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BISPHENOL A - INTRODUCTION

Bisphenol A (BPA) is a synthetic chemical used in a wide range of prod-
ucts such as epoxy paints and glue, lining of food cans, and thermal paper 
receipts. BPA is also used as a building block in polycarbonate plastics 
which can be used to make food containers and baby bottles, despite BPA 
being a known endocrine disrupting chemical (EDC)[1]. Several million 
metric tonnes of BPA are produced yearly[2], even though BPA is associ-
ated with several negative effects on the environment and human health.

ENVIRONMENTAL AND HEALTH CONCERNS OF BISPHENOL A 

BPA and its metabolites have been found in urine, blood, saliva, umbili-
cal cord, placenta and amniotic fluid and samples collected from people 
around the world indicate that more than 90% of the world’s population 
have BPA in their bodies[3]. New-born and infant exposure to BPA in-
creases the sensitivity of hormone-sensitive organs to later-life exposures 
to estrogens[4,5] or chemical carcinogens[6,7].

Moreover, BPA levels found in children are typically higher than in adults. 
This is due to the higher food consumption per body weight in early life 
and dust ingestion associated with hand-to-mouth contact behaviour in 
children, as well as a higher use of plastic products. Babies are exposed to 
BPA when it leaches from bottles and other containers into beverages and 
food they consume.

“BPA is associated with Polycystic Ovary Syndrome (PCOS)—a complex 
hormonal condition associated with irregular menstrual cycles, reduced 
fertility, and increased risk of diabetes. In men, BPA affects fertility and is 
associated with sexual dysfunction among men exposed to high occupa-
tional levels”, states the report by IPEN and Endocrine Society, 2020[1].

STUDIES ON ANIMALS[8], AS WELL AS EPIDEMIOLOGICAL 
STUDIES ON HUMAN HEALTH EFFECTS[9,10], SHOW THAT BPA CAN 
AFFECT BRAIN DEVELOPMENT LEADING E.G. TO BEHAVIOURAL 

IMPACTS IN CHILDREN. EXPOSURE CAN ALSO INCREASE 
ANXIETY, DEPRESSION, HYPERACTIVITY, AND INATTENTION[11] 

AND NEGATIVELY AFFECT REPRODUCTIVE FUNCTIONS[12].
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BPA enters the environment from specific point sources, such as leachates 
from landfills[13], as well as a wide range of diffuse sources related to their 
usage. Due to its continuous leakage into the environment it contaminates 
several environmental matrices, including rivers and groundwater[14, 15]. 
It has also been found in beach sand around the world, originating from 
plastic marine waste[16]. BPA is acutely toxic to aquatic organisms and 
triggers disruptive effects on their endocrine system[17-19]. It thereby has 
negative physiologic and ecologic consequences for aquatic systems[17-19]. 

Health and environmental concerns have led many countries to restrict 
use of BPA in baby bottles and other items in contact with children’s 
food or placed into the children’s mouths (see Table 1). However, in many 
countries compliance with the legislation is only sporadically monitored. 
On top of that, the restriction of BPA has led to replacement with other 
bisphenols just as harmful, or potentially worse (although not yet regu-
lated). Those so-called regrettable substitutes of BPA include bisphenol 
F and bisphenol S, as well as bisphenol E and  bisphenol B, which exhibit 
endocrine-disrupting properties and health impacts similar to BPA[20]. For 
the timeline of the rising environmental and health concerns on bisphe-
nols please see Figure 1 below. 

LEGAL RESTRICTIONS ON BISPHENOL A

In the European Union, BPA was banned from use in baby bottles in 
2011, based on the evidence that a baby’s metabolic system is more vulner-
able than the metabolic system of adults[21]. The EU also imposed a maxi-
mum limit of BPA migration from food contact materials into food[22]. 
Moreover, BPA was listed as a “substance of very high concern” (SVHC) 
because of its endocrine disrupting properties both for human health and 
the environment. Previously, in 2017, BPA was classified as a substance 
toxic for reproduction[23].    

Because of health concerns, use of BPA in some plastic containers, such as 
baby bottles, is restricted in many countries (see Table 1 and Annex 1) and 
is being voluntarily reduced or phased out in others.

In Malaysia, according to provision 27A of the Food Regulations 1985:

(1)	 No person shall import, manufacture or advertise for sale or 
sell any feeding bottles containing Bisphenol A (BPA).

(2)	 The words “BPA free” may be labelled on the feeding bottles 
or on the packages of the feeding bottles which do not contain 
Bisphenol A (BPA).

http://www.ipen.org
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In China, BPA has been restricted from polycarbonate baby feeding 
bottles and other infant feeding bottles since 2011. According to GB 9685-
2016 “National Food Safety Standard for the Use of Additives for Food 
Contact Materials and Products”, when bisphenol A is used as an additive 
in adhesives and paint coatings, its specific migration limit (SML) is 0.6 
mg/kg; when bisphenol S is used as an additive in paint coatings, its SML 
is 0.05 mg/kg.

In Indonesia, the allowable concentration of BPA in food contact materi-
als should not be higher than 600 µg/kg.

In Bangladesh, Bhutan, Sri Lanka, Tanzania, and Russia, the use of 
BPA in baby bottles is unregulated.

1891

Bisphenol A (BPA)
first prepared by
Russian chemist

Aleksandr Dianin 

early 1930s

British biochemist
Edward Charles Dodds

tests BPA as an
artificial estrogen 

1958

Mobay, General
Electric, and Bayer begin
producing BPA-derived
polycarbonate plastics

1934

Workers at I.G. 
Farbenindustrie couple
BPA and epichlorhydrin

to make a resin

1900 19501925 1975 20252000

1997

Adverse effects 
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studies first
observed

A systematic review
finds that BPS and

BPF are hormonally 
active, like BPA

2015

The Endocrine
Society warns that
lab research shows
cause for concern

over EDCs, like BPA

2012
The US FDA, EU, 

Canada and others
ban the use of BPA

in baby bottles

2017

The EU and ECA
list BPA as a substance
of very high concern

Figure 1: The timeline of the BPA rising environmental and health concerns 
Source: Plastics, EDCs & Health: A Guide for Public Interest Organizations and 
Policymakers on Endocrine Disrupting Chemicals & Plastics by IPEN and Endocrine 
Society, 2020 

REGRETTABLE SUBSTITUTION: 
SHIFTING TO BPA-FREE, BUT WITH BPF OR BPS
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TABLE 1: LEGAL RESTRICTION ON BPA IN MALAYSIA, CHINA, INDONESIA, 

EU AND US

Country Scope Citation Conditions 

China

Polycarbonate baby 
feeding bottles and other 
infant feeding bottles

Ministry of Health, Bulletin 
No. 15 of 2011

Prohibited

Additive in adhesives and 
paint coatings

GB 9685-2016 Specific migra-
tion limit of 
0.6 mg/kg

India

BPA in Packaging Material 
for baby/infant food 
supplements

Food Safety and Standards 
(Foods for Infant Nutrition) 
Regulations, 2020

Prohibited

BPA in baby feeding 
bottles/sippy cups

IS 14625:2015, Bureau of 
Indian Standards (BIS), 2015

Prohibited

Indonesia Food contact plastics Regulation of the National 
Agency of Drug and Food 
Control (Badan Pengawas 
Obat dan Makanan/BPOM) 
Number 20 of 2019 concern-
ing Food Packaging

Maximum per-
mitted content 
of 600 µg/kg

Malaysia Polycarbonate Baby 
bottles

P.U. (A) 35/12 of the Food 
Regulations 1985 (since 
March 1st, 2012)

Prohibited

EU

Infant feeding bottles 

Bottles and packaging of 
food for children up to 3 
years old

Directive (EU) 2011/8/
EU amending Directive 
2002/72/EC

Prohibited

Food contact plastics and 
food contact varnished or 
coated products

Regulation  (EU) 2018/213 
amending Regulation (EC) 
10/2011

Maximum mi-
gration of 0.05 
mg/kg 

Toys – intended for use by 
children under 36 months 
or in other toys intended 
to be placed in the mouth

Directive (EU) 2017/898 
amending 2009/48/EC

Maximum mi-
gration of 0.04 
mg/L

Thermal paper Regulation (EU)2016/2235 
amending Annex XVII of 
REACH

Maximum con-
tent of 0.02% 
by weight

US

Baby bottles, sippy cups, 
infant formula

Rule 77 FR 41899 Prohibited 

Epoxy resins as coatings 
in packaging for infant 
formula

Rule 78 FR 41840 Prohibited

http://www.ipen.org
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METHODS

A total of 142 samples of hard and transparent plastic bottles and cups 
were collected during 2020 at local markets in 8 countries (Bangladesh, 
Bhutan, China, Indonesia, Malaysia, Russia, Sri Lanka and Tanzania) by 
IPEN Participating Organizations (Jagrata Juba Shangha in Bangladesh, 
Royal Society for Protection of Nature (RSPN) in Bhutan, Toxics Free 
Corps in China, Nexus 3 in Indonesia, Consumers’ Association of Pen-
ang (CAP) in Malaysia, Eco-Accord in Russia, Centre for Environmental 
Justice (CEJ) in Sri Lanka and Irrigation Training and Economic Empow-
erment Organization (IRTECO) in Tanzania). In each of the 8 countries 
10-30 hard and transparent plastic bottles, sippy cups and other items in 
contact with food or children’s mouths were purchased.  Items made of 
polycarbonate and designed for children were preferably selected at the 
local markets. We selected 9 to 20 samples per country (98 samples in 
total) for lab analyses to represent different countries and to cover diverse 
types of products.

Samples from China, Indonesia and Russia (Group 1) were shipped in 
their original packaging for lab analysis to the University of Chemistry 
and Technology Prague in the Czech Republic. Inner separable parts (i.e. 
straws) and lids of the bottles were removed from the samples as they 
were expected not to be made from polycarbonate. The samples were 
filled up with demineralized water up to 90% of bottle volume.  Inert glass 
was used to cover the bottles during the analysis.  BPA was extracted for 
30 minutes in demineralized boiling water bath (> 90°C) under static con-
ditions (mixing by magnetic stirrer). The extraction from one Indonesian 
sample (IND-BPA-17) was conducted at ambient laboratory temperature 
(≈23 °C) as this sample was sensitive to deformation at high temperature. 
The extracts were analysed using flow-injection analysis electrospray 
ionization high resolution mass spectrometry (FIA-ESI-HRMS) without 
additional reagents. The analytical results were obtained in ng/L with 5 
ng/L limit of quantification (LOQ). The ng/L unit expresses the amount 
of extracted BPA into the boiling water.

The samples from Bangladesh, Bhutan, Malaysia, Sri Lanka and Tan-
zania (Group 2) were shipped to and analysed at the Shiriram Institute 
for Industrial Research in New Delhi in India. BPA was extracted using 
incubation with boiling water followed by application of Dichlormethane 
(DCM) as a solvent into the separation funnel. Analytical performance 
was controlled for each sample using a reference BPA solution of known 
concentration (spike). Extracts were analysed using gas chromatography 
coupled with tandem mass spectrometry (GC-MS/MS) with the 0.1 ppb 
LOQ. The analytical results were obtained in µg/kg (ppb). The µg/kg 
unit expresses the amount of extractable BPA into the boiling water per 
kilogram of plastic bottle.
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RESULTS

The analytic results show that BPA is present and able to leach from 76 
out of 98 (78 %) of tested products. Results overview and basic statistics 
of samples collected in China, Indonesia and Russia (Group 1) are pro-
vided in Table 2. Results overview and basic statistics of samples collected 
in Bangladesh, Bhutan, Malaysia, Sri Lanka and Tanzania (Group 2) are 
summarized in Table 3. Minimum, average and median concentrations 
were calculated for the samples with BPA concentrations above the Level 
of Quantification (LOQ). For the complete results of the BPA analysis and 
detailed overview of the analysed samples please see Annex 2. 

TABLE 2. BPA CONCENTRATION RANGES, AND AVERAGE AND MEDIAN 

CONCENTRATIONS OF BABY AND WATER BOTTLES FROM CHINA, 

INDONESIA AND RUSSIA (GROUP 1) 

Country
Samples 
(#)

BPA 
>LOQ 
(#)

BPA 
>LOQ 
(%)

Min 
(ng/L)

Max 
(ng/L)

Average 
(ng/L)

Median 
(ng/L)

China 20 19 95 19 50 292 5 046 1 055

Indonesia 15 13 87 33 16 521 2 810 820

Russia 15 13 87 32 2 376 412 181

http://www.ipen.org
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TABLE 3: BPA CONCENTRATION RANGES, AND AVERAGE AND MEDIAN 

CONCENTRATIONS OF BABY BOTTLES, SIPPY CUPS AND WATER BOTTLES 

FROM BANGLADESH, BHUTAN, MALAYSIA, SRI LANKA AND TANZANIA 

(GROUP 2) 

Country
Samples 
(#)

BPA 
>LOQ 
(#)

BPA 
>LOQ 
(%)

Min  
(µg/kg)

Max 
(µg/kg)

Average 
(µg/kg)

Median 
(µg/kg)

Bangladesh 10 5 50 0.6 12 6.6 7.1

Bhutan 10 6 60 0.2 4.6 1.7 0.9

Malaysia 9 9 100 0.3 5.8 2.2 2.0

Sri Lanka 9 3 33 0.9 3.2 2.2 2.5

Tanzania 10 8 80 0.4 8.4 3.2 2.4
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MAIN FINDINGS

•	 78% (76/98) of all the samples contained BPA above the limit of 
quantification (LOQ). The samples included different baby feeding 
bottles and other items in contact with food or children’s mouths 
marked to be made of polycarbonate, polypropylene, a combination of 
the two materials, or silicone. The proportion (%) of BPA-containing 
samples per country is provided in Graph 1 below.

•	 14 out of 23 (61 %) products labelled “BPA-free” or “0% BPA” were 
found to be mislabelled because they contained BPA.  

•	 One baby feeding bottle (“Minitree regular neck feeding bottle”), 
made in China and purchased in Malaysia, violates existing Malaysian 
legislation. According to the provision 27A of the Food Regulations 
1985 such product shall not be imported to Malaysia or advertised for 
sale as it contains 2.6 ppb BPA. The bottle has a misleading “BPA-
free” label.

•	 Two baby feeding bottles made in India, both non-compliant with In-
dian legislation, are marketed in Bhutan. Use of BPA in baby feeding 
bottles is prohibited according to IS 14625:2015 by Bureau of Indian 
Standards (2015).

•	 All the other analysed samples containing BPA above the LOQ are 
at this point legal, as they either do not exceed the threshold concen-
trations set by the legislation, or do not fall into a product category 
covered by national/regional legislations, or no legislation concerning 
BPA exists in that country/region.  

•	 In the first group of analysed samples, where the extractable BPA con-
tent in the plastic itself was measured, the highest BPA concentration 
was found in a sample from China (50 292 ng/L).  

•	 In the second group of analysed samples, where BPA content in 
leaches was measured, the highest BPA concentration was found in 
one baby bottle from Bangladesh (12 µg/kg). 

http://www.ipen.org
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Graph 1: Proportion (%) of BPA-containing samples per country
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DISCUSSION 

Of the 98 tested samples, 76 contained BPA above the level of quanti-
fication. Our analysis shows that BPA is present in the products and it 
can leach out of them. Consumers are exposed to BPA from food contact 
materials in addition to other exposure routes, resulting in 90-99% of in-
dividuals having BPA in their bodies[3]. Children are particularly sensitive 
to BPA as their metabolic system is under development. These findings 
illustrate an urgent need for stronger, global controls on the use of BPA, 
because BPA is a known endocrine disruptor with several negative effects 
on human health. In recent years public pressure has led to regulations on 
BPA in some countries or to voluntary shifts to BPA-free alternatives by 
some companies. Despite this fact, as shown by the results in this report, 
BPA is still frequently used in plastic bottles intended both for adult con-
sumers and children in Bangladesh, Bhutan, China, Indonesia, Malaysia, 
Russia, Sri Lanka and Tanzania. A restriction on BPA use will have a posi-
tive effect in terms of reduction of the BPA body burden as, fortunately, 
BPA does not accumulate in the body[24]. 

Some samples investigated in our analysis had particularly high concen-
trations of BPA and one sample purchased in Malaysia (but manufac-
tured in China) violates existing Malaysian legislation. It was also falsely 
labelled as “BPA-free”. Overall, 14 samples were labelled as BPA-free but 
still contained BPA. These findings highlight the urgent need for regula-
tory control mechanisms.

The findings of BPA content and leaching from products in contact with 
children’s food or mouths purchased in 8 countries (Bangladesh, Bhutan, 
China, Indonesia, Malaysia, Russia, Sri Lanka and Tanzania) are consis-
tent with previous studies from Malaysia (2003)[25] or India (2014)[26]. 
Other studies from countries with enforced BPA regulations (Spain, 
Italy) showed that BPA migration levels were below the allowed regula-
tory limits (as of 2010, 2011 and 2013)[27-29]. Those studies illustrate that 
regulations are an effective tool to protect people from exposure to BPA 
and other harmful chemicals. On the other hand, if the threshold amounts 
are high or the items are too-distinctively defined by the national legisla-
tion, BPA-containing products that come in contact with children’s food 
or mouths continue to flood the markets. Such a situation is illustrated 

http://www.ipen.org
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in Indonesia and China, countries with BPA restrictions for baby bottles. 
None of the samples from Indonesia exceeds the far-too-high threshold 
set by the Food Packaging Regulation and none of the samples from China 
designed for children (i.e. holding nipple or child-friendly pictures) are 
out of the scope of the legislation of the Chinese Ministry of Health, as the 
manufacturer claims the items are intended for older children and adults. 
Moreover, other studies from Europe reported bisphenol S (BPS) as the 
most abundant compound in plastic packed baby food[30], which is consis-
tent with the industry replacing BPA with BPS. BPS, however, is known to 
be a regrettable substitute to BPA as it is just as harmful as, or potentially 
worse than, BPA. BPS, as well as other bisphenols (F,  E and B), exhibits 
endocrine-disrupting actions and health impacts similar to BPA[20], and 
thus, all bisphenols should be regulated as a group.
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CONCLUSIONS AND 

RECOMMENDATIONS

Consumers including children in Bangladesh, Bhutan, China, Indonesia, 
Malaysia, Russia, Sri Lanka and Tanzania are likely exposed to the endo-
crine disrupting chemical Bisphenol A (BPA) from widely used products. 
Consumers in Malaysia, Bhutan, Indonesia and Sri Lanka are deceived by 
misleading “BPA-free” or “0% BPA” labelling of baby products. It is im-
portant to view these results in relation to the scientific research that has 
shown that BPA can impact brain development, increase anxiety, depres-
sion, hyperactivity and inattention. It is also crucial to note that concerns 
have been raised about other bisphenols (mainly BPS and BPF) and that 
regulating only the use of BPA runs the risk of steering manufacturers 
towards those regrettable substitutions. Therefore, the governments of 
Bangladesh, Bhutan, China, Indonesia, Malaysia, Russia, Sri Lanka, and 
Tanzania should take immediate steps to restrict manufacture, sale, and 
distribution of BPA and other bisphenols used as replacements (BBB, BPS 
and BPF) in all products intended for children, as well as food contact ma-
terials. Where existing regulations exists, control mechanisms for moni-
toring compliance should be established and existing legislation enforced. 
Governments should take the following steps to protect consumer’s and 
children’s health:

1.	 To immediately ban use of BPA and bisphenol-based materials (i.e., 
polycarbonate plastics, bisphenol-containing polypropylene, or 
bisphenol-containing silicone) in baby bottles. 

2.	 To rapidly ban use of BPA and bisphenol-based materials in all chil-
dren’s products and all food contact materials.

3.	 To establish a control mechanism for monitoring compliance of prod-
ucts on the market to established legislation.

4.	 To establish legally binding rules for “BPA-free” labelling of consumer 
products.

5.	 To support substitution of BPA and bisphenol-based materials with 
safe, already existing alternatives[31] in order to rapidly transition 
towards non-toxic, recyclable materials.

6.	 To require separation of bisphenol-based materials from the waste 
stream to avoid circulation of bisphenols into new products.
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