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ABSTRACT
Background. Human exposure to plastic and Bisphenol-A (BPA) is very wide in food or beverage containers and baby 
bottles that have contacted polycarbonate and epoxy resin. Currently a traditional beverage in Arabian culture is served 
in plastic cups instead of glass cups in different occasions
Objective. To evaluate the possible BPA leach from the grade 5 drinking coffee plastic cups into the coffee and whether 
the use of plastic cups instead of glass ones to serve hot Arabian coffee poses a health risk
Materials and methods. Oral administration of such coffee to three different groups of rats were undertaken. Each group 
consisted of 10 males and 10 females. The first group (G1) was gavaged 1.5 ml of hot water in glass cups. The second 
group (G2) was gavaged 1.5 ml of hot water in plastic cups while the third one (G3) was gavaged 1.5 ml of Arabian coffee 
in plastic cups. Serum concentrations of Bisphenol-A were measured 4 weeks later. Complete postmortem examination 
was conducted and representative tissue samples were subjected to histopathological evaluation.
Results. In the control group receiving water kept in a glass cup had 24 ± 2 µg/L serum concentration and the second 
group was 36 ± 4 µg/L while in the third group was 29 ± 6 µg/L.  No significant postmortem changes or histopathological 
findings were present in the studied animals.
Conclusions. Bisphenol-A can be leached from food-grade plastic cups into hot drinks within short period of time, posing 
a significant impact to public health.

Keywords: Arabian coffee, plastic, BPA, public health

INTRODUCTION

Bisphenol A (BPA) is a known endocrine disruptor 
that has been existing in our environment and it was 
first produced by A.P. Dianin in 1891 [18].  BPA is 
the common name for 2, 2-(4, 4′-dihydroxydiphenyl) 
propane, 4, 4′-isopropyllidenediphenol, alternatively  2, 
2′bis (4-hydroxyphenyl) propane, an organic compound 
with two phenol moieties. The main properties of BPA 
is low vapor pressure, moderate water solubility, and 
low volatility and also solid at room temperature [9]. 
In the 1940s and 1950s, a use for BPA was identified 
in the plastics industry as a building block for 
polycarbonate plastic [18]. Also a component of epoxy 
resins is used for dental materials and in the lining of 
food and beverage containers [18]. About 95% of BPA 
produced in industry is used to make polycarbonate 
and epoxy resins, with the remaining 5% used in 

a variety of products like drinking containers, plastic 
cups, eyeglasses, water pipes and medical equipment 
[9]. It had been shown that BPA was leached from food 
and beverage container, inhalation, house hold dust 
and dermal exposure  [15].

In Jordanian culture, as part of their tradition and 
hospitality, Arabian coffee is served for the guests 
especially in big social events where large number of 
people attend. It is used to be served in small cups 
made of glass. Nowadays, serving Arabian coffee in 
plastic cups instead of glass ones becomes a famous 
phenomenon. Furthermore, coffee is a traditional 
beverage in Arabian culture that is served as a very 
hot drink.

Many researchers had studied the effect of the most 
important component in plastic, which is BPA and 
found that it has several negative impact on the human 
health [11, 7, 4, 10]. People should think about this 
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and stained with Hematoxylin and Eosin stain (H&E). 
The prepared slides were examined microscopically 
for any significant histopathological lesion. 

BPA ELISA
Different concentrations of Rat BPA standard 

samples were added to corresponding wells (50 µl for 
each well). The blanks were set separately. A 40 µl of 
sample diluent was added to 10 µl of testing sample 
(final dilution of the sample is 5 folds) then HRP-
conjugate reagent 100 testing sample were added to 
each well except the blank. The samples were incubated 
at 37 °C for 60 min. ELISA plate was washed 5 time 
(20-fold wash solution diluted 20-fold with distilled 
water) then biotinylated Rat BPA antibody liquid was 
added to each well (100 µl for each). 50 µl chromogen 
solution A 50 µl and chromogen B were added to each 
well (also into blank well), Hatching in dark for 15 
min at 37. In order to stop the reaction, a 50 µl of stop 
solution was added and mixed well.  Absorbance was 
read at 450 nm within 10 min using Biotek PowerWave 
XS2 Spectrophotometer (Bio  Tek Instruments, Inc., 
USA). The test was repeated twice to ensure that the 
reported results were consistent each time. 

RESULTS

During the entire experiment, all rats within 
the different groups survived until the end of the 
experiments. No clinical abnormalities were noted. 
Neither water consumption nor feed intake was 
affected in any group in the experiment. Moreover, 
no differences in either the total body weight or body 
organ weight were present between the different 
groups. 

Complete blood count was determined in all 
samples and the results were summarized in Table 
1. No significant differences were found between 
all groups (P<0.05). It’s worth mentioning that the 
concentration of BPA was measured on coffee samples 
that were present in plastic cup and glass cup by ELISA 
prior to the administration to the animals. It was found 
that coffee in plastic cups contained 0.222 μg/L while 
those in glass contained 0.076 μg/L of BPA. Because 
of the small amount of BPA measured in the coffee 
samples in glass cups, the coffee was not considered 
as a potential source for BPA and hence a 4th group 
receiving coffee in glass cups was considered as 
redundant. 

Exposure assessment of Bisphenol A by drinking coffee from plastic cups

material and its risk because plastic materials are wide 
industry and had been produced in huge quantities 
worldwide [12]. This study was done to determine the 
BPA concentration that might leach from the plastic 
cups to the coffee and subsequently its concentration 
in the blood using rat model. Furthermore, the clinical, 
hematological and histopathological changes were 
reported. No such study was conducted to explore 
such effects experimentally. 

MATERIALS AND METHODS

Animals
The study protocol was reviewed and approved 

by the Institutional Animal Care and Use Committee 
(IACUC) of Jordan University of Science and 
Technology (JUST). Sixty western male and female 
rats weighing around 250 grams were used. The 
rats were housed in standard cages in the animal 
house at JUST. The rats were acclimatized to the 
working environment for one week before starting the 
experiment

Experiment Design
The rats were divided into three groups each group 

consist of 10 male and 10 females, group 1 (G1) was 
gavaged 1.5 ml of hot water in glass cups, group 2 (G2) 
was gavaged 1.5 ml of hot water in plastic cups and 
group 3 (G3) was gavaged 1.5 ml of Arabian coffee in 
plastic cups.

The coffee preparation was done by dissolving 
30-gram coffee powder in 100 ml distilled water and 
prepared daily then were poured into the cups. The 
coffee stayed in the plastic cups for 10 seconds and 
then transferred to glass cups to get cold in order to 
gavage it to the rats. The used plastic cups were of 
food grade plastic number 5.

Sampling 
At the end of the experiment, blood samples from 

different animal groups were collected in plane and 
EDTA tubes. Complete blood count (CBC) were 
determined for all collected samples. The sera were 
collected and kept in deep freeze (-70 °C) for 4 
weeks for BPA analysis. All rats were humanly killed 
according to the regulation of JUST- IACUC. Each rat 
was examined grossly. Liver and kidneys from each 
animal were weighed. Representative tissue sections 
from the lungs, hearts, livers, spleens, kidneys, 
adrenal glands gastrointestinal tracts and pancreases 
were taken and fixed in 10% formalin for 24 hours. 

Tissue fixation 
Fixed tissues were processed routinely in 

a histokinette processor then embedded into paraffin 
blocks. A 5µm thick section was made from each tissue 
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Table 1. Complete blood count for tested samples G1, G2 
and G3. The results are presented as mean ± SD

G1 G2 G3
WBC×103/µl 9.23± 1.77 8.90±2.11 10.375±2.72
RBC×106/µl 8.09± 0.48 8.32±0.92 8.382±0.5

HB g/dl 15.78±0.7 16.42±  1.3 16.04±0.76
HCT % 43.4±1.89 45.32±3.13 44.69±2.22
MCV fl 53.19±1.89 54.93±  1.89 53.37±1.76
MCH Pg 19.53±0.75 19.81±1.09 19.171±0.76

MCHC g/dl 36.74±0.65 36.42±0.79 35.911±0.50
PLT×103/µl 891.73± 64.69 856.62±63.26 877.45±71.92

G1 – hot water in glass cups, G2 – hot water in plastic cups, 
G3 – coffee in plastic cups

Postmortem examinations revealed no 
significant differences between different groups. 
Morphologically, different organ systems in the entire 
groups failed to express any significant gross changes. 
The histopathological examinations of liver, kidneys, 
lungs, pancreas, intestines, adrenals and brain showed 
no significant histopathological findings between 
different groups. All examined tissue sections were 
within normal limits.

Serum samples from different groups were 
analyzed for the presence of BPA using ELISA. It 
was found that the concentration of serum BPA in the 
treatment groups was significantly higher that their 
normal counterparts. Table 2 represents the mean 
± SD of BPA serum concentrations treatment and 
control groups. 

Table 2. Serum BPA concentration of rats in tested samples  
G1, G2 and G3. The results are presented as mean ± SD  (in 
µg /L ) 

G1
(µg /L)  

G2
(µg /L)  

G3
(µg /L)  

23.88±1.92a 36.99±2.39bc 28.65±2.08b

a-c within the same row, 
means ± SD with different superscript are significantly 
different (p-value ˂ 0.05), G1 – hot water in glass cups, G2 
– hot water in plastic cups, G3 – coffee in plastic cups

DISCUSSION

In our daily life, we are exposed to plastic through 
food or beverage containers that have contacted with 
polycarbonate and epoxy resin. Once the foodstuffs 
contacted the internal plastic surfaces, different 
chemical substances, including BPA, might migrate 
from plastic constiutents into the food and subsequently 
into our bodies [3]. This study was undertaken because 
a famous phenomenon was noticed in Jordan which 
was drinking Arabian coffee in disposable plastic cups 
instead of glass ones. Moreover, Arabian coffee is 

a traditional beverage in Arabian culture. It is served 
in big occasions and hence large numbers of people 
is exposed to possible health risks of such drift from 
glass to plastic, this study was conducted to measure 
the BPA concentration that migrated from plastic cups 
to the hot drinks and subsequently to our bodies.

In 1988, the Society of the Plastics Industry 
(SPI) for proper recycling and disposing established 
a classification system for different types of plastic 
[13]. A code system was generated according to 
their properties, usage and safety. Presence of an SPI 
number on the bottom of the package indicates only 
that the package is manufactured from a certain resin 
type. In the current study the plastic cups were marked 
with an SPI code of 5 indicating that they are made of 
polypropylene (PP). Its resistance to heat and chemicals 
characterizes this type of plastic. In this study, it 
was found that the concentration of BPA in Arabian 
coffee that was poured in the plastic cups prior to the 
administration to the animals was 0.222 μg/L while 
those in glass cups contained 0.076 μg/L of BPA.  The 
results indicated that the plastic cups used despite of 
its SPI code of 5 could not withstand heat and BPA 
was migrated from these cups to their content within 
short period of time.  The amounts of BPA migration 
depend significantly on temperature and time [8, 5]. 
It was reported that plastics identified by codes 1, 2 ,4 
and 5 do not use BPA in their manufacturing process 
and these codes were considered as a safest choice for 
food use[20].  However, in this study BPA was leached 
from the plastic cups to their content. This result 
indicated that SPI cod 5 in those plastic cups contained 
BPA in their manufacturing processes and should not 
be rendered for hot beverage usage or considered as 
a safe alternative for glass cups. In human, the main 
routs of BPA exposure are ingestions, inhalation and 
skin absorption [19]. Furthermore, after 90 days of the 
conducted experiment, it was found that the serum 
concentration of BPA in hot Arabic coffee or water 
poured in plastic cups groups were significantly higher 
than the control groups. This result confirmed that 
BPA was leached from the examined plastic cups and 
was reached to the animal’s circulations. In another 
study conducted by Kubwabo et al. [12], it was found 
that BPA was migrated from plastic baby bottle into 
water when exposed to different temperatures due to 
the hydrolysis of plastic bottles polymer by hot water 
aging. The authors found that BPA concentration were 
0.12 μg/L at 40 °C and 1.77 μg/L at 60 °C. Moreover, 
when the baby bottles filled with water and heated to 
100 °C during three microwave cycles, it was found 
that the concentration of BPA in water was ranged 
from 0.7 to 50.1 μg/L [12].

The concentrations of serum BPA were speculated 
to be lower than the measured ones.  In this study, the 
control group had a considerable amount of serum 
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BPA (24 ± 2 µg/L) despite the negligible amount of 
BPA (0.08 μg/L) in water that was gavaged to the rats. 
It is believed that the source of serum BPA was due to 
contamination since serum BPA was not determined 
directly. That contamination might happen after sera 
collection during storage. The serum samples were 
kept in plastic tubes for a month in deep freeze. It had 
been documented that leaching of Bisphenol-A from 
plastic storage containers with a leaching rate 40-fold 
higher into sheep plasma as compared to water [16].  
The same authors suggested that suggested that BPA 
might be highly soluble in body fluid more than that 
of water [16]. 

In this study, the concentration of BPA in the serum 
of rats receiving hot water versus coffee both from 
plastic cups varied significantly. The concentration of 
BPA in the serum of rats receiving hot water in plastic 
cups (36 ± 4 µg/L) was significantly higher than those 
received coffee in plastic cups (29 ± 6 µg/L). This 
difference could be attributed to the diuretic effect of 
the coffee since some of the BPA is excreated in urine. 
In rats, it was found that 6–8% of the administered 
BPA was recovered in urine [14].

The histopathological studies considered as very 
important indication for different pollutants effect and 
health status of population. Meanwhile, the current 
study showed no histopathological changes within 
the examined tissue related to BPA. No significant 
difference was seen between different groups. Similar 
results were obtained after 90-day and long-term 
oral studies in rats and mice. In those studies, no-
observed-adverse-effect level of 25 mg/kg bw/day was 
reported related to Bisphenol-A administration  [17]. 
In human, it was reported that BPA did not pose any 
health risk to differet age groups including eldery and 
prenatal when they exposed to BPA at 4 μg/kg bw/day 
level of exposure [2]. In contrary to this study, severe 
vacuolization  in glomerular capillary with necrosis in 
the epithelial cells linings of the glomeruli and renal 
tubule in BPA treated groups in comparison with their 
control counterparts were reported [1, 6]. 

CONCLUSIONS

In conclusion, BPA could be found in food graded 
plastic and could not withstand the heat and as a result 
BPA could leach from the plastic into its content and 
consequently to the body. Furthermore, despite of lack 
of histological changes in the examined animals, that 
will not negate the impact of BPA in the body. This 
study showed that plastic poses a public health risk; 
therefore, a special consideration must be taken to 
minimize or prevent drinking hot beverages in plastic 
cup. Further studies are needed to investigate the effect 
of BPA on public health.
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