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Abstract This manuscript reports a 3-year study on occur-
rence of pharmaceuticals, hormones, and triclosan in surface
waters of a central urban region of São Paulo State of
Southeast Brazil (the Monjolinho River in São Carlos).
Water samples collected once at every 2 months were pre-
concentrated by solid-phase extraction (SPE) and analyzed by
liquid chromatography coupled with tandem mass spectrom-
etry (LC-MS/MS). The most frequently detected compounds
in higher concentrations were caffeine, paracetamol, and aten-
olol (maximum concentrations 129,585, 30,421, and
8199 ng L−1, respectively), while hormones estrone and
17-β-estradiol were the least detected, in levels up to
14.8 ng L−1. There was an increasing trend in concentrations
of most of the compounds along the river course, especially
downstream of the river where there is discharge of both
wastewater treatment plant effluent and raw sewage from a
particular region of São Carlos city. Concentrations of con-
taminants were higher during dry periods as a result of decline
in the water levels. Decrease in concentrations near the river
mouth occurred to different extents for each compound. It was
high for caffeine and atenolol, but was very low for carba-
mazepine and diclofenac. The present study reports the first
data about the occurrence of some major emerging contami-
nants in the Monjolinho River. Besides its regional signifi-
cance, this work may assist in composing a dataset for water
contamination diagnosis focusing on emerging contaminants,

both in the Brazilian as well as in the Global studies related to
aquatic ecosystems. Such datasets can be helpful for making
future public policies on water quality, since these compounds
are not yet legally regulated.
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Introduction

Over the years, the anthropic activities have caused degradation
of aquatic systems by introducing several kinds of contami-
nants, thus endangering aquatic life (Geist 2011;
Schwarzenbach et al. 2006). Therefore, in the last 20 years,
the scientific community has turned its attention to investigate
occurrence of emerging compounds in the environment (Fatta-
Kassinos et al. 2011). These compounds are not yet regulated
by the environmental laws, and most of them are still unknown
for their adverse effects to the aquatic life. Several different
classes of compounds have been considered as emerging con-
taminants such as hormones, pharmaceuticals, and personal
care products (PPCP). Pharmaceuticals and hormones reach
the sewers as a result of their ingestion and posterior excretion,
while personal care products originate from daily hygiene
activities, such as bathing, skin washing, and tooth brushing
(Brausch and Rand 2011; Jjemba 2006). However, incomplete
removal of such biologically active emerging contaminants in
the wastewater treatment plants (WWTPs) allows them to reach
the water bodies (Collado et al. 2014), where they may cause
undesirable adverse effects to non-target organisms.

Among the large range of contaminants that are introduced
in aquatic systems, pharmaceuticals and hormones have caught
significant attention of the main international environmental
agencies. The development of new drugs and raise in the world
life expectancy with growth of the elderly population has
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caused high drug consumption (European Community 2013).
A list of relevant pharmaceuticals to the water cycle suggested
by the Global Water Research Coalition included atenolol,
diclofenac, ibuprofen, naproxen, and carbamazepine as phar-
maceuticals of high priority for the occurrence studies and risk
assessment (Global Water Research Coalition 2008). Although
the concentrations of pharmaceuticals found in natural waters
apparently do not offer risks to the human health, their contin-
uous exposure to aquatic organisms together with other con-
taminants is of seriously growing concern due to the known and
unknown adverse effects (Deblonde and Hartemann 2013;
Madureira et al. 2012; Petersen et al. 2014). On the other hand,
it is known that hormones act as endocrine disruptor, causing
fish feminization and reproductive problems, which may lead
to the ecological imbalance in the aquatic environment (Aris
et al. 2014; Orlando and Ellestad; Yan et al. 2012).

The occurrence of PPCP and hormones in aquatic ecosys-
tems has been widely studied in many countries (Bendz et al.
2005; Camacho-Muñoz et al. 2010; Esteban et al. 2014;
Moldovan 2006; Petrović et al. 2014; Ternes 1998; Verlicchi
et al. 2014; Wang et al. 2012). However, these studies are still
very limited in Brazil (Caldas et al. 2013; de Sousa et al. 2014;
Jardim et al. 2012; Kuster et al. 2009; Montagner and Jardim
2011; Sodré et al. 2010). Previously reported studies regarding
rivers of the metropolitan region of Campinas from São Paulo
State of Brazil pointed out that the levels of emerging com-
pounds is a result of the poor sewage treatment facilities (Jardim
et al. 2012; Montagner and Jardim 2011).

TheMonjolinho River is an important part of the Tietê-Jacaré
rivers’ hydrographical basin and is located in São Carlos city,
central region of São Paulo State. This city houses about 220
thousand inhabitants (IBGEBrazilian Institute ofGeography and
Statistics 2013) and has an extensive industrial park, especially in
the sectors of automotives, refrigeration, paper and cardboard,
school supplies, cosmetics, and textiles. Almost 99.6 % of the
sewage produced by São Carlos city is collected; however, 85 %
of this amount is treated (CETESB - São Paulo State
Environmental Agency 2012). In this context, the Monjolinho
River is the receiving water body of both treated and untreated
effluents. Eventually, this water body suffers due to the urban
runoff from São Carlos city and, therefore, urbanization is caus-
ing the degradation of theMonjolinho River as reported by some
previous studies (Bianchi et al. 2011; Campagna et al. 2008;
Chiba et al. 2011; Printes et al. 2011).

Although the water from the Monjolinho River is not used
for public supply, there is a general concern regarding water
resource conservation and protection of aquatic life.
Furthermore, there is insufficient data regarding occurrence
of emerging contaminants in the Monjolinho River, what
drives studies on their occurrence in this water body as initial
tools for diagnosing its environmental quality in addition to
the priority contaminants. Since these contaminants are not
yet regulated by environmental laws, studies related to their

occurrence and concentration levels can assist in composing a
dataset that can help in making future public policies on water
quality in Brazil.

The aim of this study was to investigate the occurrence and
spatiotemporal distribution of some important pharmaceuticals,
hormones, and triclosan in surface water of the Monjolinho
River. Caffeine was also included in this study as it has been
suggested by several authors to be a good tracer of contamina-
tion by domestic sewage (Buerge et al. 2003; Daneshvar et al.
2012).

Material and methods

Sampling sites and sample collection

Water samples were collected from six different sampling sites
located in theMonjolinho River except site 4 that was located in
one of the river tributaries (Água Quente stream). The sites
were selected on the basis of different external factors that have
a significant impact on the Monjolinho River (Fig. 1).

Site 1 (reference site, 21°59′56.63″S; 47°50′26.55″W) is the
source of theMonjolinho River and is situated in an agricultural
area, subjected to minor impacts. Site 2 (21°59′12.40″S; 47°52′
27.40″W) is located in the beginning of the urban area,
representing the influence of agricultural zone, while site 3
(21°01′19.88″S; 47°54′51.63″W) is situated in a locality where
the river has received the urban runoff and eventual clandestine
discharge of sewage in the pluvial drainage system. Site 4 refers
to the Água Quente stream, which is the main receptor of non-
treated sewage from a specific neighborhood of São Carlos city.
The Água Quente stream flows into the Monjolinho River next
to the release of WWTP effluent. Site 5 is situated at the
downstream of the WWTP (22°02′07.19″S; 47°57′28.13″W),
which represents impacts resulting from discharge of both
treated (from WWTP) and untreated sewage (Água Quente
stream; 22°1′48.58″S; 47°55′55.44″W). Finally, site 6 (22°01′
50.60″S; 48°01′58.94″W) is located just before it flows into the
Jacaré-Guaçu River (tributary of the Tietê River). This last site
represents the water quality after all the discharges of pollutants
and removal by natural physicochemical processes. A total of
21 sampling campaigns in field were covered from the period
of January/2011 to November/2013.

Water samples were collected at 30-cm depth in 500-mL
amber PET bottles, previously rinsed thoroughly with ultrapure
water. After collection, samples were refrigerated at 4 °C during
their transport to the laboratory and processed within 48 h.

Standards and reagents

All the analytical standards were of high purity grade (>90 %).
Caffeine (CAF), paracetamol (PAR), ibuprofen (IBU),
naproxen (NPX), diclofenac (DCF), carbamazepine (CMZ),
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atenolol (ATN), propranolol (PRO), triclosan (TCS), estrone
(E1), 17-β-estradiol (E2), and 17-α-ethinylestradiol (EE2)were
purchased from Dr. Ehrenstorfer (Augsburg, Germany). The
isotopically labeled compounds, used as surrogates, were caf-
feine-d3, naproxen-d3, atenolol-d7, carbamazepine-d10, ibu-
profen-d3, diclofenac-d4, triclosan-d3, propranolol-d7, es-
trone-d4, 17-β-estradiol-d5, and 17-α-ethinylestradiol-d4; all
of themwere purchased fromCDN Isotopes (Quebec, Canada).

HPLC-grade methanol and acetone were purchased from
J.T. Baker (Ecapetec, Mexico) and Mallinkrodt (Phillipsburg,
USA), respectively. Formic acid (98%purity) andHPLC-grade
ammonium hydroxide were bought from Sigma-Aldrich
(Schweiz, Switzerland). Ultrapure water was obtained from a
Milli-Q device (MerckMillipore, São Paulo, Brazil). Cartridges
used in solid-phase extraction (SPE) were Oasis® HLB
(200 mg, 6 mL) purchased from Waters Corporation (Milford,
Massachusetts, USA).

Individual standard solutions and surrogate solutions were
prepared in methanol at a concentration of 100 mg L−1 and
stored at −18 °C. Working standard solutions were prepared
before each analytical determination through appropriate dilu-
tion of individual stock solutions in methanol-water (25:75,
v v−1).

Determination of physicochemical parameters

Physicochemical parameters such pH, dissolved oxygen
(DO), electrical conductivity (EC), and turbidity (Turb)
were determined in field directly in the water body, using

a multi-parameter probe YSI 6820 V2 (Yellow Springs, Ohio,
USA). Total dissolved carbon (DOC) was analyzed by a
Shimadzu TOC-L CPN analyzer (Tokyo, Japan).

Analytical method for determination of emerging
contaminants

Procedures for sample preparation and analysis are de-
scribed in details in de Sousa et al. (2014). After collec-
tion, samples were vacuum-filtered and target-compound
were extracted from each 500-mL water sample by SPE.
Previously to each extraction, a mix of isotopically la-
beled compounds (surrogates) was added to samples to
get a final concentration of 100 ng L−1. Target-
compounds were eluted with 2×3 mL of methanol follow-
ed by 3 mL of methanol-acetone (50:50, v v−1). The
extracts were evaporated to dryness under nitrogen stream
and reconstituted in methanol-water (25:75, v v−1).

Target compounds were analyzed by ultra-performance liq-
uid chromatography coupled to a triple quadrupole mass spec-
trometer, using aWaters ACQUITY UPLC system. UPLC was
equipped with an ACQUITY UPLC binary solvent manager
and an AQUITY UPLC manager (USA). Chromatographic
separation was achieved with an ACQUITY UPLC BEH C18

(50 mm×2.1 mm, 1.7 μm) preceded by a guard column of the
same material, both supplied by Waters (USA). The mobile
phases used were 0.05 % aqueous solution of ammonium
hydroxide (v v−1) (eluent A) and methanol (eluent B), with a
flow rate of 0.45 mL min−1. The column and sample

Fig. 1 Map of the Monjolinho
River showing the location of six
sampling sites. Circled times
represents the WWTP of São
Carlos city
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temperatures were 40 and 10 °C, respectively. The gradient
elution was started with 5 % of B for 0.5 min, increasing to
45 % of B over 1.5 min, raising to 95 % of B in 4 min,
held for 0.5 min, and back to initial conditions within
1.5 min. Total run time was 6 min and injection volume
was set to 10 μL.

Mass spectrometer (TQD, Waters, UK) was equipped with
an electrospray ion (ESI) source. Analyses were performed
both in negative (NI) and positive ionization (PI) modes, as
the physicochemical properties of the target-compounds were
very different. MS parameters were set up as follows:
desolvation temperature was 500 °C; ESI source block tem-
perature was 150 °C; capillary voltage for PI and NI were
3 kV and 2.5 kV, respectively; cone nitrogen gas flow,
20 L h−1; desolvation nitrogen gas flow, 750 L h−1; and argon
collision gas, 3×10−3 mbar. Quantitative analyses were per-
formed in a multiple reaction monitoring (MRM) mode, in
which two transitions between the precursor ion and the most
abundant fragment ion were monitored for each analyte.
MRM 1 was used for quantification while MRM 2 was used
for confirmation purposes.

Method validation

Recovery studies were performed to evaluate the efficiency of
SPE procedure. Water samples from site 1 (reference site) were
spiked before SPE with a mix of all target-compounds and
surrogates in two concentration levels: 10 and 100 ng L−1.
Recovery was obtained from comparison between peak areas
of the analytes in samples spiked with the same standard
concentrations only after SPE proceedings. Method detection
limits (MDL) and method quantification limits (MQL) were
obtained from spiked water samples before SPE and deter-
mined as the analyte concentration that gave a signal-to-noise
(S/N) ratio of 3 and 10, respectively. Linearity was evaluated
from calibration curves with at least six points, and intra-batch
precision was determined from relative standard deviation
(RSD) of six replicates of fortified samples at the
abovementioned two concentrations.

Statistical treatment

Principal component analysis (PCA) was used with the aim of
reducing the number of variables and to observe relationships
among the studied variables and the one that determines data
variability of a sample set. Physicochemical data and concen-
trations of emerging contaminants (except PAR, because its
data is available only for a half of the monitoring period) were
organized in a data matrix containing 108 samples. As pre-
processing step, an auto-scaling of the data matrices was
performed to give the same weight to all variables. PCAwas
performed using the Pirouette 4.0 rev. 2 software (Infometrix,
Bothell, E.U.A.).

Results and discussion

Method performance

Results of all validation parameters of themethod are available in
Online Supplementary Resource 1. Recoveries of the SPE pro-
ceedings ranged from 31.6 (for PAR) to 101.2 % (for ATN and
E1). The lowest recoveries were obtained for PAR and TCS (i.e.,
68 %). However, precision of extractions was acceptable (RSD
<15%), whichmakes the SPEmethod satisfactory for the target-
compounds (Cassiano et al. 2009). Linear correlations obtained
for calibration curves were always higher than 0.99.
Additionally, the chromatographic method was able to separate
most of the selected compounds, as evidenced by the retention
times (Online Supplementary Resource 1). For compounds
whose retention times were similar, selectivity was guaranteed
by mass spectrometry detector with triple quadrupole analyzer.

Method precision (RSD) was lower than 15 %, which was
satisfactory for all selected compounds according to method
validation guidelines (ANVISA - Brazilian Health
Surveillance Agency 2003; US-FDA - U.S. Food and Drug
Administration 2001) and European Directive (EC 2002).
MDL and MQL ranged from 0.04 to 3.0 ng L−1 and from
0.1 to 5.0 ng L−1, respectively, which was appropriate to detect
the analytes in water samples at concentrations of the same
order of magnitude already reported in previous studies
(Baker and Kasprzyk-Hordern 2013; Collado et al. 2014;
Vazquez-Roig et al. 2012; Wang et al. 2012).

Physicochemical parameters of water samples

Table 1 presents the average values of physicochemical pa-
rameters of the Monjolinho River during the monitoring peri-
od. Average pH ranged from 6.4 to 7.0 between the six
sampling sites. The values of EC, Turb, and DOC increased
toward downstream of the WWTP, indicating the harmful
influence of urbanization on the surface water quality, domi-
nantly by the release of raw and treated sewage. Coherently,
there was a decrease of DO concentrations at site 5 (down-
stream of the WWTP) to an average of 4.12 mg L−1. This
variation is attributed to the introduction of labile organic
matter, especially from non-treated sewage, as evidenced by
the high DOC concentrations at site 4 (Água Quente stream).
In accordance with that, water samples from site 4 showed the
lowest average DO concentration (3.15 mg L−1) and the
highest DOC value (24.4 mg L−1).

Occurrence of emerging contaminants

Figure 2 presents the percentage of positive samples and
average concentrations of the selected emerging contaminants
found in the Monjolinho River during the monitoring period.
Of all selected contaminants, only the synthetic hormone EE2
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was not detected in any sample. Furthermore, hormones were
found to be in low percentage of positive samples at the study
area. On the other hand, CAF, ATN, and PAR were frequently
detected in high concentrations. TCS and PRO were also
frequently detected but in lower levels.

Table 2 shows the minimum, maximum, and average con-
centrations of the target-compounds at five sampling sites
along the Monjolinho River and the Água Quente stream.
CAF was detected in 93 % of the samples, and it was present
in higher concentrations compared to the other contaminants
(average of 14,955 ng L−1; Fig. 2), reaching a maximum of
129,585 ng L−1. This compound is ubiquitous and being
human-related; therefore, several authors have proposed caf-
feine as a tracer of domestic sanitary contamination in urban
water bodies (Buerge et al. 2003; Froehner et al. 2011) al-
though other authors have demonstrated that there are better
markers, such as CMZ and DCF (Daneshvar et al. 2012; de
Sousa et al. 2014), also included in the present study. CAF is
present in high concentrations not only in pharmaceutical
formulations but also in beverages like refrigerants, coffee,

tea, and stimulants in general. Therefore, high concentrations
are expected to be found in urban aquatic bodies due to its
wide consumption in daily routines.

High average concentrations of CAF were also found in
other Brazilian water bodies, such as the Atibaia River (São
Paulo State; 10,152 ng L−1) (Montagner and Jardim 2011),
Iguaçu River (Paraná State; 51,360 ng L−1) (Froehner et al.
2011), and Jundiaí River (São Paulo State; 6550 ng L−1) (de
Sousa et al. 2014). These concentrations are quite similar to
that found in theMonjolinho River (Fig. 2, Table 2). However,
they are higher than those found in aquatic bodies of the USA
(average concentration 28.8 ng L−1) and Europe (average
concentrations from 137 to 455 ng L−1) (Bendz et al. 2005;
Camacho-Muñoz et al. 2010; Conley et al. 2008; Loos et al.
2010). It might be associated with the higher sewage treatment
index in developed countries in relation to Brazil (World
Health Organization/UNICEF - 2013), since previous studies
pointed out that removal rates of CAF are higher than 90 % in
WWTPs with biological treatments (Kosma et al. 2014;
Martínez Bueno et al. 2011; Sui et al. 2010).

Another frequently detected compound in relatively high
concentrations in the Monjolinho River was the beta-blocker
ATN (78 % of frequency). The average concentration was
1182 ng L−1 (Fig. 2), while the maximum detected was
8199 ng L−1. On the other hand, PRO that belongs to the same
therapeutic group of ATN presented lower concentrations in
relation to this compound (average of 15.2 ng L−1; maximum of
77.3 ng L−1; Table 2). This behavior was also observed by
several authors in other water bodies (Bendz et al. 2005; de
Sousa et al. 2014; Kasprzyk-Hordern et al. 2008; Osorio et al.
2012; Valcárcel et al. 2011). About 90 % of ATN is excreted in
the non-metabolized form, while less than 1 % of PRO is
excreted in the original form (Ternes 1998; Zuccato et al.
2005), what can explain the higher concentrations of ATN
compared to PRO. Furthermore, photodegradation experiments
in surface waters reported that PRO had a half-life time ranging
from 6.0 to 8.3 h (Yamamoto et al. 2009), which was lower than
other pharmaceuticals like ATN, IBU, PAR, and CMZ. Thus, it
indicates that photodegradation may be an important attenua-
tion factor for PRO in surface waters.

EE2
E2
E1

IBU
NPX
DCF
CMZ
PAR
TCS
PRO
ATN
CAF

0 20 40 60 80 100
 Percentage of positive samples (%)

1.85 
6.90 

<0.16 

35.2 

185.3 
103.7 

92.6 
71.9

3,702

15.2
1,182

14,955

Fig. 2 Graph showing percentage of positive samples of each target-
compound investigated during the study period. The bars represent
percentage of positive samples while bar values refer to the average
concentration of the respective compound (in ng L−1) in all samples

Table 1 Physicochemical characterization of the Monjolinho River. Values are represented as the average of the whole monitoring period

Sampling site pH DO (mg L−1) EC (μS cm−1) Turb (NTU) DOC (mg L−1)

Site 1 6.4 6.86 30 12.8 1.16

Site 2 6.6 6.21 43 10.9 3.08

Site 3 7.3 7.87 107 20.0 4.02

Site 4 6.9 3.15 251 148 24.4

Site 5 6.9 4.12 220 26.3 6.94

Site 6 7.0 7.45 172 36.7 5.53

DO dissolved oxygen, EC electrical conductivity, Turb turbidity, DOC dissolved organic carbon
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Among the anti-inflammatories/analgesic selected, PARwas
the most frequently detected (77 % of positive samples), gen-
erally found in high concentrations (average 3702 ng L−1; max-
imum: 30,421 ng L−1; Fig. 2, Table 2). NPX, IBU, and DCF
were detected in about 60 % of the samples and presented low
concentrations, up to 655.2, 743.9, and 385.7 ng L−1, respec-
tively. The higher concentrations of PAR relative to the other
anti-inflammatories might be associated to its nonprescription
sale and widespread consumption in Brazil as analgesic for
fever and pains of several origins. Similar levels of PAR were
found in the Atibaia River (Campinas, São Paulo State; maxi-
mum of 13,440 ng L−1) (Montagner and Jardim 2011).
However, these concentrations are higher compared to other
aquatic bodies in Europe. In the Ebro River watershed, Spain,
concentrations of PAR reached 872 ng L−1 (Silva et al. 2011).
Unlike, the range of concentrations of IBU and DCF were near
to that found in some rivers of Spain (the Llobregat and Ebro
Rivers; IBU 2.7–868 ng L−1; DCF <0.4–796 ng L−1) (Osorio
et al. 2012; Silva et al. 2011) and Sweden (the Höje River; IBU
80–780 ng L−1; DCF 10–180 ng L−1) (Bendz et al. 2005).

Differences in concentrations of pharmaceuticals can be
attributed to different consumption patterns between

populations, removal in WWTP or hydrological factors like
river flow, which determines the dilution of treated or untreated
sewage, or even sorption/sedimentation and photodegradation
that are dependent of the compound and peculiarity of the study
area (Lindström et al. 2002).

The psychiatric drug CMZ was detected in 74 % of samples
in the Monjolinho River, and the concentrations reached
171.3 ng L−1 (Table 2). The concentration range of this com-
pound is comparable to that found in the Llobregat River, Spain
(1.2–267 ng L−1) (Osorio et al. 2012). However, they are higher
than that reported in surface waters of the USA (2.9–23 ng L−1)
(Conley et al. 2008), Spain (<LD 53.8 ng L−1) (Collado et al.
2014; Silva et al. 2011), and Serbia (<LQ 35.5 ng L−1) (Petrović
et al. 2014).

The natural hormones E1 and E2 were hardly detected and
the measurable concentrations were low, presenting averages
of 6.90 and 1.85 ng L−1, respectively (Fig. 2). These concen-
trations are lower compared to that found for pharmaceuticals.
However, the results are in agreement with most of the data
reported in the literature (Camacho-Muñoz et al. 2010; de
Sousa et al. 2014; Esteban et al. 2014; Loos et al. 2010;
López-Roldán et al. 2010; Wang et al. 2012; Zhao et al.

Table 2 Minimum, maximum, and average concentrations of the target-compounds at six sampling sites along the Monjolinho River over the period
of March/2012 to March/2013

Target
compounds

Concentration (ng L−1)

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
Min-max
(average)

Min-max
(average)

Min-max (average) Min-max (average) Min-max (average) Min-max (average)

CAF <0.04–152.1
(61.9)

20.5–5733
(1128)

437.7–28,020
(4534)

6601–129,585
(73,080)

1512–18,984
(8129)

843.0–5995
(2798)

ATN <0.04–22.6
(15.8)

<0.04–126.7
(51.8)

31.8–1978
(239.9)

686.6–8199
(5149)

305.9–3049
(979.6)

112.4–2179
(655.8)

NPX <0.10
(<0.10)

<0.10–11.3
(4.13)

<0.10–273.8
(27.7)

20.4–655.2
(390.2)

2.9–255.4
(54.4)

<0.10–193.7
(42.2)

IBU <2.0 <2.0–45.7
(16.7)

<2.0–165.1
(44.5)

71.7–743.9
(508.0)

<2.0–364.3
(219.4)

<2.0–311.7
(138.1)

PAR <3.0 <3.0–304.7
(105.7)

48.2–4692
(865.9)

371.7–30,421
(13,496)

387.5–6560
(3672)

71.3–843.0
(371.6)

DCF <0.04 <0.04–26.1
(7.65)

<0.04–65.6
(16.4)

31.8–385.6
(233.1)

30.15–163.6
(111.6)

22.4–138.6
(94.2)

PRO <0.08–6.1
(3.10)

<0.08–10.5
(3.69)

<0.08–18.1
(5.1)

11.2–61.8
(43.9)

4.5–77.3
(22.5)

1.11–77.3
(15.2)

CMZ <0.5 1.71–11.8
(7.45)

14.4–64.7
(34.3)

49.5–215.4
(127.4)

41.7–171.3
(104.5)

31.1–152.6
(85.9)

E1 <0.1 <0.1–10.0
(6.36)

<0.1–9.77
(5.34)

<0.1 <0.1–14.7
(9.87)

<0.1–11.7
(6.02)

E2 <0.04–0.31
(0.31)

<0.04–0.94
(0.76)

<0.04–3.10
(1.29)

<0.04–2.89
(2.89)

<0.04–14.8
(3.55)

<0.04–5.36
(2.28)

EE1 <0.16 <0.16 <0.16 <0.16 <0.16 <0.16

TCS <0.8–27.2
(4.51)

<0.8–74.2
(16.3)

<0.8–68.3
(18.1)

<0.8–162.1
(86.9)

<0.8–281.13
(60.1)

<0.8–79.6
(25.5)
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2009). The concentration range of E1 in theMonjolinho River
(<0.1–14.7 ng L−1) is similar to that found in the Jundiaí River
(São Paulo State, Brazil; 4.75–8.01 ng L−1) (de Sousa et al.
2014) and in some aquatic bodies in Spain, like the Jarama
and Manzanares Rivers (<0.05–17 ng L−1) and Llobregat
River (0.82–5.81 ng L−1) (Esteban et al. 2014; López-
Roldán et al. 2010). For E2, the average concentration in the
present study (1.85 ng L−1) was consistent with maximum
values obtained in rivers in China (7.7 ng L−1) and the USA
(1.91 ng L−1) (Peng et al. 2008; Wang et al. 2012; Zhao et al.
2009). These values are lower than those found for E1.
However, numerous studies have noticed the same behavior
(Esteban et al. 2014; Peng et al. 2008; Wang et al. 2012), and
some of them not even detected E2 and EE2 (Loos et al. 2010;
López-Roldán et al. 2010; Moreira et al. 2009; Yu and Chu
2009). This fact can be attributed to the conversion of E2 and
EE2 into E1. According to Ribeiro et al. (2010), E1 is a
metabolite produced by degradation of E2, while EE2 has been
found to be transformed in conjugated estrogens during
biodegradation.

TCS is an antiseptic agent added in several personal care
products of daily use, such as toothpaste, hand soaps, deodor-
ants, and skin creams. Themain concern regarding the presence
of TCS in aquatic systems is its toxicity to some species of algae
and bacteria in biofilms, due to its direct mode of action as
bactericide (Ricart et al. 2010). TCS was frequently detected in
the Monjolinho River (80 % of frequency), with average con-
centration of 35.2 ng L−1 (Fig. 2) and maximum of
281.1 ng L−1. These concentrations are in agreement with the
results obtained from the Jundiaí River (Brazil, 4.95–
324.0 ng L−1) and in aquatic bodies from the UK (<5–
95 ng L−1), Spain (46–184 ng L−1), and Sweden (20–
190 ng L−1) (Bendz et al. 2005; de Sousa et al. 2014; Esteban
et al. 2014; Kasprzyk-Hordern et al. 2008).

Spatiotemporal distribution

The spatial distribution pattern of emerging contaminants dem-
onstrates an increase of concentrations from the source of the
river (site 1) to the downstream of WWTP (site 5) (Table 2).
PCA graph illustrates this trend, as shown in Fig. 3, where
scores and loadings are represented together. Two principal
components (PC) were extracted, which together corresponded
to 54.5 % of the total data variance (43.6 % for PC1 and 10.9%
for PC2). It is possible to observe that samples were distributed
along the PC1, and there was a separation from the left to the
right along this axis, according to the urbanization grade and
impacts received, as the following: sites 1, 2, 3, 6, 4 and finally
the site 5 on the inferior right corner.

Considering the variable DO as a good water quality param-
eter and other variables (EC, DOC, and emerging contami-
nants) as representatives of a poor water quality, it can be
confirmed from the graph (Fig. 3) that there is a subsequent

increase of anthropic impacts from left to right. It demonstrates
that the river is subject to a considerable raise in contamination
from upstream to downstream, where the urbanization has a
negative influence, since it also increases along the river course.

Sampling sites with less urban influence (sites 1 to 3; filled
symbols inside the dotted square of Fig. 3) were discriminated
by the parameter DO, presenting high DO concentrations and
low concentrations of emerging contaminants and other phys-
icochemical parameters. On the other hand, sites 4 and 5, with
more pronounced urban influence, were discriminated by phar-
maceuticals, TCS, CAF, EC, and DOC. Both sites exhibited
high concentrations of emerging contaminants, EC, and DOC
in all samples, but low DO concentrations.

As shown in Fig. 3, site 4 (Água Quente stream) is separated
on the inferior right corner. This site presented higher concen-
trations of contaminants than site 5, especially CAF, NPX, and
ATN. Site 4 is receptor of non-treated sewage from an area of
São Carlos which houses 50,000 inhabitants, while site 5 is
downstream of theWWTP,whose samples are representative of
discharge of effluent coming from WWTP and non-treated
sewage coming from the site 4, which flows into the river
together with the effluent. Therefore, the higher concentrations
at site 4 relative to site 5may be associated to the dilution of raw
sewage (from site 4) by the river flow. Our results show that the
release of non-treated sewage by Água Quente stream and the
WWTP effluent are the main sources of emerging contaminants
in the Monjolinho River.

Despite of the fact that site 6 is situated at the river mouth, its
samples were next to the intersection of PC1 and PC2 axis,
between samples from sites 3 and 4. Concentrations of emerg-
ing contaminants at this sampling point were lower than down-
stream to WWTP. It reveals that a variety of natural processes
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simultaneously work to remove contaminants from water
flowing in the river stream, such as adsorption on particulate
matter, biodegradation, and photodegradation (Andreozzi et al.
2003; Benotti and Brownawell 2009; Buerge et al. 2003; Lin
and Reinhard 2005; Yamamoto et al. 2009). Furthermore,
dilution is another factor that may occur, since there are several
other tributaries that flow into the water body between site 5
and the river mouth, which may not contribute significantly
with the target compounds since they are in a rural area.

The decrease in concentrations between site 5 and 6 was
different for each compound, since their persistence and phys-
icochemical characteristics are different, and also depends on
the characteristics of the water body. The grouping of variables
in the PCA graph (Fig. 3) reveals different behaviors of con-
taminants in the aquatic body. The group of CAF, ATN, and
NPX at the negative quadrant of PC2, opposite to the position
of CMZ (at the positive quadrant), shows different trends for
these two groups. From site 5 to site 6, there was a considerable
decrease in concentrations of CAF, ATN, and NPX, which was
also observed for PAR (although it was not included on PCA)
(Table 2). On the other hand, CMZ presented similar concen-
trations in both sampling sites. This observation reveals that
CMZ was persistent, and little difference in its concentration

can be attributed to the dilution in the river mouth, while CAF,
ATN, NPX, and PAR could be gone through biodegradation
and/or photodegradation and/or adsorption processes (Benotti
and Brownawell 2009; Buerge et al. 2003; Lin and Reinhard
2005; Yamamoto et al. 2009). CAF and PAR are considered
biodegradable (tb1/2 of 5.2–13 days for CAF and tb1/2 of 1.2–
13 days for PAR) while NPX is stable toward biodegradation
but is photolabile (photodegradation t1/2 of 0.7–1.9 h) (Benotti
and Brownawell 2009; Lin et al. 2006; Lin and Reinhard 2005;
Yamamoto et al. 2009). Besides this, sorption onto suspended
particulate matter or sediments can occur. High distribution
coefficients (kd) were observed in other studies for CAF
(17.9–250 L kg−1), ATN (8.1 L kg−1), and NPX (1.9 L kg−1),
although for PAR sorption is reported to be negligible (kd 0.5–
2.8 L kg−1) (Lin et al. 2010; Martínez-Hernández et al. 2014;
Yamamoto et al. 2009).

It can be also observed in Fig. 3 that CMZ is geometrically
next to EC. A correlation graph of these two variables (Fig. 4)
reveals a positive correlation between them (r=0.59). This
reinforces the persistent behavior of CMZ, as EC is considered
a conservative parameter, predominantly resulting from chlo-
ride and sodium ions that remain in the water phase (Andreozzi
et al. 2003; de Sousa et al. 2014; Kasprzyk-Hordern et al. 2009;
Vieno et al. 2006). CMZ is resistant to photodegradation (half-
life from 75 to 525 days) (Andreozzi et al. 2003) and biotrans-
formation (Benotti and Brownawell 2009), besides having low
sorption potential (kow of 2.45). Furthermore, a 93 % of excre-
tion in the form of glucuronides implies in its conversion into
the original compound afterward, acting like a reservoir of this
later (Bendz et al. 2005).

Other groups formed in the PCA graph were as follows:
DOC, PRO, IBU, and DCF. The spatial variation of these
emerging compounds indicates intermediary attenuation in re-
lation to that observed for CMZ, CAF, ATN, and NPX. The
decrease in concentrations between sites 5 and 6 ranged from
about 50 to 60 % for PRO and IBU. Nevertheless, DCF which
was in the positive quadrant of PC2 presented lower attenuation
(about 20 %) similar to CMZ. As already mentioned, PRO can
be photodegraded, having a short half-life (Andreozzi et al.
2003), while IBU presents satisfactory removal in WWTPs,
indicating good biodegradability (Martínez Bueno et al. 2011).
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Unlike, DCF can be considered more persistent like CMZ.
Previous studies report high persistence for both compounds
in WWTPs (Zhang et al. 2008) that can explain the same
behavior in surface waters. Due to their stability and persis-
tence, CMZ and DCF have been suggested as a good tracer of
wastewaters in rivers, even better than caffeine (de Sousa et al.
2014; Gasser et al. 2011), and several studies have been
employed CMZ as tracer of wastewater contamination in river
waters and groundwater (Fenech et al. 2013; Guérineau et al.
2014; Harwood 2014; Madoux-Humery et al. 2013). In the
present study, simultaneous detection of CMZ and CAF at the
site 3 clearly shows some release of sewage even before the
WWTP.

In general, the seasonal variation showed an increase in the
concentrations of pharmaceuticals and TCS in the dry periods,
especially downstream of the WWTP (site 5) and in the river
mouth (site 6). Contaminants like IBU, DCF, and CMZ, to-
gether with DOC, presented a more pronounced and well-
defined seasonal variation compared to other compounds in
the site 5 and are presented in Fig. 5, together with monthly
precipitation in the São Carlos region. Higher concentrations in
the dry period are related to the constant discharge of sewage/
effluent associated to the low river flow in this period that
decreases the dilution capacity of water body (Osorio et al.
2014). Another factor that can also contribute to the slight
increase in the concentrations of IBU andDCF in the dry period
is their higher consumption, since this period coincides with the
winter season in the study area, due to which high incidence of
pain, cold, and flu are reported.

It is worth noting that in September/2013, the overall month-
ly precipitation was quite low but during the sampling event,
heavy rain was observed, due to which the concentrations of
emerging contaminants were lower than the other campaigns.
This caused the eventual dilution of contaminants that resulted
in a different behavior from that expected for the seasonal
profile obtained during the monitoring period as a whole.

Conclusion

This is the first study on the occurrence of emerging contami-
nants in the Monjolinho River, the main aquatic body of São
Carlos, a prominent city of São Paulo state, Brazil. During
3 years of study, 12 compounds were investigated. Of all those
target-compounds, only 17-α-ethinylestradiol hormonewas not
detected. The most frequently detected compounds and in
higher concentrations were caffeine, paracetamol, and atenolol,
while the most hardly detected were estrone and 17-β-estradiol,
both in low concentrations. Along the river, the contamination
increased from the source toward downstream of the WWTP,
evidenced by raising concentrations of emerging contaminants
and physicochemical parameters. From this, we conclude that

the main source of emerging contaminants in the Monjolinho
River is the discharge of effluent from WWTP and the non-
treated sewage from the tributary Água Quente stream. Natural
attenuation was very expressive for caffeine, atenolol, and
naproxen, while carbamazepine and diclofenac were more per-
sistent. However, these processes can result in the generation of
by-products that might be more toxic than the original com-
pounds. In this paper, we have reported nonexistent data about
the occurrence and concentrations of some major emerging
contaminants in the Monjolinho River. Considering that these
compounds are not yet legally regulated by environmental
laws, the reported results may assist in composing a dataset
for water contamination with emerging contaminants in Brazil,
which is extremely necessary to generate discussions that can
result in future public policies on water quality related to these
compounds.
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