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Abstract

Bisphenol A (BPA) is a key component of polycarbonate plastics and epoxy resins, which are widely used for 
production of food storage containers and numerous other products, including contact lenses, protective glas-
ses, infant incubators, CDs and DVDs. Moreover, BPA is an additive in the production of dental composites, 
paints, fungicidal and inflammability reducing agents.  
Bisphenol A primarily gets to the human body from food products kept in BPA containers. The other important 
sources of BPA are thermal printing paper tickets and receipts, contaminated water, air and dust.
Study findings have confirmed its presence in all body fluids (follicular and amniotic fluids, umbilical blood, 
milk, urine, foetal serum) as well as numerous tissues and organs (placenta). Bisphenol A can cause various 
conditions, e.g. cardiovascular diseases, chronic respiratory failure, breast cancer, endometriosis, developmen-
tal disorders or autoimmune diseases. The permissible dose of BPA, which can be absorbed within 24 hours, 
is 0.05mg/kg body weight. 
The materials containing BPA are found worldwide, particularly in quickly developing countries; due to its 
health-related risks, bisphenol A should be monitored in all elements of natural environment and BPA-conta-
ining products.  
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Introduction

 Bisphenol A (BPA) was first described by 
Alexander Dianin in 1891 [1]. In the 30ties of the 
previous century, BPA was investigated for its es-
trogenic properties and possible therapeutic ap-
plications. As a synthetic estrogen, BPA was soon 
replaced with diethylstilbestrol (DES), which was 
found to exert more potent estrogenic effects. In 
1940, researchers renewed their interest in BPA as 
a major component used in the production of some 
plastics [2,3].  Since then, demands for BPA have 
been increasing. In 1964, 42 tons of BPA were pro-
duced in the United States, whereas in 2003 its glo-
bal production was 3.2 million tons, one-third of 
which came from the United States [4]. According 
to Huang [1], the amount of BPA produced in 2012 
reached almost 6 million tons.

Use of bisphenol A

 Approximately 95% of BPA is used in the 
production of polycarbonate (PC) plastics and 
epoxy resins. Polycarbonates are applied in the pro-
duction of bottles and containers, e.g. bottles for 
infants, food, beverage and microwave containers. 
Moreover, they are used in the construction indu-

stry (roofing, glass-making, roof lights, ski lifts, 
road signs, protective panels), in medicine and he-
alth protection (contact lenses, incubators of new-
borns, inhalators, oxygenators, dialysis machines), 
and in the field of safety measures (helmets, pro-
tective glasses, sunglasses). BPA is found in electric 
and electronic devises (hair dryers, electric shavers, 
kettles, refrigerators, mixers, computers, fax machi-
nes, cell phones), visual media (CDs, DVDs) and 
in the automotive industry (dashboards, bumpers) 
[1, 5, 6]. Epoxy resins are used for coating the in-
sides of cans, food cartons and containers, water 
pipes [1]. The remaining 5 % of BPA is used in the 
production of phenol, polysulfone, polyacryl and 
polyester resins, polyvinyl chloride (PVC) plastics, 
agents reducing inflammability, and as additives 
for the production of paints, paint developers, den-
tal composites, synthetic textiles, and fungicidal 
agents [1,3]. Special attention should be paid to 
BPA in thermal paper used for some self-adhesives, 
fax paper and cash receipts [6,7]. The estimated da-
ily intake (EDI) of BPA ranges from 2 to 347 µg/day 
(on average 40.4 µg/day) for supermarket cashiers 
and from 0.24 to 3.98 µg/day (on average 0.69 µg/
day) for the general population [6]. Table 1 presents 
the amounts of BPA on the surface of thermo-ac-
tive paper used in cash registers and payment ter-
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minals. Thermal printers are commonly used for 
printing receipts, train, plane and bus tickets or lot-
tery tickets. Furthermore, BPA is present in waste 
paper, toilet paper and kitchen towels. According 
to Lu et al. [6], average BPA amounts found in cash 
register receipts are 9.38 mg/g, in thermal paper – 
1.0 mg/g, and in paper currencies – 4.94 µg/g.
Table 1. BPA content in various papers used in thermal printers

Material Concentration References
recycled paper kitchen towel 0.6-24.1 mg/kg [8]
virgin paper kitchen towel 0.03-0.1 mg/kg [8]
waste paper 0.09-5.10 mg/kg dm [9]
toilet paper 3.2-46.1 mg/kg dm [9]
virgin paper products:
coffee filters
cooking paper
mugs
kitchenware
napkins
tea-bags
tissues
fried chicken paper boxes

ND–0.36 µg/g
0.034-0.048 µg/g
ND-0.36 µg/g
0.064 µg/g
ND-0.034 µg/g
0.048-0.09 µg/g
0.068 µg/g
0.044 µg/g
0.034 µg/g

[10]

waste paper products:
cartons
sweet  boxes
fried chicken boxes
fried potato boxes
newspapers
pizza boxes
sandwich boxes

0.19–26 µg/g
2.0 µg/g
0.89 µg/g
2.04 µg/g
0.74 µg/g
0.19 µg/g
0.37-1.3 µg/g
26 µg/g

[10]

train  receipts 12 g/kg [7]
canteen receipts 17 g/kg [7]
shop receipts <0.0005-17 g/kg [7]
paper from recorders for chromatographic 
devices

11-16 g/kg [7]

tram tickets <0.0005 g/kg [7]
parking tickets 32000 mg/kg [11]
plane ticket 5800 mg/kg [11]
train tickets 14000 mg/kg [11]
bus tickets 23000 mg/kg [11]
machine printouts 16000 mg/kg [11]
shop receipts 9500-19000 mg/kg [11]
labels 5000 mg/kg [11]
cash machine printouts 19000 mg/kg [11]
cash receipts ND-17000 mg/kg [12]
thermal paper receipts <1 ng/g-13.9 mg/g [13]
paper currencies 0.001 to 82.7 μg/g [14]
credit card receipts 0.01-1.79 mg/100 mg [15]
gas station receipts 1.16-1.19 mg/100 mg [15]
parking receipts 1.71 mg/100 mg [15]
restaurant receipts 1.69-2.00 mg/100 mg [15]
shop receipts 0.97-2.09 mg/100 mg [15]



15Occurrence of bisphenol A and its effects on the human body

Arch Physiother  Glob Res 2015 19 (2): 13-26

thermal printing paper
shop receipts
restaurant receipts
bank receipts
pharmacy receipts
cinema receipts
train tickets

0.53–12.9 mg/g
12.9 mg/g
12.5 mg/g
9.96 mg/g
8.31 mg/g
5.89 mg/g
0.53 mg/g

[16]

shop receipts 2.58-14.7 mg/g [6]
 ND - not determined

Bisphenol A content in food
           
 The essential route of exposure to BPA is 
diet. The compound in question can migrate to 
food from metal tops of jars and containers lined 
with epoxy resin, protecting the food against direct 
contact with metal, as well as from other polycar-
bonate plastics, e.g. bottles for infants, tableware, 
water bottles, or food containers [17].  
 The amount of BPA that migrates from 
these containers depends mainly on liquid tem-
perature (higher migration at higher temperature) 
and on container size, although to a lesser degree. 
Effects of high temperature can be purposeful (ste-
rilisation, warming) or unintended, e.g. during 
storage in shopping centres and storage spaces. 

In this way, the amount of BPA and its derivatives 
migrating from the layer coating a can to food is 
7–380 g/kg and to beverages 7–58 µg/g [18, 19]. 
The study by Greens et al. [20] has demonstrated 
that the average concentration of BPA in canned 
beverages is 1.0ng/ml and in canned foods – 40.3 
ng/g. Moreover, the authors emphasise that BPA 
has not been determined in non-canned beverages 
(<0.02 ng/ml), whereas non-canned food products 
contained a very low amount of BPA, i.e. 0.46 ng/g. 
The other authors also highlight that the amount 
of BPA in food depends on the type of container. 
According to Sajiki et al. [21], the amount of BPA 
in canned food products is 0-842 ng/g, in plastic 
containers - 0-14 ng/g while in paper containers - 0 
to 1 ng/g. In the majority of studies, BPA is analy-
sed in processed and canned products (Table 2). 
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Table 2.Concentration of BPA in canned food products

Groups of products                   Type Concentration References

Dairy products condensed milk 15.3 ng/g [17]

concentrated milk <1.7-15.2 ng/g [22]

Vegetables canned vegetables ND-21.5 µg/kg [23]

roasted beans 23.5 ng/g [17]

canned vegetable juice 0.53 ng/g [17]

tomatoes 20 ng/g [24]

tomatoes <10-21 µg/kg [25]

tomato paste 1.23 µg/kg [26]

tomato sauce 2.59 ng/g [17]

mushrooms 0.04 mg/kg [27]

corn 2.3-75 ng/g [28]

corn 28 ng/g [24]

corn <10-20 µg/kg [25]

corn 2.12 µg/kg [26]

beetroots 13-24 µg/kg [25]

pea 8.5 ng/g [24]

pea <10-17 µg/kg [25]

pea 0.05 mg/kg [27]

beans 3.5-26 ng/g [28]

beans 26-35 ng/g [24]

lentils 26 ng/g [24]

olives <10-23 µg/kg [25]

Fruit fruit salad <10 µg/kg [25]

fruits ND-54.56 µg/kg [23]

sour cherries 3.24 ng/g [17]

apricots <10 µg/kg [25]

peaches 6.4 ng/g [24]

peaches <10 µg/kg [25]

mango 24 ng/g [24]

mango 0.16 mg/kg [27]

lychee 6.8 ng/g [24]

pineapple 5.0 ng/g [24]

pineapple <10 µg/kg [25]

pineapple 0.03 mg/kg [27]

pineapple 1.20 ng/g [17]

roasted nuts 0.10 mg/kg [27]

Beverages soft drinks <10 µg/kg [25]

soft drinks 0.32 ng/g [17]

beverages 0.03-4.70 μg/l [29]

orange fizzy drink 607 ng/l [30]

orange drink 0.4 ng/ml [24]

lemon drink 0.1 ng/ml [24]

lemon fizzy drink 232-433 ng/l [30]

energy drink <0.9-3.4 ng/ml [24]

energy drink 561 ng/l [30]

tonic 44 ng/l [30]
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apple juice 0.36 ng/g [17]

apple fizzy drink 503 ng/l [30]

soft drinks 0.032-4.5 µg/l [31]

Coca-Cola 0.4-0.7 ng/ml [24]

Coca-Cola 522 ng/l [30]

beer 1.5 ng/ml [24]

beer 0.081-0.54 µg/l [32]

coffee ND-136.14 µg/kg [23]

tea ND-14.26 µg/kg [23]

Fish fish ND-125.25 µg/kg [23]

fish 106 ng/g [17]

tuńczyk  w oleju 43 ng/g [24]

tuńczyk <7.1-102.7 μg/kg [33]

tuna in oil <20-109 µg/kg [25]

tuna 0.11 mg/kg [27]

tuna ND-116.88 µg/kg [23]

tuna 32.55 µg/kg [26]

tuna in oil ND-99.9 μg/kg [34]

natural tuna 2.2-32.8 μg/kg [34]

mackerel in vegetable oil 9.9-33.5 μg/kg [34]

sardines in  oil 2.1 ng/g [24]

sardines ND-9.2 μg/kg [34]

salmon <20-24 µg/kg [25]

Seafood mussels in oil 1.4-49.2 μg/kg [34]

octopus 5.6-54.9 μg/kg [34]

squid 11.1-43.8 μg/kg [34]

Meat meat <20-98 µg/kg [25]

meat ND-98.3 µg/kg [23]

corned beef 17–602 ng/g [28]

luncheon meat 10.5 ng/g [17]

pork 0.04-0.14 mg/kg [27]

sauce <10-21 µg/kg [25]

stew 9.6-22 ng/g [24]

stew 16.75 µg/kg [26]

spaghetti <10 µg/kg [25]

Soups potato 9.6-20.7 ng/g [24]

broth 44.4 ng/g [17]

soup <20 µg/kg [25]

meat soup 29.1 ng/g [17]

cream soup 22.2 ng/g [17]

Food for children formulas for infants 45-113 ng/g [35]

vegetable <10 µg/kg [25]

desserts <10 µg/kg [25]

milk drinks 2.75  ng/g [17]

Miscellaneous coconut cream (sweetened) 29.7 ng/g [24]

coconut cream <20-192 µg/kg [25]

desserts <20 µg/kg [25]
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 The findings of some other studies reveal 
that BPA is also present in fresh fruits and vegetab-
les as well as non-canned food products (table 3). 
Table 3. BPA concentration in non-canned food products

Groups of products Type Concentration References

Dairy products cheese 2.24 ng/g [17]

processed cheese 0.68 ng/g [17]

butter 0.53 ng/g [17]

milk ND-0.49 µg/kg [36]

eggs and dairy products <2-2.4 ng/g [37]

fats (butter, margarine, oil mayonnaise) <4 ng/g [37]

Bread and cereals cereal products <2 ng/g [37]

wheat bread 0.40 ng/g [17]

rye bread 1.73 ng/g [17]

cornflakes, rice, bran 0.65 ng/g [17]

wholemeal flour 0.44 ng/g [17]

Vegetables potatoes <2-2.2 ng/g [37]

cauliflower 0.41 ng/g [17]

mushrooms 1.17 ng/g [17]

Fruit fresh and dried plums 0.62 ng/g [17]

raisins 0.51 ng/g [17]

apricots 0.57 ng/g [17]

Meat sausages 0.48 ng/g [17]

poultry liver pate 0.67 ng/g [17]

Fish and seafood salt water fish 0.48 ng/g [17]

sea fish 0.89 ng/g [17]

Beverages bottled wine 0,74 ng/g [17]

coffee 0,22 ng/g [17]

mineral water (Pet bottle) 2-10 ng/l [38]

Fast food frozen dinner dishes 2.02  ng/g [17]

French fries 1.10  ng/g [17]

hamburger 10.9  ng/g [17]

poultry hamburger 1.45  ng/g [17]

hot-dog 2.32  ng/g [17]

sandwiches 1.24 ng/g

Food for children  - dinner dishes 
(cornflakes, vegetables, meat ) in jars

fruits ( apples, peaches) in jars

meat, poultry or eggs in jars

vegetables, pea in jars, 

Miscellaneous  baking soda, 

yeast,

soya sauce

honey in a plastic container
honey in aglass container
bottled honey
eggs
eggs
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 The tolerable daily intake (TDI) of BPA ac-
cepted by the European Union and the reference 
dose (RfD) established by the US Environmental 
Protection Agency (US EPA) are 50 µg BPA/kg 
b.w./day; whereas the Health Canada sets the tem-
porary  TDI for BPA at 25 µg/kg b.w./day [17]. 
 According to Cao et al., the daily dose of 
BPA for infants is 1.2-2.2 µg/day, for children and 
teenagers below the age of 19 years – 3.3-4.7 µg/day 
and for adults - 3.3 – 5.8 µg/day. The daily intake 
of this compound with the diet per kg b.w. reaches 
0.16-0.33 µg/kg b.w./day for infants and is sub-
stantially higher than for adults ( 0.052-0.082 µg/
kg b.w./day; the estimated daily intake for children 
and teenagers is 0.088-0.23 µg BPA/kg b.w./day. 
Moreover, the average intake of BPA based on its 
amount in urine reported by LaKind and Naiman 
[40]) is 49.1–59 ng/kg/day for men and 36.2–46.5 
ng/kg/day for women, as compared to 28–49 ng/
kg/day and 34–59 ng/kg/day, respectively given by 
Miyamoto and Kotake . In Belgium, the BPA inta-
ke with food and canned beverages in adults is 1.05 
µg/day, which gives 0.015 µg/kg b.w./day per avera-
ge body weight of an adult of 70kg [20]. In Japan, 
the daily intake of BPA with canned food has been 
defined at 644 ng/person/day, which is significantly 
lower than TDI accepted by EFSA and USEPA [42]. 

Presence of BPA in the human body

 The concentration of BPA can be measu-
red directly in human blood, urine, milk and other 
fluids and tissues (Table 4). The study carried out 
by Calafat et al. [43] has revealed the presence of 
this compound in 95% of human urine samples.  
 Urine is a commonly used matrix in bio-
monitoring of unstable chemical compounds, such 
as bisphenol A, whose half-life is shorter than 6 
hours. Administered orally, BPA is quickly and ef-
fectively absorbed from the gastrointestinal tract 
and undergoes the extensive first-pass effect occu-
rring in the intestinal and liver wall. At this stage, 
the main pathway of biotransformation is its bio-
transformation to glucuronide, which is biologi-
cally inactive [44]; 13-28% of the BPA glucuronide 
formed is removed from the body with urine while 
56-82% of free bisphenol A is excreted with faeces 
[45]. Understanding the extent of BPA metabolism 
is essential to determine whether the compound 
represents a potential risk to reproduction and de-
velopment of humans. 

Table 4. Concentration of BPA in the human body

Country Study group Sample Method of detec-
tion

Limit of de-
tection

Concentration Refe-
rence

Japan 21 adults ( aged 30-50 years ) serum HPLC 0.1 ng/ml 0-1.6 ng/ml [46]
Japan 5 individuals serum HPLC-ED 0.01 ng/ml 0.32 ng/ml [47]
Germany 37 newborns foetal plasma GC-MS 0.01 ng/ml 0.2-9.2 ng/ml [48]
Germany 37 pregnant women (gestatio-

nal week 32-41 t)
maternal pla-
sma

GC-MS 0.01 ng/ml 0.3-18.9 ng/ml [48]

Germany 37 women placental tissue GC-MS 0.01 ng/ml 1.0-104.9 ng/g [48]
Korea 30 adults urine HPLC-FD 0.28 ng/ml 0.85-9.83 ng/ml [49]
Japan 3 women milk GC-MS 0.09 ng/g <0.09-0.70 ng/g [50]
Malaysia 180 samples umbilical blo-

od
GC-MS 0.05 ng/ml ND-4.05 ng/ml [51]

Japan 23 women milk HPLC 0.11 ng/ml 0.28-0.97 ng/ml [52]
USA 20 samples milk HPLC–MS/MS 0.28 ng/ml <0.28–7.3 ng/ml [53]
Japan 101 samples colostrum ELISA 0.3 ng/ml 1–7 ng/ml [54]
Germany 15 adults urine GC-MS 3 ng/ml ND-55 ng/ml [55]
Korea 300 pregnant women maternal blood HPLC 0.625 µg/L <LOD-66.48 µg/l [56]
Korea 296 newborns placental blood HPLC 0.625 µg/L <LOD-8.86 µg/l [56]
USA 40 pregnant women blood HPLC-ESI-MS/

MS
0.5 ng/ml 0.5-22.3 ng/ml [57]
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Germany 287 individuals (aged 5-52 
years)

urine LC-MS/MS 0.3 µg/l <0.3-2.5 µg/l [58]

USA 60 pre-menopausal women urine HPLC-MS/MS 0.18 ng/ml 0.17-33.78 ng/ml [59]
Korea 167 women blood HPLC/FD 0.012  µg/l 0-13.87  µg/L [60]
Canada 5476 individuals (aged 6-79 

years)
urine GC-MS/MS 0.2 µg/l ND-1.38 µg/l [61]

USA 375 men (aged 18-53 years) urine LC-MS/MS 0.4 µg/l <0.4-6.5 µg/l [62]
Taiwan 97 pregnant women maternal blood HPLC 0.13 ng/ml 0.3-29.4 ng/ml [63]
Taiwan 97 newborns umbilical blo-

od
HPLC 0.13 ng/ml 0.3-18.5 ng/ml [63]

Germany 47 infants (aged 1-5 months) urine LC-MS/MS 0.15 µg/l <0.15-16.0 µg/l [64]
Canada 20 individuals (aged 21-68 

years)
serum LC-MS 0.2 ng/ml 0-30 ng/ml [65]

Canada 20 individuals (aged 21-68 
tears)

urine LC-MS 0.2 ng/ml 0-42 ng/ml [65]

Canada 20 individuals (aged 21-68 
years)

sweat LC-MS 0.2 ng/ml 0-82 ng/ml [65]

Occurrence of bisphenol A in the environment

 Bisphenol A is present in the aquatic 
environment and in the air, both out- and in-do-
ors [66]. Each year, approximately 100 tons of BPA 
leak into the atmosphere during its production 
[67]. BPA can be determined in aerosol and dust 
even in the most remote places, such as Arctic or 
Antarctic. The secondary source of environmental 
pollution with BPA is sewage sludge, as well as un-
treated and treated sewage (Table 5).

Table 5. Bisphenol A in the environment and sewage

E n v i r o n m e n t a l 
samples

Country Technique Limit of detection Concentration Reference

Surface water
rivers Germany HRGC-(NCI)-MS 40 pg/l 500 pg/l -14 ng/l [68]
rivers, canals Holland GC-MS/MS 11 ng/l ND-170 ng/l [69]
estuaries Holland GC-MS/MS 11 ng/l ND-330 ng/l [69]
rivers, lakes, canals Germany GC-MS/MS 0.1 ng/l 0.0005-0.41 µg/l [70]
sea water Singapore GC-MS 0.014 µg/l 0.04-0.19 µg/l [71]
river China GC-MS 0.17 ng/l 19.1 ng/l - 8.30 µg/l [72]
rivers Japan GC-MS 0.005 µg/l ND-0.08 µg/l [73]
river Italy LC–MS/MS 0.2 ng/l 15–29 ng/l [74]
river Great Britain GC–MS 5.3 ng/l <LOD-24 ng/l [75]
river, canal, sea wa-
ter

Spain HPLC-(ESI)-MS 0.002 µg/l ND-0.02 µg/l [76]

rivers Japan GC-MS 0.32 ng/l 20.2-30.1 ng/l [77]
river Spain LC-MS 0.014 µg/l 0.12-0.271 µg/l [78]
river Spain LC-MS 0.05 µg/l <0.05 µg/l [79]
river Switzerland GC-MS 2.4 ng/l 9-76 ng/l [80]
rivers Belgium LC–MS/MS 2 ng/l 0.003-0.055 µg/l [81]
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rivers Italy LC–MS/MS 2 ng/l 0.036-0.175 µg/l [81]
River and lake sediments

Germany GC-MS 0.5 µg/kg s.m. <0.5-15 µg/kg d.m. [82]
Germany GC-MS/MS 1 µg/kg s. m. 0.01-0.19 mg/kg [70]
Japan GC-MS 0.5 µg/kg ND-13 µg/kg [73]
Japan GC-MS 0.05 ng/g 0.11-48.0 ng/g [77]
China GC-MS 0.1 ng/g s. m. 0.6-4.0 ng/g [83]
Japan LC–MS/MS 0.6 ng/g ND-22.0 μg/kg [84]
China GC-MS 0.7 ng/g 0.72–13.2 ng/g [85]

Air
Solid particles Japan GC-MS 0.01 ng/m3 0.01-1.92 ng/m3 [86]
aerosol India (urban area) GC-MS 0.3 pg/μl 100–17400 pg/m3 [87]
aerosol China (urban area) GC-MS 0.3 pg/μl

30–2340 pg/m3 [87]
aerosol China (urban area) GC-MS 0.3 pg/μl 30–240 pg/m3 [87]
aerosol Japan (Urban area) GC-MS 0.3 pg/μl 10–930 pg/m3 [87]
aerosol New Zealand(Ur-

ban area)
GC-MS 0.3 pg/μl 4-1480 pg/m3 [87]

aerosol Atlantic Ocean(-
north)

GC-MS 0.3 pg/μl 4-6 pg/m3 [87]

aerosol Pacific (north) GC-MS 0.3 pg/μl 1-2 pg/m3 [87]
aerosol Chinese Sea(east) GC-MS 0.3 pg/μl 7-27 pg/m3 [87]
aerosol Japanese Sea(-

north)
GC-MS 0.3 pg/μl 4-32 pg/m3 [87]

aerosol Arctic GC-MS 0.3 pg/μl 1-17 pg/m3 [87]
aerosol Antarctic GC-MS 0.3 pg/μl 1-11 pg/m3 [87]
dust (office, house) USA GC-MS-SIM 0.0038 µg/ extract 0.25-0.48 µg/g [88]
air (office, house) USA GC-MS-SIM 0.0038 µg/ekstrakt 0.002-0.003 µg/m3 [88]
plastic production 
plant

USA GC-MS-SIM 0.0038 µg/ extract 0.208 µg/m3 [88]

indoor air USA GC-MS 0.9 ng/m3 <0.9-193 ng/m3 [89]
outdoor air USA GC-MS 0.9 ng/m3 <0.9-51.5 ng/m3 [89]
dust USA GC-MS 20 ng/g <20-707 ng/g [89]
household dust USA HPLC–MS/MS 0.5 ng/g <0.5-10200 ng/g [90]

Sewage
raw sewage Italy LC–MS/MS 3.0 ng/l 332–339 ng/l [74]
raw sewage Spain LC-MS 0.05 µg/l 0.06-1.51 µg/l [79]
raw sewage China GC-MS 13.8 ng/l 699.9-1416.7 ng/l [91]
treated sewage Germany GC-MS/MS 0.1 ng/l 0.018-0.702 µg/l [70]
treated sewage Italy LC–MS/MS 1.0 ng/l 13–36 ng/l [74]
treated sewage Spain LC-MS 0.05 µg/l <0.05-0.33 µg/l [79]
treated sewage China GC-MS 13.8 ng/l 56.9-138.4 ng/l [91]
sewage sludge Germany GC-MS/MS 1 µg/kg s. m. 0.004-1.363 mg/kg 

d.m..
[70]

sewage sludge Australia GC-MS 10 µg/kg <10 µg/kg -1.47 
mg/kg

[92]

HRGC-(NCI)-MS - high-resolution gas chromatography with negati-
ve chemical ionization mass spectrometric detection; 
GC-MS/MS - gas chromatography/tandem mass spectrometry;
GC-MS -  gas chromatography-mass spectrometry; 
LC–MS/MS - liquid chromatography tandem-mass spectrometry;

HPLC-(ESI)-MS - high-performance liquid chromatography-electrospray 
ionization-mass spectrometry; 
GC-MS-SIM - gas chromatography-mass spectrometry with selected ion 
monitoring; 



22             Włodarczyk Elżbieta

Arch Physiother  Glob Res 2015; 19 (2): 13-26

Effects of BPA on human health

 Bisphenol A is characterised by marked 
lipophilicity. This feature enables it to cross biolo-
gical membranes, permeate into the cell interior, 
and accumulate in the adipose tissue. Moreover, 
BPA penetrates through the blood-brain barrier 
and placental barrier, affecting the development 
of organisms in the earliest stages of life. As far as 
its chemical structure is concerned, the compound 
mimics the action of endogenous hormones, i.e. 
estradiol. It impairs proper functioning of the en-
docrine system, hence is rated among the endocri-
ne disrupting compounds (EDCs) [93]. 
 BPA present in the human body can cau-
se various conditions, e.g. obesity in children [94].  
Hiroi et al. [95] have noticed a correlation between 
exposure to BPA, complex endometrial hyperpla-
sia and endometrial cancer. Furthermore, based 
on preliminary analysis of Korean women, Yang 
et al. [60] have suggested the risk of breast cancer 
due to exposure to BPA. According to Krieter et al. 
[96], the concentration of BPA is highly and rever-
sely correlated with proper functioning of kidneys. 
Some other studies have also demonstrated adverse 
effects of BPA. In their study in 1455 adults, Lang 
et al. [97] have observed that high concentration of 
bisphenol A in urine is correlated with increased 
incidence of cardiovascular diseases, diabetes and 
disorders of hepatic enzymes. According to Gal-
loway et al. [98], hormonal changes in men can 
be associated with high exposure to BPA; a cor-
relation had been found between daily excretion 
of high amounts of BPA and an increase in total 
concentration of testosterone in serum. Moreover, 
exposure of men to BPA is likely to affect the quali-
ty of sperm, hence the quality of an embryo, which 
was observed during in vitro fertilisation [99]. Ac-
cording to Fujimoto et al. [100], exposure of wo-
men to BPA during in vitro fertilisation affects the 
quality of oocytes.  
 Furthermore, exposure of pregnant wo-
men to BPA can influence the proper development 
of children. According to Chou et al.  [63],  the le-
vel of BPA detected in the placental blood eviden-
ces that the compound can be transported through 
the placental barrier to a foetus. Increased prenatal 
exposure to BPA increases the risk of low birth we-
ight and reduced gestational age and causes adver-
se effects on adipokines in newborns, particularly 
in male infants. Some authors have investigated 
the relation between prenatal exposure to BPA and 

wheeze in children aged 6 months based on the 
amount of BPA in maternal urine [101]. According 
to Braun et al. [102], gestational exposure to BPA 
can cause anxiety, depression and hyperexcitability  
regarding impaired regulation of behaviour in chil-
dren aged 3 years. It has been noted that such effects 
are more pronounced in girls than in boys, which 
can result from their higher susceptibility to BPA 
during the prenatal period. Otherwise, exposure 
during childhood does not affect the behaviour and 
executive functions of children at this age (3 years).  

Summary
 
 Bisphenol A is a typical example of xeno-
biotics commonly occurring in almost each sphe-
re of life of modern man. People are continuously 
exposed to direct contact with a whole range of 
products containing BPA, which is reflected in 
well-documented presence of this compound in 
the human body. Since its effects on metabolism 
have not been fully elucidated and literature fin-
dings suggest its adverse effects on human health, 
it is essential to monitor the environmental fate of 
bisphenol A.  
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