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ABSTRACT

Worldwide, considerable attention has been attracted on wide variety of endocrine compounds, due their efficiency to
disrupt the endocrine systems of higher life forms, such as fish, wildlife and humans even at low concentrations. In this study,
Bisphenol A (BPA) present in various environment samples of sea water, sediment, river water, soil collected from
Tamilnadu, India has been detected by Gas chromatography (GC) analysis using solid —-phase extraction method. The results
indicated the presence of BPA in all samples that gives the preliminary awareness towards the pollution of BPA in
environment. Further studies suggested quantifying the level of BPA exposure in the environment.
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INTRODUCTION

Environment draws great attention worldwide due to the release of various harmful organic pollutants,
because these pollutants can eventually become a risk or threat to both animals and humans [1].
Endocrine disrupting chemicals (EDCs) are environment contaminants; interfere with the normal
hormone functions in wild life and humans [2]. The wide range of chemicals reported as EDCs includes
some phenolic compounds [3]. Among these Bisphenol A (BPA) has been given more attention due to
their usage. BPA is mainly used in the production of polycarbonate plastic, epoxy resins and non-
polymer additives [4, 5, 6] BPA is also used by manufacturers as an intermediate in the production of
adhesives, protective coatings, paints, automotive lenses, protective windows glazing, building
materials, compact disks, optical lenses, thermal paper, paper coatings, as a developer in dyes, for
encapsulation of electrical and electronic components, as dental sealant and composites [7, 8, 9]. Due to
its wide applications and growing demand, it has become one of the highest yielding chemicals in the
world [10].

Sewage containing industrial waste is the major source of environmental pollution, including BPA
deposition [11]. In India, most of the cities/towns are struggling to treat the sewage as per standard
guidelines before disposing in to the environment. Nearly 75% of the sewage wastes are still discharged
in to coastal regions and local water bodies without prior treatment [12]. Due to wide range of negative
effects created by BPA, it is necessary to detect their presence in environment samples. BPA has been
mainly detected in sewage sludge [13, 14], biological matrices [15, 16], air [17], water [18] and soils
[19].BPA is also detected in landfill leachates [20], ground waters and agricultural wastes [21]. Although
studies reported the presence of BPA in various environments, there is no or little attention so far
received in India. Further, published data about on the occurrence of BPA in Indian environment,
especially in Tamil Nadu is hardly available.

With this environmental aspect in focus, this study, attempted to detect the occurrence of BPA in
various environmental samples in Tamil Nadu, India, using a solid phase extraction method and GC
analysis. To our knowledge this is the first report for the simultaneous detection of BPA in various
environmental samples collected from Tamilnadu state, India.
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MATERIALS AND METHODS

Chemicals

BPA (GC grade >99%) was purchased from Sigma-Aldrich (India). Dichloromethane for GC analysis at
extra pure grade was purchased from Merck, India. Strata C18- SPE Column obtained from
Phenomeneg, India. Silica (60-120 mesh) for cleaning of samples was purchased from Sigma. Anhydrous
sodium sulphate for drying solvent extract prior to GC analysis was of AR grade, purchased from
Rankem, India.

Sample collection

Seawater was collected from coastal region of Chennai, Tuticorin and Kanyakumari. River water was
collected from Amaravathi river, Bhavani river and Shanmuga river. Soil sample was collected form
Coimbatore and sediment sample was collected costal region of Chennai. The samples were collected
after the northeast monsoon during January and February 2012 in sterile glass containers previously
washed with ethanol.

Solid phase extraction of BPA from environment samples

C18-SPE column was conditioned with 2ml dichloromethane and 2ml sterile distilled water. Sea and
river water samples were passed through the column manually and allowed to dry at 400C for 4 hrs.
Then column was eluted with 2x 2ml dichloromethane. Eluted dichloromethane was evaporated to 1 ml
and subjected to GC analysis. 100g of soil and sediment sample were taken in 500ml Erlenmeyer flask,
mixed with 100ml of dichloromethane and kept in a rotary shaker at 150rpm for 24hrs. Sample extracts
were passed through 30cm x 20mm chromatographic glass column filled with silica and anhydrous
sodium sulphate. Just prior to use, the column containing absorbent was washed with dichloromethane,
then sample extract was eluted with additional 20ml of dichloromethane.

Gas Chromatography analysis

The eluted sample was concentrated as 1 ml and subjected to GC analysis. Shimadzu-2014AF model
with flame ionization detector was used and operating parameters were as follows: Carrier Gas- Ultra
Pure Nitrogen, Flow rate of gas- Nitrogen -40ml /min, Flame Source -Hydrogen and Zero air
(60ml/min). Injection temperature -275°C Column temperature - 240°C, Detector temperature -
310°C,Sample injection volume- 1pl.

RESULTS AND DISCUSSION

Analytical methods for the determination of EDCs in various liquid and solid matrices have been
developed due to the presence of these substances in environment from various input activities [22].
Based on chemical properties, EDCs tend to bind tightly to sediments and bioaccumulate in aquatic
organisms, which contribute to the persistence of these compounds in the environment and requires
their determination from several matrices [23, 24]. Because of solubility in water and relatively high
vapor pressure of some of EDCs, their degradation products can be transferred to the environment at
relatively high concentration through aquatic or atmospheric systems [25]. Sediments or solids are
good adsorbents of phenolic contaminants due to their high surface area and surface activity. Because of
their importance in monitoring the levels in the environment, the analysis of phenolic compounds in
sediment and solid samples has been extensively studied [3]. In this work, different environment
samples like seawater, river water, coastal region sediment and soil were collected from different
regions of Tamil Nadu, India and used to test the occurrence of BPA.

Fig. 1: GC chromatogram of BPA standard solution
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Fig 2: GC chromatogram of river water samples from Amaravathi (A), Bhavani (B) and Shanmuga
(C) river
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Fig. 3: GC chromatogram of seawater samples from Chennai (D), Tuticorin (E) and Kanyakuamri
(F) coastal region
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Fig. 4: GC chromatogram of sediment (G) and soil (H) sample

Gas chromatography spectrum of BPA standard solution showed peak at the retention time of 15.22min
(Fig 1). The peaks observed in the samples at the same retention period may due to the presence of
BPA. Chromatogram corresponding to BPA was found in all analyzed samples of sea waters, river
waters, sediments and soil and intensity of chromatogram corresponded to the concentration of BPA.
Chromatogram represented the ionization of BPA found in Amaravathi, Bhavani and Shanmuga river
waters (Fig 2) and measured as 6620921V, 6684307 uV and 5168157 pV respectively. Ionization of
BPA was 6111524V, 6942463 pV and 5740705 pV in Chennai, Tuticorin and Kanyakumari coastal
regions seawaters respectively (Fig 3). Chromatogram of BPA ionization was found as 7572517 pV,
122250103 pV in soil and sediment respectively (Fig 4). The peak area suggested that among other
samples used in this study, highest BPA occurrence was found to be in Chennai coastal region sediment
and lowest found to be in Shanmuga river water. Similar ionization values were observed between
seawaters and river water and it denotes that the occurrence of BPA was more or less similar in all the
samples.

Among various sample pretreatment techniques, solid phase extraction (SPE) is the most common
technique for environmental water sample pretreatment, because it has many obvious advantages over
traditional liquid-liquid extraction (LLE), such as high recovery, high pre-concentration factor, low
consumption of organic solvents, simplicity, easy automation and operation and so on [26,27]. With
regard to the extraction method and based on the results obtained from previous work, the present
study was based on Solid-phase extraction. Various solvents have been used for BPA extraction. Several
of these extraction solvents and dichloromethane was chosen as the most adequate solvent relative to
other solvents.

Optimal sample cleanup was noted as being dependent on the C-18 SPE cartridge step. However, in our
experiments, C-18 SPE cartridge cleanup was beneficial with all environmental samples. C-18 SPE
cleanup may be more suitable for sediment samples where the organic compound contamination is low.
When target compounds are pre-concentrated, any potentially interfering contaminants will also be
concentrated, which are often present in far greater quantities than the target compounds in the sample
[28].In our studies, along with peak observed for BPA, additional peaks were also observed due to the
high concentration of other chemicals.

Based on different principles many methods have been proposed for the determination of BPA Such as
TLC [29], GC [30] or HPLC with conventional ultraviolet detection [31] fluorescence [32] or
electrochemical detection [33]. For the determination of mg/l and ng/l concentrations of BPA in
environmental samples the most frequently used methods are gas chromatography-mass spectrometry
(GC-MS) [33] or high-performance liquid chromatography with ultraviolet (UV), mass spectrometric or
electrochemical detection [34]. In the present study GC analysis is used for the detection of BPA in
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various environment samples. The volatility and thermal stability of BPA make it suitable for detection
by Gas Chromatography [35].

CONCLUSION

BPA occurrence has been tested in eight environment samples collected from different regions of Tamil
Nadu. Solid -Phase extraction method was used for BPA extraction in both liquid and solid samples and
GC analysis for detection of the BPA extraction. In all results, the occurrence of BPA was found by the
presence of BPA corresponding peak in Gas Chromatography analysis. This preliminary study of BPA
analysis in environment samples and results suggested that all places where the samples used in this
study were collected were significantly polluted with BPA. The concentration of BPA varied in all the
samples due to their geographical location, time zone, geological foundation and possible routes of
pollution. This study would help to create and develop awareness among the people on BPA pollution.
Since this study was performed on field, it has the potential to initiate other researchers to carry further
detailed analysis of BPA in Indian environment.
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