogen 

receptors inside the cells (Mortensen A. Arukwe A. 2006). The 8ml vials were rinsed three times 

with n-hexane and the liquid-sample was pipetted over to the 2ml vials. 

The 2ml vials were put under the stream of nitrogen gas, evaporating the liquid-sample down to 

25µl, so that only DMSO remained with the leached compounds. 
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2.4 ER-CALUX essay 

The culturing and exposure of the U2-OS-luc cells is done with sterile work in a sterile bench, to 

avoid contamination. During plating and exposure all pipette work was done starting from the 

lowest concentration to highest. 

2.4.1 Culturing  

For this assay cells (U2-OS-luc) were cultivated in cultivating medium (Eagle serum) and stored 

in an incubator set at 7.5% CO2 at 37°C. The cells were plated in transparent sterile 96-well plates 

with 100µl of cell suspension at a density of 10x104 cells per well. The cells were incubated for 

48 hours. After 24 hours the medium was changed. Only the inner 60 wells were plated with cell 

suspension. The outer 36 wells were filled with 200µl of PBS, to ensure a similar environment for 

all wells inside the outer well-layer. 

2.4.2 Sample preparation and exposure 

Medium of 0.4% DMSO were prepared to be used in the dilution-series, and DMSO-free medium, 

for the sample to be mixed with. This allows mixing with the different solutions without changing 

the concentration of DMSO. The samples were diluted in five different concentrations (Table 2). 

The standard with 17β-estradiol was diluted in nine different concentrations, with a final 

concentration with only DMSO (Table 3). 

Sample Conc. A 

mg/ml 

Conc. B 

mg/ml 

Conc. C 

mg/ml 

Conc. D 

mg/ml 

Conc. E 

mg/ml 

GastroMax 

Frysburk 

1.74 0.174 0.0174 0.00174 0.000174 

Fixa 

Matförvaring 

2.21 0.221 0.0221 0.00221 0.000221 

Willys 

Microburk 

0.77 0.077 0.0077 0.00077 0.000077 

ICA Storage 

Jar 

0.61 0.061 0.0061 0.00061 0.000061 

Suprafos 

Unipak 

1.36 0.136 0.0136  0.00136 0.000136 

GB-glasslåda 3.67 0.367 0.0367 0.00367 0.000367 

Control  0.8 0.08 0.008 0.0008 0.00008 

Table 2. Dilution-series for each sample that was used in the ER-CALUX. 
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 A  B  C  D  E  F G H I DMSO 

17β-

estradiol 

100.00 30.00 10.00 3.00 2.00 1.00 0.60 0.30 0.10 DMSO 

Table 3. Dilutionseries for the standard. There are nine concentrations of 17β-estradiol and finally one solution 

with only DMSO. 

Each 96-well plate was plated with two samples, each with five different dilutions, and one 

standard of ten dilutions including the DMSO. The cells were exposed in triplicates. Since some 

light contamination is unavoidable in the luminescence measurement instrument, dilutions of 

concentrations were plated alongside other dilutions with similarly high concentration; light 

contamination will thus have less effect on the final result. 

The cells were incubated for 24 hours at 7.5% CO2 at 37°C. After incubation, the medium was 

removed and 25µl of PBS (with Mg2+) and 25µl of Steady Lite was added to each well. The 96-

well plate was left in darkness for 15-20 minutes, for the reaction to occur, and then transferred 

over to the VICTOR (luminescence measuring instrument) for measurement of luciferase activity. 

A bio-17β-estradiol equivalent (Bio-EEQ) was calculated, using the following formula. 

𝐵𝑖𝑜 − 𝐸𝐸𝑄 (𝑝𝑔𝑥𝑚𝑙−1) =
17βestradiol 𝐸𝐶50

𝑆𝑎𝑚𝑝𝑙𝑒 𝐸𝐶50
 

17β-estradiol  EC50 is the concentration for 17β-estradiol at 50% of the highest effect for 17β-

estradiol and sample EC50 is the concentration for the sample at 50% of the highest effect of the 

sample. 

3. Results and discussion 

The ER-CALUX has several criteria for quality assurance. First, the EC50 of the 17β-estradiol 

should stay between 2 to 14pM. Secondly, the maximum induction factor (MIF) should exceed a 

value of 10, meaning that the highest induction of 17β-estradiol should be six times, or higher, 

than the induction of DMSO. Thirdly, the standard deviation between the wells of the triplicates 

should not exceed 15%. 

The data measurements from the ER-CALUX were calculated with the software GraphPad Prism. 

Sigmoidal dose-response curves were plotted, and Bio-EEQ based on EC50 was calculated for 

each sample (figures 2-8). 

The EC50 of the 17β-estradiol in this study were on the lower end of the accepted range of 2-14pM 

for all samples. The 17β-estradiol EC50 for the plate containing the samples from the Willys 
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Matlåda and the ICA storage Jar, had a value of 1,87pM. All other samples were in the accepted 

range of 2-14pM(Table 4). 

The Gastromax Frysburk and Fixa Matförvaring had a MIF-value of 5, and the control had a low 

MIF-value of only 3. All other samples had MIF-values of 6(Table 4). 

 

Figure 2                                                                          Figure 3 

 

Figure 4                                                                            Figure 5 

 

  

Figure 6                                                                           Figure 7 
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Figure 8 

Figure 2-8. Dose-response curves of the samples from the ER-CALUX results. Values represent the means and 

SD of triplicate determination.  

The results show that there is estrogenic activity in all samples but the Gastromax frysburk(Figure 

2-8; Table 4).  Interestingly there is also some estrogenic activity in the control, indicating that 

there is a source of estrogenic activity that does not originate from the leached additives from the 

leached thermoplastic-containers. At this point the source is unknown and one can only speculate 

as to what could be that source. It is possible that the distilled water contained some compounds 

that have leached from plastic parts in the water pipes or from the distilling apparatus. Or perhaps 

as previously mentioned some of the lab equipment could have leached bioactive compounds 

(Margaret M. 2008). 

Sample 17β-estradiol EC50 pM MIF Bio-EEQ EC50 pg/g 

Gastromax Frysburk* 2.23 5 0,60
 

Fixa Matförvaring* 2.23 5 2,10 

Willys Matlåda* 1.87 6 4.21 

Ica Storage Jar 1.87 6 3.93 

Suprafos Unipak 2.27 6 3.96 

GB glasslåda 2.27 6 1.93 

Control 3.12 3 3.40 

Table 4. 17β-estradiol EC50, MIF-values and Bio-EEQ based on EC50 of each sample. Those marked with a (*) 

were containers marketed to be able to withstand microwave heating. 
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Figure 9. The Bio-EEQ ofeach sample based on EC50. The * marks the results from the containers made for 

microwave usage. 

The Gastromax Frysburk yielded the lowest Bio-EEQ of 0,60pg/ml (Table 4). The other 

containers also marketed as being able to withstand microwave heating yielded Bio-EEQs at 2,10 

pg/ml and 4,21pg/ml (Figure 9). 

The containers made for food storage and refrigeration purposes yielded slightly higher Bio-EEQs 

at 3,93pg/ml, 3,96pg/ml, and 1,93pg/ml (Figure 9). 

4. Conclusion 

The results from this bioassay show that most of the plastic containers do leach compounds that 

have estrogenic activity. Judging by the results of this assay, the hypothesis that the containers 

designated for microwave use would yield a lower induction does not hold. The three containers 

marketed to be able to withstand microwave heating did yield a lower induction on average; 

however the difference was not low enough compared to the induction of the containers made for 

refrigeration purposes, for any definite claims to be made. 

The bio-EEQ from the samples in this assay ranged from 0,60 to 4,21 pg/ml, which in comparison 

to other studies, should be considered as fairly low. But there is no way to say that these levels are 

low enough not to cause potential harm when exposed to humans. In the study on mice prenatally 

exposed to xenoestrogens the lowest level at 10ng/g bodyweight/day is a dose that is far greater 

than the levels found in the samples in this study. Studies on sows showed that doses had to reach 

EEQ-levels of 213,3ng/g bodyweight/day before fertility was reduced (Winter P. et al 2008). 
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However with the low MIF-values of the samples, along with an unaccounted for external source 

of xenoestrogens in the control, makes these results uncertain. Preferably further studies have to 

be made to affirm the hypothesis that these plastic containers leach xenoestrogens.   

Though these bio-EEQ levels in the samples should be considered low, they could still pose a 

potential threat to human health. Most of these xenoestrogens are nonpolar compounds and could 

accumulate in adipose tissue. Perhaps low level exposure may build up and cause harm over time 

as higher levels build up. Nonpolar compounds stored in fat are known to potentially leach into 

breast milk and expose breast feeding infants. Future studies should test bio-EEQ values in breast 

milk in women regularly exposed of these additives. Furthermore future studies should continue 

identifying the exact compounds with estrogenic activity, so that appropriate legislative action can 

be made against additives that may be inappropriate for usage in plastic food containers. 
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