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Temporal bisphenol A occurrence in the Danube surface water during different seasons
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Abstract:

This research describes for the first time the identification and quantification of
bisphenol A (BPA) in the Danube surface water in Novi Sad (Serbia).

A gas chromatographic mass spectrometric (GC-MS) method with a solid-phase
extraction (SPE) procedure was used to investigate the seasonal variations of the BPA
concentrations in the water samples. These variations were significant, showing higher
concentrations in summer comparing with those in winter. Although it has a short half-life in
surface water (0.5-5 days), BPA was frequently detected at relevant concentration levels of up
to 693 ng/L.

The risk quotients, expressed as the ratio of the 95th percentile of the measured
environmental concentrations for each sampling site and the predicted no-effect concentration
(PNEC) were higher than one (> 1) at seven sampling locations, indicating a significant
ecotoxicological risk to the human health and the environment, which confirmed a

considerable contamination of the Danube surface water along the Novi Sad bank, Serbia.

Keywords: bisphenol A; the Danube river; endocrine disrupter; GC-MS; surface water.
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INTRODUCTION

Bisphenol A (BPA) is one of the most investigated and discussed endocrine disrupting
compounds (EDCs), and has received large attention as an emerging chemical of concern in
order to protect wildlife and human health.! Endocrine disrupters (EDs) can interfere with
hormonal action and with the human cell functions mainly through the interaction with
specific receptors and can induce numerous adverse health effects. Therefore, the occurrence
of BPA in the environment could have potential harmful effects on the reproductive system,
growth, digestion and metabolic processes of aquatic organisms like fish or mussels.?
Moreover, effects on the human endocrine system and its function have been discussed by
direct exposure via drinking water (BPA was used in polycarbonate plastic bottles).® BPA is
also believed to pose a potential risk of developing various types of cancers.*®

BPA, 2,2-bis(4-hydroxyphenyl) propane, is an organic compound extensively used as
an intermediate in the production of polycarbonate plastics and epoxy resins, unsaturated
polyester-styrene resins and flame retardants. It is used in a broad range of the products of
modern consumer society, including reusable baby bottles, toys, food and drink storage
containers, protective coatings for metal cans, adhesives and paints, electronic components,
personal computers, CDs and DVDs, sports equipment, medical devices, eyeglass lenses,
dental sealants and dental bonding agents, etc.®’ More than 3.6 million tons of BPA is
synthesized worldwide annually and its production is constantly increasing owing to a
growing demand for plastic products.®

The first country that has recognized the importance and necessity to legislate and
regulate the environmental issue of BPA was Canada.! Although, the European Commission
and the US government have banned the BPA use in baby bottles and packaging items for
children aged 0-3, BPA is still under discussion to be prioritized for regulation by the
European Union and the United States because of its possible adverse impact on human health
and environment. Various declarations and statements have been issued [The Berlaymont
declaration, the Ramazzini statement, European Environmental Bureau, World Health
Organization, etc.] on this challenging topic, and the debate is still going on how to regulate
and reduce the BPA concentrations effectively in consumer products and aquatic systems in
order to protect humans and wildlife.! Recent studies confirmed the presence of BPA in

different human biological matrices such as urine®, breast milk'® and hair'?.



60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

82

83
84
85
86
87
88
89
90

91

The main source of the BPA occurrence in the aquatic environment is municipal and
industrial wastewater. BPA is mostly found in water and food (including drinking water)
associated with the manufacture of various polycarbonate plastic products (packages or food
contact materials) or it is leached from the final products as a result of the conducted
hydrolysis of polymers at high temperature, or under acid/basic conditions.®!21 Despite its
rapid degradation, favoured by aerobic conditions, with a half-life of about 0.5-5 days in the
aquatic environment, the constant release into the surface water makes BPA a pseudo-
persistent pollutant in the environment. 1416

Although, European legislation set environmental quality standards for priority and
certain other pollutants, BPA permitted levels, together with pharmaceuticals, personal care
products, algal toxins and various endocrine disrupters have not been regulated by any
legislative bodies yet because of the insufficient reliable data on their safety or risks.'4’

In the Western Balkan Region, particularly in Serbia, only limited monitoring data on
water status are available. A screening analysis of the wastewater discharged into the Danube
along the Novi Sad municipality was carried out during the period 2011-2012, and more than
130 chemical contaminants were detected.*® Furthermore, non-target screening analysis of the
Danube water samples in the area of Belgrade confirmed the presence of the wide range of
organic contaminants.®

The primary goal of this study, conducted for the first time, was to examine the
occurrence of BPA along the Danube River in the area of Novi Sad (Serbia). The obtained
results were also used to evaluate the seasonal variations of this endocrine disrupter and to
assess the potential ecological risks.

EXPERIMENTAL

Chemicals

The standard of bisphenol A, (2,3-dihydroxypropyl) glycid was obtained from Sigma
Aldrich (Deisenhofen, Germany). Methanol, dichloromethane and ethyl acetate were of
HPLC grade (LGC Promochem, Wesel, Germany). The silylation agent N,O-
Bis(trimethylsilyl)trifluoroacetamide (BSTFA) was obtained from Fluka (Sigma Aldrich,
Deisenhofen, Germany) and ultra pure water was used. The regenerated cellulose filters (0.45
um) and cartridges were obtained from Agilent Technologies. All glassware was rinsed with

methanol and dried in an oven at 100 °C for 1 h before use.
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Collection of water samples

The surface water samples (1 L) were collected in dark amber glass bottles at eight

representative locations along the Danube River (Fig. 1) of the Novi Sad municipality, Serbia,

during autumn (November 2012), winter (March 2013), spring (May 2013) and summer

(September 2013) under comparable meteorological conditions at all sites for each sample at

the depth of 50 cm. The sampling locations, presented in Fig. 1, are in downstream order of

the Danube River through the specified section.
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Fig. 1. Map of the Danube River sampling sites.

*

Location

Code

Norten latitude  Eastern longitude

Cepelin
Beogradski kej
Ratno ostrvo
Rokav potok
Ribarac
Dunav middle
Dunav left

Dunav right

45°15'5.40°N

45°1543.03'N
45°15'13.33°N
45°150.47°N
45°13'54,25"N
45°14'30 91"N
45 4BUN

45°1430,61°N

19512283
195127098
19°5438.48'
19°5411.33'E
19°50'4462'€
19°54'55,53'
19°55'5,08'

19°5448,52'E

The locations GC, GC2, RO and RP were positioned 100 meters downstream of

untreated sewage discharge. The sampling sites DM, DL and DR were collected few hundred

meters from the urban area to determine the eco-toxicological status of the river after the

effect of dilution and filtration by the river bank layers. The sampling site Rl was included in

order to overview the influence of the incoming pollution to the Novi Sad section of the river.

All the samples were filtered through the regenerated cellulose 0.45 pm membrane filter

(Agilent Technologies, Germany) and extracted within 24 h in the laboratory.
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Sample preparation

The sample preparation was done by using the previously developed method by
Ballesteros et al. (2006).2° A solid-phase extraction procedure (SPE) with Agilent Bond Elut
Plexa (200 mg/6 mL) type of cartridges was used for the sample preconcentration and
removal of the existing interferents. SPE was carried out on an Agilent vacuum manifold for
12 columns connected to a water vacuum pump. The pH values of filtered water samples were
adjusted to pH 3 with 1M hydrochloric acid to increase the extraction efficiency.?®?* The
cartridges were activated with 5 mL mixture of dichloromethane and methanol (50:50, v/v)
followed with 5 mL of pure methanol and 15 mL of ultra pure water (pH 3). The final
extraction volume of each sample was 500 mL. The BPA was eluted with 5 ml of methanol.
After isolation, the eluate was gently evaporated to dryness under nitrogen stream at 40 °C
(5.0 purity) and the residue of all samples was reconstituted in 50 pL of ethyl acetate. A
silylation step was carried out using S0uLL of BSTFA prior to the gas chromatography-mass
spectrometry (GC-MS) analysis (Fig. 2).

CHj,

|
O H;C—Si—CH;
S N
H5C O OH FC—C=N=8i—CH,

3 CH; CH; Si/CH3
H}C/ \
CH;
BPA BSTFA bis(trimethylsilyl) ether derivate of BPA

Fig. 2. Derivatization of bisphenol A.

GC-MS analysis

The analyses were done with an Agilent GC 7890A coupled with 5975C VL mass
detector using the method developed by Zafra et al. (2003).2? The system was used in SCAN
(complete spectrum) and in selected ion monitoring (SIM) modes. The separation was done
using a fused silica capillary column (30 m, 0.25 mm i.d., 0.25 pm film thickness; J&W
Scientific, Folsom, CA, USA). The MS quad temperature was set at 150 °C and the electron
impact (EI) ion source temperature of the MS was 230 °C. A 2 uL aliquot of the silylated
samples were automatically injected using the splitless injection mode at 250 °C. The GC

oven temperature program was applied. The initial oven temperature was set at 50 °C and held
5
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for 1 min. Then, the temperature was increased to 150 °C (held 1 min) and 270 °C via ramp of

25 and 10 °C/min respectively and maintained at 270 °C for 2 min. High purity helium (99.99

%) was used as carrier gas with a flow rate of 1.0916 mL/min. The characteristic ions listed in

Table | for SIM mode operation were used for the BPA guantification in the water samples.

TABLE I. SIM mode characterization

Analyte Monitored ions (m/z) Retention time (min)
Quantifier Qualifier
BPA 357 373 and 207 15.114
15076
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Fig. 3. Representative GC-MS chromatogram of the Danube water sample (SIM mode).

The

BPA in

the water samples was quantified with external standard

bis(trimethylsilyl)bisphenol A. The calibration curve was linear for the concentration range

35-100 ng/mL (y=40197x+10266, R?>=0.997) and the limit of quantification (LOQ) was set at

S/N ratios > 10. All instrumental and procedural blanks were far below LOQ, 6 ng/L. The

identification of BPA was confirmed using Fiehn and NIST08 mass spectral libraries. The

Fig. 3.

characteristic chromatogram of the examined water samples containing BPA is presented in
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RESULTS AND DISCUSSION

Occurrence of BPA in surface water

Seasonal occurrence of bisphenol A in the surface water at the chosen sites along the
Danube of the Novi Sad section is shown in Fig. 4.

BPA was detected above the limit of quantification (LOQ), 6 ng/L, in 7 out of 8
collected samples in autumn. High frequency of BPA detection at concentration levels up to
98 ng/L confirmed the presence of the Danube surface water in this area. The maximum
detected concentration was in the RP sample, which is near the numerous illegal settlements

with septic tanks and waste disposal sites, unauthorized traffic and an old industrial complex.

700 4 [ ] autumn
] N winter
600 - spring
] summer
500+
T, 400- -
=11} 4
=]
~ 300+
k]

J=all -lg- M

T T T T
RI GC GC2 RO RP DM DL D
Sampling locations

Fig. 4. Concentrations of BPA during the year.

In winter, BPA was only detected in two samples, RP and DM, at concentrations of 13
and 33 ng/L respectively, when the level of the Danube was increased as a result of the
weather conditions. These concentrations are assumed to be due to the dilution effects. In
winter the biodegradation by microorganisms should be slower. Two strains of Pseudomonas
(Pseudomonas sp. and Pseudomonas putida) and Stremtomyces sp. strains were found to have
BPA biodegradability capacity about 90% or more. The study conducted in China suggests
that these bacteria are widely distributed in the rivers.t*

However, high frequency of BPA detection was observed in the spring samples. Again,
the maximum detected concentration of BPA was in the RP sample (140 ng/L), while the
lowest concentration was in the DM sample (10.8 ng/L), the site which is far away from any
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direct anthropological influence. The DM, DL and DR sites were chosen to determine if the
Novi Sad area had an impact on the eco-toxicological status of the Danube.

The RO sampling site is located 100 m downstream of the discharge site of the sewage
collector for collecting the wastewater from the local big oil refinery complex and the rain and
urban run-off water from the industrial and underdeveloped suburban area. The possible
pollution of the main water supplying source of the Novi Sad drinking water waterworks by
the Oil Refinery and a Thermal Power Plant, situated only a few hundred meters upstream,
presents the major danger for the river.!® The detected BPA levels were above the LOQ in six
summer samples at significantly high concentrations, 77 ng/L in the Rl sample and 693 ng/L
in the RO sample.

Although BPA has a short half-life in surface water due to the rapid degradation, this
chemical was often detected in our study. The RI sampling point was included in order to
overview the influence of the possible high incoming pollution as the Croatian biggest river
port, Vukovar, is located 80 km upstream and presents the most important source of
anthropological pollution of the Danube before Novi Sad. The BPA measured levels were
above the LOQ (Table II) in autumn, spring and summer at this site.

The BPA concentrations in the surface water samples varied significantly depending on
the chosen sites, possible sources and routes of pollution and the seasons (Table II).

TABLE II. Seasonal variation of BPA concentrations in the Danube surface water samples

Sample Range (ng/L) Mean (ng/L) Median (ng/L) 95th percentile
RI n.d.-77 29 20 77

GC n.d.-304 90 28 304

GC2 n.d.-177 73 58 177

RO n.d.-693 186 26 693

RP n.d.-140 63 55 140

DM n.d.-41 21 22 41

DL n.d.-130 42 19 130

DR n.d.-383 108 26 383

n.d.:<LOQ

The obtained BPA results in our study were compared with the available data on some
European rivers. BPA was quantified in the Dutch surface waters at the levels up to 330 ng/L,
but it was below the LOQ in 60-80% of water samples.? In the Seine River, BPA was found

in the range of 11-154 ng/L?*, while in the Rhine surface water the concentration of BPA

8
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ranged from 42 to 229 ng/L.** However, in freshwater streams of Germany, the BPA was
detected in the concentrations up to 1927 ng/L, but only in 13% of the samples.?® The
maximum detected BPA concentration in our study (693 ng/L) was significantly higher than
the obtained concentration in the recent publication analysing the Danube samples for this
endocrine disrupter (68 ng/L).2® The relatively high BPA concentrations found in the
investigated Danube River stretch in Serbia can be explained by the fact that Novi Sad has
still no urban waste water treatment plant and that most of the industries around Novi Sad

municipality are without wastewater treatment facilities.

Risk evaluation

The presence of the BPA endocrine disrupter might have adverse effects on aquatic
organisms?’ and the consumption of BPA contaminated freshwater fish?® is probably one of
the main routes of the contamination of humans.!* The environmental risk assessment is
evaluated by comparing the predicted environmental concentration (PEC) or by measuring the
environmental concentration (MEC) with the sensitivity of the aquatic ecosystem for BPA
(predicted no-effect concentration, PNEC). The ratio PEC/PNEC (or MEC/PNEC), known as
the risk quotient (RQ), should not exceed 1. Otherwise, a risk to the aquatic environment is
assumed.?®

The PNEC values are based on eco-toxicity data from single species laboratory tests
combined with the safety factors or even on the derived provisional PNEC.? Based on the
literature data, the PNEC value of the BPA for fresh surface water varies from 64 pg/L% to
1.5 pg/L according to the European Union risk assessment report.3! However, the latest
research of Wright-Walters et al. (2011)%® estimated an aquatic PNEC of 0.06 pg/L for BPA
using a non-parametric methodology.

In order to evaluate the BPA adverse effects on the Danube surface water, the 95th
percentile of MEC was used together with PNEC to calculate the RQ for each sampling site
using Wright-Walters and co-workers methodology.'®

The calculated ratio ranged from 0.68 to 11.54 and the RQ was above 1 at seven
locations out of eight (Fig. 5). Consequently, the frequency of exceedance was significantly
high, 0.87. It is evident that a potential risk exists in this part of the Danube, especially near

the RO sampling site.
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Fig. 5. Distribution of the eco-toxicological risk of BPA.

This risk assessment approach was based on an evaluation of the toxic potential of a
single plasticizer to the aquatic environment without taking into account the possibility and
effects of BPA acting additively with other EDs.

CONCLUSIONS

This research is a pioneering study on the eco-toxicological impact of BPA as an
endocrine disrupter on the surface water in the Western Balkan Region. The obtained results
suggest that the aquatic environment along the Danube River of the Novi Sad section, Serbia,
is not sufficiently protected from adverse effects to BPA exposure at the established water
concentrations of < 6 ng/L to 693 ng/L. The lack of the EDs legislation indicates that the
aquatic environment is not sufficiently protected from the detrimental effects of BPA toxicant.
Constant and extensive monitoring of the high-risk sites, as well as the biological laboratory
experiments, are indispensable to get better insight into the potential toxicological risks of
BPA and understand the full scope of effects of the BPA concentration influence on aquatic
organisms along this part of the Danube. More reliable research on endocrine disruptive
substances such as BPA is necessary in the field of ecotoxicology (derivation of reliable
PNECSs) and analytical chemistry (monitoring in the environment) in order to regulate these

xenoestrogens in the field of water policy.
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WU3BOJ
CE30HCKO OJIPEBUBAIGE ITPUCYCTBA BUC®EHOJIA A Y TIOBPIINHCKOJ
BOJIM TYHABA

MAJA MIWJIAHOBURY, JAH CYBU!, HEBEHA I'PVJUR JIETUR?, JEJIEHA
PAJIOHUR?, MAJA TYPK CEKYJINR?, MUPJAHA BOJMHOBWR MUJIOPAJIOB? u
HATAIIIA MUJINR?!

"Meouyuncku gpaxynmem, Yuueepzumem y Hoeom Caoy, Xajoyk Bemrosa 3, 21000 Hoeu
Cao, Cpbuja
2Dakynmem mexnuuxux Hayka, Ynusepsumem y Hosom Cady, Tpe Jocumeja Obpadosuha 6,

21000 Hosu Cao, Cpouja

Ce30HCKe MPOMEHE KOHIIeHTpamuja OucdeHona A y moBpHIMHCKO] Boau JlyHaBa, Ha
teputopuju HoBor Caja, ananu3upase cy, 1o IpBU IIyT HA OBOM HOJPYYjy, IPUMEHOM TracHe
xpomarorpaduje ca MaceHOM cHekTpomeTrpujoM. W mopex KpaTkor HOJIYXHBOTa Yy
nospiuHckoj Boau (0,5-5 nana), Oucdenon A yecTo je JeTeKTOBaH AyK Toka JlyHaBa y
pENCBaHTHUM KOHIIEHTpauuoHuM HuBouMa (mo 693 ng/l). PeructpoBane BpemHOCTH
O6uchenona A TOKOM 4YETHpPU TOJUINbA J00a 3HA4YajHO ce Pa3NMKyjy M yka3yjy Ha Behy
KOHTaMUHAIN]y Y JIETHEM EpUoTy.

[lpornieeH pHU3HWK IO JKUBOTHY CpEAMHY, H3paXeH Kao OmHoC 95. mepueHTHiIa
M3MEPEHNX KOHIIEHTpaIja oucdeHona A y MOBPIIMHCKO] BOJW U KOHIIEHTpAIIHje 3a KOJy je
npeasuheHo 1a Hema Ouosomke epekre, Ouo je Behu on jeanHUIlEe HA Yak celaM JIOKaluja
Y30pPKOBambAa.

JloOmjeHn pe3ynTatd y OKBHPY OBOT HCTpaKMBamba NOTBPAWIH Cy 3araleme
noBpmrHCKe Bojie [yraBa Ouchenomom A, myx obana Hosor Cana, u yka3yjy Ha MOCTOjamke

3HAaYajHOT PU3HKA I10 JbY/ACKO 37PaBJbE U KUBOTHY CPEAMHY Y OBOM MOJPYY]y.

11
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