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Abstract

The activated carbon filter is used in residences as another step in the treatment of drinking water, based on a
physical-chemical process to absorb pollutants that are not removed in conventional treatment. Endocrine disruptors
(EDCs) are exogenous substances or mixtures of substances that acts on the endocrine system similarly to the endogenously
produced hormones, triggering malfunctions and harmful changes to human and animal health. The objective of the
present work was to study EDCs through semi-quantitative analysis of residential water filters collected in the region
of Rio dos Sinos basin, focusing on two specific classes: hormones and phenols. The solid phase extraction principle
was used for the extraction of compounds and gas chromatography coupled with mass spectrometry for the separation
and characterization of EDCs. Four samples of residential filters collected from public water distribution and artesian
wells, from the cities of Novo Hamburgo and Sao Leopoldo were analysed. Using the developed methodology, it was
possible to detect and comparatively quantify selected EDCs in all studied samples, which indicates the presence of
these contaminants in drinking water from different sources.
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Disruptores enddcrinos em filtros de agua utilizados na regido da
Bacia Hidrografica do Rio dos Sinos no Sul do Brasil

Resumo

O filtro de carvao ativado ¢ utilizado em residéncias como mais uma etapa no processo de tratamento da agua potavel,
tendo como base um processo fisico-quimico para adsor¢ao de poluentes presentes na agua que nao sao removidos no
tratamento convencional. Os Disruptores Enddcrinos (DEs) sdo substancias ou misturas exdgenas que atuam no sistema
endocrino de maneira similar aos hormonios produzidos endogenamente, desencadeando disfungdes e alteracdes nocivas
a satde humana e animal. O objetivo do presente trabalho foi estudar DEs através da analise semi-quantitativa de
amostras de filtros de agua coletados na regido da bacia do Rio dos Sinos focando em duas classes quimicas: hormomios
estrogénicos e fenodis. Foram utilizados os principios da técnica de extragdo em fase solida (SPE) para a extragdo dos
compostos, e cromatografia gasosa acoplada a espectrometria de massas para a separagdo ¢ deteccdo de DEs. Foram
analisadas quatro amostras de filtros residenciais provenientes de agua tratada e agua de pogo artesiano, das cidades de
Novo Hamburgo e Sao Leopoldo. Com o método desenvolvido foi possivel detectar e quantificar comparativamente
DE:s selecionados em todas as amostras estudadas, o que indica a presenca desses contaminantes na agua de consumo
humano oriunda de diferentes fontes.

Palavras-chave: filtro de carvao ativo, DEs, POPs, fenois e disruptores enddcrinos.

1. Introduction

Endocrine disruptors (EDCs) are organic pollutants
biologically active derived from synthetic hormones,
phytoestrogens, endogenous, or synthetic industrial compounds
(Bila and Dezotti, 2007). They act in organisms mimicking,
antagonizing and/or enhancing the endogenous hormonal
activities (Lintelmann et al., 2003; Kim et al., 2007; Wang
and Baskin, 2008, Quignot et al., 2012).These pollutants
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can trigger mutations causing pathologies related mainly
to the endocrine system and also affect the immune and
nervous systems (Bila and Dezotti, 2007; Alves et al., 2007).

The main sources of EDCs in the river water are the
overuse and excretion by humans of natural or synthetic
hormones estrogen (Ghiselli and Jardim, 2007; Torres, 2009;
Munaretto, 2009; Fenech et al., 2013), and the large domestic
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agricultural and industrial use of some chlorophenols
and alkyl phenols ethoxylates. A significant amount of
these compounds can reach water resources through
sewage, industrial and agricultural effluents (Torres, 2009;
Lopez-Espinosa et al., 2009; Cases et al., 2011).

Despite the known environmental and human health
impact caused by water contamination by EDCs and other
POPs, few studies have been conducted in Brazil for the
diagnosis of these compounds in the environment and in
drinking water (Sodré¢ et al., 2010; Jardim et al., 2012;
Ribeiro et al., 2012). The National Agency of Water (Brasil,
2009) in Brazil established water quality parameters which
include the Index of Quality of Raw Water for Public
Supply (IAP), and the Water Quality Index (IQA) for the
systematic monitoring of surface water. Persistent organic
pollutants (POPs) or EDCs (Brasil, 2005; Brasil, 2009)
are not included in any of those parameters. According to
Decree 2914 from the Ministry of Health (Brasil, 2011),
selected POPs and EDCs (59 compounds) are included
in the list of compounds monitored in drinking water in
Brazil although pharmaceutical drugs and endogenous
compounds are not included in this list.

In the Rio dos Sinos basin, one of the most polluted
rivers in Brazil (Figueiredo et al., 2010; FEPAM, 2013),
the water used to carry those effluents is the same used
as for the population water supply for approximately
1.2 million inhabitants, as described elsewhere
(Figueiredo et al., 2010). The traditional primary and
secondary water treatment is not efficient to remove these
kinds of compounds (Auriol et al., 2006). Knowing the
inefficiency of the treatment of public water supplies in
the region, the population uses charcoal filters to perform
domestic treatment to the water supply. These filters have
a large accumulation capacity for those compounds,
since each filter is used to approximately 600 L of water.
For this reason, it becomes an excellent matrix for the
determination of EDCs in the public water supply, either
through the supply system or from artesian wells, since
it registers the accumulation of those compounds over
a 6 month-period.

Despite the fact that this matrix has a high power
extraction and concentration of environmental contaminants
such as EDCs (Delgado et al., 2012), which are not removed
during conventional water treatment, it was not found in
the literature any work related to the determination of
POPs or EDCs in residential water filters. On the other
hand, activated charcoal is a well-known stationary phase
for solid phase extraction (SPE) (Mitra, 2003; Vijaya
Saradhi et al., 2007), and those extraction techniques can
be applied to remove EDCs from this matrix.

In the present work, key environmental contaminants
such as EDCs in residential water filters collected in the
region of Rio dos Sinos basin were studied, focussing
on two specific classes: estrogen hormones (17-a-ethinyl
estradiol and estrone) and phenols (chlorophenols:
2,5-dichlorophenol, 2,4-dichlorophenol, 2,4,6-trichlorophenol
— ethoxylated alkyl phenols: 4-tert-octylphenol and
4-nonylphenol). For the extraction of compounds, the
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principles of SPE were used, and the characterisation
was performed using gas chromatography coupled with
quadrupole mass spectrometry (GC/qMS).

2. Material and Methods

Among the most used filters in the Rio dos Sinos
basin, we highlight those consisting of one single layer
of activated carbon Coconut Bay (Cocos nucifera L.)
(Purific, 2014). These filters are used in cleaners which
replace the 20 litre canisters of water. Each filter has a
shelf life of six months and it filters on average 600 litres
of water. Four of these charcoal filters used in residences
were collected from October 2010 to April 2011. Each one
was used for approximately 6 months in each residence.
Two charcoal filter samples were collected in Canudos
and Ideal neighbourhood in Novo Hamburgo, where
water is supplied by the municipal sanitation company.
One sample was collected in a residence with artesian water
supply in Hamburgo Velho neighbourhood also in Novo
Hamburgo. The last sample was collected in downtown
Sao Leopoldo, where water is supplied by the municipal
sanitation company from this city. All filters were from
the same model and supplier, collected by the company
that makes technical assistance of commercial filters.

The materials used in this study were: ultrapurified
water (Milli-Q, Millipore); anhydrous sodium sulfate
(Nuclear, Brazil); methanol and dichloromethane (both with
99.9% purity, supplied by Merck, Germany); analytical
helium 5.0 (Linde Gases, Canoas, Brazil); analytical
standards: 2,4-dichlorophenol (99, 4%), 2,5-dichlorophenol
(99.7%), 2,4,6 - trichlorophenol (99.6%), 17-a ethinyl
estradiol (99.3%), and estrone (99.3%), supplied from
Sigma Aldrich (Germany); 4-tert-octylphenol (99.4%)
and 4-nonylphenol (99.9%) supplied by Supelco (USA).
For SPE extractions, 6 mL glass SPE empty cartridges
from Supelco, USA were used.

The equipment used was: a gas chromatograph
coupled with a quadrupole mass spectrometer GC/qMS,
Model 680T and MS Clarus 600 (Perkin Elmer, USA)
with an autosampler; a solid-phase extractor (SPE) model
D, Visiprep TM (Supelco, USA), and a vaccum pump
(Marconi, Brazil).

Stock solutions were made of a mixture of phenolics
(2,4-dichlorophenol, 2,5-dichlorophenol, 2,4,6-trichlorophenol,
4-nonylphenol, 4-tert-octylphenol) and mixtures of hormones
(17-0-ethinyl estradiol and estrone) at the theoretical
concentration of 1000 mg L' . Phenols were prepared in
methanol and hormones in dichloromethane, and stored at
0.8 °C in amber vials. A calibration curve was constructed
from the mixing patterns in dichloromethane stock solutions
using five different concentrations ranging according to
DECs analysed (as shown in Table 1).

Each filter sample was opened with the aid of a saw, and
the activated carbon stage was removed and homogenised. For
extraction by SPE, 5 g of charcoal sample were transferred
to a glass SPE cartridge, coupled to the SPE extractor and
the vacuum pump. 5 mL of ultrapure water was added to the
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conditioning stage. The system was subjected to vacuum
for 5 min to eliminate the amount of water remaining in
the coal. The compounds of interest were eluted with
5 mL of dichloromethane. The extract was then passed
through a column containing 1 g of anhydrous sodium
sulfate, in order to remove the water. The final extract
was concentrated under nitrogen (N,) to the dried total ,
and suspended in 500 pL of dichloromethane, transferred
to glass vials of 1.5 mL and analysed by GC/qMS. Three
replicates were performed with each sample, including
the extraction of a blank charcoal filter.

GC/gMS analysis was carried out using helium as a
carrier gas at a constant flow rate of 1.0 mL min™', after the
pulse injection of 4 mL min™!, and solvent cut at 3.13 min.
The GC column used was an ELITE-5MS (5% phenyl,
95% polymethylsiloxane, Perkin Elmer, Shelton, EUA),
with dimensions 30 m x 0.25 mm i.d. X 0.25 pum film
thickness. Injector and interface temperatures were
280 °C. Then, 2 pL of sample was injected using a
1:20 split with an oven temperature program of 80 °C
for 1 min, raised at 5 °C/min to 180 °C, 5 °C/min up to
180 °C, and then 15 °C up to 270 °C, followed by a final
increase of 20 °C/min to 300 °C (held for 2 min). Mass
spectra were obtained at a mass-to-charge (m/z) ratio scan
ranging from 35 to 320 u, with a 70 eV electronic impact,
operating with SCAN and Single Ion Monitoring (SIM)
modes simultaneously. The SIM mode operated with the
selection of three characteristic ions in time windows for
each compound monitored (see Table 1). Compounds
were identified using SCAN spectra and the NISTMS
(Version 2.0, NIST/EPA/NIH, USA) and ADAMS libraries.

3. Results and Discussion

Figures of merit were obtained with the developed
method for selected EDCs (see Table 1), considering the
use of each filter with 600 L of water, and an average
mass of 116 g of charcoal per filter. All compounds
studied presented acceptable linearity in the range studied.
From all compounds studied, 2,4,6-trichlorophenol was
the only compound listed in Decree 2914 (Brasil, 2011)
with established limit of detection (LOD) in water.
The LOD obtained for this compound was found more
than 1,000 times below the maximum limit established
for drinking water (0.2 mg L™'). Although the other six

compounds were not listed in Decree 2914, LODs were
similar to those obtained for 2,4,6 —trichlorophenol.
The proposed method is relatively simpler in comparison
to methods used for water analysis, since the concentration
effect in the filter increases the detectability of compounds.
As a result, compounds accumulated in the filter can be
detected when the concentration in water is several times
below the detection limit of traditional methods. Although
it is not possible to quantify those compounds in water,
since the volume of water used in each filter is estimated,
and also the degradation effect and irreversible retention
was not evaluated, it is possible to detect the presence of
those compounds in a larger volume of water used over six
months, which can be used for diagnostic investigations.

In a total ion chromatogram (TIC) obtained from
Hamburgo Velho sample (see Figure 1), it is important to
notice the complexity of the sample and the number of
other compounds not identified. It illustrates the possibility
of the use of this methodology for screening of several
other compounds not listed in the present study.

The concentration of selected EDCs in four filters
collected in the Rio dos Sinos basin region are presented
(see Table 2) as well as an estimated concentration of
those compounds in water, considering the approximate
consumption of 600 L of water per filter.

2,4-dichlorophenol, 2,5-dichlorophenol, and
2,4,6-trichlorophenol were not detected in any of the samples
analysed by the proposed method. 4-tert-octylphenol and
4-nonylphenol were detected only in the sample collected
from Hamburgo Velho, whose water supply is artesian
(as shown in Figure 1). It is interesting to notice that
alkylphenols are used to produce detergents, which are
commonly used in residential regions such as Hamburgo
Velho. As this region presents innumerous old artesian
wells, the contamination of ground water can be the
cause of the detection of those compounds in this filter.
To confirm this affirmative, further studies with a higher
number of samples from this region will be necessary, as
well as the direct analysis of the water.

In all analysed samples were detected estrone and
17-a-ethinyl estradiol. It is well known that both compounds
detected are human estrogens and their main source of
contamination is by the sewage (Auriol et al., 2006).
It indicates that there may be contamination in the watershed
of'the Rio dos Sinos, and possibly the groundwater, in the

Table 1. Retention time (t,), concentration range (CR), selected ions for the SIM mode, coefficient of determination
(R?) limits of detection and quantitation (LOD and LOQ), respectively) of EDCs.

t CR ) LOD LOQ

Compound min)  (ugL") m/z R mgl) (gL
2,4-dichlorophenol 7.54 2.64 t0 70.37 98, 125, 164 0.9885 0.67 2.64
2,5-dichlorophenol 7.58 2.64t070.37 98, 125, 162 0.9885 0.67 2.64
2,4,6- trichlorophenol 12.01 1.60 to 42.69 97, 132, 196 0.9948 0.14 1.60
4-tert-octylphenol 17.91 0.62to 12.41 107,135,206 0.9962 0.14 0.62
4-nonylphenol 23.01 1.10t0 21.92 77,107, 220 0.9978 0.12 1.10
Estrone 28.42 0.68to 17.79 146, 185, 270 0.9959 0.09 0.68
17-a-ethinyl estradiol 28.81 0.63 to0 16.86 160, 213,296 0.9938 0.32 0.63
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Figure 1. Total ion chromatogram with retention times from a filter sample collected in Hamburgo Velho. Peaks numbered

according to identification (see Table 2).

Table 2. Estimated concentration of EDCs studied in samples of filters and extrapolation of values found for water supply.

Sample Ideal Canudos
Peak
number Compound C C water C C water
(mg/filter)* (ng L1)** (mg/filter)* (ng L1)**
1 2,4-dichlorophenol <LOD <LOD <LOD <LOD
2 2,5-dichlorophenol <LOD <LOD <LOD <LOD
3 2,4,6- trichlorophenol <LOD <LOD <LOD <LOD
4 4-tert-octylphenol <LOQ <LOQ <LOQ <LOQ
5 4-nonylphenol <LOQ <LOQ <LOQ <LOQ
6 estrone 1.16 1.93 1.24 2.06
7 17-a-ethinyl estradiol 1.30 2.16 1.48 2.46
Sample Hamburgo Velho Sdo Leopoldo
mll);?l:(er Compound C C water C C water
(mg/filter)* (ng L1)** (mg/filter)* (ng L)**
1 2,4 and 2,5-dichlorophenol <LOD <LOD <LOD <LOD
2 2,5-dichlorophenol <LOD <LOD <LOD <LOD
3 2,4,6- trichlorophenol <LOD <LOD <LOD <LOD
4 4-tert-octylphenol 0.92 1.53 <LOQ <LOQ
5 4-nonylphenol 3.37 5.62 <LOQ <LOQ
6 estrone 1.37 2.28 1.25 2.09
7 17-0-ethinyl estradiol 1.61 2.68 1.42 2.36

*Concentration in mg/filter, considering the average mass of 116 g of active charcoal per filter. **Estimated concentration in

drinking water in pg L.

case of the filter collected in a residence that uses artesian
well. This contamination in the river water may be related
to the daily release of domestic sewage in natura in Rio
dos Sinos, since these hormones have no characteristics
of bioaccumulation and persistence. These results are
consistent with the FEPAM report on Rio dos Sinos water
quality during 2010, in Novo Hamburgo and Sao Leopoldo,
where samples were collected (FEPAM, 2013). In this
report, the parameter fecal coliforms was class 4 (the worst
class, according to CONAMA 357) in more than 80% of
samples collected in Novo Hamburgo and Sdo Leopoldo,
close to the water threatening stations from those cities.
Added to that, both water threatening stations did not use
any additional treatment to remove this type of compounds.
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These results demonstrated that the proposed method
was efficient to study the presence of selected EDCs in
charcoal filters, and also it opens up the possibility to correlate
the presence of those compounds with water quality over
a 6-month period, and possible contamination sources.
The number of samples evaluated in the present study
was not sufficient to perform a consistent environmental
evaluation, but on the other hand, it was capable of
confirming the effects of the daily release of effluents in
the river water used for the public water supply in Rio dos
Sinos basin region. It also demonstrates the importance of
monitoring the presence of those estrogens in the drinking
water offered for the population, in order to prevent
pathologies associated with the intake of those hormones.
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As an example, 17-o-ethinylestradiol is considered a
potential carcinogen, and also is an EDC. This compound
is not monitored in drinking water in Brazil, as regulated
by Decree 2.914 (Brasil, 2011). Because of that, there is
no maximum limit of those hormones in drinking water
to assure potability for human consumption, although it
was detected in all filters analysed.

The estimated concentrations of compounds in water
presented in this paper can be higher, since it will be
necessary to perform future recovery studies to evaluate
the amount of each compound retained in the filter.
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