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INTRODUCTION 
 

Bisphenol A is a member of diphenylmethane and 

biphenols that can be produced by synthetic pathway. 

The colorless compound has two hydroxyphenyl group, 

(CH3)2 C (C6H4OH)2 (Figure 1) is freely soluble in 

different organic solvent but less solubility with water.  

 

 
Figure 1: Structure of Bisphenol A (BPA). 

 

The BPA chemical was utilized to make only plastics 

since 1940. Now enormous quantity of BPA is produced 

worldwide. The advantage of BPA can be used as an 

intermediate for the manufacturing of unsaturated 

polyesters, polycarbonate, styrene resins and epoxy 

resins.
[1–5]

 The BPA has typical demand as coating 

material for cans, paper, antioxidants, dental filling for 

teeth and additives for powder paints. It is observed that 

the plastics like water bottles, pipes, milk bottles, caps, 

food storage container and bags contain BPA.
[6]

 The 

receptors estrogen, androgen, peroxisome proliferator, 

aryl hydrocarbon are incorporating with endocrine 

system mainly hormone and other body system. The 

BPA has the quality to bind with the receptors easily.
[7–9]

 

It has potentially multidirectional toxic effects in animals 

and humans. It is regularly effect on endocrine system 

that dominates the cause of birth defects, growth, 

development disorder and cancerous tumor.
[6,10]

 

 

In the current scenario, the water is polluted with BPA 

by different sources namely through sewage, drainage, 

landfills and manufacturing industry. The developed 

countries are not bothering about the toxicity of the 

hazardous chemical and without following the rules, 

regulations dumping in the form liquid and solid in the 

environment.
[11–13]

 

 

Due to the importance of BPA, it is necessary to identify 

as well as quantify it in each of application. The 

literature survey pointed out some analytical methods for 

determination of BPA using UV–Visible 

spectrophotometry,
[14–18]

 X–ray diffraction,
[17]

 flow 

injection chemiluminescence,
[19]

 capillary 

electrophoresis,
[20–22]

 Raman spectroscopy,
[17]

 Nuclear 

magnetic resonance,
[23]

 micellar liquid 

chromatography,
[24]

 fourier transform infrared 

spectroscopy,
[17,25]

 voltammetry,
[26]

 high performance 

liquid chromatography (HPLC),
[27–43]

 ultra pressure 

liquid chromatography,
[44]

 gas chromatography
[45]

 liquid 

chromatography–mass spectrophotometry,
[46–50]

 ultra 

pressure liquid chromatography–mass spectrophotometry 
[51–54]

 and gas chromatography–mass 

spectrophotometry.
[55–60]

 The determination of BPA in 

the previous studied are required lots of clean up 

procedure and long analysis time using HPLC. The mass 
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ABSTRACT 
 

High performance liquid chromatographic method with isocratic elution was developed for the determination of 

Bisphenol A in canned food and drinking water bottle samples. The method was validated according to 

international conference on harmonization guidelines. The BPA was separated using C18 Hypersil BDS column 

with flow rate 1.0 ml/min. The sample was detected at 254 nm applying photo diode array detector. The linearity of 

the proposed was in the range of 3.5 – 25.0 μg/ml. The LOD and LOQ value were found to be 0.76 and 2.53 μg/ml 

respectively. The method can be used for routine quality control samples as well as for research purposes for the 

determination of BPA. 

 

KEYWORDS: Bisphenol A; HPLC; Validation; Column; ICH guidelines; Canned food; Drinking water bottles. 
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spectrophotometry combined with liquid 

chromatography and gas chromatography’s are sensitive 

techniques for the determination but instruments are not 

easily available everywhere due to its cost. The present 

work is simple and sensitive for the quantification of 

BPA in canned food and drinking water bottle samples. 

The method was validated according to international 

conference on harmonization guidelines,
[61–62]

 This 

method can be applied for routine work in the industry as 

well as in the academic, hospitals for research purposes 

due to low cost and shorter analysis time. 

 

Experimental 

Chemicals and materials 

All reagents and solvents are HPLC grade. 

 Double distilled water (Laboratory, Jubail Industrial 

College, Saudi Arabia). 

 Acetonitrile (Carlo Erba Reagents, France). 

 n-hexane (Fisher Scientific, UK). 

 Acetone (Fisher Scientific, UK). 

 Silica gel (Fisher Scientific, UK). 

 Anhydrous sodium sulfate (Carlo Erba Reagents, 

France). 

 Bisphenol A (Sigma Aldrich, UK). 

 

Instrumentation  

The HPLC model LC – 2010 CHT was used for the 

determination of BPA. The instrument is belonging to 

Shimadzu Company, Kyoto, Japan. The pump, degassing 

unit, auto sampler, column oven and photo diode array 

detector model are LC – 20 AD, DGU – 20 A 5R, SIL - 

20 AC, CTO - 20 AC and SPD - 20 A respectively. The 

HPLC was connected with HP – 5502 and processing 

system run with LC solution. 

 

Chromatographic Conditions 

The mobile phase is prepared by mixing acetonitrile and 

distilled water (40: 60, v/v). The mobile phase was 

prepared daily and degassed by passing through a 0.45 

µm ultipor filter with ultra sonication for at least 10 

minutes. The investigation method is isocratic with flow 

rate 1 ml/min. The column for the separation used BDS 

Hypersil C18 (250 mm×4.6 mm, 5 μm). All separations 

were performed at 25°C. The run time for the analysis 10 

minutes and detected at 254 nm. 

 

Standard sample preparation 

The BPA standard corresponding to 50 mg was 

transferred into 500 ml volumetric flask and dissolved 

with distilled water. The final volume was diluted with 

water and kept in room temperature. The stock solution 

was further diluted to prepare calibration concentrations 

during the analysis. 

 

Determination of BPA in canned foods 
Twenty grams food content that purchased from the local 

market was transferred into 500 ml beaker. Acetonitrile 

(100 ml) as well as anhydrous sodium sulfate (25 gram) 

were added. The mixture was stirred at high speed 1300 

rpm for 20 minutes. The homogeneous mixture was 

filtered using vacuum pump and residue cleaned with 50 

ml acetonitrile two times. The filtrate was mixed with 

100 ml n-hexane and continued stirring for 15 minutes 

with same speed. Then it was resettled on the separating 

funnel for half an hour. The lower acetonitrile layer was 

transferred into round bottom flask and added 100 ml 

with the hexane layer into the funnel, waited for 15 

minutes. The acetonitrile layer was extracted and gently 

placed in the same RBF. Acetonitrile was collected after 

simple distillation. 150 ml acetone added with the 

residue and passed through column chromatography 

where silica gel powder used as stationary phase 

(conditioning with acetone) and collected. The extract 

was dried by evaporation and dissolved with distilled for 

the analysis. 

 

Sample preparation from drinking water bottles 
Commercial mineral waters varied with manufacturing 

date are purchased from local market in plastic bottles. 

Initially water bottles were stored in room temperature. 

After that some bottles were kept in the sunlight (45 to 

50°C) for 6 hours. The analytical method didn’t require 

any pretreatment, clean up procedure and filtration. The 

samples were injected directly into the HPLC for the 

determination. The samples temperature was maintained 

between 10 to 15°C before the analysis.  

 

Validation study 

The reported method was validated according to ICH 

guidelines parameters specificity, linearity, linear range, 

accuracy, precision, limit of detection, limit of 

quantitation, robustness and ruggedness. The stability of 

standard BPA sample was evaluated and quantified. 

 

System suitability 

The standard BPA solution (100 μg/ml) was prepared 

and diluted to make (8, 16, 24 μg/ml) for system 

suitability. This parameter like theoretical factors and 

tailing factor were determined for suitability of the 

proposed method. 

 

Calibration and linearity 

The calibration curve was constructed in the range of 

3.5–25.0 μg/ml from a stock solution. This narrow 

concentration range was used throughout the analysis as 

a linearity range to overcome the problems in the 

column. The triplicate injections from each of the 

standard were injected to construct the calibration curve. 

The linearity of the proposed chromatographic method 

was investigated by applying a linear regression analysis 

and calibration data from the experiment were calculated 

at 95% confidence level. The importance of the 

calibration curve equation with coefficients was studied 

and calculated using t-test. The level of confidence was 

used to build the prediction intervals and confidence. All 

statistical analyses were carried out using the statistical 

software and Microsoft excel. 
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Detection (LOD) and quantification (LOQ) limits 

The limits of detection (LOD) and quantification (LOQ) 

can be calculated according to  

LOD = (3 × SD)/m 

LOQ = (10 ×SD)/m  

Where m is the slope of the calibration curve and SD is 

the standard deviation on the intercept of the calibration 

curve. 

 

Precision 

The precision was evaluated by repeatability and 

intermediate precision. In repeatability tests, three 

solutions (5, 15, 25 μg/ml) of each standard solution 

were prepared as described above and analyzed in the 

same day. Relative standard deviations (RSDs) were 

calculated from data in triplicate and were used to 

estimate the repeatability study. The samples are kept for 

5 days and interday precision tests were carried out in the 

same way as the repeatability tests during five 

consecutive days. The RSDs were calculated from the 

obtained data and used as intermediate precision. 

 

Accuracy 

The accuracy values were calculated by using recovery 

results by injecting triplicate of each standard (10, 15, 20 

μg/ml) in the chromatographic system. Sample solutions 

were prepared as described above and spiked with 

concentration (5, 10 and 15.0 μg/ml) with adequate 

volumes from stock solution (5 μg/ml). Recovery 

percentages (%), % RSD, standard analytical error (SAE) 

and confidence limit (CL) were calculated at 95% 

confidence level. 

 

Application in real samples 

The analytical method was validated according to 

international conference on harmonization guidelines and 

verifies the applicability of the proposed developed 

chromatographic method for canned food samples and 

drinking water bottles to determine the presence of 

bisphenol A in the sample. 

 

RESULTS AND DISCUSSION 
 

Method development 

The BPA separation is usually performed by C18 column 

and mobile phases containing acetonitrile and water as 

solvents with isocratic elution mode. It was observed by 

several analytical researchers that acetonitrile gives 

better results compared to methanol in terms of high 

resolution, better peak shape as well as with shorter 

analysis time. Therefore, the acetonitrile with different 

aqueous mobile phases and ratios are studied to verify 

the better separation of BPA. The investigation 

continued with C8 column and retention time was found 

6.4 minutes. After performing all trials, BDS C18 (25 

cm×4.6 mm ID, 5 µm) column and acetonitrile, water 

(40:60, v/v) were the best combination for better 

separation and peak shape. Thus, this column and solvent 

composition was selected for the rest of the studies. The 

flow rate was varied from 1.0 to 0.5 ml/min using the 

same mobile phase. Flow rate of 1.0 ml/min with 

separation time 3.5 min gave higher sensitivity and was 

therefore selected for further analysis. Besides, sharper 

peaks and better reproducibility were obtained when 

25°C was utilized as column temperature.  

 

Validation study 

The validation study was performed according to 

recommendations from guidelines [61-62]. In the 

validation study, parameters as selectivity, linearity, 

measuring range, limit of detection, limit of quantitation, 

precision and accuracy were evaluated. 

 

System suitability 

System suitability of the proposed method was 

investigated by injecting standard solution before the 

start of analysis. Number of theoretical plate and tailing 

factor were determined from the obtained result. Three 

different concentrations were selected and each one 

injected five times. The percent relative standard 

deviations were calculated and tabulated (Table 1). The 

results were acceptable within the international 

conference on harmonization limit (2%). 

 

Linearity, LOD and LOQ 

The linearity graph was constructed using standard 

solution of BPA in the range of 3.5 – 25.0 µg/ml. A 

linear model was regulated with the help of experimental 

results of the calibration in terms of peak area and 

concentration and utilizing the linear regression 

technique at 95% confidence level (Figure 2). Therefore, 

the importance of the analytical curve coefficients with 

respect to slope and intercept was determined by a t-test 

(Table 2). The linearity introduced by analytical curve 

within the proposed concentration range that can be 

represented by equation y = 1888.2x + 2543.2 with r
2
 = 

0.999. 

 

The LOD and LOQ value of proposed method were 

evaluated and found to be 0.76 and 2.53 μg/ml 

respectively from the obtained result. Therefore, the 

results were indicated that the developed method can be 

used to determine BPA in low concentration level. 

 

Precision and accuracy 

The precision result was evaluated by the applying 

intraday and interday precision. The results were 

expressed in terms of % relative standard deviation 

(Table 3). The RSD ranged from 0.262% to 0.681% for 

three different concentration (5, 15, 25 µg/ml) of 

standard aqueous solution in the precision tests. The 

RSD (%) values for repeatability estimates were 

considered appropriate because they were smaller than 

those recommended by guidelines (2%). 

 

Therefore, these results indicate that the method 

proposed presents good precision for the analysis of 

BPA. The accuracy was estimated by means of recovery 

tests at three different concentration levels (5, 15, 25 

µg/ml) and demonstrated with percentage recoveries. 

The results were within acceptable limit (80 – 110 %) 
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and found to be 99.28 – 99.66 % for all concentrations of 

BPA used for the determination. The results executed 

that the chromatographic method has good accuracy for 

the analysis of BPA (Table 4). 

 

Robustness 

The standard solution (20μg/ml) was applied for 

robustness studies. The sample was injected with 

triplicate into the HPLC. The investigation was 

continued with changing column temperature, flow rate 

and mobile phase combination from the normal 

conditions (Table 5).  

 

Application of proposed method to real samples 

The validated chromatographic method was applied for 

the determination of BPA in canned food and drinking 

water bottle samples of different origins and 

manufacturers. The results were tabulated in Table 6.  

 

CONCLUSIONS 
 

A simple and direct method of determination of BPA in 

canned food and drinking water bottle samples has been 

developed and validated. The chromatographic method 

can be applied to determine the quality of food for 

routine analysis due to its excellent analytical 

performance (good selectivity, linearity, precision and 

accuracy and low limits of detection and quantification). 

The proposed method was accurate to quantify BPA in 

the canned food and drinking water bottle samples. 

 

 

 

 

Table 1: System suitability of the proposed method. 
 

Concentration 

(μg/ml) 

Found concentration 

(μg/ml) 

SD % RSD  

8 

7.88  

 

0.08 

 

 

1.00 
7.94 

8.09 

7.97 

8.00 

16 

15.86  

 

0.07 

 

 

0.44 
15.91 

15.84 

15.90 

15.74 

24 

24.07  

 

0.12 

 

 

0.51 
23.94 

23.87 

23.82 

24.11 

 

Table 2: Summary of optical and regression characteristics of the proposed method. 
 

Parameters Bisphenol A 

Linearity Range (μg/ml) 3.5 – 25.0 

Linear Equation Y = 1888.2X + 2543.2 

Correlation Coefficient (r
2
) 0.999 

Standard Deviation (S0) 478.42 

Slope (b) 1888.2 

LOD (μg/ml) 0.76 

LOQ (μg/ml) 2.53 
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Table 3: Intraday and interday precision of standard BPA solution. 
 

Precision 
Concentration 

(μg/ml) 

Found Concentration 

(μg/ml) 
SD % RSD SAE CL 

Intraday 

5 

5 

5 

5 

5 

4.97 

4.99 

4.98 

4.95 

4.91 

0.034 0.681 0.015 0.042 

15 

15 

15 

15 

15 

14.92 

14.99 

15.07 

14.97 

14.83 

0.087 0.584 0.039 0.108 

25 

25 

25 

25 

25 

24.56 

24.55 

24.71 

24.78 

24.79 

0.115 0.467 0.051 0.143 

Interday 

5 

5 

5 

5 

5 

4.92 

4.96 

4.93 

5.00 

4.94 

0.032 0.646 0.014 0.04 

15 

15 

15 

15 

15 

15.01 

14.94 

14.83 

14.87 

15.00 

0.081 0.541 0.036 0.101 

25 

25 

25 

25 

25 

24.88 

24.80 

24.71 

24.77 

24.85 

0.065 0.262 0.029 0.081 

SD= Standard deviation; %RSD= Percent relative standard deviation. 

SAE= Standard analytical error; CL= Confidence limit. 

 

Table 4: Accuracy results of the proposed method for Bisphenol A. 
 

Concentration (μg/ml) Found Concentration (μg/ml) % Recovery % RSD 

5 

5 

5 

5 

5 

4.98 

4.95 

4.90 

5.02 

4.98 

99.28 0.905 

15 

15 

15 

15 

15 

14.78 

14.89 

14.93 

14.86 

15.04 

99.34 0.639 

25 

25 

25 

25 

25 

24.97 

24.87 

24.99 

24.84 

24.92 

99.66 0.260 

%RSD= Percent relative standard deviation. 
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Table 5: Robustness data of the proposed analytical method for the determination of BPA. 
 

Parameters Concentration (μg/ml) Found Concentration (μg/ml) SD %RSD % Recovery 

Flow rate 

(0.9 ml/min) 

20 

20 

20 

20 

20 

19.92 

20.29 

20.09 

20.21 

20.06 

0.143 0.709 100.57 

Flow rate 

(1.1 ml/min) 

20 

20 

20 

20 

20 

20.32 

20.08 

20.01 

20.13 

19.72 

 

 

0.215 

 

 

1.074 

 

 

100.26 

Column 

Temperature 

26°C 

20 

20 

20 

20 

20 

20.03 

20.27 

20.15 

20.17 

19.96 

 

 

0.124 

 

 

0.619 

 

 

100.57 

Column 

Temperature 

24°C 

20 

20 

20 

20 

20 

19.90 

20.17 

19.99 

20.23 

20.32 

 

 

0.169 

 

 

0.839 

 

 

100.60 

Mobile 

phase 

(38:62,v/v) 

20 

20 

20 

20 

20 

20.06 

20.22 

20.01 

20.34 

19.94 

 

 

0.165 

 

 

0.817 

 

 

100.56 

Mobile 

phase 

(42:58,v/v) 

20 

20 

20 

20 

20 

20.15 

20.02 

20.20 

19.96 

20.36 

 

 

0.158 

 

 

0.783 

 

 

100.69 

SD= Standard deviation; %RSD= Percent relative standard deviation. 

 

Table 6: Application of the proposed method for 

canned food samples and drinking water bottles. 
 

Samples Concentration 

of BPA (μg/ml) 

Green peas (Luna Co.) Not detected 

Light tuna (Goody Co.) Not detected 

Vienna sausage (American 

garden Co.) 

Not detected 

Hana Water (Hana Water-Hana 

Food Industries Co.) 

Not detected 

 

 
Figure 2.a: Linearity results (Concentration vs peak 

area). 

 
Figure 2.b: Linearity graph of BPA using standard 

solutions. 

 

REFERENCES 
 

1. Ballesteros-Gomez, A., Rubio, S., Perez-Bendito, D. 

Analytical methods for the determination of 

bisphenol A in food, J. Chromatogr. A, 2009; 1216: 

449–469. 
2. Hoekstra, E.J., Simoneau, C. Release of bisphenol A 

from polycarbonate – a review, Crit. Rev. Food Sci. 

Nutr, 53: 2013; 386–402. 
3. Simoneau, C., Van den Eede, L., Valzacchi, S. 

Identification and quantification of the migration of 

https://www.facebook.com/hanawaterworld/?fref=nf
https://www.facebook.com/hanawaterworld/?fref=nf


Haque.                                                                             European Journal of Pharmaceutical and Medical Research 

 

www.ejpmr.com 

 

196 

chemicals from plastic baby bottles used as 

substitutes for polycarbonate, Food Addit. Contam. 

Part A, 2012; 29: 469–480. 
4. Simoneau, C., Valzacchi, S., Morkunas, V., Van den 

Eede, L. Comparison of migra-tion from 

polyethersulphone and polycarbonate baby bottles, 

Food Addit.Contam. Part A, 2011; 28: 1763–1768. 
5. Staples, C.A., Dorn, P.B., Klecka, G.M., O’Block, 

S.T., Branson, D.R., Harris, L.R. Bisphenol A 

concentrations in receiving waters near US 

manufacturing and processing facilities, 

Chemosphere, 2000; 40: 521–525. 
6. Vandenberg, L.N., Hauser, R., Marcus, M., Olea, N., 

Welshons, W.V. Human exposure to bisphenol A 

(BPA), Adv. Exp. Med. Biol, 2007; 24: 139–177. 
7. Wetherill, B., Fisher, N., Staubach, A., Danielsen, 

M., De Vere, W., White, R., Knudsen, K. 

Xenoestrogen action in prostate cancer: pleiotropic 

effects dependent on androgen receptor status, 

Cancer Res, 2005; 65: 54–65. 
8. Iso, T., Watanabe, T., Iwamoto, T., Shimamoto, A., 

Furuichi, Y. DNA damage caused by bisphenol A 

and estradiol through estrogenic activity, Biol. 

Pharm. Bull, 2006; 29: 206–210. 
9. Ziv-Gal, A., Zelieann, C., Wang, W., Flaws, J. 

Bisphenol A inhibits cultured mouse ovarian follicle 

growth partially via the aryl hydrocarbon receptor 

signaling pathway, Reprod. Toxicol, 2013; 42: 58–

67. 
10. Schug, T., Janesick, A., Blumberg, B., Heindel, J. 

Endocrine disrupting chemicals and disease 

susceptibility, J. Steroid Biochem. Mol. Biol, 2011; 

127: 204–211. 
11. Welshons, W.V., Nagel, S.C., Vom Saal, F.S. Large 

effects from small exposures, III. Endocrine 

mechanisms mediating effects of bisphenol A at 

levels of human exposure, Endocrinology, 2006; 

147: S56–S69. 
12. Arukwe, A., Eggen, T., Moder, M. Solid waste 

deposits as a significant source of contaminants of 

emerging concern to the aquatic and terrestrial 

environments – A developing country case study 

from Owerri, Nigeria, Sci. Total Environ, 2012; 438: 

94–102. 
13. Baluka, S.A., Rumbeiha, W. K. Bisphenol A and 

food safety: Lessons from developed to developing 

countries, Food Chem. Toxicol, 2016; 92: 58–63. 
14. Poorahong, S., Thammakhet, C., Thavarungkul, P., 

Kanatharana, P. Online in-tube microextractor 

coupled with UV-Vis spectrophotometer for 

bisphenol A detection, J. Environment. Sci. Health 

Part A, 2013; 48: 242–250. 
15. Cao, G., Zhuang, Y., Liu, B. Simultaneous 

Determination of bisphenol A and bisphenol S in 

environmental water using ratio derivative 

ultraviolet spectrometry; S. Afr. J. Chem, 2014; 67: 

99–103. 
16. Hammad, A.Y., Awad, F.M., Abdelgadir. W.S.A. 

Determination amount of bisphenol a in drugs and 

water drinking container in Khartoum state, Sudan; 

Int. J. Nutri. Food Scie, 2015; 4: 609-612. 
17.  Yun, Y. Electrochemical sensor for ultrasensitive 

determination of bisphenol A based on gold 

nanoparticles/β-cyclodextrin functionalized reduced 

graphene oxide nanocomposite; Int. J. Electrochem. 

Sci, 2016; 11: 2778–2789. 
18. Xu, Z., Wu, Q., Duan, Y., Yang, M., Ou, M., Xu, X. 

Development of a novel spectrophotometric method 

based on diazotization- coupling reaction for 

determination of bisphenol A; J. Braz. Chem. Soc, 

2017; 0: 1-8. 
19. Wang, S., Wei, X., Du, L., Zhuang, H. 

Determination of bisphenol A using a flow injection 

inhibitory chemiluminescence method, J. Bio. 

Chem. Lumines, 2005; 20: 46–50. 
20. Zhong, S., Tan, S.N., Ge, L., Wang, W., Chen, J. 

Determination of bisphenol A and naphthols in river 

water samples by capillary zone electrophoresis after 

cloud point extraction, Talanta, 2011; 85: 488–492. 
21. Mei, S., Wu, D., Jiang, M., Lu, B., Lim, J.M., Zhou, 

Y.K., Lee, Y.I. Determination of trace bisphenol A 

in complex samples using selective molecularly 

imprinted solid-phase extraction coupled with 

capillary electrophoresis, Microchem. J, 2011; 98: 

150–155. 
22.  Wang, J.Y., Zhang, J.W., Xu, H.H., Lv, W.X., 

Kong, F.Y., Wang, W. Facile and Sensitive 

Determination of bisphenol A based on MWCNTs-

TiN nanocomposites modified glassy carbon 

electrode, Int. J. Electrochem. Sci, 2016; 11: 10246–

10255. 
23. Sung, D.D., Sung, N.C., Choi, K.C., Park, S.B. 

Determination of bisphenol A using a supramolecule 

and photo-CIDNP, Bull. Korean Chem. Soc, 2003; 

24: 113–115. 
24. Szymanski, A., Rykowska, I., Wasiak, W. 

Determination of Bisphenol A in water and milk by 

micellar liquid chromatography, Acta Chromatogr, 

2006; 17: 161–172.  
25. Diepens, M., Gijsman, P. Outdoor and accelerated 

weathering studies of bisphenol A polycarbonate, 

Poly. Degr. Stab, 2011; 96: 649 – 652. 
26. Pereira, G.F., Andrade, L.S., Rocha-Filho, R.C., 

Bocchi, N., Biaggio, S.R. Electrochemical 

determination of bisphenol A using a boron-doped 

diamond electrode, Electrochim. Acta, 2012; 82: 3– 

8. 
27. Peltonen, K. Determination of bisphenol an in air by 

high-performance liquid chromatography with 

electrochemical detection, J. Chromatogr, 1988; 

439: 375-380. 
28. Paseiro-Losada, P, Lopez-Fabal, M. F., Perez-

Lamela, C., Sanmartin-Fenollera, P., Paz-Abuin, S. 

Two rp-hplc methods to quantify and identify 

bisphenol A diglycidyl ether (badge): european 

union fatty food simulant (olive oil), Cienc. Tecnol. 

Aliment, 1999; 2: 202-209. 
29. Inoue, K., Kato, K., Yoshimura, Y., Makino, T., 

Nakazawa, H. Determination of bisphenol A in 



Haque.                                                                             European Journal of Pharmaceutical and Medical Research 

 

www.ejpmr.com 

 

197 

human serum by high-performance liquid 

chromatography with multi-electrode 

electrochemical detection, J. Chromatogr. B., 2000; 

749: 17–23. 
30. Sajiki, J. Determination of bisphenol A in blood 

using high-performance liquid chromatography-

electrochemical detection with solid-phase 

extraction, J. Chromatogr. B, 2001; 755: 9–15. 
31. Kang, J.H., Kondo, F. Determination of bisphenol A 

in canned pet foods, Res. Veterinary Sci, 2002; 73: 

177–182. 
32. Sun, Y., Irie, M., Kishikawa, N., Wada, M., Kuroda, 

N., Nakashima, K. Determination of bisphenol A in 

human breast milk by HPLC with column-switching 

and fluorescence detection, Biomed. Chromatogr, 

2004; 18: 501-507. 
33. Shu-Yan, W., Qian, X., Tian-Shu, C., Min, W., Xue-

Yan, Y., Ni-Ping, Z., Yan-Yan, S., Zuo-Yang, W., 

Zhong-Ze, G. Determination of bisphenol A in 

plastic bottled drinking water by high performance 

liquid chromatography with solid-membrane 

extraction based on electrospun nylon 6 nanofibrous 

membrane, Chin. J. Anal. Chem, 2010; 38: 503–507. 
34. Zhang, S., You, J., Sun, Z., Song, C., Ning, S., Zhao, 

C., Suo, Y. A sensitive method for extraction and 

determination of endocrine-disrupting compounds 

from wastewater using 10-ethyl-acridone-2-sulfonyl 

chloride as pre-column labeling reagent by high-

performance liquid chromatography with 

fluorescence detection, Microchem. J, 2012; 103: 

90–96. 
35. Bahramifar, N., Rahnama, R., Saberimoghaddam, S. 

Trace determination of bisphenol-a in landfill 

leachate samples by dispersive liquid-liquid 

microextraction followed by high performance 

liquid chromatography, Bull. Chem. Soc. Ethiop, 

2014; 28: 329-338. 
36. Neng, N.R., Nogueira, J.M.F. Determination of 

phenol compounds in surface water matrices by bar 

adsorptive microextraction-high performance liquid 

chromatography-diode array detection, Molecules, 

2014; 19: 9369-9379. 
37. Omer, L., Ahmed, H., Elbashir, A. Determination of 

bisphenol A in exposed bottled water samples to 

direct sun light using multi walled carbon nanotubes 

as solid phase extraction sorbent, J. Environ. Chem. 

Ecotoxicol, 2016; 8: 51–57.  
38. Yalcin, M.S., Gecgel, C., Battal, D. Determination 

of bisphenol A in thermal paper receipts, J. Turkish 

Chem. Soc. A, 2016; 3: 167–174. 
39. Radu, E., Stoica, R., Calin, C., Oprescu, E.E., 

Bolocan, I., Ion, I., Ion, A.C. Validation of a RP-

HPLC-UV method for the determination of 

bisphenol A at low levels in natural mineral water, 

Rev.Chim, 2016; 67: 236–240. 
40. Sohrabi, R., Bahramifar, N., Javadian, H., Agarwal, 

S., Gupta, V.K. Pre-concentration of trace amount of 

bisphenol A in water samples by palm leaf ash and 

determination with high-performance liquid 

chromatography, Biomed. Chromatogr, 2016; 30: 

1256-1262. 
41. Li, J.Y., Long, X.Y., Yin, H.X., Qiao, J.Q., Lian, 

H.Z. Magnetic solid-phase extraction based on a 

polydopamine-coated Fe3O4 nanoparticles absorbent 

for the determination of bisphenol A, 

tetrabromobisphenol A, 2,4,6-tribromophenol, and 

(S)-1,1'-bi-2-naphthol in environmental waters by 

HPLC, J. Sep. Sci, 2016; 39: 2562-2572. 
42. Reyes-Gallardo, E.M., Cardenas, R.L.S., Valcarcel, 

M. Dispersive micro-solid phase extraction of 

bisphenol A from milk using magnetic nylon 6 

composite and its final determination by HPLC-UV, 

Microchem. J, 2016; 124: 751–756. 
43. Khoudary, K., Sarkis, N., Salloum, G., Gharibe, S. 

Formation study of Bisphenol A resole by HPLC, 

GPC and curing kinetics by DSC, Arab. J. Chem, 

2016; 9: S1225–S1232. 
44. Gallo, P., Pisciottano, I.D.M., Esposito, F., Fasano, 

E., Scognamiglio, G., Mita, G.D., Cirillo, T. 

Determination of BPA, BPB, BPF, BADGE and 

BFDGE in canned energy drinks by molecularly 

imprinted polymer cleaning up and UPLC with 

fluorescence detection, Food Chem, 2017; 220: 406–

412. 
45. Shin, H.S., Park, C.H., Park, S.J., Pyo, H. Sensitive 

determination of bisphenol A in environmental 

water by gas chromatography with nitrogen–

phosphorus detection after cyanomethylation, J. 

Chromatogr. A, 2001; 912: 119–125. 
46. Markham, D.A., Waechter, J.M., Wimber, M., Rao, 

N., Connolly, P., Chuang, J.C., Hentges, S., 

Shiotsuka, R.N., Dimond, S., Chappelle, A.H. 

Development of a method for the determination of 

bisphenol A at trace concentrations in human blood 

and urine and elucidation of factors influencing 

method accuracy and sensitivity, J. Anal. Toxicol., 

2010; 34: 293–303. 
47. Regueiro, J., Wenzl, T. Determination of bisphenols 

in beverages by mixed-modesolid-phase extraction 

and liquid chromatography coupled to tandem mass 

spectrometry, J. Chromatogr. A, 2015; 1422: 230–

238. 
48. Baclea, A., Thevenota, S., Grignona, C., Belmouaz, 

M., Bauwens, M., Teychene, B., Venissea, N., 

Migeota, V., Dupuis, A. Determination of bisphenol 

A in water and the medical devices used in 

hemodialysis treatment, Int. J. Pharm, 2016; 505: 

115–121. 
49. Vitku, J., Chlupacova, T., Sosvorova, L., Hampl, R., 

Hill, M., Heracek, J., Bicikova, M., Starka, L. 

Development and validation of LC–MS/MS method 

for quantification of bisphenol A and estrogens in 

human plasma and seminal fluid, Talanta, 2015; 

140: 62–67. 
50. Nicolucci, C., Errico, S., Federico, A., Dallio, M., 

Loguercio, C., Diano, N. Human exposure to 

bisphenol A and liver health status: Quantification 

of urinary and circulating levels by LC–MS/MS, J. 

Pharm. Biomed. Anal, 2017; 140: 105–112. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Sohrabi%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26683457
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bahramifar%20N%5BAuthor%5D&cauthor=true&cauthor_uid=26683457
https://www.ncbi.nlm.nih.gov/pubmed/?term=Javadian%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26683457
https://www.ncbi.nlm.nih.gov/pubmed/?term=Agarwal%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26683457
https://www.ncbi.nlm.nih.gov/pubmed/?term=Agarwal%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26683457
https://www.ncbi.nlm.nih.gov/pubmed/26683457
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=27144726
https://www.ncbi.nlm.nih.gov/pubmed/?term=Long%20XY%5BAuthor%5D&cauthor=true&cauthor_uid=27144726
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yin%20HX%5BAuthor%5D&cauthor=true&cauthor_uid=27144726
https://www.ncbi.nlm.nih.gov/pubmed/?term=Qiao%20JQ%5BAuthor%5D&cauthor=true&cauthor_uid=27144726
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lian%20HZ%5BAuthor%5D&cauthor=true&cauthor_uid=27144726
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lian%20HZ%5BAuthor%5D&cauthor=true&cauthor_uid=27144726
https://www.ncbi.nlm.nih.gov/pubmed/27144726


Haque.                                                                             European Journal of Pharmaceutical and Medical Research 

 

www.ejpmr.com 

 

198 

51. Cariot, A., Dupuis, A., Albouy-Llaty, M., Legube, 

M., Rabouan, S., Migeot, V. Reliable quantification 

of bisphenol A and its chlorinated derivatives in 

human breast milk using UPLC–MS/MS method, 

Talanta, 2012; 100: 175–182. 
52. Venisse, N., Grignon, C., Brunet, B., Thevenot, S., 

Bacle, A., Migeot, V., Dupuis, A. Reliable 

quantification of bisphenol A and its chlorinated 

derivatives in human urine using UPLC–MS/MS 

method, Talanta, 2014; 125: 284–292. 
53. Buscher, B., Lagemaat, D.V.D., Gries, W., Beyer, 

D., Markham, D.A., Budinsky, R.A., Dimond, S.S., 

Nath, R.V., Snyder, S.A., Hentges, S.G. Quantitative 

analysis of unconjugated and total bisphenol A in 

humanurine using solid-phase extraction and 

UPLC–MS/MS: Methodimplementation, method 

qualification and troubleshooting, J. Chromatogr. B, 

2015; 1005: 30–38. 
54. Peng, F., Ji, W., Zhu, F., Peng, D., Yang, M., Liu, 

R., Pu, Y., Yin, L. A study on phthalate metabolites, 

bisphenol A and nonylphenol in the urine of Chinese 

women with unexplained recurrent spontaneous 

abortion, Environment. Res, 2016; 150: 622–628. 
55. Olmo, M.D., Gonzalez-Casado, A., Navas, N.A., 

Vilchez, J.L. Determination of bisphenol A (BPA) in 

water by gas chromatography-mass spectrometry, 

Anal. Chim. Acta, 1997; 346: 87-92. 
56. Zhang, J., Cooke, G.M., Curran, I.H.A., Goodyer, 

C.G., Cao, X.L. GC–MS analysis of bisphenol A in 

human placental and fetal liver samples, J. 

Chromatogr. B, 2011; 879: 209–214. 
57. Santhi, V.A., Hairin, T., Mustafa, A.M. 

Simultaneous determination of organochlorine 

pesticides and bisphenol A inedible marine biota by 

GC–MS, Chemosphere, 2012; 86: 1066–1071. 
58. Cacho, J.I., Campillo, N., Vinas, P., Hernandez-

Cordoba, M. Stir bar sorptive extraction with EG-

Silicone coating for bisphenols determination in 

personal care products by GC–MS, J. Pharm. 

Biomed. Anal, 2013; 78–79: 255– 260. 
59. Selvaraj, K.K., Shanmugam, G., Sampath, S., 

Larsson, D.G.J., Ramaswamy, B.R. GC–MS 

determination of bisphenol A and alkylphenol 

ethoxylates in river water from India and their 

ecotoxicological risk assessment, Ecotoxicol. 

Environment. Safety, 2014; 99: 13–20. 
60. Wang, Q., Zhu, L., Chen, M., Ma, X., Wang, X., 

Xia, J. Simultaneously determination of bisphenol A 

and its alternatives in sediment by ultrasound-

assisted and solid phase extractions followed by 

derivatization using GC-MS, Chemosphere, 2017; 

169: 709–715. 
61. International conference on harmonisation of 

technical requirements for registration of 

pharmaceuticals for human use, validation of 

analytical procedures: text and methodology Q2 

(R1), Geneva, Canada, 27 October 1994. 
62. International conference on harmonisation of 

technical requirements for registration of 

pharmaceuticals for human use, stability testing: 

photostability testing of new drug substances and 

products Q1B, Geneva, Canada, 6 November 2006. 


