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Abstract The concentration of a range of endo-
crine disruptors: 17-f-estradiol, estrone, 17-«-
ethinylestradiol, bisphenol-A, pentachlorophenol,
triclosan, and butylbenzylphthalate, was analyzed
by gas chromatography/mass spectrometry in the
Wetland zone of Xochimilco, a periurban area of
Mexico City, during an annual cycle. Samples
were taken based on their level of use and by
selecting sampling points related with activities
such as agriculture, livestock, and urban, as well as their
potential presence in water at the Cerro de la Estrella
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Wastewater Treatment Plant (WWTP) which supplies
the majority of water (>90 %) to the study area. The
compounds analyzed are present in a wide range of
products from cosmetics to home care, pharmaceuticals,
and subproducts of the food industry. The importance of
identifying these compounds lies in the fact that they can
disrupt the endocrine system of vertebrates, in particular
reproductive gland function, affecting the development
of organisms and their offspring. Pentachlorophenol,
triclosan, bisphenol-A, butylbenzylphthalate, estrone,
and 17-B-estradiol were detected in concentrations in
nanogram-per-liter levels; 17-a-ethinylestradiol was al-
ways below the detection limit. The compounds showed
a trend toward greater concentrations in the rainy sea-
son, probably due to the runoff that carries these com-
pounds into the system.

Keywords Endocrine disruptor - Wastewater treatment
plant - Xochimilco - Wetland - Mexico

1 Introduction

Many of the major problems that humanity is facing in
the twenty-first century are related with water quality
issues. During the past five decades, along with the
development of industry, there have been reports of
alterations in the morphology and reproductive behavior
of individuals in populations living within natural sys-
tems and in different geographical regions (Instituto
Sindical de Trabajo, Ambiente y Salud (ISTAS) 2002;
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Agency for Toxic Substances and Diseases Registry
(ATSDR) 2011). This lead to a question whose answer
can be sustained in the ability to relate these
alterations with interactions between living organ-
isms and chemical compounds (Carson 1962;
Schwarzenbach et al. 2010).

Experimental observations of the effects of some syn-
thetic substances such as dichlorodiphenyltrichloroethane
and dioxins in different animal species (fish, amphibians,
reptiles, birds, and mammals) led in 1979 to the
“Estrogens in the Environment” Conference at the US
National Institute of Health and Environment, at which
was confirmed that the presence of these types of sub-
stances in the environment, alters the hormonal balance
of living organisms (Andrade-Ribeiro et al. 20006); thus,
these were denominated endocrine disruptors (ED).

Today, one of the most relevant issues in the field of
water quality is the discovery of many ED effects,
such as intersex fish in UK rivers downstream of
municipal wastewater discharge. This observation
was attributed to the presence of estrogenic com-
pounds in wastewater effluents (Schwarzenbach et al.
2010). Based on changes observed in different animal
populations, such as the loss of the reproductive ca-
pacity of bald eagles in the northern USA or the
decline of the alligator population in Lake Apopka,
Florida (Carson 1962), the US Environmental
Protection Agency (USEPA) in 1996 implemented a
strategy for continuous monitoring of suspected com-
pounds that can cause endocrine disruption, through
the Endocrine Disruptor Screening and Testing
Advisory Committee (EDSTAC 1996). The aim of
EDSTAC was to develop methodologies to assess
the damage of these compounds and also to emit
recommendations or restrictions on their use and con-
sumption (Patlak 1996; US Environmental Protection
Agency (USEPA) 2002; Aranda 2011; Blundell 2003;
Peijnenburg and Struijs 2006).

Nonetheless, there have been insufficient studies
worldwide of ED in urban wastewaters and their effects
on aquatic organisms (Singer et al. 2002; Servos et al.
2005; Kasprzyk-Hordem et al. 2009), to allow a clear
relationship between the concentrations at which some
of these pollutants are present and their toxicological
effects. However, some organizations such as the
USEPA, the European Union, and the Canadian Water
Quality Guidelines have conducted research to provide
information on the concentration ranges within which
these compounds could alter hormonal processes in
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organisms, establishing permissible limits for the pro-
tection of natural aquatic systems. Some of the com-
pounds tested were 4-n-nonylphenol, bisphenol-A
(BPA), and butylbenzylphthalate, and it was concluded
that levels must not exceed 1,000 ng/L for 4-n-
nonylphenol and bisphenol-A, and 2,000 ng/L for
butylbenzylphthalate (Instituto Sindical de Trabajo,
Ambiente y Salud (ISTAS) 2002; Argemi et al. 2005).

These contaminants are able to move through the food
web, and due to their chemical structure, exhibit a ten-
dency to accumulate in tissues, mainly in adipose tissue
(Guillette et al. 1994; Guillette 1995; Folmar et al. 1996,
2001; Lascombe et al. 2000; Schwarzenbach et al. 2010).

Some of reported effects in vertebrates by exposure
to ED in the literature are:

— Intersexuality, teratogenesis, and carcinogenesis
(Canales et al. 2003).

— Physiological changes generating feminization in
males and masculinization in females (Crain et al.
1997; Liney et al. 2006; Oropesa 2008).

— Synthesis and secretion of vitellogenin in male
fish (Folmar et al. 1996, 2001; Hansen et al.
2003; Segner et al. 2003a, b).

— Decreasing the thyroid function in fish and polar
bears (Olea et al. 1996; Braathen et al. 2004).

— Decreasing fertility in birds, fish, reptiles, and
crustaceans (Carlsen et al. 1992; Guillette et al.
1994; Harris et al. 1997; Jobling et al. 1998;
Willingham et al. 1999).

—  Generate deformities in offspring (Guillette 1995).

—  Metabolic and behavioral abnormalities (Porterfield
1994; Jacobson and Jacobson 1996; Danzo 1997,
Fisher et al. 1999; Rivas et al. 2004).

— Breast and ovarian cancer and an increased inci-
dence of endometriosis (Colborn et al. 1993;
Hunter et al. 1997; Instituto Sindical de Trabajo,
Ambiente y Salud (ISTAS) 2002; Ternes et al.
1999; Argemi et al. 2005).

— Prostate and testicular cancer, reproductive disor-
ders characterized by a decrease in sperm count
(Colborn et al. 1993; Giwercman et al. 1993;
Instituto Sindical de Trabajo, Ambiente y Salud
(ISTAS) 2002).

In this study, we determined the concentrations of ED
in water from the Xochimilco wetland during the annual
cycle 2008-2009, in the rainy and dry seasons. To our
knowledge, this is the first study of ED in the
Xochimilco wetland, and it is relevant due to human
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use of the water and the presence of aquatic endemic
organisms such as the axolote (Ambystoma mexicanum).

2 Study Area

Historically, the Basin of Mexico is characterized by
high biodiversity that has provided the conditions for
the establishment of human settlements and the sub-
sequent development of a traditional highly productive
agricultural system known as chinampas (Jiménez-
Osornio 1995). Chinampas are artificial rectangular
floating agricultural plots constructed within this
freshwater Xochimilco wetland, in the southern region
of the basin, by means of stacking of vegetation and
sediment, raising their level above that of the lake and
forming a network of canals. The plots have soils rich
in organic matter and a capillary irrigation system that
resulted in one of the most productive agroecosystems
in the world (Jiménez et al. 1995).
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The chemical and biological composition of
chinampas soil rendered this system extremely fertile
and productive with natural irrigation and drainage
(Rojas 1985). However, over the last 50 years, anthro-
pogenic activities have stressed this ecosystem, with
their transformation into urban and agricultural and
livestock areas. This transformation, as well as the
intensive exploitation of natural resources, has
resulted in the deterioration of the system. In particu-
lar, chemical and microbiological contamination has
occurred because semitreated wastewater is pumped
into the canals and is also used for irrigation. The
presence of harmful substances such as heavy metals,
detergents, and pesticides, as well as pathogens, has
been reported (Solis et al. 2006; Mazari-Hiriart and
Mackay 1993, Mazari-Hiriart et al. 2008).

This study was conducted at the Xochimilco wetland,
which is reminiscent of the Tenochtitlan lake system
located in the Basin of Mexico. The Xochimilco wet-
land is located south of Mexico City between the
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Fig. 1 Map showing the distribution of sampling sites in the Xochimilco wetland
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coordinates 19°09'-19°19" N and 98°58'-99°10" W,
with an approximate area of 36 km” and a network of
irrigation waterways that covers 207 km (Rojas 1985).
The climate is temperate, ranging from 13 to 25 °C, with
an average annual temperature of 16 °C and an average
annual rainfall between 700 and 900 mm, which falls
mainly from June to September.

This area is also important due to the water infiltration
that provides water to wells of the southern area of
Mexico City. The Xochimilco wetland passes through
an accelerated environmental degradation and urbaniza-
tion process, transforming it into a suburban agricultural
and livestock area that is irrigated with treated municipal
wastewater. The location of the 19 sampling sites selected
are shown in Fig. 1, and the main human activities that
take place near the sampling sites are described in Table 1.

3 Materials and Methods
3.1 Criteria for Sampling Site Selection

Selection of sampling sites was based on previous water
quality information reported by Contreras (2006),
Aguilar (2007), Espinosa (2008), Mazari-Hiriart et al.
(2008), Zambrano et al. (2009), and Espinosa et al.
(2009). Other elements taken into account were nearby
urban settlements, agriculture and livestock areas, and
the discharge of municipal treated water into the aquatic
system. Urban areas were studied separately in two
groups in order to observe the influence of the other
activities taking place in the vicinity of these areas.
Urban area 1 is localized nearer to Cerro de la Estrella
Wastewater Treatment Plant (WWTP) effluents (La
Draga and San Diego), while urban area 2 is near
agriculture activities. The majority of the 19 sampling
sites selected does not fulfill Mexican Water Quality
Guidelines for water disposal into natural aquatic sys-
tems or treated water reuse (Diario Oficial de la
Federacion (DOF) 1996, 1998), which establishes the
maximum permissible limits for chemical and microbi-
ological contamination in water in Mexico.

3.2 Sample Collection
Two sampling campaigns were performed, one during
the rainy (August 2008) and one during the dry season

(February 2009). Triplicate samples of water (1 L) were
taken in polypropylene bottles that were previously
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Table 1 Sampling sites in the Xochimilco wetland and their
main activities

Site Canal Activity

S1 Tlilac Livestock

S2 Japon Livestock

S3 El Bordo Livestock
S4 Tlicuilli Livestock

S5 Apatlaco Agriculture
S6 Tezhuilo Agriculture
S7 Puente Urrutia Agriculture
S8 El Humedal Agriculture
S9 Tlapechicalli Agriculture
S10 Candelaria Urban area 1
S11 Santa Cruz Urban area 1
S12 Nuevo Leén Urban area 1
S13 Caltongo Urban area 1
S14 El Toro Urban area 2
S15 Coacalco Urban area 2
S16 Toltenco Urban area 2
S17 Amelaco Urban area 2
S18 La Draga Effluent

S19 San Diego Effluent

washed with distilled water, the samples were
transported and stored at 4 °C and processed immedi-
ately in the laboratory.

3.3 Sample Processing

The collected samples in triplicate, as indicated by
Gibson et al. (2003, 2007), were filtered in cellulose

Table 2 Retention times, ion selective (underlined), and detec-
tion limits of the compounds tested in the gas chromatograph,
coupled to a mass detector

Analyte Retention Ions Detection
time (min)  selected limits (ng)
Estradiol 12.42 420 0.001
Estrone 12.15-12.19 218, 257, 0.001
and 342
Bisphenol-A 9.74 357 and 372 0.010
Pentachlorophenol 8.4 323, 325, 0.010
and 328
Triclosan 9.45 200, 360, 0.010
and 362
Butylbenzylphthalate 10.43 91, 149, 0.010
and 206
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filters (pore, 0.45 pm; &, 1.2 mm, Whatman) adding
the following surrogate standards to each of the 1-L
filtrates: 50 pL of 4-n-nonylphenol, 50 pL of d;¢-
BPA, and 25 uL d4-estrone (Supelco, IL). Then the
samples were passed through extraction cartridges
(Oasis HLB, MA) that were previously conditioned
with 10 mL of acetone; subsequently, 5 mL of water
containing 250 uL of acetic acid, and then the sample
was passed through the cartridge. The cartridges were
washed with 5.5 mL of the mixture of a bicarbonate
buffer solution containing sodium bicarbonate (0.84 g
NaHCO; dissolved in 98 mL of high-performance
liquid chromatography grade water, adjusted at
(pH 10) and acetone (60:40), which was then
washed with 5 mL of water prior to elution with
acetone (5 mL).

3.4 Sample Preparation and Derivatization

The acetone was evaporated with nitrogen gas to a
volume of approximately 500 puL; then, 1 mL of ethyl
acetate and 5 mg of anhydrous sodium sulfate was
added to remove residual water from the sample. The
samples were transferred to glass vials (Supelco) and
evaporated again to a volume of 200 uL. Internal
standards were added (50 pL of d4-4-n-nonylphenol,
50 uL of d4-DEHP, and 25 pL of ds-estradiol), prior to
gas chromatography (GC) analysis.

Fig. 2 Chromatogram and
retention times of standards
of the evaluated compounds.
PCP pentachlorophenol,
Di-n-BuPh di-n-
butylphthalate, BuBePh
butylbenzylphthalate,
DEHPH dietylhexylphthalate
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Finally, the samples were evaporated to dryness with
nitrogen gas and derivatized with 15 pL of pyridine and
35 uL of BSTFA. This derivatization stops the possibil-
ity of irreversible adsorption of the analytes to be deter-
mined in the GC column through the formation of
hydrogen bonding functional groups such as hydroxyl
(OH"), amine (—-NH?), or compounds capable of yield-
ing a proton (H"). The samples were heated at 60 °C for
30 min, diluted with ethyl acetate (~100 uL), and finally,
1 uL of sample was injected into a gas chromatograph
(Agilent Technologies model 6890N) fitted with an
HP5-MS capillary column (30 mx0.25 mmx0.25 pum
in thickness) coupled to an Agilent Technologies 5973
series mass detector. The ions selected, retention times,
and chromatogram of the compounds are depicted in
Table 2 and Fig. 2.

The carrier gas was helium with a constant flow
of 1.0 mL/min, inlet temperature was 250 °C, and
transfer line temperature was 280 °C. Blanks were
prepared by passing water samples through Oasis
cartridges and subsequently treating the water col-
lected as a blank sample.

3.5 Statistical Analysis

We performed principal component (PC) analysis to
explore the relationship between the concentration of
ED at this study’s different sampling sites. From
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distribution of sites and their concentrations in a scatter
plot of the first two main components that explain
greatest variance, it is possible to observe the difference
between the sites and to explore their behavior, includ-
ing all of the compounds. Because Student’s ¢ test anal-
ysis demonstrated that there are significant differences
among seasons, PC analyses were performed separately
employing SPSS ver.17.0 software (SPSS, Inc., USA
2008) for each of the periods.

Pentachlorophenol

4 Results and Discussion

Based on European regulations and those of the
USEPA, the concentrations at which the compounds
are analyzed in the study area are low despite the
anthropogenic activities that take place in the area.
Figure 3 illustrates averages and standard deviations
(SD) of the concentrations of the compounds deter-
mined during the 2008-2009 annual cycle (rainy and
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Fig. 3 Average and SD of the concentration of each compound analyzed in Xochimilco wetland water in both seasons: rainy season
(empty bars) and dry season (filled bars)

@ Springer



Water Air Soil Pollut (2013) 224:1586

Page 7 of 11, 1586

Table 3 Principal component (PC) analysis results for the concentration of endocrine disruptors in the dry and rainy seasons

Analyte Matrix component

Dry season Rainy season

PC1 PC2 PC1 PC2
Pentachlorophenol —-11.9184 —17.4041 —35.2868 —9.0051
Triclosan —7.4679 —28.8189 —33.9379 —8.5646
Bisphenol-A 82.7463 22.645 22.3715 70.5849
Butylbenzylphthalate 2.0882 —6.3242 111.6927 —27.1384
Estrone -11.739 —16.1355 —28.1747 -12.3812
Estradiol —53.7091 46.0377 —36.6649 —13.4956

dry seasons) at each Xochimilco wetland site and
grouped by activity as depicted in Table 1.

The present conditions in Xochimilco wetland wa-
ter, despite its being heavily impacted by human ac-
tivities, do not show ED concentrations that may pose
a risk in this ecosystem, although it is noteworthy that
these compounds are bioaccumulative. This is based
on the literature, in which some compounds have been
evaluated in vitro by different methods, in which tox-

icological effects in living organisms or cell cultures
are detected in concentrations of micorgrams per liter.

However, it is important to consider that these com-
pounds may accumulate in adipose tissue and sediment,
so organisms can be exposed to higher ED concentra-
tions. It is also important to be aware that ED in the
Xochimilco wetland can affect endemic amphibian,
crustacean, and fish species, such as the axolotl
(A. mexicanum) and the crayfish (Cambarellus

40 -
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Fig. 4 Representation by principal component analysis PC1 and PC2 sites for the dry season. PC1 explained variance (61 %) and PC2
explained variance (25 %). AGR agriculture, LVS livestock, URB urban
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montezumae), and also can contaminate the groundwater
recharge areas that provides water to one of the most
populated metropolitan areas of the world.

Results of PC analyses for the dry season, that is, PC1
and PC2 (Table 3; Fig. 4), explained a cumulative vari-
ance of 86 %. PC1 (61 %) was mainly explained by two
compounds: the concentration of BPA presented a posi-
tive value, and the concentration of estradiol, a negative
value. The PC2 analysis (25 %) presented a positive value
for the concentration of estradiol and a negative one for
triclosan (TRC). The sites were 12 and 13 at PC1 positive
values, indicating that the concentration of BPA in these
sites explain the spatial behavior of this compound to a
greater degree than the other sample sites. Moreover, sites
7 and 11 exhibited negative behavior associated with
estradiol concentrations (Table 3). At this time, the group-
ing of sites do not reflect a relationship conferred by their
spatial location, which may be a result of the quality of
water being utilized for recharging Xochimilco canals,
because at present the contribution of precipitation is
negligible, which reduces the effect of site.

PC analysis for the rainy season (Table 3) (Fig. 5)
explained 97 % of the variance in the first two compo-
nents. PC1 explained 72 % of variance: this component
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was positively related with the concentration of
butylbencylphthalate (BuBePh) concentration and neg-
atively related with those of estradiol, pentachlorophe-
nol (PCP), TRC, and estrone. PC2 analysis was
principally related with the concentration of BPA and
this relationship was positive. The PC1 and PC2 figures
grouped the sites, suggesting that the site’s features and
their spatial location exert an influence on the behavior
of the compounds. This behavior was consistent in the
majority of sites, except at site 4, which showed high
concentrations of BPA (140.33 ng/uL), BuBePh
(17.38 ng/uL), and estradiol (1.72 ng/uL) and low
concentrations of the remaining compounds. The sites
located in the urban area 1 (s10, s11, s12, and s13) form
a group with high concentrations of PCP (2.49—
3.89 ng/uL), TRC (52.74-71.93 ng/uL), and BPA
(29.35-8.42 ng/uL) in contrast with the group
consisting of sites 14—17 localized within urban area 2,
which have lower concentrations of these same com-
pounds, as observed in Fig. 3. Although both areas are
urban, their supply and location is different because
urban area 1 is near the agricultural area and the high
concentration of TRC, BPA, and PCP in the rainy sea-
son may be due to runoff, while in urban area 2, the
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° S13-URB

40 60 80 100
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[ ]

Fig. 5 Representation by principal component analysis PC1 and PC2 sites for the rainy season. PC1 explained variance (72 %) and
PC2 explained variance (25 %). AGR agriculture, LVS livestock, URB urban
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values of TRC, BPA, and PCP are lower, a fact that can
reflect the effect of the La Draga and San Diego efflu-
ents, both directly from the Cerro de la Estrella WWTP.

Five sites located within the agricultural zone con-
tain low concentrations of PCP (0-1.13 ng/uL), BPA
(7.78-12.63 ng/uL), estrone (1.02—-1.35 ng/uL), and
estradiol (0.11-0.15 ng/pL). Furthermore, sites 7 and
9, while not spatially near, share the use of agricultural
land; these sites have average remaining concentra-
tions with regard to sites for the compounds estradiol
(0.24-0.86 ng/uL), BPA (4.27-18.32 ng/pL), and
TRC (29.45-33.81 ng/puL). Finally, sites 1-3 and
8 are grouped by filing mean concentrations of TRC
(26.41-31.71 ng/uL) and BPA (15.20-33.17 ng/uL),
low concentrations of estrone (1.67-2.29 ng/uL) with
the exception of site 8 (10.38 ng/pL), and high con-
centrations of estradiol (0.98—1.68 ng/uL); these sites
comprise land use for livestock except for site 8§,
whose land use is agricultural.

Estradiol was found at highest concentrations dur-
ing the rainy season, primarily in areas where animal
raising activities are carried out, as well as urban
farming, which may be due to the use of this hormone
by the livestock sector to accelerate development and
reproduction in animals.

5 Conclusions

Water pollution requires an effective set of policies,
technologies, and scientific advances in very different
scales to establish a regulatory effort on the global
scale, mainly with new contaminants such as ED.
Human activities in proximity to groundwater systems
must be evaluated based on local characteristics such
as the soil type, topography, irrigation, and drainage
systems that ensure optimal use of water as well as the
implementation of policies and methodologies for re-
ducing the pollution effect.

Based on the statistical analysis, the effect of season
and/or activities in different areas regarding the concen-
tration of certain compounds shows that current condi-
tions in Xochimilco wetland water, despite its being
impacted by human activities, reflected in high nutrient
concentrations and microbiological counts (Mazari-
Hiriart et al. 2008) do not exhibit concentrations of ED
that may pose a risk in this ecosystem. Nonetheless, this
study provides information on the contaminant release
in urban-rural infringement setting.

It is also important to be aware that the Xochimilco
wetland represents a habitat for several endemic am-
phibian, crustacean, and fish species such as the axo-
lotl (4. mexicanum) and the crayfish (C. montezumae),
and that these share this Wetland’s environment within
Mexico City, one of the world’s most populated met-
ropolitan areas. The main environmental problems in
terms of endemic species confronted include the fol-
lowing: water quality alteration due to several types of
compounds, as well as the introduction of exotic spe-
cies such as tilapia (Orochromis aureus) and carp
(Cyprinus carpio) (Zambrano et al. 2001). ED may
simply comprise one additional factor that adds stress
to these species that are already under considerable
pressure from various other factors. The Xochimilco
wetland possesses historical, cultural and environmen-
tal values; the wetland represents the agricultural site
where vegetables were produced for the Mexica indig-
enous culture, at present is a Ramsar site (Ramsar,
Iran, 1971 Convention on Wetlands of International
Importance) (Pérez Mujica 2012), in addition to the
importance of being a groundwater supply for the
southern area of Mexico City.
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