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Introduction

There are a number of chemical substances that dis-
turb regular performance of the hormonal system. They 
are referred to as endocrine disrupters [1, 2] and their un-
desirable effect is felt by both men and women. These 
substances disturb the hormonal equilibrium of organ-
isms, which is particularly dangerous at developmental 
age, when changes are in most cases irreversible. Desta-
bilization of the hormonal system can lead to a number 
of physiological effects, e.g. incorrect functioning of the 
thyroid gland hormones in the intrauterine life that can 
cause permanent brain damage. Endocrine disrupting 
compounds (EDCs) are responsible for neurological con-
ditions, problems with reproduction and development, 
disturbances in the immunological system, and neoplas-

mic changes. The mechanisms of EDC activities in living 
organisms are of a different nature. However, the most 
common of them one the following: imitation of activity 
of natural hormones, acting as their antagonists, blocking 
of receptors, entering into reactions with the hormones, 
and modification of the synthesis of hormones [3, 4].

The EDCs are divided into three groups: pharma-
ceutical (e.g., contraceptive drugs and some therapeutic 
drugs), natural (estrogens found in plants), and some en-
vironmental pollutants. The compounds present in the 
natural environment and showing estrogenic properties 
are the following (among others): organochlorine pesti-
cides, alkylphenols, phthalates, polychlorinated biphe-
nyls and dioxins, organic tin compounds and bisphenol 
A [5].

Bisphenol A (4,4’-isopropylidene diphenol, BpA) 
has been used as a raw substance for mass production 
of epoxy resin, polycarbonate, polyester and polyacrylate 
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plastics. BpA has been used as a fungicide, antioxidant, 
an agent suppressing inflammability in the rubber indus-
try, and plastic production, and as a stabilizer in produc-
tion of polyvinyl chloride. BpA is obtained in the reaction 
of condensation of phenol with acetone against ion-ex-
change resin as a catalyst. BpA and its derivatives are 
potentially hazardous to consumer health, thus their pres-
ence and concentration levels in food products should be 
monitored [6, 7].

polycarbonate plastics (pC) are commonly used for 
production of food product packages, bottles for water, 
bottles for infant food, kitchen utensils, and some ele-
ments of medical equipment. The pC-made substances 
are able to release BpA when used for coverage of inner 
surfaces of tins for food products or in some dental fill-
ings. BpA residues have been found in the water and other 
food products stored in pC packages. BpA is able to be 
liberated from a pC package and migrate into the food 
stored inside. Such a migration is favoured by acidity 
of the product stored, elevated temperature, mechanical 
cleaning and the use of detergents for cleaning bottles or 
other pC packages [6-8].

BpA was also recently re-evaluated by the scientific 
Committee on Food (sCF), resulting in the establishment 
of a provisional tolerable daily intake (TDI) for BpA at 
0.01 mg/kg body weight/day [9].

The analysis of BpA has been accomplished by chro-
matographic techniques, such as HplC equipped with 
fluorescence [8, 10, 11], ultraviolet [7, 12, 13], electro-
chemical [14, 15] or mass spectrometry detection [16-18], 
gas chromatography [18-22], as well as micellar electro-
kinetic chromatography [23, 24].

The aim of the study was to propose a fast and simple 
method of determination of BpA and its derivatives in wa-
ter having contact with packages made of plastic-contain-
ing BpA. To this goal, we tested bottled drinking water 
distributed through large networks in poland. Analysis 
was performed with the preliminary isolation and concen-
tration of the EDCs to be determined by the solid phase 
extraction (spE) and followed by liquid chromatography 
on a chromatograph equipped with a uV detector.

Experimental

Chemicals and Reagents

Methanol (MeoH) was a gradient grade for chroma-
tography, dichloromethane HplC grade (Merck, Germa-
ny), acetic acid was analytical grade (poCh, poland).

standards of bisphenol A (BpA), bisphenol A digly-
cidyl ether (BADGE), bisphenol F (BpF) and bisphenol 
F diglycidyl ether (BFDGE), purchased from Aldrich 
(usA), were used to prepare individual stock solution 
in methanol at the level of 1 mg/ml. standard mixtures 
were made up in deionized water by dilution of stock so-
lutions. Fig. 1 shows the molecular structures of target 
analytes.

The water was distilled and then purified by a Milli-Q 
water purification system (Millipore, usA). Mineral water 
contained in 18.9 l polycarbonate plastic bottles made by 
three different producers was purchased in a supermarket.

Sample Preparation Procedures

The solid phase extraction was performed with spE-
12G vacuum system (Baker spE, Germany). For the pu-
rification and concentration of the samples, three types of 
sorbents were tested: C-18 (Baker), columns (I) and (II). 
The method of obtaining ketoimine sorbents is presented 
in [25].

 
BPA 2,2-bis-(4-hydroxyphenyl)-propan

BADGE 2,2-bis-(4-hydroxyphenyl)-propane-bis-(2,3-epoxy-
propyl) ether

BPF bis-(4-hydroxyphenyl)-methane

BFDGE bis-(4-glycidyloxyphenyl)-methane

Fig. 1. The molecular structures of the compounds studied.
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Cartridges with sorbent were placed on a vacuum 
manifold, conditioned successively with 5 ml of MeoH 
(dichloromethane = 1/1, 5 ml of MeoH, and 10 ml of 
deionized water.

For the studies of recovery and analytical precision, 
sample volumes of 500 ml of tap deionized water were 
chosen and spiked at 1 µg/l level with the EDCs investi-
gated. After preconcentration, the sorbent was dried in a 
vacuum system for 20 min. The compounds retained were 
eluted with 2 ml of MeoH. The eluent was then evapo-
rated to dryness and then reconstituted to 250 µl MeoH. 
The extracts were then injected onto the HplC system.

Drinking water was analyzed by the following proce-
dure: 500 ml of the water were extracted by spE column. 
The samples were percolated through bonded phase silica 
extraction tube at a flow rate of approximately 1 ml/min, 
previously conditioned.

liquid Chromatography Analysis

A Hewlett packard liquid chromatograph, model 1050 
(waldbron, Germany) equipped with a quaternary pump, 
a variable-wavelength uV detector operated at 277 nm, 

and an injector, model 7125 (Rheodyne) of a 20 µl sam-
ple loop was used, together with a liChrospher 100 Rp-
18 column (Merck, Germany) (250 mm x 4 mm i.d., 5 µm 
particle size.

we used the following gradient elution: mobile phase 
A – MeoH/water containing 0.5% acetic acid (1:1 v/v), 
mobile phase B – MeoH. The separation was performed 
by the use of a gradient from 0% to 100% B in 14 min., 
and then isocratic for 1 min. The mobile phase was then 
returned to its initial composition in 1 min. The flow rate 
was 1 ml/min.

An example of the chromatogram obtained for a stan-
dard mixture of bisphenol F (0,5 mg/l), bisphenol A (0,5 
mg/l), BADGE (4,0 mg/l), and BFDGE (4,0 mg/l) is 
shown in Fig. 2.

Results and Discussion

Chromatographic optimization

optimization was indispensable to provide complete 
separation of the compounds studied and to eliminate 
possible matrix interferences in the shortest time. A good 
separation for analysis of the applied compounds was ob-
tained with a gradient elution. All of the peaks were com-
pletely separated within 14.5 min.

Calibration. limit of Detection

Calibration was performed for a mixture of standard 
solutions of the analyzed compounds. To determine the 
linear range of the response to direct injection, 20 µl of 
standard solution in deionized water were injected. The 
calibration curves were constructed using the eight con-
centration levels. A simple solution at each concentra-
tion level was injected in triplicate. The calibration plots 
were approximated by the equation y = ax + b, where y  
is the peak area, and x is the concentration of determina-
tion compounds in mg/l. Good correlation coefficients, 
higher than 0.9984, were obtained.

The detection limits (loD), obtained from the peak 
height of the compounds analyzed were defined as the 
concentration of 3 sD of the baseline signal. The param-
eters of the resulting calibration lines and the limit of de-
tection are listed in Table 1.

The Recovery Test

Table 2 shows the percentage recoveries together with 
relative standard deviations obtained for 4 selected EDCs 
from spiked tap water at concentration levels of 1.0 µg/l 
after spE on C-18, and sorbents I and II. These tests were 
performed using the above method. The recovery of com-
pounds added to water is high. The best results were ob-
tained for the sorbent modified with ketoimine group (I).

Fig. 2. Chromatogram obtained with a standard solution of 
the compounds analyzed. peaks: 1. BpF, 2. BpA, 3. BADGE,  
4. BFDGE. Chromatographic conditions are given in the section 
“liquid chromatography analysis”.
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Determination of BpA of the water

Three types of mineral water samples contained in 
polycarbonate plastic bottles were purchased from a city 
market. Determination of the concentrated compounds 
was made using the sorbent with ketoimine group (I). 
The analysis was performed by the use of the standard 

addition method. The concentration found for BpA in the 
different samples are summarized in Table 3. No pres-
ence of BADGE, BpF and BFDGE was detected in the 
water samples analyzed. Two exemplary chromatograms 
obtained as a result of the analysis performed are shown 
in Fig. 3.

Table 1. parameters of the calibration curves and detection limits for the analyzed compounds.

BPF BpA BADGE BFDGE
a
b
r2

Range [µg/ml]
loD [µg/l]

24.52
– 37.59
0.9986
0.5-100

0.20

20.38
12.33
0.9984
0.5-100

0.20

10.34
13.19
0.9988
2.0-100

0.50

6.92
13.76
0.9969
2.0-100

0.50

Table 2. Recovery of analyzed EDCs extracted from 500 ml spiked tap water (1 µg/l) after spE on C-18, I and II columns (n = 6).

BPF BpA BADGE BFDGE

[%] R.s.D. [%] R.s.D. [%] R.s.D. [%] R.s.D.
C-18

I
II

91.6
95.9
93.2

4.59
3.60
4.26

93.3
97.0
94.9

3.86
3.35
4.24

85.4
86.4
82.0

4.23
5.80
7.23

82.1
82.5
79.7

4.58
6.81
7.95

Table 3. Results of drinking water analysis (n = 6).

C-18 I II

Water BpA
[µg/l±sD]

R.s.D.
[%]

BpA
[µg/l±sD]

R.s.D.
[%]

BpA
[µg/l±sD]

R.s.D.
[%]

I
II
III

0.49 ± 0.03
0.54 ± 0.08
0.38 ±0.05

4.78
4.86
3.92

0.51 ± 0.05
0.55 ± 0.07
0.38 ± 0.05

4,93
4,64
5,10

0.52 ± 0.03
0.53 ± 0.06
0.40 ± 0.08

5.82
4.66
6.92

Fig. 3. sample chromatograms obtained by the analysis of (A) two samples of mineral water (samples I and III in Table 3), and (B) the 
same samples spiked with a standard mixture of the analytes at 1 µg/l. peaks as in Fig. 2.
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Conclusions

The method proposed involves concentration of se-
lected EDC residues in drinking water by the solid phase 
extraction method and their analysis by the gradient high 
performance liquid chromatography with uV detection. 
The method is simple, sensitive, fast and characterized by 
high recovery, e.g. for BpA the recovery varies from 93.3 to 
97.0%. The detection limit is 0.2 µg/l of the water sample 
studied. The optimization of spE was performed using three 
different column packings. Better results were obtained for 
ketoimine sorbent (cartridges I) than with C-18.
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