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ABSTRACT: In this study, an analytical methodology was validated to determine and quantify four estrogen hormones
using high-performance liquid chromatography (HPLC) with detections by diode array detector (DAD) and by fluorescence
detector (FLD). For validation of the method, the following parameters were evaluated: linearity, selectivity, precision,
accuracy, limit of detection (LOD), limit of quantification (LOQ) and robustness. Environmental samples were
preconcentrated using solid phase extractions and for that, an experimental design was planned to determine the best
recovery conditions by varying cartridge types, flow of eluent, pH of the samples; and eluting solvent.

Five surface water sampling
campaigns were carried out in |
five different sites of Furnas .
Reservoir over the months of
December 2015 and May |
2016. Sample point 1 was
located near the sewage
treatment plant of the city of
Alfenas - MG, while sample
point 5 was the most distant
from this location. All
estrogens, except for EL1,
were found in all water
samples of at least one of the
sampling sites. The
concentrations of E3, E2 and
EE2 ranged from 11-366, 63-
422 and 75-9998 ng L7,
respectively. These results are

consistent ~ with  several
studies published in the Inthis study, an analytical procedure was developed for the determination of estrogen compounds
scientific literature. in water samples from Furnas reservoir, Alfenas - Minas Gerais (Brazil)
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1. Introduction

Water is intrinsically linked to development in all
societies and cultures. However, developments in
agriculture, power generation and industry have
brought major impacts to water resources'. Despite
~71% of Earth’s surface being covered by water, about
97.5% of this water is either saltwater, in oceans and
seas, or unfit for human consumption. From the
remaining 2.5%, which constitutes freshwater, two
thirds are stored in glaciers and polar ice caps.
Therefore, only a fraction (~0.77%) of Earth’s water is
available for human consumption and is found in
rivers, lakes, groundwaters, soils, atmosphere
(humidity) and within the biota?>. The continuous
environmental degradation associated with the increase
of human population (currently estimated in 7.2 billion
and projected to reach 9-10 billion by 2050) suggests a
significant decrease in life quality in a near future®*.
Because of the anthropogenic activity, a large volume
of water, which would be available for consumption, is
becoming contaminated with a large variety of toxic
compounds. Among these pollutants, the Emerging
Contaminants (EC) have been attracting a lot of
attention from the scientific community. They are
defined as any chemical compound present in a variety
of commercial products, such as personal care,
agrochemical, medicines for human and veterinary
uses, food packages or any microorganisms found in
environmental matrices that are not monitored nor
regulated; however, pose potential risk to human health
and environment safety>*°. A variety of EC are known
as Endocrine Disruptors Compounds (EDC). These
substances are of special concern because they interfere
with the endocrine system, blocking or minimizing
normal hormone functions, affecting synthesis or
metabolism of many organisms**°. The 17a-
ethynylestradiol (EE2) is considered a potent endocrine
disruptor®®. This synthetic substance is used as a
contraceptive or in hormone replacement therapies, it is
often excreted via urine and feces by individuals taking
the  medication, eventually reaching  water
compartments*®.

A variety of analytical methods and techniques can
be wused to detect and measure EDC from
environmental matrices. The extraction approaches
used more often are pressurized liquid extraction
(PLE), quick-easy-cheap-effective-rugged-safe
(QUEChERS), microwave-assisted extraction (MAE),
ultrasonic-assisted extraction (UAE), stir-bar-sorptive
extraction (SBSE), solid phase microextraction
(SPME) and liquid-liquid extraction (LLE). For analyte
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enrichment and sample cleanup, solid phase extraction
(SPE) with C18 cartridges'’ are widely used. While for
trace analysis of EDC, gas chromatography (GC) and
liquid chromatography (LC)'’ are the dominant
techniques.

Furnas is one of Brazil's largest water reservoirs
with a flood area of 1,440 square kilometers, serving a
population of approximately 800,000 inhabitants and
irrigating 34 municipalities within the state of Minas
Gerais'®. This reservoir is also of paramount economic
importance within these municipalities, supporting
activities such as fish farming - with about 500 farmers
and over 5,000 tanks within the vicinity of the
reservoir®.

The aim of this study was to develop an analytical
methodology to determine the presence of estrogen
hormones in the Furnas reservoir, located in the region
of the city of Alfenas (MG).

2. Experimental
2.1 Reagents and solutions

All reagents used were of high purity with
spectroscopic or HPLC grades. Deionized water
(resistivity 18.2 MQ cm 25 °C) was taken from a
Direct-Q (Millipore®) purification system. The solvents
methanol, acetonitrile (ACN), and ethyl acetate were
purchased from Sigma-Aldrich (HPLC grade). Water
and ACN filtrations were done using 0.45 pum pore-Size
nylon and cellulose ester membranes, which were
acquired from Millipore® and Supelco Analytical,
respectively. The estrogen standards estrone (E3),
estriol  (E1l), 17B-estradiol (E2) and 17a-
ethynylestradiol (EE2) were purchased from Fluka
Analytical® with purity greater than 99%. Stock
solutions of estrogens (100 mg L) were prepared in
methanol, dissolving 0.0100 g of each commercial
standard in a 100.00 mL volumetric flask. Standard
working solutions (10 mg L) were prepared in ACN
diluting 10.00 mL of the stock solution in a volumetric
flask of 100.00 mL. After prepared, these solutions
were stored in polyethylene bottles at 4 °C and used as
calibration standards.

2.2 Validation of the analytical methodology

The analytical methodology used was validated
based on several works available in the literature and in
the evaluation of the following figure of merits:
selectivity, linearity, precision, accuracy, limit of
detection, limit of quantification and robustness®®%’.
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To confirm the selectivity of the method, estrogen
standard solutions were prepared in acetonitrile at 1.00
mg L? and the spectral purity of each analyte was
evaluated through chromatographic analysis. The
linearity was verified by the linear coefficient of
determination (r?) resulting from the linear equation of
nine and twelve points of the estrogen analytical
curves, using DAD and FLD, respectively. For that, 12
mixed solutions were prepared from dilutions of the
working solution in ACN at different concentrations
(25 to 1000 pg L™). Solutions preparation were
performed in triplicate and the external standardization
method was used. The sensitivity of the method was
determined by evaluating the angular coefficient value
derived from the linear equation of each estrogen
calibration curve.

The limits of detection and quantification were
determined through the signal-to-noise ratio,
considering the ratio 3:1 and 10:1 for LOD and LOQ,
respectively.

Since no Certified Reference Material (CRM) is
available for water contaminated with the estrogens
under study, fortified distilled water samples with a
mixed solution containing the four estrogens were
prepared in triplicates, at concentrations of 0.40, 0.50
and 0.60 pg L, extracted and injected into the HPLC
system. Subsequently, method accuracy was evaluated
through the recovery (R) values of the analytes. For
determination of the real concentration, the value of the
peak area of each analyte and the corresponding linear
equation was used. The recovery (in percentage) of
each analyte was determined from the mean real
concentration values.

Table 1. Selected levels and factors in BBD.
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To determine the accuracy of the method, six mixed
solutions of 500 ug L* were prepared and injected into
the HPLC system by analyst 1. In the following day,
the same procedure was performed by analyst 2. It is
worth mentioning that all samples were analyzed in
triplicate. The recovery values found were expressed in
percentage and evaluated using F tests. The values for
F (Fcaiculaed) @and F tabulated (Frabulated) Were compared
with 95% of confidence level. The robustness of the
method was evaluated by varying in £ 5% four
chromatographic conditions: mobile phase
composition, injection volume, flow rate of the mobile
phase and temperature of the chromatographic column
compartment. The obtained recovery values were
compared to the ones achieved using normal
conditions.

2.3 Optimization of solid phase extraction (SPE)

To verify the best SPE conditions for the analytes
within the samples, a Box-Behnken design (BBD) was
applied using Minitab 16® program. The planning was
done with three levels: low (coded “-17°), central (code
“0”), and high (coded “+17), and four variables:
cartridge types (Sorbline — C18, Chromabond — C18
and Strata-X — Polymeric resin), pH of water, flow rate
of the eluent during extraction and elution solvent
(Tab. 1). The total was 28 randomized experiments.
During extractions, the conditions volume of water to
be percolated (1 L), cartridge conditioning solvent
(5.00 mL methanol) and cartridge wash solution (1.00
mL of water: 5% methanol) were invariable.

-1
Cartridge type Sorbline
pH of water 4
Elution solvent Methanol
Flow rate of mobile phase 3 mL mint

All extracted samples were prepared by fortifying 1
L of distilled water with 50.00 uL of mixed estrogen
working solution at 10 mg L. These samples were
concentrated (1000 x) to produce a solution of 0.5 mg
L. This concentration was considered the central point
of the analytical curves.

Then, sample pH was adjusted according to the
experimental design, the adsorbent present in the
cartridges was conditioned with 5.00 mL of methanol
and the fortified water was percolated by the cartridge.
The next step was the removal of interferents from the

43

0 +1
Chromabond Strata-X
6 8
Methanol: Ethyl acetate (1:1) Ethyl acetate
5 mL min? 10 mL min=

cartridge using 1.00 mL of wash solution and finally
the extract was eluted with 5.00 mL of elution solvent,
according to the planned BBD. The eluates were dried
in a water bath at approximately 70 °C, dissolved in
1.00 mL of ACN and sonicated in an ultrasonic bath
for approximately 3 min for sample homogenization.
Next, the samples were filtered through a 0.45 pm
pore-size filter and injected into the HPLC system,
following the established chromatographic conditions.
After performing the 28 BBD experiments, the
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condition with the best performance (recovery) was
selected.

2.4 HPLC analysis
The analyses were performed using an Agilent

Technologies Infinity 1260 model chromatography
system, consisting of a quaternary pump, an automatic

ig.unesp.br/ecletica

injector, a column heating module, an ultraviolet
detector with diode array and a molecular fluorescence
detector. The acetonitrile and water, used as the mobile
phase, were pre-filtered and degassed. In addition, an
Eclipse Plus C8 (4.6 mm x 250 mm - 5 mm)
chromatographic column was used. The optimum
conditions for the chromatographic separation of these
analytes are shown in Tab. 2.

Table 2. Optimized chromatographic conditions for analysis of estrogens using HPLC.

Mobile phase composition

Flow rate of mobile phase

Injection volume

Temperature of the chromatographic column
DAD wavelength detector

FLD wavelength detector

2.5 Sampling sites

Samplings were spatially and seasonally carried out
between December 2015 and May 2016 in Lake Furnas
within the municipality of Alfenas - MG - Brazil (Fig.
1), according to instructions from the National Guide
for Collection and Preservation of Samples?® and with
classifications of the National Water Agency?°.

Samples were collected from 5 different sites (P1,
P2, P3, P4 and P5). P1 was the closest to Alfenas’
Sewage Treatment Station (STS); while P5 was the
most distant sampling site from this STS (Fig. 2). With
the assistance of a fisherman, each sampling was taken
every 1 km using a boat. Samplings were made
between 11 am and 1 pm and the coordinates of the
sites were identified using a GPS.

—
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Figure 1. Map location of Lake Furnas and the municipality
of Alfenas.
Source: Adapted from Prado et al. (2011)%.
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water:acetonitrile - 1:1 (isocratic mode)
0.5 mL min*

10 uL

40°C

285 nm

Aexcitation— 230 nm € Aemission— 310 NmM

Effluent disposal
N ¥
Figure 2. Sampling sites within Lake Furnas in the
municipality of Alfenas.

Source: Google earth (2020)3.
2.6 Samplings

Five liters of surface water were collected from
each sampling site at a depth of ~30 cm, using a van
Dorn bottle. The collected water was transferred to
clean and acclimatized plastic bottles. Vials were
sealed and transported in thermal containers to the
laboratory where they were kept at 4 °C. Starting from
the second sampling campaign, temperature, pH,
conductivity and dissolved oxygen of the sampling site
were measured in situ using a multiparameter probe
(HI1 9628 - pH/ORP/CE/DO).

2.7 Sample preparation

Samples from each sampling site were prepared in
triplicate. A volume of 4 L was filtered several times
through a Buchner funnel lined with qualitative filter
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paper (J. Prolab) and vacuum filtered in an enclosed
glass system using 0.45 um pore-size cellulose acetate
membrane (Agilent Technologies). After filtration, the
pH of the samples was adjusted to 8 using 0.5 mol L*
ammonium hydroxide solution whenever necessary.
Subsequently, solid phase extractions were performed
and elution was analyzed in the HPLC system.

3. Results and discussion
3.1 Validation of the analytical methodology

The proposed method was selective for both
detectors. Even though the four studied estrogens have

ig.unesp.br/ecletica

similar structures, satisfactory peak separation could be
noticed in their chromatograms.

The linearity and sensitivity of the method were
determined using linear regression analyses of the
calibration curve from each estrogen, where coefficient
of determination (r?) and angular coefficient values
were evaluated, as presented in Tab. 3.

The methodology was linear for both detectors, the
obtained r?> were above 0.98 and, according to Brito et
al.*, represent a strong correlation between peak areas
and analyte’s nominal concentrations. The validated
method was more sensitive using the fluorescence
detector (FLD) than the ultraviolet detector (DAD),
since the first presented higher angular coefficients
values.

Table 3. Retention time, equation of the line, linearity, and sensitivity of estrogens under study.

Estriol 5.840 y = 15.388 x -237.26 0.9924 200-1000
17B-Estradiol 10.640 y = 16.366 x -526.74 0.9885 200-1000
17a-Ethynylestradiol 12.513 y =15.473 x -682.62 0.9854 200-1000
Estrone 13.860 y =17.307 x -693.63 0.9895 200-1000
Estriol” 5.897 y = 27608 x + 66759 0.9920 25-1000
17B-Estradiol” 10.699 y = 28561 x -79971 0.9955 25-1000
17a-Ethynylestradiol” 12.578 y = 28047 x -107662 0.9989 25-1000

*Estrogens detected by fluorescence detector (FLD).

According to the limits of detection (LOD) and of
guantification (LOQ), the estrogens under study could
be detected and quantified at concentrations of as low
as 200 and 300 pg L* for DAD and 25 and 50 pg L*
for FLD. However, this methodology predicts sample
preconcentration using SPE (1000 x); therefore, the
LOD and LOQ of the method were 200 and 300 ng L™
for DAD and 25 and 50 ng L for FLD. The validated
method using FLD can be considered more sensitive
than when using DAD, since its values are lower.

The accuracy of the method was evaluated by mean
recovery (Raverage) and coefficient of variation (CV)
values. For estrogens detected using DAD, Ruaerage
ranged from 62.1-101.2% with CV of less than 15%.
When using FLD, Raverage ranged from 80.0-105.6%
with CV of less than 7.0%. These values are
considered satisfactory, since the acceptable recovery
values for samples at concentrations of ng L* are
between 40-120% with CV of less than 45%7*.

The criteria employed to evaluate the method
precision was based on the comparison of experimental
and tabulated values of the F test for two sets of
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samples (n = 6 each set). Table 4 shows the mean
recovery (Rawrage), COefficient of variation (CV),
Featcutated @Nd Frabuiaed Values for the datasets prepared by
analysts 1 and 2.

The validated methodology proved to be accurate
because, in all cases, Fea < Fiap. There is no significant
difference between the values of variance with 95% of
credibility, since the in the values of Fpulaed, fOr a
degree of freedom of 5, both denominator and
numerator are equal to 5.05%.,

The method showed to be robust against variations
in mobile phase composition, injection volume, flow
rate of the mobile phase and chromatographic column
compartment temperature. The mean recovery (Raverage)
values for the analytes using DAD were between 70.7-
118.7% with a coefficient of variation (CV) of less
than 10.6%. On the other hand, when using FLD the
Raverage Were between 91.0-108.8% with CV of less
than 4.8%. The values obtained are within acceptable
ranges; therefore, none of the alterations done to the
chromatographic parameters showed significant effect
on the recovery of the estrogens.
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Table 4. Average recovery (Raverage), COefficient of variation (CV), Fcaiculated, @Nd Fravuiaed Values for the data sets

prepared by analysts 1 and 2.

E3 E2 EE2 El E3 E2 EE2
Analyst 1
Ruverege (%) + standard deviation 1017 112 +7 1017 104 +8 1051 107 +2 100+ 2
Analyst 2
Ruverege (%) + standard deviation 109+8 111 +10 108 £ 5 105+8 108 +2 102+2 102 +3
CV (%) Analyst 1 6.8 6.3 7.3 10.4 0.6 1.6 2.1
CV (%) Analyst 2 7.3 8.8 4.7 7.3 4.3 5.2 5.4
Fcalculated 1.3 1.9 2.2 1.0 3.2 1.6 2.1
Frabulated 5.05 5.05 5.05 5.05 5.05 5.05 5.05

3.2 Optimization of solid phase extraction (SPE)
conditions

After performing the 28 BBD experiments, extracts
were analyzed in a HPLC system and the average
recovery of all detected analytes of each experiment
was calculated. In some cases, the mean recovery
exceeded the acceptable range for recovery of analytes
at ng L' (40-120%), which may be related to co-
elution of impurities presented within the cartridge.

The mean recovery data were used to obtain
response surface graphs, corelating mean recovery
values in the Z axis and two other variables (coded as -
1, 0 and +1) in X and Y axes, using the software
Statistica 2010. The related response surface graph
variables were cartridge versus pH of water, cartridge
versus elution solvent, cartridge versus flow rate of the
eluent during the extraction, pH of water versus elution
solvent, pH of water versus flow rate of the eluent
during the extraction and elution solvent versus flow
rate of the eluent during the extraction.

With regards to the flow rate of the eluent during
the extraction versus cartridge type variable, it can be
noticed that the lower the flow rate, the greater is the
recovery, since the longer the sample stays in contact
with the solid phase of the cartridge higher the chances
of interactions between analytes and adsorbent phase.

Most BBD experiments presented recovery values
within acceptable range for both detectors. However,
according to the response surface graphs and the most
satisfactory recovery values, it was opted to keep with
the parameters used in the experiment number 5, which
presents the following conditions: brand cartridge
Chromabond C18-ec; pH of water equal to 8§;
Methanol: Ethyl acetate (1:1) as elution solvents; and
flow rate of the eluent during the extraction of 3 mL
minL,
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3.3 Estrogens determination in Lake Furnas,
Alfenas-MG

3.3.1 Some physical-chemical characteristics of
water within the sampling sites

To test if Lake Furnas is in accordance with the
environmental standards determined by Resolution
National Council of the Environment (CONAMA)
357/2005%°, pH, conductivity, temperature; and
dissolved oxygen within the vicinity of each sampling
site were measured. Maximum and minimum values
for each sampling sites are shown in Tab. 5.

According to the CONAMA Resolution 357/2005,
Furnas Lake is classified as a class Il river with pH
values between 6.16 - 8.36. Therefore, within the
permitted values (6.0 to 9.0).

The dissolved oxygen (OD) in water, which is
essential for survival of aerobic organisms,
according to this same legislation, should be higher
than 5 mg L 2. In this term, the samplings that
occurred in 04/28/16 and 05/19/16 presented values
below the permitted level. This may be related to an
environmental incident occurred in 05/01/16, where
tons of tilapia, within tanks-nets, were found dead.
According to the Environmental Military Police and
professors from the University of Alfenas, the lack of
sun-light and extended drought period contributed to
the OD decrease, which may have caused the death of
red algae and subsequent release of toxins to the
surrounding water, aggravating fish mortality®. In a
similar incident in 2013, also because of the drought,
the level of the Lake lowered. After this period, with
the increase of rain and temperature, there was a
critical algae proliferation, causing drastic OD
reduction, culminating in fish mortality again®.
According to Tab. 5, temperatures within Lake Furnas
varied from 23.98 to 29.21 °C, possibly indicating
normal seasonal variations.
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According to the CETESB specifications®,
conductivity values higher than 100 pS cm? could
indicate that environments were impacted. In Lake
Furnas, the measurements were well below this limit,
indicating the region may not present high pollution
loads.

In  addition to these  physical-chemical
characteristics, turbidity of the water samples was also

ig.unesp.br/ecletica

measured. According to the CONAMA Resolution
357/2005%, turbidity values for a class 2 river should
stay below 100 Nephelometric Turbidity Unit (NTU).
Values above this limit may indicate a constant load of
pollutants within the area. The measured values were
lower than 6.0 NTU, indicating the sample sites have
reduced turbidity.

Table 5. Maximum and minimum values of pH, dissolved oxygen, temperature; and conductivity measured in the

surroundings of collection sites.

09-03-2016 6.16-7.11 5.07-5.65
07-04-2016 7.61-8.36 6.99-8.14
28-04-2016 6.42-6.77 3.44 - 4.60
19-05-2016 6.29-6.44 2.77-3.75

3.3.2 SPE and chromatographic analysis of
samples collected at Furnas Lake

The SPE of water samples were carried out at a
flow rate of 3 mL min?, proceeding was as follows:
adjusting the pH of the sample to 8, conditioning the
cartridge with 5.00 mL of methanol and passing 1 L of
the sample through the cartridge. After percolation of
the sample, the cartridge was washed with 1.00 mL of
wash solution (water: 5% methanol) and the analytes
were eluted with 5.00 mL of methanol: ethyl acetate to
the cartridge. Subsequently, the eluates were dried in a
water bath at 70 °C wusing a heating mantle,
resuspended in 1.00 mL of acetonitrile, placed in an
ultrasonic bath for 3 min, filtered with 0.45 pum pore-

27.96 — 28.31 2027
28.23-29.21 30-33
26.63 —27.03 14 -22
23.98 — 24.25 28 -39

size filters and injected into the HPLC system. The
fluorescence detector was more sensitive, had lower
detection and quantification limits, and recovery values
closer to 100% when compared to the validated
methodology. Therefore, it was decided to analyze all
estrogens, except estrone, which was detected only by
DAD using the validated method.

It can be observed that the analytes presented good
separation and the retention times obtained are close to
the values obtained in the validation of the analytical
methodology employed. It is worth mentioning that
estrone was not found in any of the samples collected,
therefore, no chromatogram showing this estrogen was
obtained.

Table 6. Mean concentration and standard deviation found for estriol, 17B-estradiol and 17a-ethynylestradiol in the

water samples collected in the study region.

1 2 3 4 5
1 (12/07/2015) E3 ND ND ND 202+9 237+11
E2 76 +1 75 +1 101+1 *1732+9 *2089 + 7
EE2 ND ND ND 322+10 320+ 11
2 (03/09/2016) E3 ND <LOQ 157 +£5 366 +5 181+14
E2 154 +4 116 +1 124 +1 *9998 + 3 195+3
EE2 ND ND 118+ 1 209+5 196 + 4
3 (04/07/2016) E3 318+3 208+ 7 182+1 120+1 110+3
E2 *2536 + 1 *1993+1 *1792+1 *1415+1 *1066 + 1
EE2 422 +5 284 +3 256 + 10 180 +2 141+1
4 (04/28/2016) E3 153+ 18 ND ND ND ND
E2 *1101 +0.0 411+7 436+ 2 236 1 231+1
EE2 143 +4 67+3 63+2 <LOQ <LOQ
5 (05/19/2016) E3 ND ND ND ND ND
E2 321+2 183+3 254 +1 194+1 206 £1
EE2 76 £0.0 <LOQ <LOQ <LOQ <LOQ

*Samples that were diluted 10 times to understand the concentration range of the analytical curve of the validated method; ND

= Not Detected.
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The results presented in Tab. 6 refer to the average
concentrations for each estrogen found in the five
collection points during the five sampling campaigns
conducted between December 2015 and May 2016.

In general, the results in Tab. 6 show that each
water sample analyzed was positive for at least one of
the tested estrogens. 17B-estradiol (E2) was detected
and quantified in all samples, while Estriol (E3) and
17a-ethynylestradiol (EE2) were detected in 48 and
80% of the samples, respectively. The maximum
concentrations determined were: E3 366 + 5; E2 9998
+ 3; and EE2 422 + 5 ng L. Estrone (E1) was neither
detected nor quantified by the employed optimized
analytical methodology (Fig. 3). However, since E2 is
oxidized to E1 after excretion and because of the high
E2 concentration found, E1 might also be present in
Furnas Lake. On the other hand, due to the sorption
coefficient value of estrone (4882), the highest among
these four estrogens, a high sorption potential can be
expected in soils and sediments, which would reduce
their concentration within the water column®*-%%,

Ly
|

10,496

1249

.“ ) Minnies
Figure 3. Chromatogram of one of the water samples

collected in Lake Furnas concerning the separation of
estrogens with FLD detection: 1) estriol; 2) 17p-estradiol; 3)
17a-ethynylestradiol.

One possible explanation for the absence of
estrogens in some of the analyzed water samples would
be their presence in the conjugated form, basically in
the form of sulfates and glucuronides. These polar
conjugates are biologically inactive and more soluble
in water when compared to their corresponding
unconjugated counterparts. Therefore, to monitor the
presence of these estrogens in this form, a specific
analytical method would be required.

Similar results to these presented in the current
study were reported by Montagner and Jardim®. An
analytical method was optimized for determination of
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15 emerging contaminants within surface waters from
the Atibaia River, in the city of Campinas (SP - Brazil),
using solid phase extraction and high-performance
liquid chromatography with ultraviolet detection with
diode array and fluorescence. The method was applied
for spatial and seasonal monitoring of these emerging
contaminants, which included estrone (E1), 17p-
estradiol (E2) and 17a-ethynylestradiol (EE2). Among
these, E2 was the most frequently detected, present in
35% of the 26 samples and found in high
concentrations, which ranged from 106-6806 ng L™.
On the other hand, EE2 was found in only three
samples and E1 was not detected.

Many studies in the literature report the
determination of these estrogens; however, they were
detected in lower concentrations when compared to
those in this study. Monteiro and Andrade*® developed
and validated an analytical methodology for
determination of the synthetic estrogens levonorgestrel
(LNG) and 17a-ethynylestradiol (EE2) in surface
waters of the Sapucai River, in Itajubd (MG - Brazil).
Samplings were carried out within the urban region of
the river during the rainy season. EE2 was found in the
5 sampling sites at concentrations ranging from 67.4-
99.1 ng L*, whereas LNG was not found in any
sampling site. In Belo Horizonte (MG, Brazil), Moreira
et al.** analyzed water samples from the river called
Rio das Velhas, Morro Redondo and Vargem das
Flores lake, and determined concentrations between
1.5-36.8 ng L™ for 17B-estradiol and 3.0-54 ng L* for
17a-ethynylestradiol within these samples. Other
authors reported lower concentrations of E2 (0.3 and
1.3 ng L) and EE2 (05 and 3, 0 ng L1 form
groundwater samples in  RhoOne-Alpes region
(France)*”. In Austria, Bursch and colleagues®
evaluated 27 surface water and 59 groundwater
samples, totaling 261 and 112, respectively. In more
than 50% of surface water samples, E2 and E1 were
detected at low concentrations (average of 0.13 and
0.35 ng L7, respectively). While in groundwater
samples, E2 was detected in 50% of samples with a
maximum value of 0.79 ng L.

In contrast, some studies in Brazil and in other
countries found these estrogens in concentrations even
higher than the reported here. In analysis of surface
water samples from the city of Campinas (SP - Brazil),
the identified concentrations of E1, E2; and EE2 were
in ng L scales, ranging from 3.5-5.0, 1.9-6.0 and 1.2-
3.5, respectively**. Daniel and Lima® tested for the
presence of estrogen, estriol, 17p-estradiol; and 170-
ethynylestradiol in water samples from the Tubaréo
River, in the border of municipalities of Santo André
and Maua (SP - Brazil). In this study, significant
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concentrations of estriol (0.4 g L™) and estrone (0.32 g
L) were detected. Chaves*® validated an analytical
method and used SPE and HPLC-UV for determination
of endocrine disruptors BFA, E2, EE2 and E1 in the
Paraiba do Sul River, Aparecida (SP - Brazil). In the
work, surface water samples were taken at different
depths, close to the water collection point for public
supply, which is located 50 m downstream from the
sewage disposal site of the National Sanctuary of
Aparecida. High concentrations were found for all
analytes, ranging from 0.032-0.088 ug L for BFA,
0.009-0.40 pg L for E2, 0.07-0.6 pg L* for EE2 and
0.107-0.91 ug L for E1. The author inferred that the
values obtained may be associated with the number of
visitors in the city, the inefficiency of conventional
sewage treatment system to remove such contaminants,
rainfall index and temperature. Since these endocrine
disruptors may represent risks to biota at
concentrations of as low as ng L, such exposures at
ug Lt and g L scales, are even more alarming.

The works described above confirm that the results
found for Furnas Lake in Alfenas is not a particular
case and show that rivers from different parts of Brazil
are contaminated with endocrine disruptors.

4. Conclusions

The validated analytical methodology for
monitoring estrone, estriol, 17p-estradiol and 17a-
ethynylestradiol was adequate, according to the
evaluated figures of merit. In view of the responses
obtained with the fluorescence detector (FLD), such as
high sensitivity, optimal values of recovery and low
LOQ and LOD, it was decided to work with this
detector for all estrogens, except estrone, which was
only detected by DAD.

The use of chemometric methods for experimental
design and data processing was efficient. Considering
this and the analysis of response surface plots, it was
possible to determine the best performing experiment
to extract the four studied estrogens.

The five sampling campaigns were carried out from
December 2015 to May 2016 in 5 different sites. In
general, all estrogens were found in all samples of at
least one of these collection points, only E1 was not.
Concentrations of E3, E2 and EE2 ranged from 11-366,
75-9998, and 63-422 ng L, respectively.

In view of the results obtained, it would be
interesting to deepen further studies on this topic and to
develop and validate analytical methodologies for
estrogen determination in their conjugated forms.
Additionally, other emerging contaminants could also
be analyzed within this same studied region as in other
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parts of Furnas Lake, since this subject has been
neglected by the scientific community until the present
moment.
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